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The Selective Corrosion Rate Analysis Pat. Pending technique utilizes 
a unique combination of data validation checks, corrosion  
models, statistical techniques, and advanced trend identification 
tools to highlight specific corrosion mechanisms and provide  
accurate remaining life projections from UT thickness data.  
The analysis is completely data-driven and requires only a single 
analysis parameter - the system’s required reliability.

Selective Corrosion Rate Analysis reports are designed to enable 
rapid review by Inspectors and Engineers. Re-inspection schedules 
are optimized to provide a practical minimum level of inspection to 
achieve the required reliability.

Since Selective Corrosion Rate Analysis utilizes state-of-the-art 
statistical principles and does not require the use of multiple  
subjective analysis parameters, the results are completely  
defensible from a regulatory standpoint.

Selective Corrosion Rate UT Data Analysis

Data Validation

Corrosion Models

TML Location Data Component Thickness Distributions

• Undocumented replacements 
  and piping schedule changes
• Data entry errors
• Other anomalies

TML Relationships Defined By:
• Industry Standards
• Failure Histories
• Previous Analysis Results
• Inspector Experience
• Process Conditions

Reports:
• System Overview
• System Details
• Unit Summary
• Re-Inspection Schedules
• Replacement Details

UT Thickness Data

Statistical Distributions

System Required Reliability

Previous Analysis Results

Typical Component
Thickness Distributions

Identify Best Model

Re-Inspection Optimization

Corrosion Rate, Remaining Life
and Re-Inspection to Achieve

Required Reliability 

Analysis Comments:
• Rules-Based
• Neural Network-Based
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At the heart of the Selective Corrosion Rate Analysis Report is the Corrosion Rate Reliability Plot. This plot shows the corrosion rates for 
all ‘active’ TMLs in the system (horizontal axis) vs. the cumulative occurrence of the corrosion rate (vertical axis). The vertical axis on a 
Corrosion Rate Reliability Plot is labeled “Reliability,” since the corrosion rate distribution is projected to the system’s required reliability for 
determining remaining life.

Similar plots have been used for many years by Rotating Equipment engineers for predicting equipment failures. Only recently have these 
plots been used to analyze the reliability of fixed equipment. For Corrosion Rate Reliability Plots, the upper (right) end of the plot provides 
the value used for determining remaining life.

Selective Corrosion Rate Analysis finds the best TML/corrosion rate relationship and statistical distribution in order make accurate  
remaining life projections and to identify trends. This is achieved by obtaining the best statistical “fit” for the corrosion rate data. A visual 
indication of the fit may be made by observing how well the corrosion rate data clusters around the best straight line on the Corrosion Rate 
Reliability Plot. Statistical indicators are used to accurately measure this “goodness of fit”.

Several factors may cause an unacceptable fit on a Corrosion Rate Reliability Plot. There may be more than one corrosion mechanism 
(i.e., localized corrosion) in the system or an incorrect statistical distribution may have been selected. If corrosion rate data follows a  
Weibull distribution, for example, a plot based on normally distributed data may yield an unacceptable fit. There may also be significant 
thickness variations within components, or perhaps components were replaced with those having a different nominal thickness (e.g., a 
different pipe schedule for piping systems) between inspections. Selective Corrosion Rate Analysis correctly identifies and corrects for 
these real-life situations.

By running a series of Corrosion Models, Selective Corrosion Rate Analysis finds the best fit and displays the results on a Corrosion 
Rate Reliability Plot. If, for example, a system has higher corrosion rates in elbow components than the rest of the system, the data will be 
grouped per this Corrosion Model and fitted to the best statistical distribution. The Corrosion Rate Reliability Plot would then have two solid 
lines (one for pipe, one for elbows) and the fit will improve significantly over the All TMLs case.

Selective Corrosion Rate Analysis Reports always show the Corrosion Rate Reliability Plot for All TMLs. When a Corrosion Model identifies 
improvements over the All TMLs case, a separate plot showing these improvements is also shown on the report.

In the following Corrosion Rate Reliability Plot, the measured  
long-term corrosion rates range from about 3 mils/year to just over 
20 mils/year. The data clusters nicely around the best straight 
(solid) line for the (log normal) statistical distribution. In this  
example, Selective Corrosion Rate Analysis identified the best  
distribution and found a single corrosion mechanism, as evidenced 
by the single solid line. Projecting the line to 95% reliability 
(typical for API 570 Class 2 systems) yields a corrosion rate near 
the maximum measured rate of 20 mils/year. The dotted line  
represents the short-term corrosion rate. The change in slope 
for the short-term data indicates a possible recent change in the  
system, since the corrosion has become less uniform (occurs over 
a wider range).
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Background:

CorrSolutions developed the Corrosion Severity Factor as a simple and effective means for defining the degree of non-uniform corrosion 
for a piece of equipment.  The Severity Factor represents a simple concept, as it is independent of the distribution type (Weibull, log normal, 
or normal) and does not require detailed knowledge of the statistical parameters.

Definition:

The Severity Factor is defined as the 99% occurrence corrosion rate less the 1% occurrence rate.  In other words, it represents the  
range for 98% of all rates in a piece of equipment.  A severity factor of 10 indicates that there is a 10 mpy range for 98% of the rates in the 
equipment.  Most refining and petrochemical equipment experience a range of corrosion rates less than 10 mpy, hence the severity factor 
for most equipment is less than 10.  

Inspection resources should be focused on equipment with Severity Factors greater than 10.  Equipment with severity factors exceeding 30 
are generally troublesome and typically more likely to experience on-stream failures.  

Examples:

In the following example on the left, the long-term severity factor (solid best-fit line) is approximately 7.  The short-term Severity Factor 
(dotted line) is approximately 8.  This represents a moderate corrosion environment that has become only slightly less uniform over the 
short-term interval. 

The example on the right shows a piece of equipment with long-term severity factor (solid best-fit line) of only 2, while the short-term  
Severity Factor is approximately 18.  This environment has become much more non-uniform over the short-term interval.

SCRA Severity Factors
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Background:

SCRA utilizes language from API 570 Section 6.5 and partial thickness surveys to extend, (where possible) the equipment inspection date 
beyond the maximum interval-limiting TMLs, providing these limiting TMLs meet requirements set forth by API 570 and the end user. 

This logic shifts inspection requirements from the TML level to the equipment level.  For example: a TML last measured in 1990 with  
a maximum inspection interval of 5 years and remaining life exceeding 10 years would result in a circuit and TML inspection date in 1995.  
If the remainder of the equipment had been inspected in 2000 and meets certain requirements, the entire piece of equipment (including 
the TML last measured in 1990) may not require re-inspection until 2005. 

Customers should  review the technical basis for this logic as well as definitions and settings described below, and make appropriate  
choices for the Maximum TML Inspection Intervals and Reliability Assurance Level.

An integral part of this logic is a statistical basis for determining the required number of TMLs for a representative sample.  In other words, a 
minimum number of TMLs must be inspected to ensure that retirement does not occur prior to the next inspection.  If this minimum number 
of TMLs has not been inspected, then a partial survey would not meet the definition of a ‘representative sample.’  

Overview of Representative Sampling Re-Inspection Logic:

1.  Determine if a current partial survey exists and meets the definition of a ‘representative sample.’  If there are multiple partial surveys, 
     consider if any of the partial surveys meet this criterion.
2. Representative Sampling Re-Inspection logic applies when TMLs based on the most recent survey are past due on the basis of  
   maximum inspection interval and not based on remaining life.  This logic would not apply to TMLs based on remaining life, as they  
     will be required points in the ‘representative sample’ and would be due according to their half-life.
3.  If a complete current survey exists, this logic would not apply; TML re-inspection logic would apply.
4. If partial surveys exist, but only a single survey per TML (such that no rates are actually generated and distribution parameters  
     have been assigned), then the equipment would be analyzed at the TML level.
5. If all requirements are met, the re-inspection interval would be calculated at the equipment level based on the current partial survey.  
    If any requirement is not met, the current (worst-case TML) method of calculating the next inspection is applied.
6.  Suggested inspections at the TML level should not exceed the minimum of:

a.  Half the TML remaining life or 
b.  Three times the maximum inspection interval or
c.  20 years 

Definitions:

Representative Sample:
•  Includes TMLs with ‘Earliest Renewal Date’
•  Samples all orientations and component types
•  Includes any single-survey small connections
•  Ensures that enough TMLs have been sampled to represent the circuit

Assurance Levels: 
If a piece of equipment is repeatedly inspected, the best-fitting distribution of corrosion rates will be somewhat different depending on 
the number of TMLs and the degree of non-uniform corrosion.  More variability is expected with fewer TMLs and more non-uniform attack.  
Specifically, if a piece of equipment were inspected 100 times, the results from 99 out of 100 inspections would tend to fall within 99% 
confidence intervals.  These confidence intervals reflect statistical uncertainty to help quantify the maximum rates that could be revealed 
through repeated sampling.     

For a known environment, (with statistical parameters estimated by historical thickness data), the number of TMLs define the confidence 
intervals.  Conversely, the number of TMLs to ensure that the estimated parameters fall within specified confidence intervals may be  
determined once the corrosion environment is known.  The user must specify the reliability level and confidence interval for each piece of 
equipment (see below).

If the maximum corrosion rate in a piece of equipment exceeds twice the measured rate when utilizing half-life inspections, the probability 
of retirement is generally unacceptable (i.e., retirement can occur before re-inspection).  Safe re-inspection intervals with adequate lead 
time for repairs require a low probability of retirement.  Usually, the “acceptable” probability of retirement depends on the consequence of 
failure (i.e., a lower probability of retirement is required when the consequence of failure is high).  

As part of the representative sampling / re-inspection logic, SCRA specifies the minimum number of TMLs to ensure that the maximum 
expected (upper bound confidence interval) corrosion rate does not exceed twice the best-fit rate at a user-defined reliability/confidence.  
The reliability/confidence level can be based on any customer-supplied criteria, although API Service class or RBI consequence level is 
generally used.

SCRA Representative Sampling & Re-Inspection Logic
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The specific reliability level used by SCRA is the “Reliability  
Assurance” - a one-sided confidence interval where the confidence 
level equals the required reliability level (i.e., 99% reliability at 99% 
confidence; see Abernethy 1998).  The assurance level and sample 
size are directly related.  Figure 1 shows the reliability assurance 
level for a non-uniform environment.  The number of TMLs (~60 
in this case - not directly shown on the plot) has been selected  
to ensure that the [Assurance Level / Best-Fit Distribution] = 2.0 at 
99% occurrence and 99% confidence.

Monte Carlo simulation can be employed to estimate the required 
number of TMLs for various environments. These simulations  
essentially model the process of inspecting the equipment  
(sampling the corrosion rate distribution) many times (30,000+) to 
estimate the confidence intervals.  Once the distribution (specifically 
the slope) is estimated from historical data or by considering  
expected corrosives (where no data is available), the required 
 number of TMLs may be determined from the Monte Carlo results.

Suggested Assurance Levels:

Any criteria for Reliability Assurance levels may be assigned by the 
customer.  The following levels based on consequence of failure 
are provided for consideration:

Figure 2 shows the required number of TMLs for representative 
sampling, based on a comprehensive inspection program.  Note 
how the required number of TMLs is a function of the distribution 
shape and the consequence of failure.

Notes:

•  The TML with the lowest remaining life is always included in the representative sample.
•  Base-only TMLs do not contribute to representative sampling.
•  If the equipment contains multiple corrosion rate distributions, the representative sample size for each distribution is considered separately.  
•  Since small connections (pipe nipples) can each have a unique environment, there is no representative sample size for small connections.
• Guidance to ensure that all components and orientations are sampled is provided on the SCRA Re-Inspection Report, but inspectors are  

   responsible for actual field sampling.

References:

The New Weibull Handbook, Third Edition, Dr. R. Abernethy, 1998.
Accelerated Testing - Statistical Models, Test Plans & Data Analyses, Wayne Nelson, 1990.
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Risk Assessment:

The SCRA deadleg, stagnant zone, and mix point risk assessment assigns an appropriate level of inspection based on the logic defined below. 

The following data are required to perform this risk assessment:

•  Sufficient historical thickness data for the equipment (extensive historical data is not required for the dead legs, stagnant zones, or mix 
    points)
•  Deadleg / stagnant zone / mix point identification with component size
•  Stream composition and fluid phase
•  Operating temperature and pressure
•  Damage mechanisms defined (particularly whether corrosion is expected to be uniform or localized)
•  Historical performance regarding prior failures and tendency for process upsets

Depending on the risk level, one of the following inspection strategies is assigned:

Where the Risk Level is defined by the Likelihood and Consequence as follows:

Risk

Likelihood Factor

The Likelihood Factor is based on:

•  The SCRA severity factor, using historical thickness data
•  Damage Mechanisms assigned to the System
•  Historical performance regarding failures and process upsets

SCRA Deadleg, Stagnant Zone, & Mix Point Risk-Based Logic

Risk Level

Likelihood Factor

Likelihood

Minimum Recommended Inspection Type & Coverage

Corrosion Environment

Risk Levels (1-3)

Consequence

Spot UT measurement; typical coverage with multiple orientations per component

Severity factor < = 9 mpy AND Damage Mechanisms do not include Localized Corrosion AND No prior failures 
experienced AND No upset conditions that increase corrosivity expected

Severity factor > 15 OR Damage Mechanisms include Localized Corrosion OR Prior failures experienced OR 
Frequent upset conditions that increase corrosivity experienced / expected

All environments not covered by Likelihood Factors 1 & 3

1

1

3 2 3 3

2

2

2 2 2 3

3

3

1 1 1 2

A B C

Same as Risk Level 1, plus UT scanning or profile RT in limited areas (~10% coverage)

Multiple UT scan bands or profile radiography (~50% coverage)
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Consequence Factor

The consequence factor is based on:

•  The Mass Flow Factor - depends on fluid phase, operating pressure and line size (or expected failure size if rupture case not credible)
•  The Fluid Factor - depends on lowest MW component exceeding 10 weight% and operating temperature relative to flash, boiling, and  
    autoignition points
•  Toxicity, if H₂S exceeds 3 weight% or HF exceed 0.1 weight%.

Where the Mass Flow Factors for liquid and vapor streams are defined as follows:

Note that Line Size in the Mass Flow Factor tables assumes a  
rupture-type failure.  If the damage mechanism or historical  
performance indicates that pitting-type corrosion is the most  
likely failure scenario, a less conservative Mass Flow Factor can be 
utilized (normally adjusted one value lower).

The fluid factor is found by determining the lowest MW component 
exceeding 10 weight% in the process stream and assigning flash, 
boiling, and autoignition points per the following table.  In order to 
be conservative, these values are taken from the lowest MW fluid 
in each group.

The fluid factor is then determined as follows.  Toxicity is also  
considered for HF and H₂S services.  Non-flammable and non-toxic 
fluids have Flammability and Toxicity Consequences of 1,  
respectively. 

Consequence - Except C1-C4 and H₂

Mass Flow Factor - Liquid

Fluid Factor

Mass Flow Factor - Vapor

Flash, Boiling, & Autoignition Temps Used for Different MW Groups

Consequence - Except C1-C4¹ and H₂¹ exceeding 25 Wt%

Fluid Factor

Line Size (NPS) Line Size (NPS)

MW Group

Fluid Factor

Consequence (A-C)

Operating Pressure (psig)

Flammability (Operating Temperature, °F) Toxicity (Wt%)

Operating Pressure (psig)

Lower Limit Temperature (°F)

Mass Flow Factor

Mass Flow Factor

1

14+ 14+

A

2 2

A

3 2

B

3 3

B

B 4

1

3 2

1

2

4 3

2

3

4 3

3

4

4 4

4

2

8 – 12 8 – 12

C5 – C8

C9 – C14

C15+

A

1 1

B

2 2

B

2 2

B

3 2

3

4 – 6 4 – 6

C1 – C4

AllB

1

1

1

---

-155

-4

87

269

BB

1

2 3 4 4 4

1

-432

-256

97

302

518

CB

2 1

1085

760

299

374

---

CC

2 1

C

4

< 3

Fluid Factor

< 3

H₂

B

<100

< Flash > Flash > Boiling > Autoignition H₂S > 3% HF > 0.1%

<100

Flash

B

100-399 100-399

Boiling

C

400-999 400-999

Autoignition

C

1000+ 1000+

Notes:

¹ C1-C4 and Hydrogen are assigned a greater consequence of failure based on their significantly higher probability of ignition and vapor cloud 
explosion (API 581, Chapter 7).
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Background:

Small connections (i.e., "pipe nipples") may be inspected using various techniques, such as (in order of effectiveness) Profile Radiography, 
UT Scanning, or Spot UT  measurements.  If an appropriate inspection technique is employed (see below), confidence in the true corrosion 
state of a small connection increases with each inspection.
  
SCRA does not include small connection corrosion rates in the analysis for "flowing" TMLs.  Each small connection may contain a unique 
corrosion environment and is therefore analyzed independently based on available data.

Non-uniform corrosion services tend to promote non-uniform behavior in small connections.  Accordingly, the degree of non-uniform  
attack in each small connection may be approximated by the distribution slope of the "flowing" TMLs (shallow slopes indicating non-uniform 
environments).  It is possible for a uniform "flowing" environment to produce non-uniform corrosion in small connections; however, it is 
likely that evidence of higher rates (approaching the characteristic rate of the flowing TMLs) would be detected in these cases, particularly 
over several inspections.  Even with Spot UT measurements, the specific monitoring locations will be somewhat different during repeated 
inspections, offering the potential to detect wall thickness variations where significant non-uniform attack exists.

Overview of Analysis Technique:

SCRA models small connections using:

•  Analysis results (distribution slope) from the "flowing" TMLs
•  The equivalent number of "Usually Effective" inspections
•  A simplified Bayesian analysis

This methodology permits the use of higher confidence through multiple inspections.  The prior and conditional probabilities used for this 
Bayesian analysis are shown at the end of this document.

API 581 (RBI Base Resource Document) suggests several categories for inspection effectiveness and provides guidance for combining 
different effectiveness levels.  The three effectiveness levels and inspection techniques pertinent to small connections are as follows: 

Inspections are related to equivalent "Usually Effective" Inspections as follows:

Equivalent Inspections:

One "Highly Effective" (RT) Inspection = Two "Usually Effective" (UT Scanning) inspections
Two "Fairly Effective" (Spot UT) Inspections = One "Usually Effective" (UT Scanning) inspections

SCRA Small Connection Logic

Note that these inspection effectiveness levels cover most refining and petrochemical environments.  There are environments where spot 
UT measurements are ineffective (hence inappropriate) for small connections.  It is the customer's responsibility to apply the correct small 
connection inspection technique, considering the environment and historical performance.  SCRA can, however, provide further guidance 
in recognizing non-uniform environments where more effective techniques (generally radiography) would be appropriate.  

Qualitative Inspection
Effectiveness Category

Small Connection
Inspection Technique

Description

Correctly identifies the anticipated  in-service damage in nearly every case

Correctly identifies the actual damage state most of the time

Correctly identifies the true damage state about half of the time

Highly Effective

Usually Effective

Fairly Effective

Profile Radiography

Multiple UT Readings or Scanning

Spot UT Reading
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Analysis Codes:

One of the following Analysis Codes are assigned based on the equivalent number of "Usually Effective" inspections and the measured 
corrosion rate (if any; using greater of the long and short term, excluding rates generated during short inspection intervals):

Where the Analysis Codes define the occurrence level, characteristic 
rate, and shape as follows:

1

SA 75%

SA

Best-Fitting
Single
Distr*

Best-Fitting
Single
Distr*

None

Rates Generated

Occurrence

Analysis Code

Char.
Rate

Shape
(Slope)

Comments

Example

# Equiv Insp's

Analysis
Code

1+

SE

SE

1+

SD
90%

Rate
(@85%)

Most
Shallow

Distr.

See
Figure 1

See
Figure 2

SD

3+

SC 25%

SC

> Char*

2

SB 50%

SB

< Char*

Rate not well-defined - need to remain conservative

* Char = Characteristic corrosion rate, a measure of central tendency for 
the rate distribution

* Best-fitting single distribution = the highest likelihood (Weibull or log 
normal) corrosion rate distribution for all data, without grouping

Rate better defined - some additional safety factor required

Rate well-defined - minimal safety factor required

Evidence that SC follows "typical" (best single) distribution for equipment

Evidence that SC follows "worst-case" (least uniform) distribution for equipment
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Figure 1 - Analysis Codes SA, SB, & SC - No Small Connection 
Rates Generated

Figure 2 - Analysis Codes SD & SE - Small Connection Rates 
Generated (Single and Multiple Distribution Cases)

No rates with 2 Insps
favor middle end of
distribution (~50%)

Code: SB

No rates with 3+ Insp
favor lower end of
distribution (~25%)

Code: SC

No rates with 1 Insp
actually favor middle

of the distribution, but
upper end is used to

be conservative
 (~75%) Code: SA

Measured rate is
inflated to 90% (typ.)
occurrence, based

on expected
reliability of actual
SC rate (80-85%)

Measured rate is
inflated to 90% (typ.)
occurrence, based

on expected
reliability of actual
SC rate (80-85%)

Rates greater than the
characteristic rate favor

the least uniform
(shallow, worst-case)

shape. Code: SE

Rates less than the
characteristic rate favor

the best-fitting single
shape (typical for

equipment). Code SD

No Rates Generated Rates Generated – Multiple Distributions

Rates Generated – Single Distribution

Same Slope

Same Slope
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Bayesian Analysis Basis:

Prior Probabilities (without inspection data):

•  0.40 - SC rate will fall in the lower end of the distribution (~25% occurrence level) 40% of the time (1)
•  0.50 - SC rate will be toward the middle of the distribution (~50% occurrence level) 50% of the time (1)
•  0.10 - SC rate will be in the upper end of the distribution (~75% occurrence level) 10% of the time (2)

(1) Evidence that SC follows "typical" (best single) shape for equipment
(2) Evidence that SC follows worst-case (least uniform) shape for equipment

Conditional Probabilities (modifies prior probabilities based on inspection data):

(e.g.: There is a 70% probability that an inspection will generate no 
rate if the actual occurrence level is in the middle of the distribution)

Results: 

Nomenclature example: p[Middle/NoRate] = Probability that the 
true SC corrosion rate is in the middle of the distribution given the 
inspection generated no rate

Red values indicate most likely case (used in developing Analysis Code logic)

# Equiv Insp

1
2
3

1
2
3

1
2
3

# Spot UT Insp

1 - 2
3 - 4
5+

2
3 - 4
5+

2
3 - 4
5+

p[Lower/NoRate]

0.40
0.49
0.58

p[Lower/<Char]

0.40
0.00
0.00

p[Lower/>Char]

0.40
0.00
0.00

p[Middle/NoRate]

0.50
0.43
0.35

p[Middle/<Char]

0.50
0.88
0.92

p[Middle/>Char]

0.50
0.00
0.00

p[Upper/NoRate]

0.10
0.09
0.07

p[Upper/<Char]

0.10
0.12
0.08

p[Upper/>Char]

0.10
1.00
1.00

Result Favors

Mid Distr.
Lower / Mid Distr.
Lower Distr.

Mid Distr./Typ Shape
Mid Distr./Typ Shape
Mid Distr./Typ Shape

Mid Distr./Typ Shape
Upper Distr./Worst Shape
Upper Distr./Worst Shape

Lower Middle UpperInsp Result

Actual SC Rate Occurrence

< Flowing Char Rate 0.0 0.3 0.2

> Flowing Char Rate 0.0 0.0 0.1

No Rate 1.0 0.7 0.7

12

Notes:

•  The equivalent number of "Usually Effective" inspections is based on the life of the small connection (rounded up to the next integer).
•  Where multiple distributions are identified in the flowing pipe, the slope from the best-fitting single distribution is used.  If the small connection  
    rate exceeds the characteristic rate for this distribution, however, then the slope from the least uniform distribution is used.
•  If a short survey exists, the long and short rates are estimated separately.  The equivalent number of equivalent inspections for the short term 
   never exceeds 2.



Multiple Readings on Most Recent Survey or Radiographed SC 

Single Reading on Most Recent Survey

SCRA Small Connection Codes

Notes:

(a) S1 is assigned when Base and Last readings exist, hence no ST rate for SC, but ST distribution exists for the circuit.  Statistical short-term rate is 
then assigned based on lowest B1 rather than lowest characteristic value.

Codes:

1  Lowest B1
C  Lowest Characteristic Life
B  Best-case (a.k.a. lowest B1) unless the controlling scenario is single point out, size, orientation (T,B only), or zone corrosion then higher B1 is 
     chosen.
W  Worst-case (a.k.a. highest B1).
D   Applicable distribution (Best-case as above) and measured rate as B1 with no adjustment.
A   Applicable distribution (Best-case as above) and measured rate. Adjusted as described on Note 1 of previous page.

Code: SD-

Code: SA-

N/A

N/A

Rate generated

Rate generated

One Survey

One Survey

Two or Three Surveys

Two or Three Surveys

Code: SC-/S1-(a)

Code: S1-

Code: SB-

Code: SW-

No rate generated

No rate generated
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SCRA Thickness / Use Codes and Hot Readings Logic

Ultrasonic (Cold) reading

Valid reading - used in analysis

Radiographic reading

Nominal reading; nominal base made FIO when the third measured survey is entered

Reading permanently removed by the user

Minimum of multiple Small Connection readings; see SCRA Small Connection Logic

U

V Yes

R*

N*

P No

M*

Description

Description

Type Code

Use Code Used in Analysis?

Ultrasonic (Hot) reading (see below)

Reading temporarily removed by SCRA validation procedures

Scanned reading, min or max/min may be recorded

Caliper reading

Reading made "For Info Only" by the user (see below)

Patch or clamp exists

H*

T No

S*

C

I No

P*

SCRA Thickness "Type" Codes:

The following thickness type codes have special meaning in SCRA.  Those marked with a * initiate special analysis procedures:

FIO Readings:

Readings identified FIO are treated similarly, except that NO rates are calculated when a reading is FIO. For this reason, caution should be 
exercised when using the FIO code.

SCRA uses the following analysis logic for FIO readings:

      1.  FIO readings are never used in corrosion rate calculations.
      2.  If the TML has an FIO base reading only, this FIO reading will be used.
      3. FIO survey dates are used in remaining life calculations and re-inspection dates if the FIO survey date is more recent than the last  
           survey used in the analysis.

Hot Readings

SCRA offers a number of thickness-type codes that can be used to tailor the analysis process.  For example, thickness readings may be 
identified as "Hot" or "For Information Only" (FIO).  Even with carefully controlled hot calibration procedures, hot measurements frequently 
appear “higher” than their corresponding ambient temperature thicknesses.  The choice of when to call a reading "Hot" is a local decision, 
but this code is generally used when metal temperatures exceed 450°F.

If hot readings are entered normally, (using the SCRA "U" code) an apparent high rate will generally be indicated when cold confirmation 
readings (recommended practice) are taken.

In order to best accommodate hot readings, SCRA uses the following analysis logic:

      1.  Hot readings are used in corrosion rate calculations and subsequent statistical analyses only when the hot reading
                a.  Is the most recent thickness for a particular TML, and
                b.  Indicates a short-term loss
      2.  If the TML has a hot base reading only, this hot reading will be used.
      3.   Hot survey dates are used in remaining life calculations and re-inspection dates if the hot survey date is more recent than the last  
        survey used in the analysis.  This gives "credit" for the hot survey date (since the TML was indeed inspected), even though the  
           thickness may not have been used to calculate corrosion rates. 

SCRA Thickness "Use" Codes:

Readings in SCRA are assigned one of the following "Use" codes:

14



SCRA Planned Repair Logic

Planned repairs can temporarily affect the Top 10 list and related equipment summary information (Remaining Life, Next Inspection Date, 
POF) if 'limiting' TMLs are planned for repair or replacement.  The following items must be considered for Planned Repairs to affect this 
summary information:

      1.  TMLs that limit the equipment's remaining life must be selected in the Planned Repair Details page.
      2.  Planned Repairs that are marked ‘Completed’ and those that remain open after their 'Target Completion Date' no longer affect the  
           equipment summary information. 
       3.  The 'Target Completion Date' may be no later than one year from the Planned Repair entry or edit date. However, 'Target Completion 
           Dates' can be edited/extended as many times as desired.

Only one Planned Repair can be associated with a piece of equipment.

Note that Top 10 summary information is not immediately updated when a Planned Repair is created or updated.  Scheduled updates are 
performed on the server twice daily (generally at noon and midnight each day) to re-analyze and summarize information on a batch basis.

The Remaining Life, Re-Inspection, and POF information for each TML selected as part of the Planned Repair are updated as follows:

•  Re-Inspection: Last Inspection Date + Max Inspection Interval, but not less than 6 months from the Planned Repair Creation or Edit date
•  Remaining Life: 2 x Max Inspection Interval from the Planned Repair Creation or Edit date
•  POF (1, 5, & 10 yr): Zero 
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SCRA Corrosion Under Insulation (CUI) Logic

Background

SCRA provides a set of advanced tools for:

•  Estimating CUI rates (carbon steel)
•  Identifying susceptibility to SCC (austenitic stainless steels)
•  Combining losses due to internal and external corrosion
•  Forecasting probability of failure due to the combination of internal / external  corrosion
•  Prioritizing CUI inspections

The SCRA CUI tools are not intended to be a substitute for a comprehensive CUI program; rather, these tools should be utilized to increase 
the effectiveness of the facility's CUI program and prioritize equipment that may be subject to corrosion or stress-corrosion cracking under 
insulation.

SCRA CUI Applications

CUI Inspection Planning
Many facilities do not have well-established, documented CUI programs. One of the major obstacles in implementing such a program is 
prioritizing the equipment for inspection.  The SCRA CUI logic utilizes existing equipment and operating data to prioritize CUI inspections 
without requiring extensive historical data.  As CUI inspections are performed (either on an equipment or TML basis), the results are entered 
into SCRA to update the CUI analysis and inspection frequency based on actual field conditions.        

RBI Studies
Users performing RBI studies need to factor the incremental likelihood of failure (LOF) from CUI in their analysis.  Where CUI inspection data 
is sparse, the SCRA CUI logic provides a practical and statistically valid methodology for estimating the LOF in equipment experiencing both 
internal and external corrosion.  Initial LOF estimates can then be modified once CUI data becomes available.  Risk reduction analyses can 
also be performed to test proposed CUI inspection plans.

Demonstrating Conformance / Compliance
API Recommended practices (specifically API 570 and 510) require establishment of CUI inspection programs.  Most facilities have thickness 
monitoring programs for internal corrosion that conform to these recommended practices, but may not meet the minimum requirements for 
CUI monitoring.  Since the SCRA CUI tools help prioritize CUI inspections, users can quickly develop an initial inspection plan based on their 
knowledge of the plant's CUI environment, overall insulation condition, and other "global" settings (see Required Data).  Equipment-specific 
settings and inspection data can be entered / modified after initial inspections are performed.         

Structural Monitoring
While the SCRA CUI tools were initially developed for pressurized equipment, TMLs can also be established on structural members for 
monitoring CUI and documenting external inspections on insulated components such as vacuum rings, ladder clips, pipe supports, etc.  
User-defined minimum required thicknesses are required for all structural TMLs.  Contact CorrSolutions for structural TML identification 
requirements. 

Required Data

SCRA uses the following data in order to perform the CUI analysis:

•  Materials of Construction
•  Operating Temperature
•  Insulated Status

Other fields that impact the CUI analysis (Environment, Intermittent Service, and Insulation Condition) and their default values are described 
in CUI Rates.

Note that the materials of construction (or at least a generic carbon steel / austenitic stainless steel materials code) is a required field. 
If the operating temperature and/or insulated status are not entered, SCRA will assume that the equipment could be susceptible to CUI 
or SCC and will consider these to be potential damage mechanisms (also see Web Interface).  As data gaps are filled, the CUI inspection 
prioritization will become more accurate.      

CUI inspection data on a TML basis is not required, but can be entered as CUI inspections are performed.  The SCRA Re-Inspection / Tab 
Sheet Report facilitates recording CUI data from field inspections.  Users intending to document CUI inspections at the TML level should 
contact CorrSolutions to enable this feature. 
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CUI Rates

Rates for CUI on carbon steel are dependent on the Environment, Operating Temperature, Intermittent Service Factor, and Insulation  
Condition.  These settings are as follows:

•  Environment:
         - Severe: marine, frequent mist / overspray / process spills, frequently > 70% relative humidity
         - Moderate: occasional wet conditions, usually < 70% relative humidity  
         - Mild: consistently dry, low humidity 
         - Exempt: indoors, controlled environment, effective coating system, history of  no CUI  

   Default: Severe
 

•  Intermittent Service
      - A percentage of time on an annual basis that the piece of equipment is in intermittent service thus operating within the CUI  
           temperature range.  Typical values are:
           0%: Not in intermittent service (default value)
           < 25%: Seldom in intermittent service   
           25-75%: Intermittent service roughly 1/2 the time 
            > 75%: frequently in intermittent service (e.g., bypass lines) 
    
If the normal operating temperature is outside the CUI susceptibility limits but the intermittent service factor is greater than zero, then CUI 
is assumed to be active only for the percentage of time indicated by this factor. 

   Default: 0% 

Insulation Condition:
         - Unknown: very limited inspection data
         - Poor: inspections confirm missing / damaged insulation jacketing, wet insulation, scaling, or other CUI evidence
         - Good: inspection revealed no insulation deficiencies or other evidence of CUI

  Default: Unknown (assumes poor)
      

As data is reviewed and inspections performed these settings are updated, resulting in new CUI rate estimates.

The SCRA CUI rate model is based on data published in ASM Handbook Volume 13 (Corrosion), API 570, and NACE RPs.  Specifically, a 
polynomial fit through the ASM data provides excellent agreement with the NACE "most severe damage range or 60°C to 80°C (140°F  to 
176°F) and API's CUI susceptibility range -4°C to 120°C (25°F to 259°F).  These three references are shown on the following Figure 1.  Briefly, 
SCRA uses the rate shown by the best-fit curve as a function of temperature to generate a continuous CUI rate distribution (see below).  
This CUI rate distribution is modified by the Environment, Intermittent Service, and Insulation Condition settings. 
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Figure 1 - SCRA CUI Rate Basis

Date taken from ASM
Handbook 13 (Corrosion)

9th Edition, p1144

NACE "most severe damage" range

API 570 CUI susceptibility range
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As with all corrosion processes, CUI produces a range of rates that 
can be modeled as a continuous distribution.  Also, it is well known 
that CUI is among the most non-uniform corrosion mechanisms 
encountered in process equipment.  Based on CorrSolutions 
extensive experience in modeling corrosion distributions, the SCRA 
CUI model is based on a Weibull distribution with shape (ß)  = 0.8. 
This non-uniform shape is fixed for all CUI modeling; however, the 
"typical" rate (or "characteristic rate,) is adjusted depending on the 
insulation condition and the environment.  The CUI distribution is 
actually constructed by recognizing that the published CUI rate 
data represents a worst-case environment, which is quantified by 
assuming that these rates would only be exceeded in 1% of the time 
(or conversely the rates represent 99% occurrence values).

"Credit" is given for less severe environments and sound 
insulation (determined through inspection) according to the  
following table.  This credit is  in the form of a reduction in  
characteristic rate.  The percent reduction for various combinations 
of Insulation Condition and  Environment are provided in Table 1.

Typical CUI rate distributions for different characteristic rates are 
shown in Figure 2.  This plot has been generated for three charac-
teristic rates and an operating temperature of 150°F.  SCRA assigns 
the applicable distribution for the specified operating temperature, 
insulation condition, and environment.

Severe Moderate Mild

50% 35% 20%

Insul. Condition

Good

Environment

None 80% 50%Poor

Combining Internal Corrosion With CUI

The distribution of internal corrosion rates for each piece of equipment is already known to SCRA, either through thickness data analysis 
or by assigning a distribution based on the expected corrosives and process conditions.  The total corrosion rate when CUI is present is 
a combination of the internal and external rates.  It is unlikely, however, that the maximum internal and external rates occur at the same 
location.  A resulting overall distribution can be generated by convolving the internal and external distributions.  Briefly, this is a Monte Carlo 
process where a random sample is selected from each distribution and the sum is plotted.  This process (outlined in Figure 3)  is repeated 
many times until an overall distribution considering both internal and external corrosion is generated.  The resulting distribution can be 
used to determine the probability of failure for any TML exposed to internal corrosion and CUI. 

Table 1 - Char Rate Reductions
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Figure 2 - SCRA CUI Rate Distributions  Showing Sample Characteristic 

Rate Reductions (%) For Environment & Insulation Condition

Figure 3 - Convolving Internal & External Corrosion into an Overall Distribution

20% (Mild Environ / Good Insul)
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100% (Severe Environ / Poor Insul)
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Identifying Vulnerable TMLs

SCRA records the insulation status of all TMLs.  By default, all  
TMLs in an insulated or partially insulated piece of equipment  
are initially tagged as "insulated."  The insulation status can  
then be changed or updated as inspections are performed.  SCRA  
locates the insulated TML with the lowest remaining life (highest  
probability of failure) based on internal corrosion and estimates 
the overall probability of failure (POF) from the combined  
internal / external corrosion rate distribution.  Similar calculations 
are performed at the TML with the median life (median probability 
of failure).  The minimum life TML provides a worst-case POF, while 
the median-life TML indicates how widespread the total-rate POF 
could be.

Equipment with higher POF should be given the highest priority for 
CUI inspections.  As these inspection are performed, TMLs can be 
"removed" from this CUI analysis if no evidence of CUI is found.        

When calculating the POF with CUI, SCRA assumes that CUI has 
been on-going since the base inspection data for each TML, up to 
a maximum of 20 years.  If the base date was less than 5 years from 
the analysis date, a CUI time period of 5 years is used.  These CUI 
time limits can be customized for each piece of equipment.  

If the normal operating temperature is outside the CUI  
susceptibility limits, but the Intermittent Service factor is greater 
than zero, CUI is assumed to be active while the equipment is in 
intermittent service. 

SCC Susceptibility

If the equipment is insulated, the materials of construction 
include any grade of austenitic stainless steel, and if the operating 
temperature is within the API SCC range (65°C to 204°C, 150°F to 
400°F), SCRA will identify the equipment as being vulnerable to 
SCC.  If no insulated status or operating temperature is specified, 
the equipment will be identified as potentially vulnerable.

If the normal operating temperature is outside the SCC susceptibility 
limits but the Intermittent Service factor is greater than zero,  it is 
assumed that the equipment operates within the SCC range during 
intermittent service; thus the equipment is considered susceptible 
to SCC.   Users must carefully consider the Intermittent Service  
factor for SCC susceptibility.  If the intermittent service conditions 
or specific start-up, shutdown or standby operations allow  
equipment to operate within the SCC range for a significant period 
of time, then a non-zero Intermittent Service factor should be  
applied.  Otherwise, the Intermittent Service factor should be zero.

Web Reports & Interface

CUI results are presented as a note in the TML Details Report  
and summarized on the Corrosion / SCC Under Insulation  
Susceptibility page.  If operating temperature or insulation status 
data are missing, a "?" will appear in certain field.  For example,  
CUI rates are always estimated for carbon steel if an operating  
temperature is provided; however, a "?" is shown next to the rate if 
the insulation status is not indicated.  

For austenitic stainless steels operating within the SCC  
temperature range, the SCC susceptibility is listed as "Yes"  
provided the insulated status has been entered.  If the equipment 
operates within the SCC range but there is no insulation status, the 
susceptibility is shown as "Potential."  

The POF listed on the Corrosion / SCC Under Insulation  
Susceptibility page is the overall POF considering both internal  
and external corrosion.  This is the only place in SCRA reports and 
web pages that the overall POF is shown. The overall POFs are 
also grouped into three categories (based on probability of failure 
in 1 year):

1 - Low < 0.001

3 - High > 0.1

Prob. Failure (1 yr)POF Category

2 - Med 0.001 - 0.1

Table 2 - Overall POF Categories

Sample CUI / SCC Notes from TML Details Report:

Sample Corrosion / 
SCC Under Insulation 
Susceptibility Web 
Page:

Sample carbon steel CUI note:
"Equipment contains carbon steel components operating 
within the temperature range for CUI. Max. CUI rate  
estimated at 26 mpy based on operating temperature.  
Actual rate will depend insulation condition and  
environmental factors." 

Sample austenitic SS SCC note:
"Equipment contains austenitic stainless steel components 
operating within the temperature range for SCC under  
insulation."
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SCRA Similar Equipment Logic

Enough
surveys?

YES

NO NO

YES Other

Insufficient Data to
describe environment

Multiple surveys, but no rates
Known to be low corrosion
environment

Similar Equip: Assigned
Behavior: Always Use

No Similar
Equip Assigned

Similar Equip: Assigned
Behavior: Any

Similar Equip
Assigned No Similar

Equip Assigned

• •
•

Enough
rates?

Similar
Equip &

Behavior

Similar
Equip &

Behavior

Similar
Equip &

Behavior

Use SCRA
Stat Rates

Apply 90% occurrence rate
from typical params

Apply 90% occurrence rate
from similar equipment

START
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