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Presenter - Ryan Sitton
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e 10 years’ experience in equipment reliability and
engineering, specializing in strategic inspection planning,
risk-based inspection (RBI), and asset integrity program
development and implementation.

® Current member of the API Sub Committee on Inspection
(Refining Group)
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® President of PinnacleAIS (Asset Integrity Services)

® Leads technical direction of company, including
technology development, RBI program application, and
MI program development and implementation

® Actively consults with several major operating companies
and assists with OSHA engagements, code compliance,
and program management.
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Introduction - Setting The Stage

B Purpose of Presentation
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e Explain common strategies for application and
population of TMLs and CMLs in a new
program

._ ® Discuss possible methodologies for the review
/ ////////////// i \\\\\\\&\\ \\ and revision of TMLs and CMLs
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B Sources
e API Codes: 510, 570, 572, 574
® Two projects
» MI program implementation

» TML optimization study
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Introduction — About You

1) How many are chief/lead inspectors?

2) How many are responsible for a facility’s MI
program?

3) How many have gone through some sort of
TML/CML optimization or reduction exercise in
the past ten years?

4) How many are planning to take on a TML/CML
optimization or reduction exercise in the near
future?
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Introduction — Opening Discussions

1) How many know how many TMLs are in their
facility?

2) How many people have: Less than 100,000
TMLs, 100,000 to 200,000, 200,000 to 300,000,
300,000 to 400,000, greater than 400,000...

3) Who has CMLs represented on inspection isos?

4) How many TMLs per circuit according to OSHA:

a)
b)
C)
d)

e)

Function of length
Minimum of 10

None are required
Minimum of one per fitting

OSHA says nothing about number of
TMLs/CMLs
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History of the TML and CML

Definition

TML (thickness measurement location): Area on
piping system where periodic inspections and
thickness measurements are conducted.

- API 570 - Definition 3.47

« Appeared in first edition of API 570 , early 1990’s.
« Used informally for many years prior to API 570.

« Has become standard verbiage across the
petrochemical and inspection industries.



History of the TML and CML

Applicable Codes
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e API 574
e API 510
e API 572
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What the Codes Say... API 570

Section 5.3.1 “"Injection Points”
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a. Establish TMLs on appropriate fittings within the
injection point circuit.

b. Establish TMLs on the pipe wall at the location of
expected pipe wall impingement of injected fluid.

c. TMLs at intermediate locations along the longer
straight piping within the injection point circuit may
be required.

d. Establish TMLs at both the upstream and

downstream limits of the injection point circuit.
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Section 5.3.5 “"Service-Specific and Localized

Corrosion”

An effective inspection program includes the following
three elements, which help identify the potential for
service specific and localized corrosion and select
appropriate TMLs...”
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What the Codes Say... API 570

Section 5.5.2 “TML Monitoring”

Each piping system shall be monitored by taking thickness
measurements at TMLs. Piping circuits with high potential
consequences if failure should occur and those subject to higher
corrosion rates or localized corrosion will normally have more
TMLs and be monitored more frequently (see 6.3). TMLs should
be distributed appropriately throughout each piping circuit.
TMLs may be eliminated or the number reduced under certain
circumstances, such as olefin plant cold side piping, anhydrous
ammonia piping, clean noncorrosive hydrocarbon product, or
high alloy piping for product purity. In circumstances where
TMLs will be substantially reduced or eliminated, persons
knowledgeable in corrosion should be consulted.

TMLs should be established for areas with continuing CUI,
corrosion at S/A interfaces, or other locations of potential
localized corrosion as well as for general, uniform corrosion.



What the Codes Say... API 570

Section 5.5.3 “TML Selection” summarized, not

e
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« Should take into account the patterns of corrosion that would
be expected and have been experienced in the process unit.

« Corrosion processes relatively uniform in nature result in a
fairly constant rate of pipe wall reduction and require fewer
TMLs to monitor a circuit than those required to monitor

Wy //// '\\\\ Q circuits subject to more localized metal loss.

J \\\\\\ « In theory, a circuit subject to perfectly uniform corrosion

/////////////////////Iﬂm|||\\\\\\\\\\\\\\\\\\\ \\ could be adequately monitored with a single TML.

« Corrosion is never truly uniform, so additional TMLs may be
required.

« Inspectors must use their knowledge (and that of others) of
the process unit to optimize the TML selection for each
circuit, balancing the effort of collecting the data with the
benefits provided by the data.
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What the Codes Say... API 570

Section 5.5.3 “"TML Selection”

More TMLs should be selected for piping systems with any
of the following characteristics:

a.

b.
c. Higher potential for localized corrosion.
d.

Higher potential for creating a safety or
environmental emergency in the event of a leak.
Higher expected or experienced corrosion rates.

More complexity in terms of fittings, branches,
deadlegs, injection points, and other similar items.

. Higher potential for CUI.
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What the Codes Say... API 570

Section 5.5.3 “"TML Selection”

Fewer TMLs can be selected for piping systems with any
of the following three characteristics:

a. Low potential for creating a safety or environmental
emergency in the event of a leak.

b. Relatively noncorrosive piping systems.

c. Long, straight-run piping systems.

TMLs can be eliminated for piping systems with either of
the following two characteristics:

a. Extremely low potential for creating a safety or
environmental emergency in the event of a leak.

b. Noncorrosive systems, as demonstrated by history
or similar service, and systems not subject to
changes that could cause corrosion.



What the Codes Say... API 570

Section 6.5 "“Extent of Thickness Measurement
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To satisfy inspection interval requirements, each thickness

measurement inspection should obtain:
eThickness readings on a representative sampling of TMLs on
each circuit, including data for all the various types of
components and orientations (horizontal and vertical) found in
O //// "\\\\ © J each circuit.

J \\\\\\ eInclude TMLs with the earliest renewal date as of the previous
N ////////////////mmm\\\\\\\\\\\\\\\\% o inspection.

Section 6.6.3 “Threaded-Connections
Inspection”

When selecting TMLs on threaded connections, include only
those that can be radiographed during scheduled inspections.




What the Codes Say... Summary

Select “appropriate” number TMLs, considering:
L I, 1. More for circuits with localized corrosion, less (as low as
\\\\\\\i\i\i\\\\\\\ iy ///////%/////// 1) for general corrosion.
\\ . /// More for higher safety or environmental risk fluids.
More for higher corrosion rates.
More for greater complexity.
More for greater CUI.

nHwnN

Select “appropriate” locations of TMLs, particularly:
1. Areas of localized corrosion

O " ~ @
g \\\\\\\\\\\\\ 2. Areas of CUI.
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3. Should take one reading at each component type and pipe
direction, each round.

Radiography only for threaded connections.

Consider access (API 574).

v B

Can be reduced or eliminated under “certain” circumstances.

What about CMLs?
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Introduction to CMLs

Definitions

CMLs - Designated areas on piping systems where
periodic inspections and thickness measurements are
conducted. — API 570 (upcoming edition) and API 574

condition monitoring locations (CMLs): - Designated
areas on pressure vessels where periodic examinations
are conducted. Previously, they were normally
referred to as “thickness monitoring locations (TMLs)".
- API 510

examination point - An area defined by a circle having a
diameter not greater than 2 in. (50 mm) for a line
diameter not exceeding 10 in. (250 mm), or not
greater than 3 in. (75 mm) for larger lines. Thickness
readings may be averaged within this area. An
examination point shall be within a CML. - API 574
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From TML to CML - The Evolution

eTMLs are limited in scope as they describe only

“thickness monitoring locations”.

eOther NDE techniques begin to be tracked in existing
inspection systems.

eAdvanced NDE is applied to evaluate degradation modes
other than thinning (i.e. thickness).

eData from inspections is tracked at "TML" repositories
within existing inspection data management systems.

"CML" is adopted to account for a location in which any
type of NDE is performed to identify equipment condition.

eTerm “CML"” replaces “TML"” in API 510 in 9th edition,
June 2006.



The CML - What do the codes say?

API 570:
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Upcoming 3" Edition — due out 2009 - has
replaced TML with CML. Much of the verbiage
around the CML has remained similar.

API 574:

P ‘ 7
// ////////////// I \\\\\\‘&\\ 7 Similar verbiage to API 570. Some added
////////////llllllllllll\\\\\\\\\\\\\\\\“ information such as Section 7.2:

“For piping systems, inspection plans should
address condition monitoring locations (CMLs) for
specific damage mechanisms.”
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Should we use TML or CML?

CML

However...

The API, and therefore the industry, is still in the
process of migrating to CML within all of its codes.
The current published editions of API 570 and 572
still use the term CML. Therefore, we must use
both while discussing implementation and
optimization.

So what is TML/CML Optimization?
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What is TML/CML “"Optimization”

Definitions - Optimization

“to make as effective, perfect, or useful as
possible.”

- Webster's Dictionary

“the design and operation of a system or process to
make it as good as possible in some defined sense.”
- Wiktionary.org

TML/CML Optimization: Evaluation and
redistribution of inspection locations to ensure the
maximum effectiveness of applied NDE across a
piping circuit.

- Ryan Sitton
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What is TML/CML “"Optimization”

Explanation

The act or action of optimizing CMLs is the required
analysis (quantitative), evaluation (qualitative), or
both, to determine the “correct” number and
location of CMLs, thereby reducing or increasing the
number of CMLs, and placing the CMLs in the most
effective locations.

Simply put:

TML/CML optimization is making sure that I am
inspecting in areas that return valuable information,
and not inspecting in places that do not.
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What is TML/CML “"Optimization”

Clarification Q and A...

1.
2.

o U & W

Is this Risk Based Inspection?

When we implemented on-stream inspection for
my facility, we used a formula to apply TMLs.
Am I optimized?

Is this simply CML reduction?
Is it okay to simply do a “"Reduction”?
Does this comply with codes and standards?

Does this mean that I cannot perform an
optimization unless I am using CMLs instead of
TMLs?



What is TML/CML "Optimization” -
clarification questions...
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Is this Risk-Based Inspection?

Answer:

_ No. While it can be tied to RBI, the CML
// ////////////// — \\\\\\\\\\ \\\ Optimization is less about which inspection to do, or
//////////////munm\\\\\\\\\\\\\\\\\ when to do them, and more about where to perform
\ the inspections.
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What is TML/CML "Optimization” -
clarification questions...

Question 2:

When we implemented on-stream inspection for my
facility, we used a formula to apply TMLs. Am I
optimized?

Answer:

No. Typically, these formulas are based on length of
pipe, number of fittings, pipe class, and other static
numbers. In order to truly “optimize”, more consideration
must be to the dynamic aspects of pipe mechanical
integrity, such as degradation modes, degradation rates,
type of inspection technique utilized, and probability of
detection of various inspection techniques.
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What is TML/CML "Optimization” -
clarification questions...

Question 3:

Is this simply CML reduction?

Answer:

No. Optimization should focus on the effectiveness of the
inspection location, not simply reduction in numbers. In
fact, TMLs should never simply be “reduced”, however,
smaller subsets of CMLs should be used in subsequent
inspection rounds as applicable.
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What is TML/CML "Optimization” -
clarification questions...

Question 4:

Is it okay to simply do a “"Reduction”?

Answer:

Yes, however, this should be based on a documented
“over-application” of CMLs. For example - if it is
documented that the industry average is 20 CMLs per
piping circuit, and your facility has 40, then a reduction
may be in line.

Warning: This depends heavily on the definition of
circuit, type of facility, utilization of CMLs, etc.
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What is TML/CML "Optimization” -
clarification questions...

Question 5:

Does this comply with codes and standards?

Answer:

Yes. As identified above, codes do not dictate number or
location of CMLs except for injection points, they simply
give guidelines for selecting the “appropriate” number and
location. Therefore, exercises pointed at determining the
“appropriate” number and location are almost required by
code.

However...



What is TML/CML "Optimization” -
clarification questions...

e
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OSHA findings in the recent NEP audits:

* No procedure for thickness measurement or strategy for
specifically identifying TML's (thickness measurement
locations) on pressure vessels and for determining the

2 7 representative number of thickness measurements performed

////////////// g \\\\\\\\\\ \\ to satisfy requirements for internal and on-stream inspections.
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* No procedure for thickness measurement or strategy for
specifically identifying TML's on piping and for accurately
determining the representative number of thickness
measurements on each piping circuit.

Does not say what procedure should be, simply that one does not
exist. One could ponder whether or not a procedure that has 1
TML per circuit, and requires that TML to be inspected each
inspection, would be okay???
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What is TML/CML "Optimization” -
clarification questions...

Question 6:

Does this mean that I cannot perform an optimization
unless I am using CMLs instead of TMLs?

Answer:

No. TMLs are still valid, they are simply a type of CML.
Given that the most frequent CML type is a TML, TML
optimization can be carried out independent of other
CML types. However, this optimization can have a
reduced impact, as consideration of other techniques
may allow for greater flexibility in the application of
TMLs.

EXAMPLE...
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What is TML/CML "Optimization” -
clarification questions...

Answer 6, Example...

Consider a pipe circuit with internal localized corrosion...

If location(s) of corrosion are unknown within the circuit,
then an extremely large number of TMLs may be
required to ensure degradation is located. If the
locations of degradation are known, large concentrations
of TMLs may be required to accurately size the corrosion.
The circuit may be “optimized” by simply removing TMLs
from areas where corrosion is not occurring. However, if
AUT or Profile Radiography were to be applied covering
the area(s) of degradation, TMLs may be significantly
reduced, even eliminated in favor of the other NDE
CMLs.
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Methods of Optimization

Four Categories
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« Qualitative

« Rule Based
..  Statistical
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Qualitative CML Optimization

Description

A subject matter expert, knowledgeable in degradation
mechanisms, unit operation, and inspection techniques,
goes through a circuit and determines the best
techniques to utilize and the best locations for CMLs.

Benefit
« Easy to implement (requires as few as one person)

Limits
« Slow
* Not repeatable
« Subject to human error and different opinions
« Varying degrees of use of historical data (difficult for

one person to fully utilize millions of historical
thickness measurements and other inspections.
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Rule Based CML Optimization

Description
A set of rules is developed by which CMLs are eliminated
or added, such as:
« Eliminate TMLs with a corrosion rate less than 2mpy
« Eliminate TMLs that require scaffolding when
corrosion rate is less than the circuit average.
This method is most frequently associated with reduction.

Benefit
« Relatively easy to implement (does not require
subject matter expert).
« Repeatable.
Limits
« Requires elevated levels of human review against
rules.

« Rules are subject to heavy scrutiny by regulators.
« Subject to human error.
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Statistical CML Optimization

Description

A range of statistical models are run to evaluate data for
all CMLs in a circuit considering intervals, locations,
expected degradation modes, and probability of detection
of applicable inspection techniques. These models then
determine the probability of detection across all CMLs,
and given a cutoff (usually based on class), reduce or add
CMLs to the circuit.

Benefit
« Repeatable.
« Very high level of precision.
« Can be run very quickly - using computers and
existing electronic data
Limits
« Requires good data.
« Statistical models require an individual or company

comfortable with the technology.
« |ocation for added CMLs may be a separate exercise.
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Risk-Based CML Optimization

Description

Based on RBI technology, Risk is calculated for a circuit. Then,
CMLs are individually calibrated according to the risk and added
or removed based on level. For example: “Low” risk CMLs are
removed, inspections decreased or unchanged for "Medium” risk
CMLs, and inspections increased or added for “High” risk CMLs.

Benefit
« Can be repeatable
« Very detailed evaluation of CMLs
« Portions can be run quickly (utilizing software)

Limits

« RBI software packages are difficult to run and use in this
application.

« Wide variation in options with a risk approach can make
starting difficult.

« Managing the on-going program can be arduous if not
implemented adequately into an IDMS.

« Many RBI analyses contain qualitative elements that can
make the process unrepeatable.
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Combined CML Optimization

Description

Using a combination of techniques, such as risk analyses
and statistical models for circuit and CML analysis, and
qualitative review for new CML locations, CMLs are
modeled, applied, and optimized to the fullest extent.
Therefore, each method is used to cover up the
shortcomings in the other.

Benefit
« Can be highly repeatable
« Very detailed evaluation of CMLs
« Can be run quickly with technology
« Can be documented and easily captured in IDMS for future
management.

Limits
« Requires use of effective software and rigorous
methodologies.
« Heavily data dependant.
« Typically requires knowledgeable team to fully implement.
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TML/CML Optimization Goal

s To ensure the most effective locations for
\\\\\\\\\\\\\\\\\ Iy ///////////////////
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performing inspections, by adding/identifying CMLs
that effectively quantify degradation and eliminating
CMLs that do not, considering:

® Accessibility of CML for inspection

/// ///////////// — \\\\\\\\\\ i\ ® Probability of degradation occurring - at its highest
//////////////ﬂmnm\\\\\\\\\\\\\\\\\\ levels - at that location.

® Probability of detection, given the appropriate
technique




TML/CML Optimization Benefits
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2. Increase in understanding of degradation
through better information and from better
locations.
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Heard said...

"CML Optimization enabled us to be more
conservative than API 570 (with regard to
inspection frequency) while reducing on-stream
inspection work-load by 50%”




TML/CML Optimization Pitfalls

1. Lack of effective establishment of rules,
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methodologies leads to poor optimization.
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2. Utilizing data that has errors, is incomplete, or
outdated can lead to inaccurate results.

3. Improper circuitization can lead to ineffective
optimization.
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4. Stopping the optimization at the analysis, not
implementing into IDMS.

5. Too qualitative can lead to inconsistencies and
lack of understanding at a future date.

6. Utilization of rules inconsistent with industry
practice could lead to exposure in audits.
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Starting an Optimization Project




Starting an Optimization Project

1. Review data - determine how useful and perform

e
\\\\\\ /////// cleanup as applicable.
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2. Review inspection histories to determine overall
effectiveness and level of documentation.

3. Determine the methodology that is right for you, do
not simply launch into something to get started.
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///////////////”m"“\\\\\\\\\\\\\\\\\\ 4. Take the time to set the program in place, identifying

methodologies, rules, data, models, team members,
etc.

5. Review current circuit setup and recircuitize as
needed.

6. Take the time to capture all documentation and
results in IDMS, to facilitate future management.
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