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A. FITNESS-FOR-SERVICE
Presented by Henry Kwok, P. Eng.



Fitness-for-Service
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• Zachry’s Fitness-for-Service capability:
• ASME and API Level 2 and 3 Assessments

• Crack-like-Flaw

• Cold Brittle Fracture

• Local Thin Areas

• Corrosion

• Fatigue

• Bulges and Dents

• Timely responses to aid urgent decision

• Client Focused Solutions

• Integrity Monitoring Programs



Fitness-for-Service
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Zachry’s Fitness-for-Service capability:
• Data orientated approach

• Technical involvement
• ASME PVP

• API 650 

• API 934
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B. REFINERY INTEGRITY 
ASSURANCE

Presented by Frank Vacha

Senior Consultant and Lead Technical Advisor with extensive process safety, equipment design and 
inspection and maintenance experience related to equipment integrity/reliability corrosion, metallurgy, 

refinery, chemical plants and oil sands extraction



Basic General Integrity System
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Inspection/EI 
Integrity System

Analyze and 
Assess Risks

Improve

Plan

Schedule

Execute Work

Monitor & 
Collect Data

Build Knowledge 
Base: API, NACE, 

ASME, ISO, EN, CSN… 
To help 

“UNDERSTANDING”



Integrated Plant Inspection System (IPIS)
The first ever criticality based plant inspection program (Burnaby, 1983)
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Refinery Integrity Assurance



IPIS: The Beginnings of RBI

• IPIS concept formulated in 1983 (Burnaby) most likely the first formalized and 
computerized RBI program in the world

• Used “criticality” (instead of probability) as a product of a “subjective predictability 
of and event and its consequences” since the lack of data and understanding 
prevented probability assignment due to lack of reliable data.  This is still a valid 
consideration today. 

• In the qualitative or semi-quantitative risk assessment process it is more important 
to be accurate and consistent than precise.
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Precision vs. Accuracy / Consistency

• It is more important to be accurate/consistent than precise in our estimates

• “… For the risk calculations associated with risk centered maintenance, accuracy is not as important 
as consistency…”

- Jone, R.B., Risk-Based Management, A Reliability-Centered Approach

• … because it serves mainly for prioritizing remedial work.
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• Dozens, if not hundreds of similar systems are in use today, e.g. PEIM: 
Pressure Equipment Integrity Management (2011)
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Pressure Equipment Integrity Management

As shown in Inspectioneering Journal – July/August 2011



Key Considerations for
Plant Maintenance

1. BREAKDOWN MAINTENANCE : from light bulbs to some heat exchanger 
bundles, run to failure. 

2. PREVENTIVE MAINTENANCE: usually time based, or machine hours based, 
mostly for rotating equipment or regulatory requirements, e.g. relief 
valves

3. PREDICTIVE MAINTENANCE; risk based. Usually applied to more critical 
stationary equipment. Here inspection provides most of the scope.

…each piece of equipment should have its own category assigned  

4.  QUALITY and RELEVANCY OF WORK DEFINITION. 

• Work order system (routine and TA)

• TA scope definition and challenge. 
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Key Considerations for 
Plant Maintenance (cont’d)

• Routine Work Order Systems are principal component of plant 
maintenance systems. Specifics for each plant. 

• TA  Planning 

i. TA manager Nemesis: extras = additional work orders 

ii. Early beginning is essential 

iii. Discipline in meeting deadlines and quality of analysis: should be risk based. 

iv. Scope challenge  with external/ independent controller /assessor with high 
level of experience and tech insights. 
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Three Principal Maintenance Drivers

DEMAND: Influences and determines what needs to be done. Most of the labor  cost 
are influenced by demand.

SUPPORT: What do I need to execute the work generated by demand requirements.

EFFICIENCY:   Execution procedures, process improvements. And planning/ scheduling. 
Procedures and failure analyses  methods. This area is where the Maintenance 
Manager has greatest value added 

T/A  planning labour to execution labour may be as high as 1 planning hour on each 5-6 
contract execution labour. 
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HAZARDS AND FAILURE ANALYSIS
(Key components of the planning process)
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PHA Process Hazard Analysis
Identified LOC will be Assessed by 
Risk-Based Inspection

HAZOP Hazard and Operability Assessment Ditto 

SIL Safety Integrity Level 
Influence ALARP / acceptable risk level 
– a component of RBI-COF

LOPA Level of Protection Analysis Component of RBI-COF

FMEA Failure Modes and Effects One of the several tools of RBI



HAZARDS AND FAILURE ANALYSIS
(Key components of the planning process, cont’d)
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Concept of Preventive Barriers

17

API 754: AIM Protective Barriers
Static Model: Hazard changes
Dynamic Model: Barriers change; real life: often combines both

• Hazards are contained by multiple protective barriers

• Barriers may have weaknesses or “holes”

• When holes align, the hazard passes through the barriers resulting in the potential for harm

• Barriers may be physically engineered containment or behavioral controls dependent upon people

• Holes can be latent, incipient or actively opened by people



Bow Tie Analyses
– an integrated Approach
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Methods

- Fault tree analysis
- Reliability block 

diagrams
- Influence diagrams
- FMECA
- Reliability data 

sources

- Checklists
- Preliminary hazard 

analysis
- FMECA
- HAZOP
- Event data sources

- Event tree analysis
- Consequence models
- Reliability assessment
- Evacuation models
- Simulation 

Causal analysis 
Consequence 

analysis

Accidental 
event



C. CARBONATE CRACKING
Presented by Frank Vacha
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What is Carbonate/Bicarbonate Cracking?

• Cracking of a metal under the combined action of tensile stress 
and corrosion by an alkaline sour water containing dissolved H2S 
and CO2 at high pH

• Intergranular stress corrosion cracking

• Typically occurs in as-welded carbon steel

• Typically located parallel to weld in adjacent base metal 

• Typically branched, oxide-filled cracks

• Often propagates through-wall to leakage
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Typical Carbonate/Alkaline Crack

• Alkaline cracking via intergranular phase dissolution similar to caustic cracking
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Typical Locations

• FCCU main fractionator overhead

• Condenser shells

• Overhead accumulator

• Piping – sour water, wet gas, tops product and reflux

• Wet gas compressor

• Condenser shells

• Suction drums and discharge KO pots

• Piping – suction, discharge, drain, balance

• Downstream to absorber/de-ethanizer (RA column)

• Light ends columns overheads (if NH3 not removed upstream) 
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Typical ‘pre-requisites’

• Occurs in narrow range of electrochemical potential
• Corresponds to region of film instability (sulfide vs. oxide)

• Very dependent on sour water composition

• Key environmental parameters
• pH of sour water (primary)

• Carbonate concentration [CO3
-2] of sour water (primary)

• Cyanide concentration (secondary but important!)

• Sulfide concentration (in unstable range) 
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Effect of pH and Potential on the cracking
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Effect of pH and Carbonate Ion Concentration 
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Key process changes triggering cracking

• All cracking occurred after FCCU process changes

• Move from partial combustion to full combustion regeneration

• Increased riser reactor temperature

• Increased nitrogen in FCCU feed  … like co-processing of biofuels

• Reduced Sulphur to Nitrogen ratio (<1)
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Dissociation diagram for aqueous CO2
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Bjerrum Plot for Aqueous Carbon Dioxide
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Dissociation diagram for aqueous H2S
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Dissociation diagram for cyanide
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Recommended parameters for RBI (API)
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Carbonate Cracking Susceptibility
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Increased risks of Carbonate Cracking 
due to Bio Oils co-processing

• Risks depend on volume of co-processed oil and its quality and when it 
is added: upstream of hydrotreaters, directly into FCCU or blended in 
as a finished product.  

• When added into the FCCU riser the higher Nitrogen content may 
result in  higher ammonia i.e. pH and sometimes cyanide production.

• Lower Sulphur.. i.e. H2S make of the feed will not compensate for the 
pH increase.  Cracking is very sensitive to pH higher carbonate cracking 
risk may result. 

• Some refiners experiment with inhibitor addition to wash water.
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Steps to Mitigate Cracking Risks

• Stress relieve CS equipment and piping, however hardness is not the 
issue here. Residual stress is. Cracking has a low stress threshold. 

• Some stress-relieved CS piping welds have cracked

• Inadequate stress relief ( higher residual stress remaining.) 

• Stress relieving procedures were modified

• Increased temperature to > 650⁰C />1200oF

• Increased heated band width (min 70mm away from weld)

• Continue the “Wet H2S cracking” program in exposed areas. 

• Improve IOW monitoring of the influencing parameters.
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C. RISK-BASED INSPECTIONS
(CARBONATE CRACKING)

Presented by Frank Vacha
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Sample Inspection Results – Cracks found in Welds

SYSTEM DESCRIPTION #WELDS INSP. #CRACKS

1st KO to Deeth, nap. 29 21

Re-run ovhd to Deeth 130 9

Deeth ovhd to Sponge Col 27 10

Deeth Btms to Debut 37 0

Top of Sponge Col 21 0

Sponge Col Btms 58 0

Debut Tops 61 0

High Press Nap to Deeth 84 0

C-142 to KO 40 1

MF Accum to Re-run Col 252 14
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Risk Assessment

• Key Assumptions:

• R - Risk before any Inspection

• R/2 - Risk after this Inspection for Carbonate Cracking

• R/10 - Risk after this Inspection for H2S Cracking

• R/existing for carbonate

• R/10/50 - 2/1000 - Risk of new PWHT pipe for carbonate

• R/10/1000 - Risk of new PWHT for H2S

• R/2/50 - Risk of PWHT Risk of PWHT existing for H2S

• .5-.8 - Probability of an Inspection miss carbonate

• .02 - Probability of an Inspection miss H2S
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Cost of the Risk 

• $$ value of a risk:  If you have and incident valued at $1,000,000.-
which has a probability of 10 power-5 (1/100 000) value of such risk is 
$10.

• Unless mechanisms are self exclusive the risks add up. If they are self 
exclusive, select the more risky scenario. 

• Precision is nice but less important than accuracy: 
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Example Cost of “Do Nothing” Risk

Probability Consequence Risk

0.95952381 0 0

0.5 Clamp 0 $50,000 $0

0.2 S/D Gas Plant 0 $450,000 $0

0.3 S/D CCU 0 $1,800,000 $0

0.7 Clamp 0.0014025 $50,000 $70

0 SD Gas Plant 0 $450,000 $0

0.2499 S/D CCU 0.000500693 $1,800,000 $901

0.05 Fire 0.000100179 $17,000,000 $1,703

0.0001 VCE 2.00E-07 $500,000,000 $100

0.5 Clamp 0.001001786 $50,000 $50

0 S/D Gas Plant 0 $450,000 $0

0.299 S/D CCU 0.000599068 $1,800,000 $1,078

0.2 Fire 0.000400714 $34,000,000 $13,624

0.001 VCE 2.00E-06 $500,000,000 $1,002

0.7 Clamp 0.02448765 $50,000 $1,224

0 S/D Gas Plant 0 $450,000 $0

0.2499 S/D CCU 0.008742091 $1,800,000 $15,736

0.05 Fire 0.001749118 $17,000,000 $29,735

0.0001 VCE 3.50E-06 $500,000,000 $1,749

0.5 Clamp 0.000540964 $50,000 $27

0 S/D Gas Plant 0 $450,000 $0

0.299 S/D CCU 0.000323497 $1,800,000 $582

0.2 Fire 0.000216386 $34,000,000 $7,357

0.001 VCE 1.08E-06 $500,000,000 $541

0.33 Leak/Break/No fire 0.000133571 $1,800,000 $240

0.6 Leak/Break/fire 0.000242857 $34,000,000 $8,257

0.07 Leak/Break/VCE 2.83E-05 $500,000,000 $14,167
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“Wet H2S Cracking” 

• 1985 API meeting: 

“… welds exposed to more than 50ppm of H2S in water phase in a refinery 
environment tend to crack even though they meet the Rc 22 criteria…” NACE 
formed a T8 Task Group to form a standard…

• Big cracks detection programs have been initiated resulting in NACE Standard 
SP0296 – 2020 latest version.

• Results of the inspections in US refineries varied between 8 – 35% of inspected 
welds have been found with cracks labeled “wet H2S cracking”.  

• In Canada the incidence has been much lower 5-7%. Many of these cracks have 
not been ‘sufiding cracks’, it included fabrication cracks. I know only about one 
serious incident caused by the “wet H2S” cracking phenomena, it included SOHIC.  
Main reason has been in the type of steel used in the old US plants (e.g. ASTM 
A201/219B, higher Ceqv materials mostly.
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Gumbel Distribution – Crack Size

Gumbel distribution (also known as 
the type-I generalized extreme 
value distribution) is used to model 
the distribution of the maximum (or 
the minimum) of a number of 

samples of various distributions. 

• Need good circuit definition
• Compare with the same cracking 

mechanisms
• Establish estimate size and depth
• Project maximum probable crack 

size.  
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https://en.wikipedia.org/wiki/Generalized_extreme_value_distribution


D. CORROSION UNDER 
INSULATION

Presented by Frank Vacha
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CUI  Causes

• Use of insulation with high content of leachable salts, mostly chlorides 
but could be others, i.e. carbonates. Cl SCC risk for austenitic SS pipe. 

• Improper insulation installation, water ingress

• Higher humidity environment

• Age of the installation, usually on average 15 years+

• Piping surface temperatures over  ~65°C up to ~ 140°C
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Inspection Methods used for CUI  

Inspection method Advantages Disadvantages

Pulsed Eddy Current (PEC) Can be done over insulation Not very effective on thinner pipe,  
Operator dependent
Access  local spot

Guided UT wave for CUI Can cover larger section of pipe,  can 
do internal and external losses, Lower 
cost per meter of pipe.

Lower accuracy

Profile Radiography - Relatively accurate picture
Covers more complicated shapes

Limited coverage to a single 
location,  Cost  

Fluoroscopy for CUI Fast assessment of potentially 
damaged locations

Low accuracy needs a follow up 
inspection

Visual Inspection Relatively fast Not accurate, requires follow-up,
Strongly dependent on inspector 
experience. 
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CUI prevention

• Good standard for insulation installation and rigorous inspection of the 
installation.  

• NACE SP0198-2010- Control of corrosion Under Thermal Insulation and 
Fireproofing – A Systems Approach

Other Relevant Documents

• API RP 583 Corrosion Under Insulation and Fireproofing 

• API 510, API 570: Piping Inspection Code, API RP 574 Inspection of Piping 
Components, 

• Std for insulation quality: ASTM C795-08, ASTM C1617-19, ASTM C1763-20, 
ASTM STP 880.
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CUI Problems

• No single best overall inspection technique. Weaknesses of individual 
techniques need to be understood

• Interpretation of the data id difficult. General Extreme Value/ Gumbel 
distribution (see next slide)

• Sometimes supplementary inspection is needed to quantify extent of the 
damage

• Sometimes insulation needs to be removed to do adequate inspection
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Gumbel Distribution - CUI

Gumbel distribution (also known as 
the type-I generalized extreme 
value distribution) is used to model 
the distribution of the maximum (or 
the minimum) of a number of 

samples of various distributions. 

• Need good circuit definition
• Compare systems of the same 

age/ design
• Distinguish small and large bore 

pipe
• Measure metal loss, not thickness
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https://en.wikipedia.org/wiki/Generalized_extreme_value_distribution


E. CRUDE UNIT OVERHEAD 
CORROSION

Presented by Frank Vacha
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Crude Unit Overhead Corrosion
– a complex problem

An Outline of a Corrosion Mitigation Problem 

“…mitigation of Overhead corrosion ends at the overhead, it doesn’t start there…”

Points where overhead corrosion is mitigated (mistakes can creep in at all points)

1. Monitor quality of crude feed: Sulphur, water, anorganic salts, organic salts, 
non-wetted salt, Nap Acids, other contamination like wells production 
chemicals, amount and quality of bio components…

2. Settling brine out in the storage/feet tanks. Need proper facilities and 
procedures. VERY COST EFFECITVE !  Use of demulsifiers.

3. Use of proper quality and volume of wash water to desalting. 

4. Apply an optimum amount of contacting/mixing energy 
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Crude Unit Overhead Corrosion
– a complex problem (cont’d.)

5. Monitor desalter parameters: electrical field,
temperature, rag formation (water in oil) , brine quality
(oil in water), demulsifier?

6. Caustic injection into desalted crude: volumes and
appropriate contacting is IMPORTANT. Caustic is
difficult to mix into crude.

7. Monitor potential heater fouling performance

8. Monitor amount of stripping steam into column
(influences oh’d water dew point)

9. Monitor water wash volumes, quality and dew point.
Proper injection facilities are needed.

10. Monitor injection of neutralizer and inhibitor into
overhead

11. Monitor Overhead Accumulator water composition for
pH, Chlorides, Mn, Iron.
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THE SIMPLEST CAREER SAVING QUESTION :

WHAT COULD GO WRONG?

…all it takes is to sit down and start listing possible answers to the question…

… Questions ???
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