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1 INTRODUCTION

1.1 OVERVIEW

In 2020, Baker Engineering and Risk Consultants, Inc. (BakerRisk®) developed and managed the Ammonia
& Fertilizer Joint Industry Research Program (A&F JIP), which is focused on improving safety and reliability
in the Ammonia and related Fertilizer industry. The A&F JIP funding is shared by companies that are
interested in improving safety and reliability, including the benefits of understanding the damage
mechanisms as well as exploring mitigation options for equipment in ammonia and fertilizer service.
Shared funding is key to generating valuable and comprehensive reports at a fraction of the total cost
for each member company.

The A&F JIP was formed in response to the interest and needs of the industry. The first program year
study (2020) included the identification of damage mechanisms and mitigation options for plant
equipment in eleven unique units of the ammonia process.

The second year of the A&F JIP (2021-2022) expanded to include two additional studies:

e Study No. 2: Damage Mechanisms and Mitigation Options - Ammonia Storage & Loading
Facilities (193 pages)

e Study No. 3: Damage Mechanisms and Mitigation Options - The Urea Process (221 pages)

The third year of the A&F JIP (2023-204) expanded to include four more studies:

e Study No. 4: Nitric Acid Plant Damage Mechanisms and Mitigation Options
e Study No. 5: Selected Ammonium Nitrate Damage Mechanisms and Mitigation Options
e Study No. 6: Latest Development of HTHA Inspection Methods

e Study No. 7: Cooling Water, Boiler Feed Water and Steam Systems Damage Mechanisms and
Mitigation Options

Members of the A&F JIP also benefit through participation in activities and meetings, which include A&F
JIP updates, discussions, and roundtable topics focused on improving integrity and reliability. Members
also receive a comprehensive and proprietary A&F JIP Report for each Program Year with complete results
that can be used for training their operating and technical personnel, as well as units on Fitness for
Service, Risk-Based Inspection Plans, and managing of assets. The Reports and Appendices include
process descriptions, typical materials of construction for equipment, illustrations of equipment that is
at risk for potential failure, parameters that cause specific damage mechanisms, photographs and case
histories of as-found damage, mitigation options that are specific to process equipment used in the units,
and searchable databases for study topic equipment and facilities.
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1.2 OBJECTIVE

The objective of the A&F JIP is to serve as a resource to the A&F JIP members for identifying and
understanding common and unique damage mechanisms applicable and specific to ammonia and
fertilizer manufacturing processes and equipment. Failures of equipment in ammonia and fertilizer
service are of great concern to the industry, with potentially high consequences in terms of injuries,
property damage, and business interruption. As part of the A&F JIP reports, mitigation practices are
identified and presented to help reduce the risk of equipment failures and improve safety and reliability.
The damage mechanisms and mitigation practices are shared with all A&F JIP Participants.

To date, the A&F JIP programs have produced the reports listed below that include significant information
of interest, value, and benefit to the members:

e Study No. 1: Damage Mechanisms and Mitigation Options - The Ammonia Process (341 pages)

e Study No. 2: Damage Mechanisms and Mitigation Options - Ammonia Storage & Loading
Facilities (193 pages)

e Study No. 3: Damage Mechanisms and Mitigation Options - The Urea Process (221 pages)

e Study No. 4: Nitric Acid Plant Damage Mechanisms and Mitigation Options
(247 pages combined with study 5)

e Study No. 5: Selected Ammonium Nitrate Damage Mechanisms and Mitigation Options
(247 pages combined with study 4)

e Study No. 6: Latest Development of HTHA Inspection Methods (39 pages)

e Study No. 7: Cooling Water, Boiler Feed Water and Steam Systems Damage Mechanisms and
Mitigation Options (97 pages)

1.3 BENEFITS

Most companies do not have the internal resources available to effectively conduct the research
necessary to further their understanding of equipment failures or to develop methods to aid in the
prediction of such failures. Furthermore, access to damage mechanism experience and information is
limited. AlJoint Industry Program utilizing pooled funds with technical support from multiple participating
companies is a very cost-effective way to conduct the research and development needed to promote an
exchange of valuable information, experience, and ideas. For example, for an A&F JIP with 10 Participants,
each company receives all the A&F JIP research and information for 10% of the total cost of that effort.

BakerRisk manages several A&F JIP programs and has significant experience in the ammonia-fertilizer
industry. Information from the AIChE Symposium, internal and public incident reports, BakerRisk subject
matter experts (SMEs), and the A&F JIP database searches all provide valuable data for the benefit of all
A&F JIP participants.
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Another benefit from participating in the A&F JIP is the voluntary sharing by the participating companies
of safety information, reliability information, and lessons learned. The A&F JIP update meetings and
roundtable discussions also provide opportunities to share and learn additional valuable information.
Note that if a participating company decides to share information, it can be done anonymously. All A&F
JIP inputs provided to BakerRisk are kept confidential.

Below are some comments from the A&F JIP members about the value and benefits of the Program.

The A&F JIP Report is a great information source for new people coming on board. |

would have appreciated this when | entered the industry 30 years ago.

I would like to echo all the member comments on this A&F JIP Report resource. We are set to
begin to go through our process units and equipment to develop inspection test plans for each
piece of equipment. This Report will help greatly.

The A&F JIP has reached an excellent result, especially with regards to the way we created
awareness in the industry and triggered the discussions about the importance of
understanding damage mechanisms.

With the A&F JIP, much has been gained for the staff to begin the fixed equipment

Risk Based Inspection Program.

We expected a document specific to ammonia plant damage mechanisms and the opportunity
to learn from the wider ammonia industry. The A&F JIP and the Report definitely ticked both
these boxes.

We very much appreciated the feedback provided by BakerRisk to specific questions during
the A&F JIP process.

The A&F JIP study provides a good baseline for comparison. As part of our continuous
improvement and industry benchmarking, this helps to ensure that we are considering
relevant potential damage mechanisms for our inspection programs and are up to date on
industry findings.

The A&F JIP Round Table discussions highlighted that we have an opportunity to update our
hydrogen embrittlement strategy, and we are currently progressing with this via contacts
made within the A&F JIP.

The A&F JIP Report will become part of the toolbox used by the RBI team and experienced
engineers.

The A&F JIP Report spreadsheet for identifying probable damage mechanisms with

filters for material, temperature range, fluid handles, area of the plant, etc.... is very

useful to easily identify the relevant damage mechanismes.

Related damage mechanisms for each area of the plant (block diagrams) and references

to AIChE papers are very useful aspects of the Report.

The Report will be distributed within the Company to stakeholders: Plant Manager, Asset
and Maintenance Manager, Process Managers, Material Scientists, and others. It will be used
as a resource for RBI, preventative maintenance, and new engineers coming on board.
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1.4 PROGRAM ACTIVITIES AND RESEARCH
The key activities of the A&F JIP include:

e Focused surveys to determined issues and concerns for the proposed scope of work

e Scheduled meetings during the year to discuss the progress for each Study, with technical
input and questions from the members.

e Roundtable discussions with topics selected by the members to facilitate sharing of
information and lessons learned.

e Direct communication among members, and with BakerRisk, regarding discussions of specific
damage mechanism issues, problems, mitigation efforts, and proposed solutions.

e Articles in industry publications that highlight the A&F JIP members, scope of work, and
benefits of the Program.

e Production of comprehensive A&F JIP reports for the benefit and use of the members.

1.5 PROGRAM YEAR REPORTING

The A&F JIP Reports are issued by BakerRisk, and the results are proprietary to the Participants of the
A&F JIP. The Reports are provided in a format that can be used by the A&F JIP members for training
their operating and technical personnel, as well as addressing topics such as Fitness for Service, Risk-
Based Inspection Plans, and other technical support activities. The reports include descriptions of
specific damage mechanisms, mitigation options, and searchable databases for each process or
operating unit.

Note that patentable inventions may also be generated as a result of the A&F JIP research and studies. If
a patentis filed, BakerRisk will issue a royalty-free, worldwide, non-exclusive license to each Participant
that pays its prorated share of the cost of obtaining the patent. The A&F JIP Agreement covers
patenting, licensing, and other intellectual property situations in detail.
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2 BAKERRISK - A COMPANY PROFILE

Baker Engineering and Risk Consultants, Inc. (BakerRisk) is an internationally recognized firm that
specializes in predicting, preventing, and mitigating hazards from explosions, fires, toxic releases,
equipment failures and other hazardous events. We provide engineering, consulting, research,
testing, and training services on a global scale to private companies and government agencies who are
involved with hazardous operations and materials. Our technical specialties include:

e Materials engineering, mechanical integrity, reliability, and failure analysis

e Prediction and evaluation of equipment failures

e Prediction of explosion, blast and fragment effects

e Analysis and design of structures to resist blast loads, thermal loads, fragments, and toxic
hazards

e Explosions, shock tube, equipment failure, toxic dispersion, jet fire and other custom testing

e Process safety and risk analysis

e Loss prevention engineering

e Joint industry programs

e Incident investigations

e Learning center and training services

Founded in 1984, BakerRisk has experienced steady growth throughout its history. Our headquarters
and materials engineering laboratory are in San Antonio, Texas, and we have regional offices in
Houston, Chicago, and Los Angeles, as well as international offices in Canada, the UK, Egypt, and the
United Arab Emirates. BakerRisk owns and operates two large test facilities. The Wilfred E. Baker
Research Test Facility, comprising 160 acres east of San Antonio, includes a 9800-square foot high-bay
test building, shock tube for structural testing, several outdoor test pads, a hardened test cell, and
capabilities for custom test services. The 2300-acre Box Canyon Test Facility west of San Antonio
provides unique capabilities to conduct large scale tests, which include explosion, structural, blast
load, and other testing services. Materials engineering studies, equipment failure analysis, laminar
burning velocity tests, and other client bench-scale tests are conducted in our San Antonio Laboratory.
BakerRisk has also developed several software tools including SafeSitess®, BIGGS, VCloud, ISADS,

VCEC, BWTI® and QRATool® for dispersion, blast load, structural response, building occupant injury,
and risk analysis.
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The BakerRisk Materials Laboratory provides a wide range of services in materials engineering,
evaluations and failure analysis. Our clients rely on BakerRisk to perform the research, engineering,
and testing efforts to develop solutions for their challenging equipment and structural materials
problems. Our testing capabilities include the use of optical and scanning electron microscopes
(including x-ray spectroscopy), ultrasonic thickness gauges, hardness testers, and other
state-of-the-art tools. BakerRisk laboratory services include:

e Failure analysis of structural components

e Materials evaluation and testing

e Fatigue damage assessment of structures and rotating equipment
e Incident investigations, root cause analysis

e Reverse materials engineering of components

e Corrosion damage assessments, prevention and control

e Mechanical integrity and asset reviews

o Life assessment and failure analysis of rotating equipment

e Heat damage and high temperature remaining life assessments

e Fitness for service assessments, including—cold embrittlement, fire and heat damage, and
metal loss due to corrosion.

BakerRisk has over 30 years of experience in providing services to the ammonia and fertilizer industries,
and over 20 years of experience in managing multiple Joint Industry Programs. We have performed
over 400 projects for the ammonia and fertilizer industries. BakerRisk is the organizer and program
manager for the A&F JIP. In addition to the BakerRisk technical staff, consultants, and subcontractors
may be used if needed to perform specific tasks. We also encourage participation, input, and
contributions by the member companies during the Program year.

Our staff has investigated hundreds of incidents, including equipment failures, explosive materials,
runaway chemical reactions, bursting pressure vessels, vapor cloud explosions (VCE), boiling liquid-
expanding vapor explosions (BLEVEs), dust explosions, electric arc explosions, toxic releases, jet fires,
and other incidents. The first-hand knowledge gained from these investigations is invaluable when
performing hazards and risk analysis to prevent or mitigate equipment failures and potentially
catastrophic situations. BakerRisk research and development (R&D) and testing services also provide
valuable information to help identify, evaluate, prevent, and mitigate hazards and risks.

Additional information can be found on our website at www.BakerRisk.com.
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3 ORGANIZATION OF THE PROGRAM

The scope for the original 2020 A&F JIP was initiated based upon a technical presentation at the 2019
AIChE Annual Safety in Ammonia Plants and Related Facilities Symposium: “Damage Mechanism
Reviews and Mitigation Methodology for Ammonia Equipment” given by Dorothy Shaffer and Dan Benac
of BakerRisk. Each year, the scope of work for the new program year is determined based on input and
recommendations from the A&F JIP members.

3.1 PROGRAM MANAGEMENT

The A&F JIP is managed by three BakerRisk senior engineers: Dan Benac, Dorothy Shaffer, and Murtaza
Gandhi. Dan and Dorothy each have over thirty-five years of experience in materials engineering, failure
analysis, mechanical integrity, and ammonia-fertilizer products manufacturing. Murtaza has nearly 20
years’ experience and works closely with ammonia producers on hazards and risks. The following are
brief bios for Mr. Benac, Mrs. Shaffer and Mr. Gandhi.

Mr. Daniel J. Benac, P.E., is a certified fire and Explosion investigator (CFEIl), ASM Fellow, and senior
principal engineer at Baker Engineering and Risk Consultants, Inc. who manages the BakerRisk Materials
Laboratory located in San Antonio, Texas. He has forty years’ experience investigating and solving
materials engineering and structural integrity problems for oil and gas, refinery, ammonia, fertilizer,
chemical, pipeline, nuclear, aerospace and other industries. For the ammonia and fertilizer industries,
he has conducted investigations of equipment, mechanical integrity reviews, and provided technical
support on material and process concerns for Ammonia Nitrate and Nitric Acid plants.

Mrs. Dorothy Maxwell-Shaffer has thirty-five years of broad experience in the nitrogen, fertilizer and
related industries improving plant reliability, reducing risk, project engineering, plant operations, and
implementing process safety programs with a focus on mechanical integrity. Mrs. Shaffer worked for
Terra International, a major nitrogen producer, for 20 years. Her projects included the responsibility as
client project engineer for construction of a 1750 TPD UAN plant at Terra’s Port Neal facility. As Terra’s
Corporate Director of Risk and Reliability, Mrs. Shaffer developed and coordinated teams for the
implementation of best practices and reliability programs at eight manufacturing sites in three
countries. Topics included Ammonia Front End Best Practices, Safe Ammonium Nitrate Handling
Practices, and Phase Change Explosions in Nitric Acid Plants. Mrs. Shaffer has also presented at the ANNA
on ammonium nitrate pump hazards and AN safe practices. Mrs. Shaffer has worked with BakerRisk
since 2007 as a subject matter expert on ammonia-based fertilizers. Her work has included multiple
safety reviews, audits of major ammonium nitrate producers, and projects focused on mechanical
integrity and reliability.

Mr. Murtaza Gandhi has nearly 20 years of general and ammonia specific process safety experience, and
currently leads the Low Carbon Energy (LCE) risk management efforts at BakerRisk which comprises
ammonia and hydrogen, biofuels and Battery Energy Storage Systems (BESS) sub-groups. Murtaza’s
extensive work in the ammonia field provides valuable background for understanding and evaluating
relative risks and mitigations. Through collaboration with BakerRisk’s suite of Risk Management services,
Murtaza provides insight/access as an important role for consideration of risk management concerns and
practices to improve safety in the ammonia industry.

7



BakerRisk 2024 Ammonia & Fertilizer Joint Industry Program (A&F JIP) July 1, 2024
Safety & Reliability in the Ammonia & Fertilizer Industry 2024 Prospectus

4 CONTRACTUAL INFORMATION

Participation in the Ammonia-Fertilizer A&F JIP is open to all companies in the ammonia and fertilizer
industries. Participation in the A&F JIP is on an annual basis, and all Participants must sign an A&F JIP
Agreement (without revision) so that BakerRisk and all member companies participate in the A&F JIP
under the same obligations, terms, and conditions. For existing A&F JIP members, the executed A&F JIP
Agreement remains in effect. Current members will only need to submit a Purchase Order to renew their
participation each year. This arrangement with each participating company continues year-to-year, as
long as there is no lapse in participation.

4.1 NEW MEMBERS

A copy of the Agreement will be provided to companies that wish to join the 2024 A&F JIP. Each new
company will need to submit an executed Agreement and a company Purchase Order for the 2024
Participation Fee.

New A&F JIP members can also purchase the previous year's A&F JIP Reports:

e Purchase the 2020 A&F JIP Report: $18,000
e Purchase the 2022 A&F JIP Reports: $20,000
e Purchase the 2023 A&F JIP Reports: $22,000

4.2 2024 FEE

Based on the expected level of A&F JIP participation and the proposed scope of work, the 2024 fee is
estimated at $24,000 for each participating company.

For A&F JIP Agreement and Administration questions, please contact:

Ms. Naomi Alarcon NAlarcon@BakerRisk.com (210) 721-7205

For A&F JIP Technical questions, please contact:

Mr. Dan Benac DBenac@BakerRisk.com +1(210) 824-5960
Mrs. Dorothy Shaffer DShaffer@BakerRisk.com +1(918) 766-4652
Mr. Murtaza Gandhi MGandhi@BakerRisk.com +1 (281) 404-6441
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5 PROPOSED 2024 A&F JIP STUDIES, ROUNDTABLE TOPICS

AND WEBINARS

The proposed studies and roundtable topics, and webinars for the next A&F JIP series are listed below.
The actual studies that will be performed will depend on the number of A&F JIP members.

1.

Study No. 1 - Update of the Ammonia Process and Damage Mechanisms and Mitigation Options

Description: The 2020 Study on the Ammonia process will be updated to provide corrections
on feedback from A&F JIP members. Update will include the hydrogen damage mechanisms
and other damage mechanism/mitigation practices. Included will be a webinar on mitigation
practices for damage mechanisms in the synloop and ammonia converters.

Deliverable:
a) One deliverable will be a revised Study 1 document
b) One deliverable will be a webinar on mitigation practices for damage mechanisms in
the synloop and ammonia converters

2. Study No. 8 - Risk Evaluation, Damage Mechanisms, and Hazards for the Synloop and Ammonia

Converters

Description: This study will build information provided in Study 1 - Ammonia Process Damage
Mechanisms and Mitigation Options for the Synloop and Ammonia Converters. The Synloop
and Ammonia Converters pose some of the highest risks in the ammonia production process,
mainly due to the high pressure involved. Significant hazards from these come due to the
flammability hazards from hydrogen and syngas. These hazards are typical and can be
evaluated with a detailed PHA study of the system that considers both the hazards and the
typical mitigations that are available for such scenarios. Roundtable discussions will be
conducted on this study.

Deliverables:
a) Roundtable topic discussion notes and a PowerPoint® summary.
b) A table of collected research describing typical causes, the associated consequences
and safeguards pertinent to those scenarios.

3. Study No. 9 - Risk Evaluation, Damage Mechanisms and Hazards for an Ammonia Storage Tanks

Description: This study will build on information provided in the Study 2 - Ammonia Storage
Tank Damage Mechanisms and Mitigation Options Ammonia tanks have various designs, be
it single-walled or double-walled, double-walled with insulation in annular space or double-
walled with full containment. All these designs have their pros and cons in terms of risk and
operability. The risks can come due to the various damage mechanisms and the methods used
to prevent an external loss of containment. This study would look at the various designs and
evaluate the risks for each design from a safety and operability perspective. Roundtable
discussions will be conducted on this study.
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Deliverable:

a) Roundtable topic discussion notes and a PowerPoint® summary.

b) A table of collected research evaluating the designs, an evaluation of the risks,
and a discussion of possible mitigations for each of those designs to lower the
risk and increase operational efficiency.

4. Conduct two (2) roundtable topics/webinars relevant to the Ammonia Process. Potential topics:

1.
2.

3.
4.

The use of leak detection on ammonia converters.

Ammonia Storage Tank design, prevention of ammonia stress corrosion cracking and
inspection practices

Best practices for mitigation of loading and unloading risks of Ammonia

Other topic decided by A&F JIP members

Deliverable: The deliverable for all of these will be the presentation on the potential best
practices on these items and the follow-up discussion feedback.

10
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