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1. Executive Summary

Today, there are approximately 30,000 miles of pipelines offshore the United States. Many of
these pipelines have been in service for more than 20 years. These pipelines have had a
remarkable record of safety and reliability, and both industry and government want to maintain
this record.

The primary goal of this workshop was to define alternative Risk Assessment and Management
(RAM) approaches to maintain existing pipelines and to determine how they might best be
applied to marine pipelines. '

The two key objectives of this workshop were to:

1. compare alternate pipeline RAM systems, with emphasis on the analytical modeling aspects
of these systems, and

2. define ways forward that can lead to improved applications and development of these
systems for marine pipelines.

Eight keynote presentations summarized the current state-of-practices and state-of-arts in RAM
of onshore and offshore pipelines and one keynote paper addressed maintenance of the integrity
of offshore platforms. Five presentations addressed RAM of refinery pipeline systems and
onshore transmission pipelines, qualitative, quantitative, and mixed qualitative-quantitative
pipeline RAM approaches. Three presentations addressed modeling of mitigation impacts
including corrosion, third party damage, and determination of optimum RAM strategies.

The three panels addressed key aspects of pipeline RAM including applicability of the three
alternative approaches, the links between risk assessments and modeling of impacts, and how
these developments might best be utilized in development and implementation of procedures to
maintain the safety and reliability of marine pipelines.

The keynote presentations indicated that there are a variety of methods and approaches that can
be used to help maintain the safety and reliability of existing pipelines. There is a substantial
body of existing technology that has been and is being implemented at the present time to
maintain pipeline systems. The presentations and the panel discussions clearly indicated that all
of these methods have a role in maintaining pipeline safety and reliability, and each has its
advantages and limitattons.

The presentations indicated that protection against corrosion, third-party damage, and natural
hazards appear to be primary challenges for both onshore and offshore pipelines. Work is
underway in several organizations to improve corrosion and third party damage prediction,
detection, characterization, assessment, and protection.

The panel discussions indicated important differences between onshore and offshore pipelines
including inspectability, consequences of loss of containment, the products transported, and the
pipeline environments. Because of these differences, it is to be expected that there will be some
important differences in details of the RAM of marine pipelines compared with RAM of onshore
pipelines.

The concluding panel, ‘RAM applications offshore: ways forward’ developed important
recommendations from the presentations and deliberations during the workshop. These
recommendations included:



¢ Perform additional analyses of available data on performance of marine pipelines (e.g. MMS
pipeline database) to improve insights into current and evolving challenges, identify other
data that might be collected to provide information to help better manage pipelines, and to
venify analytical models and RAM approaches.

* Develop projects for synthesis of lessons from onshore experiences to offshore processes,
guidelines for development of inspection, maintenance, repair, and operations plans, and
demonstration projects for testing and validating guidelines and procedures.

¢ Development of procedures and guidelines that clearly demonstrate to management the
benefits that both government and industry stand to gain.



2. Development and Application of Risk Based Inspection for the
Refining and Petrochemical Industries - Anne B. Doucet

The following paper discusses the risk management practices of the refining and petrochemical
industry, and highlights the important components of the risk management systems in use.
Attention is given to the fact that the current API methods are not dynamic, but are being
reviewed to include a knowledge base that can utilize resources in the most effective manner
possible.

In order to maximize resources, the petrochemical industry has also been moving towards risk
based inspections (RBI) and therefore in the future there is an expected cost savings for
operations. Currently there is also an API joint industry project on RBI methods, which 1s
sponsored by 21 companies that desire to obtain a better grasp on the risk management problem.
Finally, the importance of consequence estimation is also highlighted, which plays an important
part in calculating the costs incurred when a failure occurs.






-_'_"--Develop'ment and Application of
-+ Risk Based Inspection for the -
" Refining and Petrochemical Industries

Anne B. Doucet

:*Amoco Corporation . o
Worldw1de Engmeenng & Constructton :
' Houston Texas B -

Amoco WESC :

i Current state of inspection planning

: f-?f‘io Pressure vessels - inspection frequency mandated
- by APl 510, maximum of

- 1/2 remaining life or 10 years

' & Piping - inspection frequency mandated by API
- 570 depending on piping classification
: 1/2 remaining life
or
~ _5years-Class 1
10 years - Class 2 or 3

" Amoco WESC
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~ Current state of inspection bllah"i.“g

- 0 Mandated inspection intervals do not take into
consideration: R _
— Likelihood of failure based on active -
~_corrosion/damage mechanisms.

£ Consequence of failure (although API_ 570 attempts R
~to address this in the classification system). '

- Effectiveness of various inspection programs to
ccurately detect and characterize damage (for
xample, local vs. general corrosion) - :

" Amoco WERC

- Frequency and Cost of Major Property |
 Losses in the Refining Industry

N FREQUENCY

& o
x

-9
[—]
BILLIONS

“/FREQUENCY = - |

risionconmons 1962-71 197281 198291

‘ AmOCOI WERC ) i ]
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Céuses of Large Property Losses

Mechanical Failure
Operational Error
Process Upset
' Natural Hazard
Desngn Error
SabotagelArson
Others/Unknown

‘M&aM Pmm:iandmlmu 0 10 20 30 490 _
. ' Percent of Losses
Amoco WE&C

Eqmpment Involved in Large Property
Losses

Piping Systems

Tanks

Reactors

: - Drums
Pumps/Compressors |

Heat Exchangers

Towers
Heaters/Boilers

Others/Unknown

10 15

Percent of Losses
Amoco WE&C

_' M&M Protection Consultants
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~.Current Status of Inspection Planning

0 The best rnspectlon programs currently address
. — Potential damage mechanisms -
-~ Estimated remaining life

- - = Available inspection methods | |
=-Available manpower resources .

Code compllance

Risk Based Inspectron uses alf these features and
dds the element of consequence of farlure .

Amoco WEEC

~ What is Risk Based Inspection?

A strategic, multi-disciplinary process
e _that factors nsk into inspection decrsron making,
| R - where

- _ " Risk =
' Lfkehhood of farlure X Consequence of farlure

" Amoco WERS
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What does RBI involve?

0 Systemétic assessment of degradation
- mechanisms and inspection effectiveness for
- individual items of equipment.

' 0 Integration'of the knowledge and experience of
- corrosion/materials, inspection and process
spemahsts _

Benefits & deliverables of RBI

-0 A sound basis for the allocation of inspection
" resources within a facility.

o Risk prioritization for each piece of equipment.

& Understanding of the effect of inspection
. (frequency and type) and monitoring on likelihood
of failure (and risk).

'_‘ ;:'f:o Identification of mltlgation techniques to reduce
consequence of failure (and !ower risk).




- Benefits & deliverables of RBIl
-0 Fewer inspections on Iow nsk equipment (Iower
- cost).

0 Carefully selected, more focused lnspections on
- higher risk equipment (lower risk).

- 0 Reduction in inspections desrgned merely for code
< compliance

e SRR Result _
e ﬁ'Increased safety and ut.'lfzatlon of equment

Amoco WERC

.~ Current Refining and Petrochemical
Industry Efforts in RBI

& API JIP for Risk
- Based Inspection R
(DNV) o API RP 580 -
e 5 - Recommended
- Practice for Risk

.. Based Inspection
'_fo API Publication 581 3'3_
__ ____.'éon RBI e

E AmocoWE&C o
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Current industry activities

0 AP! Joint Industry Project on RBI
" “" - funded by 21 oil and petrochemical companies
- developed RBI technology and software
o — developed 4 levels of analysis: |
. G Level 0 - Qualitative unit screening
N 0 Level I - Qualitative equipment screening

4 Level Il - Semi-quantitative risk ranking
- "0 Level il - Semi-quantitative risk analysis

' Ambco WESC :

‘Companies Participating in API
~ RBI Technology Development
+~AMOCO * TEXACO ARCO MARATHON
EXXON  CHEVRON  SUN "PHILLIPS
' PENNZOIL ~ UNOCAL ASHLAND
CONOCO  BP  PETRO-CANADA

_ DOW FINA  DSM
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Current mdustry activities

0 AP! Task Force on Risk Based Inspection
-~ Draft Publication 581 is offerred for purchase.
- ertmg draft Recommended Practice RP 580 on Risk

AP 510/570 has successfully balloted wordmg o
- which recognizes RBI analysis as atoolto
ncrease or decrease the mandated maximum

| RBI Calculates:

- :-0 Likelihood of Failure based on
- -~ material of construction
= corrosion rate from
i-i {1 inspection results
G expert opinion
- i technical modules

L effectv 'SS ofmspect:on
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RBI Calculates:.

-0 Consequence of Failure based on
— process stream and phase (gas or liquid)
-~ toxic content {H,S, HF, etc.)
temperature :
_ Cpressure _
- isolation and mitigation systems

Amoco WESC

Risk Rank vs. Risk Score
N S

20 30 40 50 60 7
'Equipment tem#

Amoco WE&C
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.. R . 105 LRy
“ Consequence (sq ft)
 AmOCOWERC e

 QUALITATIVE RISK-BASED RANKING
e MATRIX

Medium-High
Risk

LIKELIHOOD CATEGORY

CONSEQUENCE CATEGQRY
—— 7 AmMoCOWERE  ——m

PrrTa.



- Changing Risk through Inspection

0 The risk posed by an individual piece of equnpment can

be changed by alterlng inspection
= Frequency
N "I*:Thoroughness % coverage or number of locations
ools / Techniques - ultrasonics or radlography .
ractlces mternal external scanmng

. ‘Three Inspection Programs vs. Risk

Current Program

Optimum Program

| ¢ 'Un-inspectable Risk

. INSPECTION PROGRAM RESOURCES

Amoco WEEC
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~ “Inspection Decision Making
- with API 510_/570

Inspection Interval set
~ using API 510/570

' I ' ~ Inspection
- Modify inspection interval = - _
based on corrosionor SRRIEE NI

damage rate within B R ‘ Analysis of Results -
prescnptlve hmlts ' ‘ T T Y

Amoco WESC

Inspectlon Dems:on Making
- - with RBI

Inspection Interval set
using RBI or API]

\

_Inspection or mitigation
' Modify inspection interval | .
- and method based on reduced EEEEE .
if_.-rlsk and effect bf next mspectmn . ... Analysis ofResults_

R 2

¥ Reductioninrisk -~
“Afrioco WERE Hemme e
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3. Government and Industry Partnering for Risk Management - Gary
Zimmerman

This report discusses how government and industry partnering to resolve risk management
problems for onshore pipelines has resulted in positive results and many companies are seeing
the benefits of a risk management program. The major topics of the program are to see how the
regulatory framework can be utilized in the most efficient manner, how program standards can
be developed to obtain maximum performance, and finally to see how the communication
between involved parties can be maximized.

The current joint effort between government and industry is described, along with the finer
details of developing a risk management program for onshore pipelines. The outline of risk
management for onshore pipelines includes risk issues like emergency response coordination,
proposed and actual safety improvements, regulatory relief for onshore pipelines, and
communication issues.
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GOV'T-INDUSTRY
- PARTNERING FOR
RISK MANAGEMENT

By Gary L. Zimmerman
Equilon Pipeline Company LLC

glz-Equilon

GOV'T - INDUSTRY PARTNERING FOR RISK MANAGEMENT

TR - .

1. DOT-OPS RISK MANAGEMENT
DEMONSTRATION PROGRAM

2. SPLC (EQUILON) DEMO PROJECT
3. EXPERIENCE SO FAR

4. FUTURE EXPECTATIONS
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1. DOT-OPS RISK MANAGEMENT

. DOMONSTRATION PROGRAM
® Beginnings |
® Program “Rules”
6 Current Status

Beginnings

kst

® OPS/industry dilema - trend towards more & more
prescriptive regs

® Gas/Liq p/l industries partner with OPS to explore
‘risk management” approach

® RM holds promise, BUT only with appropriate “rules”
- and “checks & balances”

® RAQT teams created “ruies & checks”

gl2-Equilon



Program Rules

B e it L

® Regulatory Framework
- How OPS behaves

® Program Standard
- How the operator behaves

e Performance Measures
- How to measure success

® Communication Plan
- How stakehol_ders are involved

glz-Equilon

| Current Status

P e A e A .

o 10 “trial” operators atlowed
® Began late ‘97
012 applicants currently

o EQPC, Mobil, Phillips, NGPL. approved
or near-approved

giz-Equilon



2. EQPC (0ld-SPLC) Demo
Project |

¢ o O_bjectives
® Project Description
® Risk Issues
e Safety Improvements
® Regulatory Relief

giz-Equilon

Objectives

it AL LY SR : e

® improve safety & enviro performance

® Expand 1 system in most risk-prudent
manner '

® Improve our internal risk management
process

® Influence the “rules of the game”

giz-Equilon



Project Description

e i B ) A Y ST NI TN

® L Ol submitted in May ‘97
® Application submitted in Dec ‘97

® Systems selected

» 200 mi. of 12” ethylene pipeline
» 260 mi. of 30” CO2 pipeline

glz-Equilon

Risk Issues

R L favwm i s

® Avoidance of third party damage
® Extent of past third party damage
‘@ Emergency response coordination
- @ Throughput expansion of 30" CO2 p/l
» Operate 25-mi. segment at ~ 80% SMYS

~ » Technical validations
» Safety offsets

plz-Equilon



Safety Improvements

L ferera m . e g -~

® Smart pig

o Close interval CP surveys

® Depth-of-cover surveys

® Enhanced surveillance

® Localized One-Call sponsorship
® Vehicle barriers

glz-Equiton

Safety Improvements

R SR T re e cmen

® Warning mesh & improved line markers
® Enhanced community/public awareness

® Improved emergency response
preparedness
» Dispersion modeling

~ » Simulation drills
» Coordination with LEPC's

giz-Equilon
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Regulatory Relief

® CO2 pipeline
» Operate 25-mi. segment over 72% SMYS

» Add HP at existing station; avoid new
station at virgin site

® Ethylene pipeline
» None

giz-Equilon

3. Experience So Far

C W MU s e

® External Process
® Internal Process.

® Public Communications

gl2-Equilon



External Process

AL P e . eI P = s e e

® Good dialogue with OPS & State reps
® Much info written for public consumption

® Some questions from other
stakeholders and the general public

® Much more discussion about our
“thought process”, assumptions, and
rationale

piz-Equilon

Internal Process

® Valuable findings using structured risk
assessment

® More creative & innovative solutions
discussed and to be tried

® Comfort factor increased
® More complete accountability realized

plz-Equilon



Public Communications

AT 1 1 n L —

® Prospectus, Federal Register Notices,
Public Meetings, FEMA Broadcast

® Fear of effort needed to respond to
questions

® Fear of increased accessibility to
-info/data

® Few comments to date outside of DOT
review process

giz-Equilon

4. Future Expectations

e Program Expanded Within EQPC

o Program Institutionalized Within OPS

e True Partners For Safety

gtz-Equilon



Program Expanded Within
EQPC

i AP A~ A - W e wel = i

® Remaining segments of demo p/f's
® Parallel propylene p/l

® Remaining p/l systems based on risk
“screening” process

® Improve our risk assessment process

@gz-Equilon

Program Institutionalized
Within OPS

AL e - P v b g

® Annual updates on Program
performance

® Program “rules” refined

® Final report to Congress will show
benefits to all parties

® Program offered to all p/I operators

plz-Equilon



TRUE PARTNERS FOR
SAFETY

Pl 2 h T RO, - -

® Increased dialogue and understanding
of risks

® More meaningful discussion of risks
® More innovation by operators

® Risks reduced through site- and
situation-specific activities

® Resources more appropriately allocated

glz-Equilon






4. Risk Management Systems for Offshore Platforms - Patrick
O'Connor

The following paper discusses the application of risk assessment methods for offshore platforms.
The fundamental load-resistance reliability model is highlighted as the preferred method of risk
assessment for platforms, and the various areas of application of the model are highlighted.
Another major topic that is discussed is the structural integrity management of offshore
platforms, and what the major components of a structural integrity management system are.

Finally, an example of a qualitative method for calculating the reliability of platforms is
presented with supporting data from the North Sea. The assessment of the likelihood and
consequence of failure are also described to assist in gaining more insight into the platform risk
assessment system, as well as to provide parallels for the offshore pipeline industry.






Risk Management Systems
for Offshore Platforms

Patrick O'Connor
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Platform Performance Evolution
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Pianned Maintenance
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EVALUATION INSPECTION INSPECTION
° PLAN PROGRAM DATA
Fitness For Purpose inspection Philosophy  inspection Activities Managed System
Competent Engineer Strategy, Framework Quality Data ' Data Bases
Competent Engineer  Qualified inspectors Platform Data
. and Divers
* Analyses » Selection °F + Workscopes » Reports
* Risk Assessment inspection Tools * Schedules, Budgets  « Fabrication Records
» Damage Analyses and Techniques + Specifications . * Incident Reports
* Redundancy Analyses + Platform « Driver Training
+ Fatigue Considerations Classification and Quakfications
» Desigr/Assassment + Resuits Trends « Quality Assurance
Review

= Industry Leamings

(ISO) STRUCTURAL INTEGRITY MANAGEMENT
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Reliability vs. Reserve Strength
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Platform Collapse Load / Design Load

Objective

¢ To develop a platform-
level ranking system for

underwater jacket w{Renking ")
inspections. 7
» Identify which platforms Modification | [ Fsbecton
deserve the most o anking 7 }---
inspection effort Rewmnking | [—— 7 |
» Base system on $ results
qualitative risk )
{ Evaluation

o Use platform-level
information




Likelihood Scoring

¢ Factors that affect: ¢ Rule-based
. .
. loads * Weighted sum -
resistance importance
* systems p
Factor Weight
Damaged members 10.5
Bracing system and no. of legs 10.0
Designed for design earth quake 8.0
Time since last inspection —inspection type 8.0
Minimum remaining wall 7.5
Marine growth . 6.0
Flooded members 6.0
Year Load and Location 5.0
Design practice in design year 5.0
Grouted piles 5.0
Scour - 2.0

Consequence Scoring

¢ Total loses:
o Safety
¢ Environment
¢ Business

¢ Score is calculated in “abstract dollars”

¢ Measures safety, environmental and business loses
with a common yardstick

¢ Dollar amount converted to a category A-E




Overall approach

¢ Categorization systems:

* Likelihood - 1 (low probability) to 5 (high
probability).

» Consequence - A (low failure loss) to E (high failure
loss) - .

¢ Five x Five matrix:

Consequence

North Sea Preliminary Likelihood Results

¢ Highest Likelihood -
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North Sea Preliminary Likelihood Results

¢ Lowest Likelihood
-Leman 4027 G

Score

¥ ¥ 5 28 38 3 8=

o

- TN WAL

WL W 120
DDAAGED MEWAERS
DGROUTED PLES
ODESIGN PRACTICF

L Rar RN aThe SLTER
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TABLE 14.4.2
GUIDELINE SURVEY INTERVALS

Level 1 I1 I v
Manned, Iyr 3 thru 5 yrs 6 thru 10 yrs *
Non-Evacuated

Manned- ' 1yr Sthru 10 yrs 11 thru 15 yrs *
Evacuated

Unmanned iyr 5 thru 10 yrs * *

* Surveys should be performed as indicated in paragraphs 14.3.2 and 14.3.3.







5. Qualitative Risk Assessment for Pipelines - Kent Muhlbauer

In this paper the qualitative risk assessment methods are highlighted, starting with a description
of informal risk management and how risk management was applied in the past. The important
components of a good risk management system are also talked about as well as lessons that the
author learned through his conmsulting practice for risk management. Cause and effect
relationships are highlighted as being the keys to assessing the origin of risk correctly, the user is
encouraged to abstain from complexity and is encouraged to use computers wisely.

The use of a risk assessment method requires the operator to closely examine his or her pipeline,
and in order to do this the author outlines several important factors that any operator should
observe before choosing a risk assessment system. Finally, general indexing methods for risk
assessment as well as analyzing the bottom line of consequence and cost are highlighted, and it is
highly recommended that the user be thorough and study his or her results obtained from the
model.
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Lessons Learned In Pipeline
Risk Assessment

Kent Muhlbauer

Historical (Informal) Risk Mgmt

ADVANTAGES:

*

simplefintuitive

consensus is often sought
utilizes experience and engr judgment
successful '

L ]




Historical (Informal) Risk Mgmt

REASONS TO CHANGE:

* more at stake from mistakes
. inefﬁciencieslsubjectivities

* lack of consistency ‘
* need to consider complicated factors

Risk Management Objectives

Increase understanding

- decision support tool
- resource allocation tool

-

Reduce risks

Reduce costs




Risk Management Process

I. Perform a risk assessment
assign values to all conditions and activities

II. Establish Risk Targets

benchmarking

lil. Allocate Resources Accordingly

Desired Output

Pipeline XYZ, having conditions...
A
B

...and operated as...
D
E

...has a risk of failure of




Tools

HAZOPS

event trees
| fault trees

FMEA

~ scenarios

i' o

The Role of Statistics
Probably the single best decision support available
:Problems:

* Historical data usefulness in current situation
* Small amount of data in rare-event situations




Vi. Study your results

Resource Allocation Modeling




Management Options

Resource Allocation Choice Cost impact Risk impact

Increase Public Education + $4000 -0.8%
Perform Ciose Interval Survey  + $11000 -2.6%
Reduce Air Patrol - $7600 +1.1%
Perform Hydrostatic Test + $67000 -8.2%
Conclusions

RA/RM should be cost effective
Few roadmaps to follow
Manage as any large project

PL RAM is worthwhile




6. Quantitative Risk Assessment as a Basis for Pipeline Integrity
Maintenance Planning - Mark Stephens

The quantitative risk assessment method for pipelines is potentially the most accurate approach,
that is if accurate data about the pipeline can be collected. C-FER is currently working with
several large onshore pipeline-operating companies to develop a comprehensive quantitative risk
assessment system that will be able to reduce operating costs significantly. The major issues
addressed are: 1) what is the operating risk associated with the pipeline in its present state, 2)
what effect would each candidate maintenance strategy have on the operating risk, and 3) what is
the lowest cost maintenance option that meets acceptable safety and environmental constraints.

The author discusses several examples of risk assessment model application, that help to guide

‘the reader visualize the quantitative risk assessment method. One example highlights probability

of failure calculations given x number of flaws, another discusses failures due to impact, and a
third example looks at consequence analysis given a failure. Finally risk estimation and control
methods are described, and how decision analysis can be incorporated into the system.
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“Risk is the chance of loss"
Concise Oxford Dictionary

L

Hazard
Definition

Hazarg
Definition

I

Probability § ‘| Consequence
Analysis | Analysis
{loss)
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Uncertain
Input
Parameters

Deterministic
Failure
Condition

Probability
of Failure
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Failure Probability per Defect

Failure probability
asa
function of time

. ion model]
.; | and test results

Data from
repetitive e (M
inspections
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Probqblli’ry of Failure:

0.0100 4;

Annual Probability of Faiture

Effeci of Malntenance Actions




{——Detected
|—1.25 MAOP

-1

Defect Deptt 'mm)

3 " B No repair
W ®2s maop |
i g 1 W15 MAOP
0.0010 _ E‘r' E}-ﬁ ok

P —

Annusal Probability of Fallure per _k'm

e ——

G.0001

A i




Fqilure Probability
given line hit

Failure probabiiity
given hit

=



. activity on .
séa surface

_FSImiiarfaulnreefor o
essel hull grounding T




Effect of Maintenanc e
Reduction'in Probability of Failure

‘a “Advantages
— ' Pipeline-sp
- Can acco




Probability
Analysls

Risk Evaluation

Risk Control




Pipeline
Fallure

Injury Thresholds
and
Acite Hazard Models

Shoroline
Sensittvity
Model

—-—{Lost Product Cost;

Service interrupt
Cost

© Step1- Use event tree analysis (logic, model) to estimate relative
.72 T likelihood of all concelvabl se hazard LT




Toxic Vapour

Cloud

Step 3 . Estimate no. of people at risk (=

Estlmate propeny da age 0

Vapour Cloud
; Explosion :

Hazard area Populataon denslty)

rd s eax perty density)

Spill Decay

Shoreline
Sensitivity Model; '




Hazard
Definition

Probability

Estimation
{chance)

Conseqﬁence
Analysis

Hazard
Definition

Probability
Estimation

A

Evaldatior




A'pp,roaclgg_sr
" u Comparison with risk

0 Guidelines and regur

- u Corporate policy




Safety risk:associated with.nuclear. power

ciat ( tations
(UK Health and Safety Execltive 1988)

-"1in 10,000

Evaluation




R’is;k'- Control

Hazard
Definition

Probebility
Estimation
cha

Risk Estimation




T e A T

Risk Control Proces

Identify Maintenance Options

Estimate Effect of Malmenance Strategy
- on the Failure Probability

Re-calculate Risk

"Repeat for All Optlons'_""

Select Optimal Integrity
Maintenance Strateg

Expecled Cost
{$ per year)




e Mamtenance 3
. _{_-and I nSpectlon--: :
- .Decisions:.

PIRAMID - Decision Analysis

Expected Cost ($ 1600's)

72 ;

1.0CE-06

Normahzed Indmdual Rls per ¥

Optimizes Inspectlon tool lnspectlon inte_al an repair critenon

{Cori
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Pipeline segment:
ranking with -
respect to total .

© risk

g e




Co'ncluélions

0 Quanhfchve Risk Ass

- Quantlfles the impac "of maintenance’ actlwtles




7. Qualitative and Quantitative Risk Assessment and Management -
Robert Bea

This paper is about the conglomeration of qualitative and quantitative risk assessment methods
and how a mixed system can be best utilized for an offshore pipeline. To accurately assess the
problem, existing failure statistics are analyzed and trends are demonstrated, and an example is
presented for applying the mixed risk assessment method to corroded pipelines. Since in the case
of corrosion risk one of the important components is measuring the size and depth of the flaws, a
case is also made for correctly assessing flaw sizes with current pigging technology.

The concept of bias is also introduced, which is the ratio of true versus predicted values for a
certain criteria. For example the bias of true versus predicted burst pressure for a pipeline are
analyzed to highlight trends that might be present in the data. Once the bias is calculated for a set
of data, it is included in the analysis in order that the analysis results are more true to reality. In
summary it is recommended that more work on mixed or level 2 risk assessment methods be
performed due to the fact that this type of system offers the highest flexibility for the analyst.






Risk Assessment & Management
of Marine Pipelines:
RAM Pipe

Robert Bea
Marine Technology & Management Group

University of California at Berkeley

Topics

* Attributes
 Philosophy
* Approach

* Level 2 example: corrosion
—Un-instrumented
—Instrumented




RAM Pipe Attributes
» Simplicity
* Versatility
* Compatibility
* Workability
* Consistency

RAM Pipe Strategies

* Keep in service - Inspections,
Maintenance, Repairs (IMR)

* Progressive and priority based
remediation

* Risk based management:
likelihoods, economics - benefits




RAM Pipe Approach

h

Maintenance,
Repair Cycle -

'smm'

Select Pipeline F .
- Acses;p:'::\:&or Condition Evaluate
i Requalification Survey I Results
I
1
| v L] ]
: LEVEL 1 LEVEL 2 LEVEL 3
i Scoring Methods Simplified Methods Quantified Risk
1 Qualitative Mixed Analysis Methods
P .
! ] L] ]
1
|
i .
; NextCycle | Engineer Next Evaluate Alternatives
Al o o = Enspection, g * Pipeline + Operations

+ Loadings * Maintenance
* Protection « Inspections

Level 2 Method

* Base on physics - mechanics

 Simplified models
« RAM approach
* Performance databases
* Test data verified
* Instrumented & un-instrumented
» Linguistic & quantitative variables




Level 2 Burst Capacity -
Damaged / Defective

* Intact: p; =S, (t/R)
* Corrosion: py =Sy (t... /R)
* Dented / Notched : p; = (S/SCF) (t/ R)

~SCF dent = 1 + 6(HA)
—SCF notch = 1 + 2(h/r)5

Probability of Failure - Pf

*Pf=P(py=py)
*Pf=1-®{[In(pgse/Poso) 1/
[ (025 + 020 05])
® B=1In (pgsy/ Posy) / 0 =
In (FSpBIO s0)/ O




Nominal Values & Biases
Py =Po (Byo/Byg) exp (B o)

=poBexp(fo)
*

probability

Bias = actual / nominal




Burst Pressure Bias
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Failure Rate

0.001-

Gulf of Mexico Pipelines:
Pf 1to 2 E-3 per year

o

Ol\\‘:

00094

0.008-

0,007 :J

0.006-1

0005-H—

0.004-

0.003-4
0002+

8

" 8§ 83 8858887535883 8 8

Year

Cost - Benefit Analysis:
Bay of Campeche Pipelines

ANNUAL PROBABILITY
OF INSUFFICIENT QUALITY

1

0.1

[ =
Q
-l

0.001

0.0001

...\ ------------------------- MarfginaI.................

1 0“ 10 10
COST RATIO x PVF




- Corrosion: Un-instrumented
loss in wall thickness model

¢ tc = tci + tce
* teve = 04y Vy (Ls - Lp,,)

t ? wall loss

Lpi/e

0.06

o
8
vl

probability density

time to failure - years

o



Project Completion

+ documenting all aspects
+ assigning responsibilities
* measuring improvement
* re-visiting processes

* management of change

(see DOT documentation, “Admin Elements”)

Lessons Learned

1. Work from general to specific
2. Think 'organic’

3. Avoid complexity

4. Use computers wisely

5. Build the program as you would build a new
pipeline

6. Study your results




The Ideal Risk Model

simple/easily understandable
comprehensive

accurate predictor
expandable

cheap

Risk Assessment Program
Costs (initial)

Study A: 200 miles of pipeline and 8 stations in
5 months

Study B: 700 miles of pipeline and 20 stations
per month




A Very Simple Model

Pipelinelndex = C + W+ A + Ci + S

where
C = Coating
W =Wall Thickness
A= Age
Ci =Class location
S = Security of Thruput

Issues in risk modeling

sources of information
cost/benefit of the analysis
“objectivity”

reproducible results
defensible




Number of Consequence
Factors Considered

Most Common Conseq Factors

Class location (or equivalent)
Security of Thruput




Some Other Common Prob
Factors

SCC

Pressure
Diameter

Soil Condition
Joint Type

More Exotic Prob Factors

Transition Temp
Op Training
Drug Testing
Goodwill Factor
Public Education
Manufacture Plant
Sabotage Hist
Repair Access
Mining Activity
Cycles

AC Power




Number of Probability Factors
Considered

P 1 Cr «OE Gl =% O «
=

Favorite Prob Factors

Coating type/condition
Age

Wall Thickness
Hydrotest

Leak Hist

CP Hist




Indexing Analysis

traffic volume/type 30%
barrier type 40%
distance from roadway 30%

Review of 10 Indexing Models

Failure categories covered

O 2 - & =% 1




PRA Event Sequence

High MV Vehicle on Road %Probability
Vehicle leaves road %Probability
0, .l.
Vehicle hits barrier %Probability
Barrier yields %Probability
o p il
Vehicle hits pipe % rob]bt ity
Pipe ruptures likelihood

PRA Factor Analysis

®E

1



Index Analysis

R

]&m_’u\;

2 e

=Most important factors
*Relative contribution to risk picture

!

Index Model

Traffic Impact Event

[ .




Balancing

Uncertainty
vs
Statistics

(how much reliance to place on predictive power of limited data)

Balancing

Flexibility
Vs
Situation-specific model

(ability to use same mode! for variety of products, geographical
locations, facility types, etc)




Balancing

Identifying an exhaustive list of contributing
factors

Vs

Choosing the critical few to incorporate in a
model

(comprehensive vs complex vs simple)

Balancing

"Hard" data and engineering judgement

{how to incorporate widely-heid beliefs which do not have
supporting statistical data) ~

xta ©
4

S
B




Picking a PL Risk Assessment

Approach
Y/ f
6 §
Sectioning
LA | B c
Mpolis

| Bk



V. Build the program as you
would build a new pipeline

Project Phases

Conceptualize

Route selection

Design

Material procurement
Construction

» Commissioning

* Project completion files

L ]




lll. Avoid complexity

IV. Use computers wisely




II. Think “organic”




Lessons Learned

1. Work from general to specific

2. Think 'organic’

3. Avoid complexity

4. Use computers wisely

5. Build the program as you would build a new
pipeline

6. Study your results

l. Work from general to specific




Corrosion Rates & Variabilities

Descriptor Corrosion Corrosion
Rate Rate
mm/year Variability -

%0

Very Low 0.001 10 -
Low 0.01 20
Moderate 0.1 30
High 1.0 40
Very High 10.0 50

Protection & Inhibition

Descriptor Inhibitor Descriptor Lp,, or Ls
Efficiency (years)
Very Low 100 Very Short 1
Low 8.0 Short 5
Moderate 30 Moderate 10
High 20 Long 15
Very High 1.0 Very Long 220
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Probabilities of Failure:
detected & not detected
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Summary

* RAM Pipe approach for design and
requalification of pipelines
* Three Level approach
— Level 1 - Qualitative
~ Level 2 - Mixed - Simplified
— Level 3 - Quantitative

Summary

* Level 2 approach for pipeline corrosion
—Un-instrumented pipelines
—Instrumented pipelines

* Database development and integration

* Continuing work on Level 2 approach
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INTRODUCTION

This paper addresses application of qualitative and quantitative analytical methods in the risk assessment and
management of marine pipeline. Both qualitative and quantitative analytical methods have found widespread use in
risk assessment and management of pipelines (Muhlbauer 1992; Kirkwood, Karam, 1994; Kulkarni, 1994; Nessim,
Stephens, 1995; Collberg, Cramer, Bjomnoy 1996; Office of Pipeline Safety, 1997; Zimmerman, et al 1998; Bai,

Song, 1998).

This paper proposes a general engineering approach for risk assessment and management of marine pipeline systems
(RAM PIPE) The approach is based on use of qualitative, quantitative, and mixed qualitative — quantitative
analytical methods. This paper will outline the approach, its attributes and strategies, and further develop the
qualitative — quantitative approach for design and reassessment of pipelines subjected to corrosion.

RAM PIPE ATTRIBUTES & STRATEGIES

Practicality is one of the most important atwributes of an engineering approach. Industry experience indicates that a
practical RAM PIPE approach should embody the following attributes:

¢ Simplicity — ease of use and implementation,
*  Versatility - the ability to handle a wide variety of real problems,
¢  Compatibility — readily integrated into common engineering and operations procedures,

*  Workability — the information and data required for input is available or economically attainable, and the
output is understandable and can be easily communicated,

¢ Feasibility - available engineering, inspection, instrumentation, and maintenance tools and techniques are
sufficient for application of the approach, and

*  Consistency ~ the approach can produce similar results for similar problems when used by different engineers.
The RAM PIPE approach is founded on the following key strategies: ' '

*  Keep pipeline systems in service by using preventative and remedial IMR (Inspection, Maintenance, Repair)
techniques. RAM PIPE attempts to establish and maintain the integrity of a pipeline system at the least
possible cost.

* RAM PIPE procedures are intended to lower risks to the minimum that is practically attainable. Comprehensive
solutions may not be possible. Funding and technology limitations may prevent implementation of ideally
comprehensive solutions. Practicality implicates an incremental investment in identifying and remedying
pipeline system defects in the order of the hazards they represent. This is a prioritized approach.



* RAM PIPE should be one of progressive and continued reduction of risks to tolerable Ievels. The investment of
- resources must be justified by the scope of the benefits achieved. This is a repetitive, continuing process of
improving understanding and practices. This is a process based on economics and benefits.

RAM PIPE APPROACH

The fundamental steps of the RAM PIPE approach are identified in F igure 1. The steps may be summarized as
follows;

1. Identification — this selection is based on an assessment of the likelihood of finding significant degradation in
the quality (serviceability, safety, durability, compatibility) characteristics of a given pipeline system, and on an
evaluation of the consequences that could be associated with the degradation in quality. The selection can be
triggered by either a regulatory requirement or by an owner’s initiative, following an unusual event, an accident,
proposed upgrading of the operations, or a desire to significantly extend the life of the pipeline system beyond
that originally intended.

2. Condition survey — this survey includes the formation of or continuance of a databank that contains all
pertinent information the design, construction, operation, and maintenance of a pipeline system. Of particular
importance are identification and recording of exceptional events or developments during the pipeline system
history. Causes of damage or defects can provide important clues in determining what, where, how ,and when to
inspect and/or instrument the pipeline system. This step is of critical importance because the RAM PIPE
process can only be as effective as the information that is provided for the subsequent evaluations (garbage in,
garbage out).

3. Results assessment — this effort is one of assessing or screening the pipeline system based on the presence or
absence of any significant signs of degradation its quality characteristics. The defects can be those of design, -
construction, operations, or maintenance, If there appear to be no potentially significant defects, the procedure
becomes concerned with engineering the next IMR cycle. If there appear to be potentially significant defects, the
next step is to determine if mitigation of these defects is warranted. Three levels of assessment of increasing
detail and difficulty are proposed: Level 1 ~ Qualitative (Scoring, Muhlbauer 1992; Kirkwood, Karam 1994),
Level 2 — Simplified Qualitative ~ Quantitative (Bea, 1998), and Leve] 3 — Quantitative (Quantitative Risk
Assessment, QRA, Nessim, Stephens 1995; Bai, Song 1998; Collberg, et al 1996).

The basis for selection of one these levels is one that is intended to allow assessment of the pipeline with the
simplest method. The level of assessment is intended to identify pipelines that are clearly fit for purpose as
quickly and easily as is possible, and reserve more complex and intense analyses for those pipelines that warrant
such evaluations. The engineer is able to choose the method that will facilitate and expedite the requalification
process. There are more stringent Fitness for Purpose (FFP) criteria associated with the simpler methods
because of the greater uncertainties associated with these methods, and because of the need to minimize the
likelihood of ‘false positives’ (pipelines identified to FFP that are not FFP). o

4. Mitigation measures evaluation — mitigation of defects refers to prioritizing the defects to remedied (first
things first), and identifying practical alternative remedial actions. The need for the remedial actions depends on

the hazard potential of a given pipeline system,
i.e., the likelihood that the pipeline system *smrr

would not perform adequately during the next Prv—r—
RAM PIPE cycle. If mitigation appears to be ’r.:“m‘ > Condition} Evaluste .l

warranted, the next step is to evaluate the , | Requakfcstion Survoy Results
: il H

alternatives for mitigation. ! ¥ ¥ ¥

5. Evaluating alternatives - mitigation | TEvEL T TEvEL3 ! TEvELS
alternatives include those concerning the : Scoring Methods Simpilfied Methods | | Guantified Risk
pipeline itself (patches, replacement o | Gualitative Mixd ;| Analysis Methods
sections), its loadings (cover protection, tie- ! v ¥ v
downs), supports, its operations (pressure de- |
rating, pressure  controls,  dehydration) : —— ;
maintenance (cathodic protection, corrosion | MX*O¥el © Enginser Next Evaluste Alternatives
inhibitors), protective measures (structures, == o= = - um e ;_:'“"f'i'n‘:: ::.P""'m“ :
procedures, personnel), and its information - " Repair Cycie + Protection « inspections

(instrumentation, data gathering). Economics
based methods (Kulkarni, Conroy 1994; Figure 1 — RAM PIPE Approach



Nessim, Stephens 1995), historic precedents (data o:g‘ﬂle,;a,teys-\gf,_‘g_or._n%gpquses in pipeline quality), and current

standards of practice (pipeline design codes'and guidelines, and reassessment outcomes that represent decisions
on acceptable pipeline quality) should be used as complimentary methods to evaluate the alternatives and the
pipeline FFP. An important alternative is that of improving information and data on the pipeline system
(information on the internal characteristics of the pipeline with instrumentation — ‘smart pigs’ and with
sampling, information on the external characteristics of the pipeline using remote sensing methods and on-site
inspections). ‘

6. Implementing Alternatives — once the desirable mitigation alternative has been defined, the next step is to
engineer that alternative and implement it. The results of this implementation should be incorporated into the
pipeline system condition survey — inspection databank. The experiences associated with implementation of a
given IMR program provide important feed-back to the RAM PIPE process.

7. Engineering the next RAM PIPE cycle — the final step concluding a RAM PIPE cycle is that of engineering
and implementing the next IMR cycle. The length of the cycle will depend on the anticipated performance of the
pipeline system, and the need for and benefits of improving knowledge, information and data on the pipeline
condition and performance characteristics.

LEVEL 2 ASSESSMENT OF BURST CAPACITY
Formulation

To illustrate application of the foregoing developments, a Level 2 simplified qualitative ~ quantitative analysis
approach will be utilized to evaluate in-place wall thickness requirements for pressure containment - burst capacity of
a pipeline. In this approach, pipeline strength was formulated in terms of the capacity of the pipeline to withstand
the imposed pressures (internal, external) without loss of containment (rupture). The strength was formulated as
(DNV, 1996; ISO, 1996; BSI, 1993; API, 1993; Bai, et al, 1994; 1997; Sotberg et al, 1997, ASME 1991):

t/D=p/28

where t is the existing minimum thickness of the pipeline, D is the diameter of the pipeline, p is the maximum net
pressure (internal - external) that the pipeline must be capable of containing, and § is the ultimate strength of the
steel in the pipeline.

The API guidelines (1993) specify burst strength as:
t/D=(p/28ymf)

where Sym is the specified minimum yield strength of the pipeline steel. The term ‘f represents the product of three
terms: fd (design factor), fe (weld joint factor), and fi {temperature de-rating factor). The design factor is 0.72 for
liquid and gas pipelines, 0.60 for liquid pipelines and risers on platforms, and 0.50 for gas pipelines and risers on
platforms. The weld joint factor is specified as generally being 1.0 (when welding is conducted according to the
specified codes and guidelines). The temperature de-rating factor is used for high temperature pipelines and the de-
rating is specified by ASME guidelines (ASME B31.4 and ASME B31.8) (ASME, 1991). The ‘f" factor can be
interpreted as a factor-of-safety (FS = ),

In the API guidelines, t is the nominal or design wall thickness of the pipeline or riser. The guidelines specify a
number of measures that should be used to prevent corrosion or foss of wall thickness both inside and outside the
pipeline or riser. Thus, this guideline is based on the assumption that the pipeline or riser operator will provide and
maintain the pipeline so that little or no corrosion takes place. A corrosion allowance or thickness could be provided
to recognize the need to allow some corrosion to take place without having to de-rate or replace the pipeline. This
corrosion allowance is not specified in the API guidelines.

The DNV guidelines (DNV, 1996; Sotberg et al, 1996; Jiao, et al, 1997; Bai, et al, 1994; 1997) specify burst
strength as:

t/OHY=p/(2.1.1.81,)

where 1, is a usage factor that depends on the safety class of the pipeline or riser. For a High Safety Class, n, =
0.67. For a Normal Safety Class, 1, = 0.70. For a Low Safety Class, 1, = 0.74. Given the 1.1 that is multiplied
times S, these values are very close to those of AP



However, in this case, the ‘t’ that is referenced is the net wall thickness after corrosion has taken place. Corrosion
protection can be provided to make this “t” the same as is referenced in APL However, if no protection is provided, a
corrosion allowance must be estimated and added to the nominal wall thickness of the pipeline or riser to define the
design wall thickness.

A RAM based formulation of the foregoing developments can be dévelopcd as follows presuming that the demand
(operating pressure) and capacity (pipeline burst pressure) are Lognormally distributed variables:

pe=2St/D

where pj is the pipeline burst pressure, § is the stress associated with the burst strength of the pipeline, t is the
pipeline wail thickness, and D is the pipeline diameter.

Pf=P(po2ps)
where Pf is the probability of failure, p,, is the maximum operating pressure, and P (X) is read as the probability of
X ‘

Pf=1-®{ [In (peso/ posc ) ] /[(Gzpﬁ +02p0)°5]}
where @ is the standard cumulative Normal distribution, Paso is the 50th percentile (median) burst pressure, Doso 18

the 50th percentile maximum operating pressure, Oyp is the standard deviation of the logarithms of the burst
pressure, and G, is the standard deviation of the logarithms of the maximum operating pressures,

B =1In (psso/ Poso) / 6 = In FSmi050/ G

P is the Safety Index, FS g s is the central or median Factor of Safety between the pipeline burst pressure and the
maximum operating pressure, and @ is the total uncertainty in the pipeline burst pressure and operating pressure.

Ps=po(Byo/Bp)exp(Bc)=poBexp(Bo)

Ps 1s the ‘nominal’ burst pressure, p, is the ‘nominal’ maximum operating pressure, B, is the median ‘bias’ in the
nominal burst pressure, B,; is the median bias in the nominal maximum operating pressure, and B is the resultant
medijan bias in the nominal burst and operating pressures. Bias is defined as the ratio of the true value to the nominal
(predicted, calculated) vatue. It is to be noted that for the premises of this development (Lognormally distributed
independent demands and capacities) that this is an ‘exact’ expression.

A non-dimensional pipeline wall thickness to diameter ratio can be expressed as:
t/D=(po/28)(Bexp (P Omr)

In this development, the Bias in the demand is
taken as Bp = 1.0. This bias presumes that on 3,
the average that the pipeline will be operated at
the design maximum operating pressure.

[
[+ ]

The Bias in the capacity was taken as By = 2.0.
This bias is based on comparisons of pipeline
burst strength tests compared with the burst
strengths predicted by the hoop stress formulation
used in this development (By = 1.7, Figure 2)
(Bai, et al, 1994; Bai, Xu, Bea, 1997), and the
strength of the steel at which the pipeline
ruptures or looses containment (B = 1.2) (Jiao,
et al, 1997). ¢ is the total Type 1 (natural,
inherent) uncertainty in the demand and capacity
elements:
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The uncertainty in the demand was evaluated to Figure 2 - Comparison of predicted and test

be 6, = 0.10. This variability represents the burst pressures for pipelines with varying
diameter to thickness ratios




natural or inherent variability in the pipeline or riséf ‘Sperating pressires (Bai, Xu, Bea, 1997; Sotberg, Leira, 1994).
The uncertainty in the capacity was evaluated to be Ong = 0.20. This uncertainty represents the natural or inherent
variability in the pipeline burst capacity as influenced by the variability in steel and welding strength (pipeline
strength), steel thickness, pipeline or riser diameter, and corrosion thickness. The total or resultant uncertainty was
thus evaluated to be Gy,,5 = 0.22.

Note that this resultant uncertainty has not taken into account the variability added by corrosion damage or defects in
the pipeline. Because corrosion has a very high natural variability and the effect of this variability on the burst
capacity is also high, the total or resultant uncertainty for a moderately corroded pipeline based on the burst capacity
formulation used here could increase to Oupz = 0.40 to 0.50. For severely corroded pipelines, Oppr = 0.60 10 0.80,

The Safety Index (measure of reliability) could be expressed as;

B=In[@BS/poD){t- 1)/ O

The reliability based dimensionless ratio of pipeline or riser wall thickness to diameter (t/ D) exclusive of corrosion
thickness allowances can thuis be expressed as:

t/D=(po/28)[Bexp (B O )
t/D=(po/5)[(1.0/2.0"2) exp (B 0.22)]
t/D=po /8 (0.25exp 0.22 B)

This formulation allows the dimensionless thickness to diameter ratio of the pipeline or riser (VD) to be expressed as
a function of the dimensionless ratio of the expected maximum operating pressure to specified minimum steel yield
strength (p / 8) times the exponential of 0.22 times the annual Safety Index (B). The t / D ratio is graphed as
functions of p, / 8 and B in Figure 3 for the total uncertainty of 22 %.

For a given maximum operating pressure to specified minimum yield strength ratio (p/S), for the lower p/S ranges
there are small differences between the t / D ratios for new and existing pipelines. There are relatively insignificant
differences between the different pipeline Serviceability and Safety Classes. Significant differences show up only for
the higher operating pressure to yield strength ratios. Note that the differences between new and existing pipelines
shown in Figure 12 do not incorporate the larger uncertainties associated with existing corroded pipelines.

Figure 4 shows the results for a total uncertainty of 40%. There is dramatic increase in the required /D ratios for
given ratios of operating pressure to yield strength. In this case, the wall thickness that are referenced are those after
corrosion; i.e. they are the minimum wall thickness in a given segment of a pipeline. The increase in required ¥D
ratios is one of the prices of allowing significant corrosion to develop inside or outside of a pipeline.
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API Guideline Based Design Factors

The foregoing could be cast in the same form as the API guidelines as follows. Based on the RAM formulation:
t/D=(po/28S)(Bexp (B Gipr))
Po=(2St/D) (B exp (B Ginpn))"
Based on the API guidelines:
| t/D=(po/25f)
po=(Q2St/D)y(H)
Thus,

£=(B exp (B o))"

The API based risk assessment and management
formulation for the design factor ‘f° is summarized in
Figure 5. Also shown are the API design factor
guidelines for liquid and gas pipelines and platform
risers. For the uncertainties associated with new or
uncorroded pipelines, the API guidelines result in
very high reliability pipelines. However, the
performance history of pipelines in the Gulf of
Mexico for corrosion failures indicates corrosion
failures of ‘typical’ pipelines at the rate of 2E-2 to §
E-2 per year (Mandke, 1990; Mandke, et al, 1995; ; ; i
marine Board, 1994; Elsayed, Bea, 1997). This is '} IR BN EPENU B I
equivalent to annual Safety Indices in the range of B 1 1.8 2 2.5 3 3.5 4
= 1.5 10 2. This Safety Index range is commensurate Annual Safety Index

with the uncertainties associated with comroded Figure 5 - API burst pressure design factor
pipelines. The  analytical models indicate

probabilities of failure that agree well with the performance history.

Design Factor - f

The annual Safety Indices associated with the API design factors could be determined from:
B =In (Uf B) / ClapR

Given this development, and an assessment of a total uncertainty of 50% for API pipeline design (allowing for
corrosion uncertainties), a median bias in the pipeline demand and capacity of B = 2.0, one could determine the
annual Safety Index for pipeline design implied by the API guidelines as B=2.0(Pf=1 E-2 per year) for subsea oil
and gas pipelines, B = 2.4 for oil risers, and B = 2.8 for gas risers. These values are in excellent agreement with the
performance characteristics of pipelines and risers in the Gulf of Mexico (Pf = 1 E-2 per year).

Corrosion — Un-instrumented Pipelines

Experience with Gulf of Mexico pipelines and risers (oil and gas) has clearly shown that the primary operating hazard
to the integrity of pipelines and risers is corrosion; primarily internal corrosion for pipelines, and external corrosion
for risers (generally in the vicinity of the mean water level) (Elsayed, Bea, 1997; Marine Board, 1994; AME 1993;
Mandake, 1990),

For un-instrumented pipelines, a combination of subjective judgement and database information from instrumented
and un-instrumented pipeline performance must be used to evaluate corrosion. Figure 6 summarizes the causes of
pipeline failures in the OCS waters of the Gulf of Mexico during the period 1980 through 1996. This summary
includes 2,332 failures for 10,553 pipelines. Failure is defined as a loss of containment resulting in a substantial
loss of hydrocarbons from the pipeline or riser). The primary cause of failure is corrosion; about 50 % of the failures
are due to corrosion. Hurricanes (natural hazards) are responsible for about 25 % of the failures. The remaining 25 %
of the failures can be attributed to Human and Organizational Factors (HOF) (Bea, 1994).



Based on the same database, Figurés 7 and § show pipéline failures for oil and gas pipelines,
respectively. The distribution of the causes of failures is about the same for both oil and gas pipelines. Corrosion
again accounts for about half of the failures. Most surprising was the large proportion of gas pipelines that fail due
to corrosion. Improvements in gas dehydration could help reduce this source of failures,

The database contains information on the distribution of failures caused by external and internal corrosion. As
summarized in Figure 9, in the case of risers, external corrosion accounts for about 85 % of the corrosion related
failures. The vast majority of this corrosion is located at and above the mean sea level. In the case of submerged
pipelines, internal corrosion accounts for about 75 % of the corrosion related failures The database did not indicate
any significant differences between the failure rates for small and large diameter pipelines.

Figure 10 shows the distribution of times to corrosion failures for gas pipelines. The data includes gas pipelines
with and without gas dehydration. The mean time to failure is about 10 years. The Coefficient of Variation (ratio of
standard deviation to mean, COV) of the time to failure is about COV = 100 %. This very large COV is due
primarily to the natural or inherent variability in the corrosion rates and the differences in the dehydration of the gas
carried by these pipelines.

Figure 11 summarizes the pipeline failure rate in the Gulf of Mexico OCS region during the period 1967-1997 due
to all causes. The dramatic increase in the failure rate in 1992 was due primarily to hurricane Andrew.
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Since about 1992, there has been a dramatic increase in the number of pipeline failures due to corrosion. This is
believed by some operators to be due primarily to cut-backs in pipeline maintenance budgets and efforts in the
1980’s. The increase in failure rates has been noted, and the industry has taken effective measures to reduce the
rates since 1994, :

The failure rate has ranged from about 5 E-3 per mile-year to 2 E-2 (0.02) per mile-year. Given an ‘average’
pipeline in the Gulf of Mexico of 10 miles, this failure rate equates to about Pf = 5 E-2 per year to Pf = 2 E-}
per year for a ‘typical’ pipeline. Current operations indicate  total failure rate of about Pf = 0.01 per mile - year,
or Pf =1 E-1 = (0.1 per pipeline year.

The reference of the failure rate per pipeline per year will be discussed in the context of experience in the North
Sea and current standards of practice (Sotberg, 1990). It is important to note that this failure rate has been
accepted by industry, government, and public alike in the U. S. A failure rate is ‘acceptable’ when it has been

accepted.
Figure 12 summarizes the historic rate of failure of Gulf of Mexico oil and gas pipelines. Oil pipelines

generally have had a higher rate of failure, due chiefly to corrosion caused failures. Gas pipelines had a higher
rate of failure in 1992 due to the effects of hurricane Andrew.
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Corrosion of steel in pipelines and risers is a function of what is transported in the pipeline or riser, what surrounds
the exterior of the pipeline or riser, and how the corrosion is ‘managed’ (ASME, 1991; Bea, 1992; 1994). A variety
of techniques can be used to reduce the rates of corrosion including internal or external coatings, cathodic protection
(for continuously submerged segments of pipelines), dehydration of the gas or oil, and the use of inhibitors. Marine
growth tends to inhibit or reduce corrosion of risers (NACE, 1992; Kvernvold, et al, 1992).

For this analysis, the loss of pipelilne or riser wall thickness due to corrosion (i) was formulated as follows:
t|: = tci + tce

where t; is the loss of wall thickness due to internal corrosion and ic. is the loss of wall thickness due to external
corrosion.

The loss of wall thickness due to internal and/or external corrosion (t.y.) was formulated as follows (Elsayed, Bea,
1997}

Loy = Oy, Vie (LS - Lpile)

where v, is the average (mean during service life) corrosion rate, Q. is the effectiveness of the inhibitor or
protection (1.0 is perfect protection, and 10.0 is little effective protection), Ls is the service life of the pipeline or
riser (in years), and Lp,, is the ‘life’ of the initial protection provided to the pipeline.

This model assumes that there are no inspections and repairs performed during the service life of the pipeline or riser
to maintain the strength integrity of the pipeline to carry pressure. Maintenance is required to preserve the protective
management measures employed (e.g. renew coatings, cathodic protection, and inhibitors). The corrosion
management is ‘built-in’ to the pipeline or riser at the start of the service period. Inspections and maintenance are
performed to disclose unanticipated or unknowable defects and damage (due to accidents).

Stated another way, when an existing pipeline is requalified for service, inspections should be performed to disclose
the condition of the pipeline and riser, and then an assessment performed to determined if under the then ‘present’
condition of the pipeline that it is fit for the proposed service. Alternative management of the pipeline could be to
de-rate it (reduce allowable operating pressures), protect it (inhibitors, cathodic protection), repair it {doublers,
wraps), or replace it.

For design and requalification , the corrosion rate is based on the owner/operators evaluation of the corrosivity of the
fluids and/or gases transported inside the pipeline or riser, and of the corrosivity of the external environment



conditional on the application of a certain protection or ‘inhibition’ program. Table 1 summarizes suggested median
corrosion rates, their variabilities (standard deviations of the logarithms of the corrosion rates, approximately the
coefficient of variation of the corrosion rates) and the linguistic variables used to describe these corrosion rates
(Elsayed, Bea, 1997; NACE, 1992). .
Table 1 - Internal (i) and External (e)
For example, a dehydrated sweet gas would generally have a low  Corrosion Rates (v) and Variabilities

to very low corrosion rate (0.001 to 0.01 mm/year), particularly

if inhibitors were used to protect the steel. A ‘normally’ Descriptor | Corrosion | Corrosion
dehydrated sweet oil without inhibitors could have a moderate Rate Rate
corrosion rate (0.1 mm/year). A pipeline transporting high mm/year | Variability
temperature salt water could have a corrosion rate that would be - %
High to Very High (1.0 to 10.0 mm/year). Sour wet gas without Very Low 0.001 10

any inhibitors could have similar corrosion rates (in addition to Low 0.01 20
degrading the steel material properties). Moderate 0.1 30

A riser in the splash zone in the Gulf of Mexico without coating High : 1.0 40
protection could have a corrosion rate that is High (1 mm/year). NVery High 10.0 20

This zone would extend from mean low water to about 4 m above

mean low water. Below this zone, the corrosion rate would be Moderate (0.1 mm/year), although local riser
connections and other elements that could lead to local corrosion or pitting could have a corrosion rate that would be
High (1.0 mm/year). An unprotected pipeline could be expected to have an external corrosion rate that would be
Moderate (0.1 mm/year), unless there were other factors that could increase this rate (very high water velocities,
severe erosion caused by sediment movements). ‘

In this development, the effectiveness of corrosion management is expressed with two parameters, the inhibitor
efficiency (o) and the life of the protection (Lp,.). If the inhibitor (e.g. Table 2 - Internal (i) and
coating, dehydration, chemical inhibitor, cathodic protection) were ‘perfect’, External (e} Inhibitor
“then Lp,, would equal 1.0. If experience had indicated otherwise, then the Efficiency (c,,)

inhibitor efficiency could be introduced as summarized in Table 2.

. . . ) Descriptor Inhibitor
The life of the protection reflects the operator’s decision regarding how long Efficiency
the protection that will be provided will be effective at preventing steel v

. . X . . . ery Low 10.0
corrosion. For example, the life of high quality external coatings in the Low 3.0
absence of mechanical damage can be 10 years, where the life of low quality Mod 5'0
external coatings with mechanical damage can be 1 year or less. Another . craie :
example would be cathodic protection that could be reasonably provided to High _ 2.0
protect the pipeline for a period of 10 years, but the expected life of the LVeryHigh 1.0

pipeline was 20 years. Thus, there would be 10 years of life in which the cathodic protection was not provided and
the steel would be ‘freely’ corroding. Table 3 defines the general categories of the life of protective systems. This
same Table can be used to specify the expected service life of the pipeline or riser (Ls).

Given this information, pipeline owner / operators could define the expected
life of the pipeline or riser (e.g. Very Long, Ls = 20 years), define the life of
the protective management system that would be incorporated as a part of the
pipeline or riser (e.g. Moderate, Lp,, = 10 years), define the effectiveness of
the protective management system (e.g. High, o, = 2.0), and then based on

the transported product and environment of the pipeline or riser, estimate the -

internal r;ﬁd exlt)emal corrosion rates (e.g. vip Ee 0.1 mm/year, ve = 0.1 Descriptor L(];;,e.ac;:)Ls

mm/year). The corrosion thickness allowance would then be determined as: Verw Shot ]

teye = Oy, Vi (LS - Lp'u'e) =2.0-02 mI'D./y (20 Y- 10 y) =4 mm = 0.16 inch Short s
Moderate 10
Long 15
Very Long >20

10

Table 3 . Expected Life of
the Protective System -
(Lp,)or the Service Life of
the Pipeline or Riser (Ls)




Lt = Ve, (Ley,)

Time Dependent Reliability

Pipeline reliability is a time dependent function that is dependent on the corroded thickness of the pipeline (t..). The
corroded thickness is dependent on the average rate of corrosion and the time that the pipeline or riser is exposed to
corrosion. This time dependency can be clarified with the following (Bea, 1994):

B=In(Kpt-Kpty))/ O
where:

Kp=(2BS/pD)
If one defines: |

Kpt=FS,,
where FSy is the median factor of safety in the burst capacity of the pipeline or riser. Then:

B = ]n (FSSO - FSSO (tcilel t)) / 0.ln;u'R

As the pipeline corrodes, the reduction in the pipeline wall thickness leads to a reduction in the median factor of
safety that in turn leads to a reduction in the Safety Index (or an increase in the probability of failure). In addition, as
the pipeline corrodes, there is an increase in the total uncertainty due to the additional uncertainties associated with
the corroston rates and their effects on the burst capacity of a pipeline.

An analytical model for the increase in total uncertainty as a function of the corrosion could be expressed as:
U]npmjt - clnpmlto (1 - [cye/ t).g

where Gy,,z/t is the uncertainty at any given time ‘t’,
Ouprito is the uncertainty at tme t = 0, t,, is the
corroded thickness and t is the initial thickness. When
./ t = 0.5 the initial uncertainty would be increased
by a factor of 2.

aandaaaafisss

Results for 6,,zlto = 0.2 and = 0.30 and FS;, = 2.0
(same as median bias used previously) are summarized
in Figure 13. '

sbesiiaanads

Annual Safety Index

High quality assurance and control in the pipeline I S S U N D
reliability management leads to lower uncertainty and 0 0.1 0.2 0.3 0.4 0.5
higher reliability (Nordland, et al, 1997). Given corrosion depth / wall thickness
corrosion, there is a decrease in the reliability of the

pipeline as a function of time reflected in the depth of  Figure 13 - Influence of Corrosion Depth and
the corrosion normalized by the wall thickness. If the Uncertainty on Annual Safety Index

target reliabilities are defined as those that the pipeline

should not be lower than during its life, then either corrosion protection must be provided to preserve the initial
thickness of the pipeline or riser, or corrosion allowance must be added to the pipeline or riser initial thickness, or a
combination of these two measures. For example, if an annual Safety Index of 2 during the pipeline life were desired,
and the initial uncertainty associated with the pipeline demands and capacity were 20%, then the corrosion allowance
would need to be 20% of the pipeline thickness. This would result in an initial annual Safety Index of 3.5. Given the
projected corrosion rate for the life time of the pipeline or riser, the annual Safety Index would decrease 1o 2.0 by the
end of the projected life.

11



Corrosion - instrumented Pipelines 1

0.8
Instrumentation or ‘smart pigs’ -can be used to help develop
evaluations of corrosion rates and remaining wall thicknesses Z 0.6
(Rosen Engineering Group, 1997). These measurements can be 3
used to help make evaluations of corrosion in comparable -§ 0.4 — Alyeska Pipaline |-
pipelines that can not be instrumented. Figure 14 shows a & - momeUK Oi Pipsiines §]
probability distribution of corrosion rates determined for the 0.2 -8 AR
Alyeska pipeline and North Sea oil pipelines, The median 0 ol g
values of the corrosion rates are n = 0.06 and n = 0.03 for these 0 0.05 0.1 0.15 0.2
two sets of pipelines. Corrosion Rate (mm / year)

It is important recognize that making evaluations of corrosion Fi.gure 14_“' Corrosion Rates for Two
rates and wall thicknesses from the recordings have significant Oil Pipelines

uncertainties (Bal, Rosenmoeller, 1997). The measurements can
give both ‘false positives’ and ‘false negatives.’ The pigs can
miss significant defects and indicate the presence of defects that
are not present. Figure 15 shows a comparison of the
Probability of Detection (POD) of corrosion depths (in mils, 50
mils = 127 mm) developed by three different ‘smart pigs’
(Magnetic Flux Leakage, MFL, based instrumentation). This
information was based on comparing measured results from
sections of the Trans Alaska pipeline that were pigged and then
excavated and the true corrosion depths determined (Rust, et al
1996; Vieth, et al 1996). There is a dramatic difference in the 0
performance characteristics of these three smart pigs. If this type

of variability is to be avoided or minimized, then specifications . .. .
and test runs must be developed to verify the ability of the pigs Figure 15 — Probability of Detection

to detect corrosion damage. Specifications for intelligent pig Curves for Three Smart Pigs

inspections of pipelines need 1o be developed if consistent and repeatable results are to be realized (Shell
International, 1996). ‘

1

Probabllity of Detectlon
(=]
£ .Y

L 1oy a
100 200 300 400 500 €00 700
Corrosion Depth (miis)

There are significant uncertainties in the depths of corrosion indicated by the pigs due to such factors as variable
temperatures and degrees of magnetism, and the speed of movements of the pig (Bal, Rosenmoeller, 1997).
Corrosion rates are naturally very variable in both space and time. Thus, if instrumentation is used to determine the
wall thicknesses and corrosion rates, the uncertainties in these characteristics needs to be determined and integrated
into the evaluations of the fitness for purpose of the pipeline. Figure 16 summarizes data for two of the smart pigs
noted in Figure 14. Both pigs tend to under estimate the comrosion depth. The uncertainties associated with the
measured depths ranged from 35 % (for 50 mils depths) to 25 % (for 200 mils depths). '

. NI . £ 1.4 prvrrrrrrrrprer-
For the instrumented pipelines, the expression for the § s 35 : ;

probability of failure can be expressed as:

m———Pig C§

-.nupig A

Pf=Pf,+Pfyy = EBA125f

Blas =
actual depth / measured
-l
b=

where Pfy, is the probability of failure associated with the
detected flaws and Py, is the probability of failure associated
with the non-detected flaws.

The detected depth of corrosion must be comected to the '” 100 150 200 250 300
median depth of corrosion (Figure 16): Pit Depth (mils)
Figure 16 - Bias in measured corrosion
’CSO =lcp ( BD: ) ' deiths

12



‘The detected depth of corrosion hasa standard deviation of the Logarithms of the corrosion depths of:

)

Oy = 0.251t0 0.35 -
Pho
The probability of failure associated with the detected depth of corrosion is:

Pfo=1-®{[In(Paso/ Poso) 1/ [ (6% + 6% ) *]}

where @ is the standard cumulative Normal distribution, Psso is the 50th percentile (median) burst pressure, pg, is
the 50th percentile maximum operating pressure, Oys is the standard deviation of the logarithms of the burst
pressure, and G is the standard deviation of the logarithms of the maximum operating pressures.

The pipeline burst pressure is determined from:
Pe=28(~1wc)/D
The median of the burst pressure is determined from the medians of the variables:
Paso =2 S 50 (t 50 = teso) / Dy
The uncertainty in the burst pressure is determined from the standard deviations of all of the variables:
‘ ozlanSD = OPg + O + O + O 4 .

The probability of a corrosion depth, X, exceeding a lower limit of corrosion depth detectability, xo, is:
P[X2x0IND]=P[X>x0}P[NDIX 2x0]/P[ND]

P[X 2 x0 [ ND ] is the probability of no detection given X 2 xo0. P [ X > xo ]is the probability that the cotrosion
depth is greater than the lower limit of detectability (Figure 14). P [ ND | X 2 xo ] is the probability of non
detection given a flaw depth (Figure 15). P [ND] is the probability of non detection across the range of flaw depths
(Figure 15) where:
P[ND] =1 -P[D]
and:
P[ND] = Z PIND [ X > x0] P[X > x0]

The probability of failure for non-detected flaws is the convolution of:

Pfyp=2{PfIX>x0}] P[X2x0IND] :
Figure 17 shows results from an instrumentation of a 20-inch diameter gas line based on use of Pig C The measured
and corrected corrosion expressed as a percentage of the wall thickness is shown. Based these results and foregoing
developments, Figure 18 shows the probabilities of burst failure (detected and non-detected) of the pipeline. Two
sections of the pipeline would be candidates for replacement.

0.35 T T T T T T T Ty Y ] 0-03_‘57 AL R AR B AR A RA RE R EARAEE
= Ty AR . :
0.3 .| =il Moasured (% t) i 5 [
E t == Correcied (% 1) i T 0.025
S p.a2sE .":
8 3 o
5 o.2f z 0.02
S ik i |
A5 F £ X
£ o © 0.015
] o -8
5 0.1 :
=  Foww T e Plon :
0.05 Ad i i s 4 i Ab b b 4 b i g i b o diidasg i 0.01 ]
0 5000 10000 15000 0 5000 10000 15000
Distance (m) Distance (m)
Figure 17 - Pig C measured and correctedFigure 18 - Probabilities of burst pressure
corrosion readings failure
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Pressure Test and Relief Etfects Pipeline capacity before testing

None of these developments have taken account of the effects of
pressure testing the in-place pipeline. Based on API guidelines Pipeline capacity after testing
(API, 1993), the pipeline is tested to 1.25 times the maximum 4
design pressure (MDP) for oil pipelines and 1.5 times the MDP
for gas pipelines. The maximum operating pressure (MOP)
generally is set at 90 % of the MDP.

The effect of pressure testing is to effectively ‘truncate’ the
probability distribution of the pipeline burst pressure capacity
below the test pressure (Figure 19). Pressure testing is a form
of ‘proof testing’ that can result in an effective increase in the
reliability of the pipeline. Proof fest press&e

There can be a similar effect on the operating pressure
‘demands’ if there are pressure relief or control mechanisms . .
maintained in the pipeline. Such pressure relief or control Figure 19 - Effects of proof testing
equipment can act to effectively truncate or limit the ©n pipeline capacity distribution
probabilities of developing very high unanticipated operating
pressures (due to surges, slugging, or blockage of the pipeline).

Probability

Pressure

>

This raises the issues associated with pressure testing and pressure controls on the required factors of safety or load
and resistance factors (Hall, 1988; Grigoriu, Hall, 1984; Grigoriu, Lind, 1982). Figure 20 summarizes the results of
pipeline proof testing on the pipeline Safety Index as a function of the ‘level” of the proof testing pressure factor, K: -

K=InXp/p,)/ O

where Xp / pb is the ratio of the test pressure to the median burst pressure capacity of the pipeline (test pressure
deterministic, burst pressure capacity Lognormally distributed) and is the standard deviation of the Logarithms of the
pipeline burst pressure capacities. These results have been generated for the case where the uncertainty associated
with the maximum operating / incidental pressures is equal to the uncertainty of the pipeline burst pressures and for
Safety Indices in the range of B = 3 to B = 4.5

(Fujino, Lind, 1977). ;

For example, if the median burst pressure of the
pipeline were 2,000 psi and this had a Coefficient of

30

1.25

Variation of 10 % (Oy,,, = 0.10), there was a factor of 1.20
safety on this burst pressure of 2 (f = 0.5) (maximum g

operating pressure = 1,000 psi), and the pipeline was a 115
tested to a pressure of 1.25 times the maximum i 1.10

operating pressure (Xp = 1,250 psi), the proof testing
factor K = -4.7. The results in Figure 20, indicate that
this level of proof testing is not effective in changing

1.05

Safety Index Ratio
(with proof test / without)

1.00 | i i

the pipeline reliability. Even if the pipeline were c4 -3.5 -3 2.5 -2 15 -1
tested to a pressure that was 1.5 times the operating )

pressure, the change in the Safety Index would be less Proof Test Factor - K

than 5 %. Figure 20 - Effects of proof testing on

If the test pressure were increased to 75 % of the Pipeline reliability

median burst pressure, the Safety Index would be

increased by about 25 %. For a Safety Index of B = 3.0 (Pf = 1E-3), these results indicate a B =3.75 (Pf = 1E-4) after
proof testing. Very high levels of proof testing are required before there is any substantial improvement in the
pipeline reliability. These results indicate that conventional pressure testing may not be very effective at increasing
the burst pressure reliability characteristics. Such testing may be effective at disclosing accidental flaws incorporated
into the pipeline due to human and organizational factors (e.g. poor welding).Additional studies are underway to
further define the effects of pressure testing and operaling pressure controls on the required factors of safety for both
new and existing pipelines.
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CONCLUSIONS

A general approach for design and requalification of pipeline systems has been proposed that utilizes qualitative,
quantitative, and mixed qualitative ~ quantitative approaches. These approaches are complimentary. The simpler
approaches are used to design and requalify the vast majority of pipelines. The more complex approach is reserved for
the more complex problems and situations.

The Level 2 approach has been further developed and applied to the evaluation of the burst capacity of corroded
pipelines. This approach has addressed pipelines that can not be instrumented and those that can be instrumented. The
approach for non-instrumented approach is mixed with qualified ~ calibrated expert judgement, information from
databases on pipeline failures, and data from instrumented pipelines. The approach for instrumented pipelines requires
the same information, but in this case, there is more direct information available on the pipeline corrosion
characteristics. However, these corrosion characteristics must be carefully evaluated as they are influenced by different
qualities of in-pipe instrumentation and the treatment and analysis of the instrumentation results. It is concluded that
much more work is warranted to more further develop the Level 2 mixed qualitative - guantitative approaches,
particularly for the requalification of existing pipelines. ‘
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8. Discussion Panel I: Risk Assessment and Management System
Applicability Offshore

General Overview

Risk assessment and management has been performed by various industries for many years, but
always under a different title. "Risk assessment and management" is a new terminology that is
currently the hot phrase in industry and is receiving a lot of attention from various levels of
management. It is true that many different risk assessment methods are available, but each one
requires different criteria to be applied effectively. The key for choosing the right risk
assessment method is analyzing the problem at hand in order to decompose it into smaller more
manageable components.

The problem that the industry has to decompose is how to apply risk assessment and
management methods offshore. Before going further however it is crucial to define the various
approaches available for risk assessment. The three approaches are:

e Qualitative
e Mixed (qualitative / quantitative)
¢ Quantitative

Each method has characteristics that make it bptimurn in a given environment, and some of these
defining characteristics are tabulated in Table 1.

According to Table 1, there are certain advantages in using each method, but it is also fairly
evident that at an early stage of planning, the qualitative method is the ideal method to use for
attacking the risk assessment problem. This is especially true for the offshore industry where
data to perform quantitative risk assessment is limited. The question is not whether risk
assessment methods are applicable offshore, but rather which one is feasible. Obviously at this
early stage, the quantitative model can not be applied to a full extent, but in the future the goal
will be to move closer to a quantitative model. It is also true that a full quantitative model will
not be feasible for all problems, because there are certain characteristics about operations, like
human factors, that are difficult to quantify. In the future, the optimum model will probably be
the mixed model, because it captures both the quantitative and the qualitative model benefits.

Therefore to apply risk assessment methods offshore, the first task it to decompose the system
into components and then analyze each component to see what type of data requirements are
necessary for each. For example, the risk caused by humans usually is difficult to quantify, but



the failure of a pipeline with a certain number of flaws in it, operating at a certain pressure can be
quantified relatively easy. Once each potential failure mode is analyzed, it is important to define
the data requirements for each. Taking the steps described above, the system can be analyzed in
parts and a comprehensive risk assessment and management method can be developed.

The topic up to this point has been somewhat concentrated on how to develop models, but not on
whether developing a model is feasible. To develop a comprehensive model for risk assessment
and management, it is necessary to demonstrate that the recommended methodology is cost
effective. Once cost effectiveness has been demonstrated, the methodology of risk assessment
and management will be more readily accepted. So after decomposing the system, a feasible
methodology has to be drafted that is able to perform in the chosen environment, given that there
are only certain types of data available to run the model. The model chosen must reflect the
constraints on the system as of today, but also anticipate future problems, to an extent. In other
words the model has to be flexible. ‘

Currently there are a lot of pipelines already installed on the continental shelf that can not be
removed or upgraded because of cost constraints, and thus the first risk assessment approach
should account for these constraints present on the system. On the other hand, new pipelines to
be built in the future should be engineered for optimal maintenance and operation in mind. The
natural cycle of any engineered structure is to progress from design to construction, operation
and maintenance and finally decommissioning, which are all phases in the life of the structure
that have to be designed for during the design stage. The risk assessment method chosen
therefore will only be a framework that has all the right guiding principles, which are applied
according to the type of system that an individual is dealing with. The younger systems will be
more accurately assessed, while the assessment accuracy of the older systems will be dependent
on the constraints present.

It is also understood that the best way to assess the feasibility of the risk assessment program is
to apply it to pilot studies. Upon developing guidelines, certain operations can be chosen to test
the developed methods, while others will be chosen as controls. However, since no two systems
are identical, the 'test' and 'control’ operations chosen should be fairly similar so that comparisons
of the results can be more easily carried out. It is also important to choose more than just two
pipelines to test the risk assessment and management program, in order that the randomness of
the process does not invalidate the data.

The data for the models must also be collected in a uniform manner, which assures some
consistency between data collected from one pipeline compared to another. Hopefully at this
point, if everything was designed correctly, only data that is practical to collect is being
collected. In the future, as was mentioned earlier, a larger variety of data can be collected, but for
current systems data collection should concentrate on what is practical. It is important to work
with the current constraints of pipeline systems, and to demonstrate that without altering the
constraints, the risk assessment and management system proposed actually makes a difference.
In essence this will demonstrate the effectiveness of the system, which is crucial for the
acceptance of the risk assessment and management methodology by operators, regulators, and
last but not least by the shareholders.

In summary the following topics must be addressed for demonstrating the cost effectiveness of
risk assessment and management methods:

1. Work with constraints of systems to control cost of development



2. Make flexibility a priority

3. Develop uniform data collection methods and standards

4. Risk assessment and management system can focus effort toward collecting the appropriate
data, therefore minimizing costs

Points of Contention

In the previous section it was outlined how the effectiveness of a risk management system can be
demonstrated on a practical scale, but the question still remains as to how the industry can reach
this stage. Currently there are several obstacles in the energy industry that were created a long
time ago and were perpetuated by the intense competitive market that energy industries are a part
of. One of the obstacles borne out of the past is secrecy. It is known and accepted that data for a
proper risk assessment and management program is crucial. Currently however, due to the
intense competition between oil companies, along with the extremely low oil prices, every edge
that can be gained over competitors is guarded with extreme secrecy, including available data.
Data collection is expensive however, therefore each company by itself is only capable of
collecting a certain amount of data, which is usually not enough to develop a comprehensive
model for risk assessment and management. It is only natural to look toward a joint industry
effort for solving the risk assessment problem because with a joint effort, capital can be united
along with experience, brains, and leverage of a united body. Therefore the whole in this case is
more than the sum of its parts.

A united effort however does not mean that companies are forfeiting their competitive edge,
because each pipeline system is different. The key however will be to develop a general risk
assessment system that is applicable to every type of pipeline, and with how much rigor a
company applies the methodology will be up to that company. This is analogous to the
application of management techniques, where the general philosophy for managing a business is
not a secret, but that does not mean that all businesses are managed in an equally effective
manner. The same can be applied to risk assessment and management techniques. Each company
takes the foundation that was developed by the joint effort and customizes it according to their
needs and management's desirc. In essence the platform for improved operations will be there,
but who will be able to reap the benefits will be up to the individual companies.

If it is proven that a risk assessment and management system can save the industry money, and
this is the direction that most clues are pointing to, it will be natural for a company to adopt a
risk assessment and management system. To prove this however, it is necessary for the
companies to come together and join forces and develop a comprehensive system. It is also
important that all companies in the joint effort are represented equally, and that they contribute
an amount of capital proportional to their size. In this sense, the larger companies pay more, but
since they have more pipelines they also gain more, and vice versa for smaller companies.

Proving the effectiveness of a risk assessment and management system is heavily dependent
upon cost, so a unified effort also has to be made to correctly define the cost of certain incidents.
For example, how does the failure of a pipeline off the coast of Louisiana due to anchor dragging
compare to the same incident off the coast of Texas. These questions will be more easily
answered once databases of construction and maintenance costs become more robust and
ubiquitous. The key to success in developing a comprehensive system will be planning and
forethought.



In summary of the important topics presented in this section the following points have been
outlined:

1. Energy companies have to work together (The whole is more valuable than the parts.)

2. Data sharing must take place (If industry gets better, everyone benefits.)

3. Fatlure incidents must be defined under one umbrella to establish consistency in evaluating
costs due to failure

4. Companies must be represented appropriately during the decision processes



9. Corrosion Modeling of Mitigation Impacts on Risk - Dallas Thill

Corrosion is one of the biggest influencing factors for pipeline failures, which constitutes a large
portion of maintenance costs for all types of pipelines. To tackle the problem of corrosion there
are a variety of tasks that must be performed, and these include up front planning for design and
construction, operations and control. Each of the tasks listed can then be further subdivided to
obtain a better understanding of the problem. The key is to realize that all of the elements listed
are interrelated in one way or another.

The two main corrosion problems for pipelines are that of external and internal corrosion, with
internal corrosion usually dictating a larger portion of the failure percentage. In order to control
the rate of corrosion, external or internal, the main task is to understand the mechanism of
corrosion and to pinpoint where these mechanisms have the highest potential of occurring. In
general, the corrosion knowledge has to be advanced, there must be good communication
between designers and operators, management must be committed to solving the problem, and
there must be a holistic or integrated approach developed that can be documented, reviewed and
changed for the better as time progresses. '






Corrosion
Modeling of Mitigation
Impacts on Risk
Ideal Situation of Corrosion Control

and its’ Impact on Risk (Likelihood
and Consequences)

Dallas Thill

Corrosion Failures
Alberta
Source: AEUB Database 1980 - 96

Intemal

78% External

22%







Outline of Corrosion Control

« Integrated Comprehensive Approach

« Comprises
- UP Front Planning

— Ongoing Involvement/Communication with
+ Design & Construction
» Operations (maintenance )
+ Control (monitoring, treatment)

— Knowledge (Historical, Technological, Scientific)

Example System

Consider

« Well Production -> Characteristics
* Pipeline -> Characteristics




Corrosion Management

>95% of Systems - Known Technology

» Common sense (knowledge - what, why)
Forethought & Reflection
Complacency

— Time related

Economics

Corrosion Management

Key Elements
— Company Policies

L ]

« Codes | Written
« Standards | by
» Recommended Practices | Industry

— Regulations | Written by
— Acts | Government

— Unwritten Knowledge
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External/Internal

» Land Based background
— Swamp, Muskeg, Rivers, Lakes

» Control done to decrease Risk

Note: Will cover only selected sample items

External
Sample

« Controllable (example) (managed)
-~ Materials
.« CS
.« Al
« Non-controllable (example)
— 2nd electrolyte
— Environmental SCC (not part of discussion)




External
Design & Construction

Controllable

 System Knowledge
— Coating
— Curent source/locations
— Crossings (all)
— Foreign current sources
* some-times YOUr own

External
Design &Construction/Control/Operations

Controllable

 Annual surveys & reviews

— Regular

— Specialized (coating evaluation, current requirement ....)
* Monthly system checks

— Actions taken
» Automation

» Splash zone, Air/soil







External
Design & Construction, Control

Non-controllable

* 2nd Electrolyte

— Weld Cutback area
* Smart Pig (self contained, tethered)
* Design & Construction







- External
Design & Construction, Operations

 Operating temperature (now & future)
— Coating for service
— C/P system practical
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External
Design & Construction, Operations

+ Design & Construction

— Pipeline movement
« Temperature
* Buoyancy
— Attachment damage
» Weights (mechanical wear/erosion}

11



wy
ol

External
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» Temperature

- P

* Buoyancy
- Attachment damage

)

hts (mechanical wear/erosion
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External

 Guidelines That Help

— Impressed current
« Multiple small systems
+ Minimize electrical isolation

— Coatings
+ Design for service (now & future)
» Construction inspection

— Sacrificial
+ Knowledge of Anode environment
+ Knowledge of Current requirement

Internal

Design & Construction/Operations/Control

Non-controllable

» Production Composition (characteristics)

— Now
— Future
» Personnel
» Topography

13



Internal
Design & Construction/Operations/Control

Non-controllable

« Production

— Fluid Production Rate (now, future)
* Hydrocarbon
~ Liquid
- Gas
+ Water

Internal
Design & Construction/Operations/Control

Non-controllable
» Production

— Fluid Composition Characteristics (now, future)
+ (Gases
- CO,
~H,$
* Water
- SG, TDS, pH
*» Hydrocarbon
— (as
- Liquids

30
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Internal
Design & Construction/Operations/Control

Non-controllable
« Personnel
« Topography

Internal
Design & Construction

Controllable

« Materials
— Metals

» Ferrous
+ Nonferrous

— Non-metallic
+ Installation

- ERW weld position
» 10:00 to 02:00

32
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Internal
Design & Construction

Controliable

Production

— Fluid Conditioning
» Type
— Separation
— Dehydration
» Location
- Wellsite
— Cenfral

335

Internal
Design & Construction

Controllable (varying)
Production
— Fluid Compatibility
« Scale
 Asphaltene

36
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Internal
Design & Construction/Operations

Controllable (varying)

Production
— Fluid Compatibility
* Scale
* Asphaltene

— Solids

» Formation fines
» Sulphur

38
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Internal
Design & Construction/Operations

Controllable (Varying)

» Operating Parameters
— Temperature
— Pressure

41

Worst Case Estimate (8% C0O2 Gas& 608 5C)

System Pressure kPa

42
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Internal
Design & Construction Operations

Controllable (Varying)

» Operating Parameters
— Temperature
— Pressure

- Housekeeping
+ Well work-over fluids
 Pigging

-~ Flow velocities

43

Internal

Design & Construction/Operations/Control

Controllable
» Monitoring

— Rate Measurement
« Pipeline Design

— What do you want to simulate
— Represent worst case
— Equipment (initially best, retrofits poor)

44
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Internal

Design& Construction/Operations/Control
Controllable

» Monitoring

— Rate Measurement
» Pipeline Design

- What do you want to simulate

— Represent worst case

— Equipmert (initially best, retrofits poor)
+ Measuring Tools

— Coupons
~ Electrochemical
» LPR
» Noise (events)
47
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Internal
Control/Operations

* Monitoring (cont’d)
— NDE

» Ultrasonic
— Spot
— Imaging
— Other
* Proprietary
+ Fluid analysis
— Dew point analyzer
— Automation

* Degrees .




Internal
 Functions that Help

— Historical Trending
* Production
* Monitoring
+ Treatment
— Responding to Change
+ Production
 Operating parameters
— Communication Loops
— Knowledge Dissemination
— > 3 Types of Monitoring

— Automation

Internal

Functions that often Lead to Problems

« Un-managed Change
» Managing Compromises

56
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Summary

System Management
Knowledge

Communication

Guidelines (Regulations)
Management Philosophy
Management Commitment
Dedication/Commitment (all levels)
Holistic/Integrated Approach
Documentation

Planned Reviews

This Approach Too Idealistic?

How much do your failures cost? Do you
know?
As a minimum

— Train your Operators

— Do high level RBI

— Have a good consultant on call

— Be prepared for a big incident now and then

38




10. 3™ Party Damage Prevention and Detection - Harvey Haines

Third party damage prevention and detection is a serious concem for pipelines, offshore and
onshore, due to the fact that in these scenarios innocent bystanders can be hurt. Events can result
in a bad reputation for the operating company and thus also a considerable monetary loss. In
order to minimize third party damage, three main areas of concem have been outlined. These
areas are training, technology, and penalties.

Training can help by educating both workers and civilians about the dangers present at or near a
pipeline. Individuals trained properly can react to a failure in a correct and timely fashion,
therefore minimizing the impact of the failure on the environment around the pipeline.
Technology can also help by detecting failure or damage to a pipeline at an early stage, therefore
giving the operators advance knowledge in order that they may arrest the malfunction as soon as
possible. An example of a technology that can be used to detect third party damage is one that
utilizes acoustical methods. At the present however there are also certain obstacles that have to
be overcome like noise filtration so that a clearer picture can be obtained about the pipeline.
Penalties are the last form of prevention method that acts as a deterrent for companies neglecting
their pipelines. In this case, the concept is relatively simple, and entails the operating company
paying a certain sum of money every time there is an incident. The incentive in this case 1s to
make it expensive for companies to neglect their pipelines so that they are deterred from doing
thus.






3rd Party Damage
Provention & Detection

Risk Assessment & Management
of Marine Pipeline Systems
Workshop

November §-6, 1998

Harvey Heines
Gas Research Institute

Incidents
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4 Ways to Prevent & Mltlgate Damage

® Better One-Call Systems

B Right of Way Encroachment M-onitoring
B Contact with Pipe Monitoring

B Detection & Characterization of Damage

Better One-Call Systems

* Six Steps to Safe One Calls

@ Requirement known?
& Call actually made?
& Utilities notified?

% Locators dispatched?
% Marking correct?

& Excavation appropriate?




Notices to One Call Centers
Resu[t:ng in DOT Raportable Incidents

Prior Notice
8%

Each Effected by
Three Generai Categories
L IR E TR B R SR

St

[=E

E Training
B Technology

B Pengzlties




nght of Way Momtormg Survey

E A few gas pipelines Interested in ROW
monitoring @ a cost of $1000/mi/yr

Several stated no interest in paying for ROW
monitoring

. B GRI currently investigating interest in pilot
project to examine potential techniques
— Fiber optic cable - ground vibration
— infrared techniques - vehicle identification
— Satellite imagery
~ Others

Real T:me Momtormg of H:ts to Plpelmes
- SRR O T T TR T

E Contact with a pipeline introduces an
acoustic wave in the gas stream

B These Tube waves have been shown to
travel for 3 miles in an abandoned
pressurized pipeline

B Key for successful technology is separating
signals from

— hits to pipeline

- normal operating noise in a pipeline




Real-Time Monitoring
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| Source

Signa

John Deere 310 D Backhoe

| Damage to Pipe

ica

Typ

Results




Bandpass Flltermg of Off-Axns Backhoe Hit
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Overcoming Flow Noise
is the Key to Makmg Momtormg Work

b
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Detection & Characterization
of Damage

B Mechanical Damage Pig Development

i

Research Detection and Sizing Methods - DOT (Battelle)

Develop In-Line Inspection Pig-GRI (Tuboscope)

Perform Study on Impact of IL! Pig-GRI (Keifner)

Develop Critical Assessment Criteria-GR]
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I‘V‘echamcal Damage Slgnals

Gouge Metal Loss bent
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MAGNETIZATION LEVEL
SGNALAMPLITUDE -

Defect D G0

18 2 25 3 35 a2 45 50

Geometnc Sidnai
{150 Oe)

MFL Signal (Counts)

Mived Signals
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DECCUPLING MFL SIGNAL

GRI FLAT PLATE DEFECT SIMPLE DENT
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Sensar Pesition {inches) Sensor Positian {Inches)

Decoupling Reveals Gouging

E{Gauss)

Magnelic Sigral

- w -
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DECOUPLING REVLALS GOUGING

Gouge Defect and Dent With Similar Gouge Compared

Gouge Signal

MFL Signal {Gauss)

Mannelic Signal {Gauss)

Decoupled Dent Signal

- W owon

5 a? a3 51 53 N

Sensor Position {Inches)

Sensor Position {Inches)

ADDITIONAL FEATURES IN
E“‘E 3 D DECOUPLED SIGNAL

R EEEEDT

B PLOWING EFFECT

E GOUGE LENGTH

E VISIBLE STRESS “PATTERN”

i



FEATURES IN DECOUPLED
SIGNAL

Halo Effect
(Rerounding)

ADDITIONAL FEATURES:
MODELING CHECK

SA’\/IE FEATURES APPEAR IN BOTH THE MODELI\’G
AND EXPERIMENTAL DATA

Simple Model Pull ng Defect

DD=3, DL=6, GD=10




PLOWING EFFECT

“Plowed™ Material

MFL{Plowing) ~ F,(Load) x F,(Gouge Depth) x F, (Gouge Length)
Related to Severity of Defect

Does Not Give Gouge Depth!

PLOWEN > EXAMPLES

EL&.«HF

DEFECTS HAVE SAME DL 6, DD 6, PAM#36 P-? CURVES
ONLY AMOUNT OF PLOWING (GOUGING) DIFFER
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PLOWING EFFECT

Foslive Peak Amplitude {Gauss)

o 6% Deep
3% Deep
4 0% Deep

o deiszaaoug

0 ) E 4 & 8 bl T2
Approx. Gouge Depth {mits}

Mechanical Damage Pig Design

Primary Magnetizer Blectronics
Up to 1?0 Shoes Up to 100 Shoes
Each with 9 Sensors Dent Transducers

Can vary magnetization

with electromagnet Stress Sensor Detectors
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Mechamcal Damage ourvey

B Kiefner reported 32% of all
DOT incident are due to
Mechanical Damage

E 4% oltoctal incidents are
due to delayed damage

Delayed incidents tend to
be more expensive than
immediate failures because
of incident like Edison, NJ

Summary
S Y B BRI AT

B Mechanical Damage is the largest cause
of reportable incidents in North America

B Human Behavior modifications are needed
to make One Call systems work better

B Improved Technology will help identify and
characterize mechanical damage and its severity







11. Selection of Optimal Risk Mitigation Strategies - John Conroy

Once it has been decided that risk mitigation strategies are going to be employed, the next step is
to decide how to optimally implement these strategies. It is important to look at various criteria
like future conditions, cost issues, safety and environmental issues, and also reliability issues.
Many times decision trees can be used effectively to represent interrelated decisions and for
defining decision points and possible outcomes.

When the proper model for the decision process has been identified, all the outcomes of different
mitigation measures can be calculated while dealing with uncertainties, and the potential life
cycle cost of the pipeline can be assessed under each scenario. Costs include direct, business
impact, and risk costs. URS Greiner Woodward Clyde has developed a program provides
feedback on inspection spending, maintenance costs, and other issues like number of expected
ruptures based on certain assumptions. The key with modeling however is making sure that the
model correctly represents what is actually happening in the field and is dynamically assessing
the condition of the pipeline.






" Inspect?

f URS Greiner Woodward

. Challenges
Methodology

Mustrative Example
{i Model Validation
it Input Data
it Example Qutputs

URS Greiner Woodward Clyde |
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S r ateme%

Challene

o Continual Process, Not One-Time Decisions

o Current Decisions Dependent on Future Conditions =

O Uncertainties in OQutcome of I\l:tlgation Decisions

0 Multiple, Potentlallv Conﬂlctmg, Ob;ectwes
0 Cost
1t Safety, Environmental
i Rehabllltv

: o lelted Data on Fallul es

'ategaeis b
_ Methodoloﬁv

e‘J Use of Decision Trees Model
{ Effective for a Process of Interrelated Decisions

{i Explicit Definition of Decision Points and Possible
Outcomes

i Incorporates Uncertainty in Outcome

URS Greiner Woodward Clyde |
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Decision Tree

First Second
Inspection Inspection Maintenance Ohserved
Allerpatives Qutcomes Alternatives Dutcomes Alternatives Performance  Consequences

URS Creiner Woodward Clyde

on of Optimal Risk Mitigation
rategies |

Methodology
o Statistical Modeling of Pipe Defects

& Mounetary Evaluation of Al Impacts
i Direct Costs
(Inspection, Testing, Repair, Rehabilitation, ...)
i Business Impact Costs
(Loss of Revenue, Loss of Goodwill)
i Risk Premiums for Incident Avoidance

URS Greiner Waodward Glydé
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' Methodbio \] :

6 Dynamic Programming to Analyze Decision Tree over

Pipeline Lifetime to Find Least Life-Cycle Cost Strategv

O Identify Optimal Risk Mitigation Strategy based on east ,

Life- Cycle Cost

o Prioritize Projects Based on Benefit/Cost Ratio

_ mtegles
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mrs Greiner Woodward Clyd

Mitigation

Otimal Action Prioritization

Benefit = (Life Cycle Cost of Routine Maintenance) -
(Life Cycle Cost of Optimal Action)

= Action Implementation Cost

URS reiner Woodward Clyde|
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ategies
Illustrative Examle
Pipeline Inspection and Maintenance Optimization System
(PIMOS) _ _
o Developed with Funding from Gas Research Institute
¢ Extensive Industry Participation : '
{i Technical Advisory Group
i Data Provided
i Beta Testing
0 Ci_zrrently applying to 2 Chevron Pipelines

o

URS Greiner Waodward Clyde

1 of O pﬁmél_Risk Mitzgalﬁon

ategies .
-~ PIMOS Flowchart

o I"’“‘""“““””””"‘““"“”“ Decision Troe l - Dynamic ?mgramming—l
Industry Data Reliability Direct Costs
of Inspection

Company Data Business Costs
Effectiveness

of Maintenance Risk Costs

} }

Probability Optimization

Models

Outputs

Defect Density
Farecast Models

Prob. Dist. of
Crit. Defects

Probability
of Failure

Updating
ltodels

,

Updated
Probability
of Failure

Page 8

and Priority
Evaluation

Prioritized
Project List

URS Greiner Woodward Clyd
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E: .'te_rn_éi”l_' Corr

.I'nt:é.rn_al Cbl'i'osion |

Mechaniﬁal (Third Party) Damage
Stress Corrosion Cracking

5 Material/Construction Defects

P

UBS Ereiner' Woadward Clyide

DEFECT
- DENSITY
FORECAST
MODEL
VALIDATION

{o=11)

External

Corrosion (=16)

Observed Proportion of Segments
with Defeets

20%  40% 60% 80%  100%
Forceasted Probability of Defect
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~ PIMOS Inputs
S Pipeline Segment Data |

U Inventory Characteristics

0 Operational Data
Inspection History
Maintenance History
Failure History
Operational Pressure History

URS Greiner Wao&wa;}d Cﬂ(;f;e ;

)ptimal Risk Mitigation

-z;aféégies

PIMOS Inputs

o Cost Parameters
i Direct Costs
it Business Impact Costs
{i Incident Avoidance Premiums

0 Model Parameters
i Reliability of Inspection
i Effectiveness of Maintenance

URS Greiner Woodward Clyde

B i
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PIMOS Outputs

Tabular Reports Forecasted Density of External
"8 Segment Susceptibility Seores Corrosion Defects
0 Defect Predictions

,.
£
£
£
=
5
5
X
&
.

Defects
© & Segment Priorities
" Project Priorities
‘& Multi-Year Recommended Action
- List
Life-cycle Cost

HELHTEHE
e
TN

T

- URS Greiner Woodward

e sk

ction of Optimal Risk Mitigation
ategies .

PIMOS Outputs

Forecasted Defect Densit
External Corrosion

| Thematic Maps
o Diameter

Tustallation Year
Susceptibility Score
Predicted Density of Defects
Optimal Segment Action
Recommended Project Action
Expected Failures (Routine
Maintenance}
Expected Faitures Avoided
{Optima! Segment Action)

s oAl

Clyde.
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-~ PIMOS Outputs
| Charts and Graphs : . RN
' o Multi-Year Estimated Inspection Estimated Inspection Budgets

. Budgets :

6 Multi-Year Estimated Maintenance
Budgets os
|

’ TR " . . e Lo . “l\
_ Mu.lti Year Expected L(aks —————
0 Multi-Year Expected Ruptures :
o Expected Performance by Total — Pgging
Proactive Budget '

5 Total Expected Life-Cycle Cost by Years
Total Proactive Budget . N

1 of Optimal Risk Mit

frategies
in Conclusion

Successful Identification of Optimal Strategies
& Proper Modeling of Decision Process
¢ Forecast Pipeline Behavior under all strategies
& Deal with Uncertainties
o Consider Life-Cycle Costs incorporating:
t Direct Costs
i Business Impact Costs
i Risk Costs

s

uns Greiner Wnaz;ward Clyde
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12. Discussion Panel lI: Risk Assessment and Modeling of Impacts

General Overview

" There are several important questions that need to be answered at this point, which are: 1) How
can we interpret the concept that a system has a failure probability of 102 and 2) How can we
translate certain failure events into a monetary value?

Dealing with the first question first, it becomes evident that standards are inherently necessary.
This is true because in essence we want to be able to obtain the same probability of failure for
pipelines in different geographical locations that are operating under the same conditions. This
leads to the second question of how to convert the probability of failure into a dollar value,
which is highly dependent upon the geographical location of the pipeline and the culture of the
geographical area. In some cases the local government culture will sct a failure probability limit
that will be difficult to meet because of high costs, but at the same time it will be difficult to
assess whether a company is meeting the criteria or not. This is true because most companies
will employ a mixed method and it is difficult to compare quantitative and qualitative methods.
Nonetheless, limits on the quantitative methods can be set, but set limits on the qualitative
methods will be difficult to measure. Therefore requirements can be made as to what minimum
procedures a certain company should follow, and then as incidents happen, the effectiveness of
the risk management system can be assessed and recommendations made. The important concept
to note at this juncture is that mixed systems must be carefully treated.

As was mentioned earlier, modeling the risk associated with a pipeline can be done through the
method of decomposing the system into its individual components, but the impact of the actions
performed are much harder to quantify. In order to correctly determine that an action performed
had a direct consequence can be relatively tricky. In most cases, it will be apparent that upon the
start of using inhibitors the corrosion rate slowed, but in other cases, like in the case of human
organizational risk management the results will be less quantifiable. Therefore, the pilot studies
will again help to assess the effectiveness of certain methodologies, which can be improved upon
as the study progresses.

Analyzing the same problem in another way, human and organizational factors can also be
evaluated by looking at the history of a pipeline before failure to assess whether management
deliberately ignored certain facts when making decisions. For example, if the corrosion rate is
high and in five years it is evident that the pipeline will have a serious corrosion problem, then
management should start ordering the use of inhibitors. When the wall thickness of the pipe
becomes small, the pipe fails, and the incident is logged as a corrosion failure. If this event
occurs a certain amount of times in a given period, then it will be evident that someone is
ignoring the signals. In another case, if the pipeline is piggable, flags can be raised when the wall
thickness reaches about 40% that of the original, at which time the inspector can notify the
operator.

It is also important to separate piggable and unpiggable pipelines because each have a different
capability of being evaluated. Piggable pipelines can adopt the quantitative risk assessment
methods much easier, as opposed to unpiggable pipelines, which tend to be harder to inspect.

At this point the various topics of concern for modeling impacts are outlined to help further the
discussion. The major topics are:



Consistency in risk analysis for different pipelines
Evaluation of effectiveness of risk analysis / management system
Differences between piggable and unpiggable pipelines

Quantification of human error

A

Evaluation of cost associated with a certain type of failure and definition of failure types that
have the largest effect on pipelines

6. Evaluation of the cost of a certain level of reliability

To tackle most of the topics listed above, it is recommended that a hierarchy of levels be
constructed and different teams of individuals tackle each level. For example there would be one
team for piggable pipelines and one for unpiggable pipelines and then each team would be
divided once again into teams that analyze quantifiable and non-quantifiable areas related to the
level above. In this way, a methodology for each major type of pipelines can be developed,
which can then be used on that whole group. Still another solution can be to only develop
methods for unpiggable pipelines at first, since these types of pipelines make up the majority of
the pipeline population. Then as the technology becomes more advanced, the previous model can
be improved upon. This in essence would be the same philosophy as is used when updating
design codes for concrete design as new knowledge about concrete is obtained. The key however
is to be aware of how the reliability model needs to change in the future, in order that it may
accommodate change as it occurs.

Periodically the chosen teams would come together and present their work to their peers, who
would then evaluate the progress and give positive feedback to each group. In this fashion all the
components of the risk analysis system can be analyzed and improved upon. Once the work is
done, the pilot programs would start up, and the developed systems would be evaluated. The key
to the whole program will be effective leadership to guide the work of the various teams in the
right direction. Therefore, before anything can happen, the right people must be chosen to part
take i the program. The team however must be kept relatively small and should consist of
individuals who are familiar with pipeline operations and at the same time reliability modeling.
Individuals who have both skills will be the most effective at tackling the problems, because they
have knowledge pertaining to both sides of the problem. °



13. Quantification of Risks in Pipeline Reliability and Risk
Assessment - I. R. Orisamolu & Yong S. Bai

One of the largest problems faced by the industry at this time is quantifying the risk associated
with a specific pipeline. It is very important that the physics and mechanics of structures and
systems not be compromised in such a manner that the results become distorted when compared
to reality. It is true that many times the analysis of intricate systems utilize complex
developments in material mechanics, but this should not alienate basic laws of physics which we
know to be true. The more complex models are the greater is the chance of error, but at the same
time if many checkpoints are used it is possible to establish very accurate results.

The author encourages the reader to be open to new ideas about looking at problems, like not
necessarily measuring all consequences in the same units. Money is definitely one way to
measure the impact of failure events, but at the same time consequences can also be measured in
utils or some other type of unit. Finally however, the risk score of a pipeline is the combination
of the likelihood of occurrence coupled with the consequence of that occurrence. To obtain a
final total score however all units of consequence will need to have a common connection in
order that they may be compared and combined. Therefore the bottom line is that the risk
assessment has to be able to assist the decision maker in making practical decisions.
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14. Discussion Panel lll: Ways Forward

After evaluating the problems facing industry for implementing a risk assessment and
management program, it is evident that certain key issues must be addressed. Before being able
to even get the whole risk analysis and management project off the ground, certain key members
of industry will need to be convinced that risk management is the right solution to today's
problems. The following major topics have been outlined as originating points for further
progress:

1. Projected economic benefit for risk management programs

2. Other industries are doing it at a benefit '

3. Regulators are going to performance based systems

4. Safety and environmental excellence is needed for aging pipelines

After addressing the above topics and proving the cause for having- risk assessment and
management systems, a general approach must be drafted that includes the following topics:

1. Problem definition
2. Problem solving team formation
o Key members of industry asked to solve problem
a Key members breakdown problem into components
3. Evaluation of expectations
o For each component of the problem, what is within reasonable limits
4. Guideline and methodology development

o Development of practical risk assessment and management application for pipeline
components

5. Pilot study
o Test of developed guidelines, and evaluation of developments -
6. Future planning and revaluation of existing progress
o A reflection period to assess the effectiveness of the existing plan of action

The second issue on this list is the formation of a team that will address the problems at hand
and come up with a solution that is beneficial for both the industry and the government. This
step by far is the most crucial step in the whole process, because this team will be made up of
the individuals who are going to be decomposing the problems and formulating solutions. Due
to the fact that the problem of risk assessment and management is a very new topic for the
pipeline industry, at this stage extreme caution must be exercised. All interested parties must be
well represented, and the depth of talent that is available at the various companies must be
utilized to its fullest. It is important that industry solves its own problem due to the fact that they
know what they want and what their limits are.
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