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Notice
Baker Engineering and Risk Consultants, Inc. (BakerRisk®) made every reasonable effort to
perform the work contained herein in a manner consistent with high professional standards.
The work was conducted on the basis of information made available by the client or others to
BakerRisk. Neither BakerRisk nor any person acting on its behalf makes any warranty or
representation, expressed or implied, with respect to the accuracy, completeness, or usefulness of
the information provided. All observations, conclusions and recommendations contained herein
are relevant only to the project, and should not be applied to any other facility or operation.
Any third party use of this Report or any information or conclusions contained therein shall be at
the user's sole risk. Such use shall constitute an agreement by the user to release, defend and
indemnify BakerRisk from and against any and all liability in connection therewith (including any
liability for special, indirect, incidental or consequential damages), regardless of how such liability
may arise.
BakerRisk regards the work that it has done as being advisory in nature. The responsibility for use
and implementation of the conclusions and recommendations contained herein rests entirely with
the client.
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EXECUTIVE SUMMARY
Baker Engineering and Risk Consultants, Inc. (BakerRisk®) conducted an ammonia release fault
tree workshop on April 30-May 1, 2018 at the offices of Technical Safety BC (TechSafeBC).
During the course of this workshop, a fault tree was developed to identify potential causes of
ammonia releases from industrial refrigeration systems used in arenas and food storage facilities.
Recommendations were made to address the key causal factors behind those causes, as identified
in the fault tree.
The generated fault tree for ammonia release appears as an attachment in Appendix A. Due to the
size of the fault tree, it is not included in the main body of the report.
There were twelve recommendations made by the working group for further action after the fault
tree was generated. These recommendations appear in full in Section 3 of this report. There were
two key causal factors that were identified during the fault tree sessions:
1. It was observed during the workshop that there was a lack of knowledge and engagement
on the part of some facility owners and operators regarding the risks associated with
operation of an ammonia refrigeration facility. The level of understanding and support from
these owners/operators to allow strong management systems to be developed and
maintained was perceived to be lacking by the workshop participants. The majority of the
recommendations were made to strengthen the understanding of asset owners and operators
of their responsibilities and duties.
2. The existance of multiple levels of certification (Refrigeration Operator, 4th Class Power
Engineer, Ice Facility Operator, Refrigeration Safety Awareness certification, as well as
trades used for maintenance) to allow operation of these facilities was observed to be a
potential source of risk by the workshop participants. The capabilities and limitations
associated with each type of certification are different, and the work that should be
delegated to each type of worker is potentially different. A recommendation was made to
perform a gap analysis on the different certifications available to allow the regulator to
address any deficiencies in currently available and accepted training and certification
programs.
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INTRODUCTION

On April 30 – May 1, 2018, a two-day workshop was conducted by BakerRisk with TechSafeBC
personnel to create a fault tree that identified the risks associated with ammonia releases in British
Columbia. This workshop was a follow-up to a fault tree that had been internally generated by
TechSafeBC in 2017, and the third of four workshops conducted by BakerRisk in 2018 covering
four different risk topics of interest to TechSafeBC: escalator operation, electrical shock, ammonia
exposure and carbon monoxide exposure.
At the beginning of the ammonia session, the working group defined the final event to be analyzed
as an ammonia release from containment. Specific release sizes or human impacts were not
specified. The fault tree generated during this study is included in Appendix A. The original fault
tree created in 2017 is included in Appendix B. A table summarizing all of the causal factors
identified in the ammonia fault tree is shown in Appendix C.
Section 2 of this report includes a brief overview of the fault tree methodology. Section 3 includes
a full listing of the recommendations made by the working group, and Section 4 provides the
summary and conclusions for the project.
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FAULT TREE ANALYSIS
History

Fault tree analyses were first created and performed in the 1960’s by Bell Laboratories in the U.S.
in order to evaluate the risks associated with the potential inadvertent launching of Minuteman
missiles and the potential unauthorized arming of nuclear devices. In the 1970’s, the fault tree
system was adopted by the U.S. nuclear industry as a method to evaluate the reliability of reactor
safety, including potentials for reactor runaway, and the release of radioactive materials. It is still
used in the U.S. nuclear industry to analyze risks and failure rates of critical systems.
Through the 1980’s and beyond, fault trees have occasionally been used in chemical and
petrochemical companies to provide detailed risk analyses where less detailed methods such as
hazard and operability studies (HazOps) have not provided a clear resolution to risk decisions.
2.2

Basic Method

A fault tree is generated by choosing a specific final event of interest such as a chemical release in
a specific location, or an explosion from a reactor that leads to a fatality. After choosing the final
event, the participants in the fault tree study work backwards to identify all of the causes that could
lead to that particular event happening. In most fault tree studies, each initiating cause that is
identified is assigned a specific probability, allowing the organization creating the fault tree to
identify the dominant causes or groups of causes that led to that final event, so that they can be
addressed.
Fault trees use logic gates to create a map of sub-causes from the original event to the multiple
potential root causes for that event. In Figure 1, the logic gate symbols used in fault trees are
shown.

OR Gate

AND Gate

Basic Cause

Figure 1. Logic Gate Symbols
Figure 2 shows an example tree created to demonstrate a fault tree map that depicts the failures
that could result in a light bulb not turning on.
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Figure 2. Fault Tree Example – Light Bulb Fails to Light
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RECOMMENDATIONS

At the conclusion of the ammonia release workshop, the working group reviewed the fault tree
that had been created and tried to identify the common causal factors that appeared in the tree;
either factors that were repeated in numerous locations, or factors that were deemed critical by
those participating. The group then held a brainstorming session to develop actions and
recommendations that could be carried forward by TechSafeBC to attempt to reduce the risks
associated with ammonia refrigeration systems. These recommendations appear in full, below:
1. Ammonia refrigeration systems in British Columbia are equipped with emergency
discharge valves that allow the ammonia to be discharged directly to atmosphere. The
code requirement to add these valves to refrigeration systems has been in place for
decades, but with modern safety systems and controls, the workshop participants were of
the opinion that it no longer serves a useful purpose. Instead, it now constitutes a
potential source of release due to inadvertent operation. TechSafeBC should consider
deleting the requirement for emergency discharge valve from refrigeration system design;
note that in the 2015 CSA B52 code, this valve is now optional.
2. TechSafeBC should consider issuing a safety directive or other regulatory notice
requiring the removal of the emergency discharge valve from existing facilities when
system renovations are done, in order to eliminate one potential risk source.
3. Consider performing a gap analysis to identify inconsistencies between current
Refrigeration Operator (RO) and 4th Class Power Operator training and allowed scope of
work, and undertaking regulatory and training changes to address identified gaps where
ammonia refrigeration systems are involved. There is a concern on the part of workshop
participants that operators may undertake work that they are not qualified to do, due to a
lack of clear direction on what duties they are allowed to perform.
4. Consider developing additional guidance on seasonal shutdown of ammonia systems in
ice arenas to determine whether a condition of non-supervision can be safely achieved on
a seasonal outage.
5. Consider reviewing contractor licensing requirements and quality control manual
requirements to develop improved maintenance and operational performance through the
licensing system.
6. Consider developing improved guidance on methods of providing notification of relief
through pressure safety valves, especially around nuisance alarming on current sensors –
potentially through a working group to identify best practices. The working group noted
that small releases through pressure relief devices are not uncommon, and that existing
sensors make it difficult to differentiate between a small release and a significant
discharge.
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7. Consider making refrigeration system design subject to professional engineering review,
stamping, and registration in the province of British Columbia. Currently, there is no
requirement for an engineering review of ammonia refrigeration system designs, despite
the presence of a known hazardous chemical under pressure.
8. Consider developing a regulatory requirement to maintain minimum records for each
operating shift; the current code requires that a log book be kept, but does not specify
what should be tracked. Actual minimum data to be recorded (i.e., operator
name/certification, actions taken, maintenance done, baseline and actual operating
readings) should be specified to ensure that critical information is not overlooked due to a
lack of awareness on the part of the operator.
9. Consider developing an owner education or awareness program addressing their
responsibilities around CSA B52 as adopted in BC and pertaining to ammonia
refrigeration systems, and the potential legal liabilities and implications of noncompliance. Topics that should be covered include change management, appropriate
procedure development, capital replacement plans, maintenance plans, corrosion
management, and insulation management.
10. Consider increasing the level of regulatory oversight that is in place for this type of
operation; a lack of oversight of work being performed was cited as a causal factor
multiple times during the fault tree development. Increasing oversight by the owner or
operator of a facility is not directly within the purview of TechSafeBC, but an increase in
regulatory oversight will drive increased oversight and compliance on the part of the
operator. This could include an increased number of site visits or inspections, as well as a
review of the current audit protocols and procedures to ensure that they are current,
sufficiently detailed, and consistently applied.
11. Consider developing an education campaign focused on owners, operators, and
contractors identifying key risks associated with operation of ammonia refrigeration
systems to create engagement on the part of these groups.
12. Consider developing best practice documentation around piping insulation requirements,
the importance of proper maintenance, and the impact that insulation has on corrosion
risks through the corrosion under insulation mechanism (CUI).
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SUMMARY

On April 30-May 1, 2018, a working group formed by Technical Safety BC met to update the fault
tree analysis done in 2017 on ammonia refrigeration system risks in the province of British
Columbia. During this workshop, the working group generated a fault tree to identify the causal
factors associated with ammonia releases.
At the conclusion of the two-day workshop, twelve recommendations to address the common or
critical causal factors identified in the fault tree were made, as outlined in Section 3. The critical
factors identified during this workshop were largely associated with the proper operation and
maintenance of the systems, and what appears to be a high level of risk tolerance on the part of
some owners and operators, based on opinions and observations put forth by participants.
There were multiple indicators of this high level of risk tolerance within the workshop. It was
noted numerous times by workshop participants that owners and operators frequently adopt a ‘run
to failure’ approach for maintenance, which is not advisable when dealing with a system containing
a hazardous chemical. The practice of monitoring brine for ammonia build-up rather than staying
ahead of the maintenance curve is also indicative of this risk acceptance.
Operators also expressed a concern about the need to report small PSV leaks, which they
considered frequent events, with some participants noting that releases occurred several times per
month. Appropriately designed and maintained pressure relief devices should not leak to
atmosphere at all under normal operation. Small leaks from these types of devices are frequently
indicators of abnormal operation. Accepting that they are common and designating them as
nuisance issues is “normalization of a deviation”: defined as a substandard or deviant operation
that has existed for long enough that it is perceived as normal by those operating the system.
Additionally, workshop participants indicated that the PSVs used in this industry are most
commonly designed to be removed and replaced after reaching the end of service life, rather than
being repaired and re-installed. Although the use of this type of ‘disposable’ PSV is acceptable
practice, the workshop participants indicated that it was not common practice to subject these
devices to performance testing after removal. Even though there is no intent to repair and re-use
these devices, a representative sample should always be sent for function testing after removal to
ensure that they are still functional at the time of removal. Without this testing and verification,
the operator runs the risk that hidden failures are developing near the end of service life.
Because of the high level of hazard that is associated with this industry, the author of this report
recommends that further actions be taken to improve and strengthen oversight of this field. Shifting
a large cultural bias is difficult and unlikely to be done by information sessions and awareness
programs alone.
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In the author’s opinion, TechSafeBC should consider developing a program that requires ammonia
facilities to employ third party audits on a regular basis. A properly designed third party auditing
system could ensure that operators are meeting regulatory standards and conforming to good
maintenance and operational practices. External examples that could be looked to for reference
include the U.S. OSHA PSM program, which requires an external audit to ensure regulatory
compliance every three years, or the Ontario Technical Standards and Safety Authority’s Risk and
Safety Management Plan governing propane distributors in that province.
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APPENDIX A. FAULT TREE
Due to the large size, the fault tree created during this workshop is attached as a .pdf file to this
report. The file name is Ammonia Release.pdf.
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APPENDIX B. ORIGINAL FAULT TREE
The original fault tree developed by TechSafeBC is attached as a Microsoft Visio file. The file
title is Event Tree – Ammonia Release v5
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APPENDIX C. CAUSAL FACTORS
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Causal Factor

Corporate Culture/Accountability
Lack of Duty Holder Oversight
Code Gap
Lack of Process/Procedure
Cost/Time Constraints
Multiple Certification Management
No Certification Required
Lack of Knowledge/Training
Employee Turnover
Failure not Identified
Cost Constraints
Lack of Replacement Strategy
Long Service Interval
Poor Communications
Risk Tolerance/Complacency
Specification Availability
Manufacturing Defect
Qualification Issues
Service Wear
Lack of Change Management
Lack of Practice
Treatment Program Inadequate
Lack of Hazard Awareness
Lack of PM/Inspection Program
Obsolescence
Parts Availability
Plugging/Fouling Issues
Poor Maintenance
Vandalism
3rd Party Parts
Air Contamination
Ambient Conditions
Certification Gap
Charge Present
Code Requirement not Followed
Competing/Unclear Priorities
Contactor Failure
Cost/Supply Constraints
Currency/Manpower Gap
Design Flaw
Frequent Start-ups
High System Velocities
Human Error
Intentional ESD
Lack of Design Registration
Lack of Filtration
Lack of Labeling/Control
Lack of Paint/Poor Quality Paint
Lack of Policy/Procedure
Lack of Regulatory Oversight
Liquid Entrainment
Misuse
Owner/Operator Pressure
Power Failure
Procedures Incomplete/Indadequate
Purchasing Control Issues
Receiving issues
Regulatory Gap
Reporting to Regulator
Time Constraints
Time/Production Pressure

C-2

Number of
Appearances
20
18
16
16
12
11
11
10
7
7
6
6
6
6
6
6
5
5
5
3
3
3
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

