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Presenter
Presentation Notes
Welcome to RAGAGEP: Historical Variants and the Importance of IIAR Standards. I’m glad you’re here and hope you will find this presentation informative. 

There has been a movement in the ammonia refrigeration industry towards standardization, yet there are historical variants which often cause confusion. 

This presentation will discuss the importance of adhering to the IIAR’s suite of standards by exploring several variants in historical RAGAGEPs. The goal is to give RMP/PSM responsible persons an understanding of the Ammonia industry’s historical RAGAGEP requirements in order to aid them in documenting that their systems have been designed in accordance with recognized and accepted practices at the time of construction.




Session Outline

1. Define RAGAGEP
2. Discuss Historical Perspectives & IIAR Standards
3. Highlight RAGAGEP Variants
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Presenter
Presentation Notes
This session has three sections:
First, I will define RAGAGEP and its regulatory origin
Second, I will give broad historical overview of the major code writing organizations and their applicability to our industry along with a brief overview of IIAR’s suite of Standards
Lastly, we will get into the core of this presentation, which is the historical RAGAGEP variants.



SECTION 1 – DEFINING RAGAGEP



Defining RAGAGEP

Process Safety Management – Process Safety Information
29 CFR § 1910.119 (d)(3)(i) information pertaining to the 
equipment in the process shall include:

• (F) Design Codes and Standards Employed

29 CFR § 1910.119 (d)(3)(ii) The employer shall document that 
equipment complies with recognized and generally accepted 
good engineering practices.

Presenter
Presentation Notes
The notable origin of the acronym RAGAGEP can be traced to the Process Safety Management (PSM) regulation, published and enforced by the Occupational Safety and Health Administration (OSHA). Several of the PSM program elements require facilities to document that their refrigeration systems have been designed in accordance with recognized and generally accepted good engineering practices. 
29 CFR §1910.119 (d)(3)(ii)

Understanding that RAGAGEP is a regulatory requirement is important. As far as the law is concerned, there is such a thing as engineering standards which are accepted, normal, and good, and by law these standards are legally enforceable. A facility is not allowed to build a new system, or part thereof, if the design is outside these accepted standards. But the question reasonably presents itself, “What qualifies as RAGAGEP?”




SECTION 2 – HISTORICAL PERSPECTIVES & IIAR 
STANDARDS

What Qualifies as RAGAGEP?

Presenter
Presentation Notes
In the Ammonia industry, like any other industry, there are organizations that work to write documents which seek to standardize best practices and minimum criterion for design, installation, maintenance etc. for ammonia refrigeration systems. These organizations fall into two general categories. 

Code Writing Organizations 
Standard Writing Organizations



Ammonia 
Refrigeration 
Code & 
Standard 
Writing 
Organizations

Presenter
Presentation Notes
Code Writing Organizations
In the United States, codes are documents which are adopted by local jurisdictions, generally at the State level, and therefore enforceable by compliance officers and local regulators. Organizations such as the International Code Council (ICC) which publishes the International Mechanical Code, and the International Association of Plumbing and Mechanical Officials (IAPMO), which publishes the Uniform Mechanical Code, are Code Writing Organizations.
�



Ammonia 
Refrigeration 
Code & 
Standard 
Writing 
Organizations

Presenter
Presentation Notes
Standard Writing Organizations
Organizations that write documents regarding specific subjects and/or for specific industries, but which do not inherently hold the same authority as code documents, can be called Standard Writing Organizations. In general, documents published by these organizations are not formally adopted by local jurisdictions but become enforceable by being referenced in code documents. The two most prominent standard writing organizations in the Ammonia industry are the International Institute of Ammonia Refrigeration (IIAR), which has published numerous standards and bulletins over the years, and the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), which is most widely known for its Safety Standard for Refrigeration Systems, ASHRAE 15.

In answering the question “What qualifies as RAGAGEP?” it is also important to mention the American National Standards Institute (ANSI). While ANSI is not a code or standard writing organization, it sets the parameters and procedures for developing consensus documents. For a document to be ANSI approved it must meet certain criteria, such as public review periods, to ensure the document does not show bias towards a particular group within that industry, but rather represents genuine consensus among the industry as a whole. If a standard document is ANSI certified, it will most certainly be considered RAGAGEP by the regulatory community.
�



IIAR’s 
Vision for 
the 
Future

Presenter
Presentation Notes
Over the last several decades, there have been a myriad of published documents which could legitimately be considered RAGAGEP. This has understandably led to much confusion in deciding which requirements, from which documents, from which publication years apply to a given facility. More frustrating still, however, is not only has there been a lack of clarity in the applicability of these documents at the end user level, but this confusion has been exacerbated by the inconsistent enforcement of the regulatory community. 





IIAR Bulletins

Presenter
Presentation Notes
Possibly the most common example of this is the issuing of citations and violations based on guidelines published by the International Institute of Ammonia Refrigeration (IIAR) in the 1990s, known as the IIAR Bulletins. These bulletins were written with the clear and unmistakable intent of being general guidelines, and not documents which would carry the same weight as ANSI approved standards or codes. In fact, each bulletin declares on its first page under a large title “NOTICE” that “this publication is intended to be voluntary and not binding.”




IIAR Standards
“This document is intended 
to serve as a standard for 
equipment, design and 
installation of closed circuit 
ammonia refrigerating systems. 
Additional requirements may be 
necessary because of 
particular circumstances, 
project specifications or other 
jurisdictional considerations. 
Note that this standard does 
not constitute a comprehensive 
detailed technical design 
manual and should not be used 
as such.”

Presenter
Presentation Notes
Recognizing its bulletins were being used in ways unfaithful to the original authorial intent, along with the general need for simplification in answering the question, “what qualifies as RAGAGEP?” the IIAR set out to develop a suite of ANSI approved standards which would cover every aspect of ammonia refrigeration systems from cradle to grave. 



IIAR Standards

• IIAR 1 – Definitions and Terminology (2012)
• IIAR 2 – Design (1974, 1984, 1999, 2008, 2014)
• IIAR 3 – Valves (2012)
• IIAR 4 – Installation (2015)
• IIAR 5 – Startup and Commissioning (2013)
• IIAR 6 – Inspection Testing and Maintenance (2019)
• IIAR 7 – Operating Procedures (2013)
• IIAR 8 – Decommissioning (2015)
• IIAR 9 – Existing Systems (2019?)

Presenter
Presentation Notes
Building upon its historically published ANSI/IIAR 2 Equipment, Design, Installation of Ammonia Mechanical Refrigerating Systems, the IIAR has worked since the mid-2000s to develop nine standards. 

At the time of this presentation, eight standards have been published and are in circulation with the remaining standard, IIAR 9, set for publication sometime this year.



IIAR’s 
Vision for 
the 
Future

Presenter
Presentation Notes
Beyond simply adding new RAGAGEP standards to the already overcrowded shelf, the IIAR has lobbied the major code writing organizations to have its standards referenced in the various model codes in such a way that additional requirements would not go beyond what is included in the IIAR standards. 

At the time of this presentation, the IIAR has been largely successful in achieving this goal, such that each of the most recent publications of the major mechanical and fire codes now references IIAR standards as requirements for ammonia refrigeration systems. The Uniform Mechanical Code has gone the furthest by stating ammonia refrigeration systems shall comply with IIAR standards and “shall not be required to comply with this chapter.”




IIAR and Model Codes

2018 UMC §1102.1 General. Refrigeration systems using a 
refrigerant other than ammonia shall comply with this chapter 
and ASHRAE 15.

2018 UMC §1102.2 Ammonia Refrigeration Systems 
Refrigeration systems using ammonia as the refrigerant shall 
comply with IIAR 2, IIAR 3, IIAR 4 and IIAR 5 and shall not be 
required to comply with this chapter



SECTION 3 – HISTORICAL RAGAGEP VARIANTS

Presenter
Presentation Notes
While it is exciting that the question of RAGAGEP applicability will now be easily answered by turning to the IIAR’s suite of ANSI approved standards, this has not always been the case historically. It is important, therefore, to be familiar with some historical variants not only to better appreciate the simplicity of IIAR’s suite of standards and the gravity of their achievement, but also to properly document historical RAGAGEP conformity as part of a Process Safety and Risk Management Program.




EMERGENCY 
SHUTDOWN 
CONTROLS



Emergency Shutdown Controls

1967 UMC §1509 Equipment in a Machinery Room
A readily accessible single emergency refrigeration control switch 
shall be provided to shut off all electrically operated machinery in 
any machinery room, except the exhaust ventilation system 
complying with Section 1508. Such switch shall be controlled 
from a point outside of, and within ten feet (10') of the required 
opening to the machinery room….

Presenter
Presentation Notes
Like we will see throughout this section with multiple subjects, an initial requirement is often picked up by other code and standard documents and over many years that same requirement will evolve as safer technologies are developed. Regarding emergency shutdown controls, we first see the language for an emergency control switch in the Uniform Mechanical Code from the late 60’s.




Emergency Shutdown Controls

1982 UFC §63.108(a)(5)(iv) Control Valves
Emergency switches for deactivation of the system compressors 
shall be provided within the emergency control box.

Presenter
Presentation Notes
In 1982 the evolution of the emergency shutdown requirement began when the Uniform Fire Code specified that the switch should be located “within the Emergency Control Box.”  

This meant that in order to also comply with the UMC, the emergency control box would need to be located within ten feet of the machinery room entrance.
1982 UFC §63.108(a)(5)(iv) Control Valves



Emergency Shutdown Controls

1994 UMC §1108.4 Emergency Control.
A clearly identified switch of the break-glass type providing off-
only control of electrically energized equipment and devices 
within the refrigeration machinery room shall be provided 
immediately adjacent to and outside of each refrigeration 
machinery room exit. In addition, emergency shutoff shall also be 
automatically activated when the concentration of refrigerant 
vapor exceeds 25 percent of the LFL.

Presenter
Presentation Notes
In 1994, the Uniform Mechanical Code further required the switch should be “of the break-glass type” and that the emergency shutoff should be interlocked with the detection system to automatically activate at 25% of the LFL (i.e. 40,000 ppm for ammonia)



Emergency Shutdown Controls

2012 IFC §606.9.1 Refrigeration system emergency shutoff.
A clearly identified switch of the break-glass type or with an 
approved tamper-resistant cover shall provide off-only control of 
refrigerant compressors, refrigerant pumps and normally closed 
automatic refrigerant valves located in the machinery room. 
Additionally, this equipment shall be automatically shut off 
whenever the refrigerant vapor concentration in the machinery 
room exceeds the vapor detector’s upper detection limit or 25 
percent of the LEL, whichever is lower.

Presenter
Presentation Notes
For facility under the jurisdiction of the states which adopt codes published by the ICC, namely the International Fire and Mechanical Codes, the requirement for interlocking with the detection and automatic shutdown at 25% of the LFL did not get adopted until 2012.



EPCS VS ECB
Emergency Pressure Control System vs Emergency Control Box 



Emergency Control Box (ECB)

1973 UMC §1518 Manual Discharge or Refrigerant
Every refrigerating system located in a building and containing… a 
Group 2 refrigerant shall be equipped with means for manual 
discharge of the refrigerant to the atmosphere.

1982 UFC §63.108 Emergency Ammonia Diffusion Systems 
Ammonia refrigeration systems shall be provided with an 
approved system for promptly and safely removing the ammonia 
refrigerant in the event of an emergency.

Presenter
Presentation Notes
The idea behind the Emergency Control Box (also called a Fire Dump Box) was in the codes well before the time period we are studying (i.e. the first major publication of IIAR 2 in the early 70s). In 1973 the UMC maintains the same language from earlier versions dating back to the early 60s. 

This requirement was not restricted to the mechanical codes, but we also find it in the fire codes as well. In 1982, we first see the language of “removing the ammonia refrigerant in the event of an emergency.” While the idea of the ECB was in the fire code before this, the language of “emergency” first appears hear in 1982



Emergency Pressure Control Systems

2006 NFPA 1 §53.7
Refrigeration systems containing more than 6.6 pounds (3 kg) of flammable, toxic or highly 
toxic refrigerant or ammonia shall be provided with an emergency pressure control system.

2006 IMC §1105.9 Emergency pressure control system.
Refrigeration systems containing more than 6.6 pounds (3 kg) of flammable, toxic or highly 
toxic refrigerant or ammonia shall be provided with an emergency pressure control system 
in accordance with Section 606.10 of the International Fire Code.

2006 IFC §606.10 Emergency pressure control system
606.10 Emergency pressure control system. Refrigeration systems containing more than 6.6 
pounds (3 kg) of flammable, toxic or highly toxic refrigerant or ammonia shall be provided 
with an emergency pressure control system in accordance with Sections 606.10.1 and 
606.10.2.

Presenter
Presentation Notes
Fast forward several decades with the invention of more sophisticated computer controls and inherently safer technologies, the Fire Codes (both NFPA and IFC) acknowledged there are better ideas than to dump an ammonia system during an emergency and therefore replaced the requirement of the antiquated Emergency Control Box with an automated emergency pressure control system. This new system would activate during overpressurization to relieve pressure from the high side of the system to the low side of the system, thus reducing the likelihood of a relief valve lifting.



ECB / EPCS - Big Ideas

• All refrigeration system should have an ECB or EPCS
• It is not necessary to update an ECB to an EPCS

Presenter
Presentation Notes
Neither the Emergency Control Box nor the Emergency Pressure Control System has been endorsed by the refrigeration standard writing committees. With that said, they do include best practices / requirements for installing them.
�[ANSI/ASHRAE 15-1992 §11.15 ]
Some mechanical codes and fire codes require manual emergency discharge or diffusion arrangements for refrigerants. While these provisions are not recommended nor required by this standard, Appendix B has been included to aid in the safe accomplishment of this purpose when required.
�ANSI/IIAR 2-2014 Appendix I.1.1]
This technical guideline describes requirements for emergency pressure control systems (EPCS)



NH3 DISCHARGE TERMINATION
Atmospheric vs Diffusion Tanks



Diffusion Tanks

1971 UFC §63.106 Ammonia Diffusion 
Ammonia refrigerating plants containing more than 30 pounds of refrigerant shall 
be equipped with facilities for diffusing the ammonia vapors. (a) Systems 
containing more than 30 pounds of refrigerant shall discharge to the outside of the 
building at least 2 feet above the roof and be so located that discharged 
refrigerants will not cause discomfort or harmful effects to persons OR such 
discharge shall be into a tank of fresh water having a capacity of one gallon for 
each pound of refrigerant and used for no other purpose than ammonia.

1982 UFC §63.108 Emergency Ammonia Diffusion Systems 
Refrigeration systems shall be provided with an approved system for promptly and safely 
removing the ammonia refrigerant in the event of an emergency. Such emergency systems 
shall discharge into an approved water storage tank, water basin or diffuser having a 
capacity of 2 gallons of water for each pound of ammonia.

Presenter
Presentation Notes
A nature segue from the Emergency Control Box is the Diffusion Tank. 

In the 70’s we begin to see the first language setting the foundation for later diffusion tank requirements.

The 1971 version of the UFC, in the section detailing “ammonia diffusion” requirements (e.g. emergency control boxes) allows for both atmospheric diffusion or the discharge of ammonia into a “tank of fresh water.” 

When discussing the Emergency Control Box, I noted that the 1982 publication of the UFC was the first edition to use the language of discharging the ammonia in the event of an emergency. It is also interesting to note that this was the first publication to no longer allow an option of atmospheric diffusion but rather required the emergency discharge be into an “approved water storage tank, water basin or diffuser having a capacity of 2 gallons of water for each pound of ammonia.” 



Diffusion Tanks

1994 UMC §1119 Ammonia Discharge
Ammonia systems shall be provided with an emergency discharge into a tank of 
water provided exclusively for ammonia absorption. At least 1 gallon (379 mL) of 
fresh water shall be provided for each pound (454 g) of ammonia in the system.

1994 UFC §6308.1.1
Refrigeration systems which are designed to discharge refrigerant vapor to 
atmosphere shall be provided with an approved treatment or flaring system…. 
ECEPTIONS: Ammonia systems complying with Section 6309.

1994 UFC §6309 Ammonia Discharge
Ammonia systems shall be provided with an emergency discharge into a tank of 
water provided exclusively for ammonia absorption. At least 1 gallon (3.79 L) of 
fresh water shall be provided for each pound of ammonia in the system.

Presenter
Presentation Notes
Fast forward to the 90s and in the 1994 Uniform Mechanical Code the language for emergency control boxes evolved into specifically requiring a Diffusion (or Adsorption) Tank.
�Following earlier editions of the fire code, the requirement for both the UMC and UFC was for the water tank to hold at least 1 gallon of water for every pound of ammonia, making these Diffusion Tanks quite large. 



Diffusion Tanks

2000 IFC §606.11 Refrigerant Discharge
Refrigeration system containing more than 6.6 pounds of flammable, toxic or highly 
toxic refrigerants shall be provided with an approved discharge system as required 
by… 606.11.3 [Ammonia Refrigerant]. Systems containing ammonia refrigerant 
shall discharge vapor to the atmosphere through a flaring system… through an 
approved ammonia diffusion system… or by other approved means.

2000 IFC §606.11.6 Ammonia Diffusion System
Ammonia diffusion systems shall include a tank containing 1 gallon of water for 
each pound of ammonia that will be released in 1 hour from the largest relief device 
connected to the discharge pipe.

Presenter
Presentation Notes
For states which adopted the codes developed and published by the International Code Council (ICC), the International Fire Code modified the capacity requirement in the 2000 publication of the IFC to “At least one (1) gallon (3.785 L) of fresh water… for each pound (454 g) of ammonia that will be released in one (1) hour from the largest relief device connected to the discharge pipe.”

Note: The IFC allowed for atmospheric diffusion or into a diffusion tank.



Diffusion Tanks

2003 NFPA 1 §53.9 Ammonia Diffusion Systems. 
Ammonia diffusion systems shall include a tank containing 1 gal of water for each 
pound of ammonia that will be released in 1 hour from the largest relief device 
connected to the discharge pipe.

2009 UMC §1120.0 Ammonia Discharge.
Ammonia shall discharge into a tank of water that shall be used for no purpose 
except ammonia absorption. At least one (1) gallon (3.785 L) of fresh water shall be 
provided for each pound (454 g) of ammonia that will be released in one (1) hour 
from the largest relief device connected to the discharge pipe.

Presenter
Presentation Notes
In 2003, the National Fire Protection Association updated its fire prevention code, NFPA 1 (aka the Uniform Fire Code), to match the IFC of “1 gal of water for each pound of ammonia that will be released in 1 hour from the largest relief device connected to the discharge pipe.” 

The UMC followed suite three editions later in 2009.



Diffusion Tanks Today – Mechanical Codes

2018 IMC §1105.8 Ammonia Discharge.
Pressure relief valves for ammonia systems shall discharge in accordance with ASHRAE 15.

2018 UMC §1102.2 Ammonia Refrigeration Systems Refrigeration systems using ammonia 
as the refrigerant shall comply with IIAR 2, IIAR 3, IIAR 4 and IIAR 5 and shall not be required 
to comply with this chapter. 

Presenter
Presentation Notes
In the present day, the two major mechanical codes adopted across the United States default to the standard writing organizations which specialize in refrigeration. In regards to the application of ammonia discharge and relief valve termination, the International Mechanical Code refers to ASHRAE 15 for ammonia discharge, while the Uniform Mechanical Code states that ammonia systems need to comply with IIAR 2 for installation. 

Note: there are of course states which write their own mechanical codes. California is an example, but their code is a derivative of the UMC and closely resembles the UMC, in many cases, verbatim.



Diffusion Tanks Today – Refrigeration Industry Groups

ANSI/IIAR 2-2014 §15.5.1 Atmospheric Discharge.
Pressure relief devices shall discharge vapor directly to the atmosphere outdoors in 
accordance with this section. EXCEPTION: In lieu of relieving directly to atmosphere, 
the following methods of discharging ammonia from pressure relief devices shall be 
permitted where approved by the AHJ: (1) Discharge through a treatment system. (2) 
Discharge through a flaring system (3) Discharge through a water diffusion system. 
(4) Discharge using other approved means

ANSI/ASHRAE 15-2016 §9.7.8.4.2 Ammonia (R-717).
Pressure relief valves serving systems using ammonia as a refrigerant shall 
discharge in accordance with one of the following: (a) To atmosphere (b) Internally 
(c)To a treatment system approved by the authority having jurisdiction

Presenter
Presentation Notes
Both standard writing organizations which specialize in refrigeration (IIAR and ASHRAE) approve of water diffusion systems for ammonia discharge, both endorse atmospheric discharge for ammonia. 



Diffusion Tanks Today – Fire Codes

2018 NFPA 1 §53.2.2.1 Required Systems.
Unless the AHJ determines, upon review of an engineering analysis prepared at the expense of 
the owner, that a significant fire, health, or environmental hazard would not result from an 
atmospheric release, refrigeration systems that are designed to discharge refrigerant vapor to 
the atmosphere shall be provided with an approved treatment, flaring, or diffusion system….

2018 NFPA 1 §53.2.2.1.3 Ammonia Refrigerant.
Systems containing ammonia refrigerant shall discharge vapor to the atmosphere through a 
treatment system in accordance with 53.2.2.1, through a flaring system in accordance with 
53.2.2.2, through an approved ammonia diffusion system in accordance with
53.2.2.3, or by other approved means….

2018 NFPA 1 §53.2.2.3 Design of Ammonia Diffusion Systems.
Ammonia diffusion systems shall include a tank containing 1 gal of water for each pound of 
ammonia… that will be released in 1 hour from the largest relief device connected to the 
discharge pipe. 

Presenter
Presentation Notes
NFPA 1 requires a Diffusion Tank by default, unless the Authority Having Jurisdiction approves a different method of ammonia discharge.



Relief Valve Termination - Big Ideas

• Jurisdictional authority may require a facility to install a 
diffusion tank if there is reasonable precedent, or during years 
which specifically required them.

• Industry prioritizes atmospheric diffusion



AMMONIA DETECTION
The Most Confusing of them All

Presenter
Presentation Notes
Ammonia detection, above any other subject, may quite possibly be the most confusing and contradictory among the various RAGAGEP code and standard documents. 




Presenter
Presentation Notes
I recognize this slide is most likely difficult to read from the back rows. If you are interested to read all the details, the entire chart can be found in the published technical paper available to all attendees.

The first thing to notice is that requirements related to ammonia detection can be grouped into six (6) major categories:
Machinery Rooms
Alarms
Refrigerated Spaces
Ventilation Control
Emergency Shut Off
Testing

The second thing to notice on this chart are the various colors. 
Bright Green indicates a change in the strictest requirement that year, across all recognized code/standard documents
Pale Green indicates that a specific code or standard aligned with the strictest requirement that year
Yellow indicates that a specific code or standard had a requirement in that category, but it was less stringent
Red indicates that a specific code or standard did not have a requirement in that category that year.

As can be seen from the various colors on this chart, the requirements from different codes and standards have varied significantly over the years. While certain codes required certain things others did not. And when different codes required something within the same category, often they differed in the details. Additionally, in some cases a code would have a requirement in one publication, rescind it in the next version, and then the same requirement would show up again in a subsequent version.



Presenter
Presentation Notes
If we focus in on just IIAR, this slide shows the first four (4) categories.

Even here, we can see that numerous changes have occurred over the years of subsequent revisions as safer technology was developed.

Starting at the beginning, IIAR has required detection since the beginning of its ANSI approved publication in the 70s along with being interlocked with the machinery room ventilation system.

In 1999, IIAR notably changed the PPM setting for activating the ventilation to 1,000 ppm and “recommended” an “actuation level… less then 400 ppm” for the machinery room sensor. 

In 2010, (Addendum A of the 2008 publication) Audible and Visual alarms were required both inside and outside the machinery room. Furthermore, this version required two (2) separate sensors. The low concentration sensor would activate the alarms and normal ventilation at the Threshold Limit Value – Time Weighted Average (aka 25 PPM) while the high concentration alarm would activate emergency ventilation at 1000 ppm.

2014 saw the most significant changes which included requirements for monitoring refrigerated spaces, emergency ventilation being activated at 150 PPM.



Presenter
Presentation Notes
For the last two (2) categories, we see that in 2014 requirements for interlocking with automated shutdown of equipment in the machinery room was added.

Lastly, we should also note that regular testing of the ammonia detection has been required since the 70s. Since the 1999 revision, testing should be in accordance with the manufacturer’s recommendation.



Ammonia Detection & Ventilation

Presenter
Presentation Notes
Here is a visual of what the chart looks like in the technical paper.

This chart if from category four (4) – ventilation control.

I just want to point out a couple obvious variants
IIAR started it all in with the requirement to activate the machinery room ventilation at 40,000 ppm
In 1994 the UMC and NFPA1 lowered it to 150 ppm
In 2009 all the codes and standards (expect the IFC) aligned at 1,000 ppm
In 2010 IIAR lowered it to 25 PPM
In 2014 IIAR changed again to 150 ppm (which is ironically what the UMC and UFC was in 1994)
In the present, since the code documents refer to IIAR, 150 PPM is the final number.




Ammonia Detection – Big Ideas

• All refrigeration facilities should have ammonia detection in the 
machinery room and refrigerated spaces

• Detection systems should be tested according the 
manufacturer recommendations; at least annually where no 
recommendation exists.

• Initial alarm level should be set at 25 ppm for both the 
machinery room and refrigerated spaces.

• Detection systems should be interlocked with the machinery 
room ventilation system



Machinery Room 
Ventilation

ANSI/IIAR 2 1974-1978 §4.3
“The room shall be provided 
with an independent 
mechanical ventilation system 
actuated automatically by vapor 
detector(s)....”

Presenter
Presentation Notes
As was highlighted in the previous section, mechanical ventilation for ammonia machinery rooms has been part of IIAR 2 since its publication as an ANSI standard in the early 1970s. Unlike detection systems however, ventilation has also been part of the major code documents since the 1970s. 

For the purposes of this presentation, two RAGAGEP variants will be reviewed: 
Sizing of ventilation fans
types of fans.




Sizing Ventilation Fans

1970 Uniform Mechanical Code (UMC) §1508
“An exhaust system of ventilation arranged to provide a 
complete change of air in such a room at least once every five 
minutes and discharge to the outside air at a location not less 
than 20 feet from any exterior door, window or ventilation inlet 
in any building.”

Note: “once every 5 min.” = 12 air changes per hour

Presenter
Presentation Notes
One primary requirement regarding ventilation is the rate; said another way, how much air must the fan move in order to be compliance.

The Uniform Mechanical Code required a modest rate in its 1970 version of twelve (12) air change per hour.



Sizing Ventilation Fans

ANSI/ASHRAE 15-1989 § 10.13.6.2 
...The mechanical ventilation required to exhaust a potential 
accumulation of refrigerant due to leaks or a rupture of the system 
shall be capable of removing air from the machinery room in the 
following quantity:

Q = 100 x G0.5
where:

Q = the air flow in cubic feet per minute 
G = the mass of refrigerant in pounds in the largest system, any part of 

which is located in the machinery room

Presenter
Presentation Notes
In 1989, ASHRAE’s equation would become the standard for calculating emergency ventilation for over two decades.

This equation for emergency ventilation was adopted in the 1994 UMC and 2000 IMC



Sizing Ventilation Fans

ANSI/IIAR 2-2008 §13.3.9.1 Addendum A
Emergency mechanical ventilation systems shall be capable of 
providing at least one air change every two minutes, which is 30 
air changes per hour (30 ACH) based on the gross machinery 
room volume. 

Presenter
Presentation Notes
In 2010, IIAR changed the landscape once again by requiring 30 air changes per hour (ACH) as the new standard for sizing emergency ventilation fans. This new requirement would be adopted by both the International and Uniform Mechanical Codes in 2012 and as such remains the accepted standard for sizing emergency ventilation fans today in the ammonia industry ANSI/IIAR 2-2008 Addendum A §13.3.9.1



NOTE: �ANSI/IIAR 2-2014 §A6.14.7.1
The 30 air change requirement established by this section is based in part on a study documented in IIAR Technical Paper 5-2005, “Machinery Room Ventilation for Industrial Refrigeration Systems: A Rational Engineering Analysis,” which was followed by a full-scale release event at Ford Ord, California, in 2008. The release event replicated a complete break involving a 1/2 in. liquid pipe sourced at 90 psig. This and other information was reviewed by a special IIAR task group that accepted 30 air changes per hour as an appropriate prescriptive design basis for ammonia machinery room emergency ventilation. The 30 air changes per hour requirement was approved by ANSI in August 2010 as part of Addendum A to the 2008 edition of IIAR 2, and it has since been incorporated into model mechanical codes.
�It should be recognized that the 30 air changes per hour requirement is a prescriptive value intended to be adequate to limit the average room concentration of ammonia resulting from a plausible release event to 40,000 ppm. That value equates to 25% of the lower flammable limit for ammonia. The inclusion of this prescriptive value in IIAR 2 should not be regarded as precluding the option for a design engineer to calculate an alternative basis for machinery room ventilation based on an engineering analysis of a specific facility. Such alternatives are permitted by Section 1.3.2



Up or Down Blast?

Presenter
Presentation Notes
Another pertinent question regarding machinery room ventilation is the type of discharge.



Up or Down Blast?

IIAR Bulletin 111 §3.3.1 Fan 
Type

Published June 2002

“Consider specifying up-blast, 
high velocity discharge non-
sparking fans since they tend to 
be effective at dispersing 
ammonia exhaust vapors more 
effectively.”

Presenter
Presentation Notes
In 2002 IIAR published a guideline for Ammonia Machinery Room Ventilation which recommended consideration be given to “up-blast, high velocity” fans.



Up or Down Blast?

ANSI/IIAR 2-2008 
Addendum A §13.3.7.1 

Published August 2010

“All exhaust fans shall 
discharge up vertically with a 
minimum discharge velocity 
of 2500 FPM”

Presenter
Presentation Notes
This would become incorporated into IIAR’s standard for Design in 2010 as part of Addendum A to IIAR 2-2008.



Machinery Room Ventilation – Big Ideas

• All machinery rooms should have mechanical ventilation
• Documentation should describe what the ventilation system is 

capable of and what codes were used to design / select the fan.



LABELING

Yellow vs Orange

Presenter
Presentation Notes
There is a fair amount to say about labeling ammonia systems in general,  but since the focus of the presentation is on RAGAGEP variants, we will limit our discussion to pipe labeling. Feel free however, to submit a question about other areas of labeling.



Pipe Labeling

• “AMMONIA”
• Physical state of ammonia
• Relative pressure (high or low)
• Pipe service (HPL, CD, HSS)
• Direction of flow

Presenter
Presentation Notes
Notice that the IIAR standard does not indicate what the background color of the label should be.





IIAR STANDARD 9

An Important Contribution

Presenter
Presentation Notes
It is obvious from this short study that RAGAGEP requirements have changed throughout history. Because there is legal precedent in the Process Safety Management regulation to document an ammonia system has been designed (as well as operated and maintained) in accordance with recognized and accepted practices, the implication is that if codes and standards used at a facility are not clearly documented, that facility may be required by regulatory enforcement to upgrade their system (or parts thereof) to the newest codes and standards.

As an example, if an expansion project designed and completed in 1999 included a new machinery room, the emergency ventilation fan could acceptably have been a down-blast type. If, however, this facility did not document the fan was designed and installed in accordance with the governing codes and standards of the time e.g. IIAR 2-1984 and 1997 UMC (neither of which required emergency ventilation fans to be of the up-blast type), an OSHA compliance officer performing an inspection in 2019 could theoretically require the facility to upgrade its fan to meet today’s codes and standards.

This example highlights two important realities: (1) most facilities should have multiple RAGAGEP documents from different years which apply to their process, depending on the years of initial design and installation and subsequent modifications. (2) most facilities have not kept meticulous records of these historically applicable RAGAGEP documents and therefore may be liable to regulatory enforcement. 

This reality highlights the importance of the IIAR’s forthcoming standard 9, which when published will set minimum requirements for existing ammonia refrigeration facilities. The implication is that if a facility is unsure which codes and standards were used and adhered to in its original design and installation, or subsequent modifications, they will soon be able to use IIAR standard 9 to document their refrigeration system has been designed in accordance with recognized and generally accepted good engineering practices.  



QUESTIONS?

Uriah Donaldson
Resource Compliance
www.resourcecompliance.com
(559) 426-0072
udonaldson@resourcecompliance.com

http://www.resourcecompliance.com/
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