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Providing Solutions. Simplifying Regulation.

• ANSI/IIAR 2 Standard for Safe Design of Closed-Circuit Ammonia 
Refrigeration Systems

1974-78 1984 1999 2008 2014

IIAR Standard 2

2021
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Frequencies

◦ D – Daily

◦ W – Weekly

◦ M – Monthly

◦ Q – Quarterly

◦ S – Semiannual

◦ A – Annual

◦ B - Biennial, 

◦ 3 - Three Years

◦ 5 - Five Years

◦ 10 - Ten Years

◦ WA - Where 
Applicable

◦ NA - Not Applicable

◦ NR - Not Required
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 IIAR Bulletin No. 110 §6.4.2 [emphasis mine]:
 The system should be checked regularly for the presence of non-

condensable gases which should be purged as necessary from the 
receiver(s) and/or condenser(s), preferably into a noncondensable gas 
remover or purger but alternatively into water. Where an automatic 
purger is fitted, its correct operation should be monitored. If there is a 
large accumulation of noncondensable gases the reason should be 
investigated and the cause should be corrected.

24th California Unified Program
Annual Training Conference

March 22, 23, 24, 29, 30, 31 - 2022



• 2021 IFC §608.1.2 Ammonia refrigeration. 
Refrigeration systems using ammonia refrigerant and the 
buildings in which such systems are installed shall comply 
with IIAR 2 for system design; IIAR 6 for inspection, testing 
and maintenance; and IIAR 7 for operating procedures. 
Decommissioning of ammonia refrigeration systems shall 
comply with IIAR 8, and engineering practices for existing 
ammonia refrigeration systems shall be in accordance with 
IIAR 9.

• 2021 NFPA 1 §53.1.3.2 Refrigeration systems using 
ammonia as the refrigerant shall comply with ANSI/IIAR 
2… ANSI/IIAR 6…ANSI/IIAR 7…and ANSI/IIAR 9



• 2021 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.

• 2021 IMC §1101.1.2 Ammonia refrigerant. 
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.



Providing Solutions. Simplifying Regulation.

ANSI/IIAR 2-2021
Standard for Design of Safe Closed-Circuit Ammonia Refrigeration Systems



Providing Solutions. Simplifying Regulation.

Overview
• Part 1 – General (Chapters 1-3)
• Part 2 – Design and Installation Considerations (Chapters 4-7)
• Part 3 – Equipment (Chapters 8-18)
• Part 4 – Appendices (Appendix A – Appendix R)



Providing Solutions. Simplifying Regulation.

Normative vs. Informative
Normative Informative
Parts 1-3 (Chapters 1-18) Part 4 (Appendices)

Prescriptive Descriptive

Required Supplemental

Shall Should

Must May

Will Could/Can



Providing Solutions. Simplifying Regulation.

Scope [§1.2]
• Stationary closed-circuit vapor compression and absorption refrigeration 

systems utilizing anhydrous ammonia as the refrigerant shall comply with 
this standard. This standard shall not apply to:
• 1. Replacement in-kind;
• 2. Equipment and systems and the buildings or facilities in which they are 

installed that existed prior to the legal effective date of this standard. Such 
equipment, systems, and building and facilities shall remain in accordance 
with the codes and standards that applied at the time of installation or 
construction and in accordance with IIAR 9.



Providing Solutions. Simplifying Regulation.

Alternative Materials and Methods [§1.3.2]
• Use of alternatives outside IIAR 2 are acceptable when approved and 

shown to be equivalent in quality, strength, effectiveness, durability, and 
safety.



Providing Solutions. Simplifying Regulation.

Chapter 4



Providing Solutions. Simplifying Regulation.

Permissible Equipment Locations [§4.2]











Providing Solutions. Simplifying Regulation.

Chapter 5



Providing Solutions. Simplifying Regulation.

System Design Pressure [§5.5]
Important Section – Referenced in most future chapters

General [§5.5.1]
•Allowance for Pressure-Limiting and Pressure-Relief Devices [5.5.1.1]
•Equipment Connected to a Pressure Vessel [5.5.1.2] 
•Piping Connected to a Pressure Vessel [5.5.1.3]
•Compressors Used as Boosters [5.5.1.4]
•Connecting to Existing Low-Pressure Equipment [5.5.1.5]



Providing Solutions. Simplifying Regulation.

Minimum Permissible Design Pressure [§5.5.3]
Examples

Location 1% Wet Bulb 1% Dry Bulb Minimum 
Design 
Pressure Low-
Side

Minimum 
Design 
Pressure 
High-Side 
(Water 
Cooled)

Minimum 
Design 
Pressure 
High-Side 
(Evap Cooled)

Minimum 
Design 
Pressure High 
Side (Air-
Cooled)

Fresno, CA 69.3 100.8 247 psig
250 psig

212 psig
250 psig

212 psig
250 psig

330 psig
300 psig

Yuma, AZ 72.8 108.8 282 psig
250 psig

228 psig
250 psig

228 psig
250 psig

375 psig
300 psig



Providing Solutions. Simplifying Regulation.

Materials [§5.7]
• Must be suitable at the temperature and pressure which the system will be 

subjected [§5.7.1.1]
• Must not deteriorate because of ammonia or oil [§5.7.1.2]
• Metallic materials must comply with ASME B31.5 or ASME B&PVC 

Section VIII [§5.7.2.1]
• Zinc, copper, and copper alloys must not be used [§5.7.2.2]
• Nonmetallic materials are permitted in accordance with §5.7.1, ASME 

B31.5 and ASME B&BVC Section VIII, Division 1 [§5.7.3]





Providing Solutions. Simplifying Regulation.

Materials [§5.7]



Providing Solutions. Simplifying Regulation.

Signage, Labels, and Pipe Marking [§5.14]
• System Signage
• NFPA 704 Placards
• Equipment Labels
• Emergency Shut-Off Valve Identification and Tagging
• Nameplates













Providing Solutions. Simplifying Regulation.

Eyewash/Safety Shower [§6.7]
• §6.7.1 Inside Machinery Room
• §6.7.2 Outside Machinery Room
• §6.7.3 Installation Standard



Providing Solutions. Simplifying Regulation.

Lighting [§6.11]
• §6.11.1 General. Machinery rooms shall be equipped 

with light fixtures delivering a minimum of 30 foot-
candles (320 lumens/m2) at the working level, 36 in. 
(0.91 m) above a floor or platform.

• §6.11.2 Light Control. A manual control for the 
illumination source shall be provided. Occupancy 
sensors shall be permitted as an additional control for 
lighting, but not in lieu of a manual control.



Providing Solutions. Simplifying Regulation.

Emergency Control Switches [§6.12]
• §6.12.1 Emergency Stop Switch. A clearly 

identified emergency shut-off switch shall be 
located outside and adjacent to the designated 
principal machinery room door. The switch shall 
provide off-only control of refrigerant compressors, 
refrigerant pumps, and normally closed automatic 
refrigerant valves that are not part of an 
emergency control system, located in the 
machinery room. The function of the switch shall 
be clearly marked by signage near the controls. 
The switch shall be readily operable and protected 
from inadvertent operation and require manual 
reset.



Providing Solutions. Simplifying Regulation.

Emergency Control Switches [§6.12]
• §6.12.2 Emergency Ventilation Control Switch. A clearly identified 

control switch for emergency ventilation that is not operated continuously 
shall be located outside the machinery room and adjacent to the 
designated principal machinery room door. The switch shall provide 
"ON/AUTO" override capability for emergency ventilation. The function of 
the switch shall be clearly marked by signage near the controls. The switch 
shall be readily operable.



Providing Solutions. Simplifying Regulation.

Ammonia Detection and Alarm [§6.13]
• §6.13.1 General. 

o 1. At least two detectors having 
identical sensing ranges.

o 2. Audible/visual alarms inside 
the room and outside each 
entrance to the room.



Providing Solutions. Simplifying Regulation.

Ammonia Detection and Alarm [§6.13]
• §6.13.2 Alarm Response

o 6.13.2.1 Detection of ammonia concentrations less 
than 25 ppm requires no alarm. 

o 6.13.2.2 *Detection of ammonia concentrations 
equal to or exceeding 25 ppm shall activate visual 
indicators and audible alarms as specified in 
Section 6.13.1. The visual indicator and audible 
alarm shall be permitted to automatically reset if the 
ammonia concentration drops below 25 ppm.
• A.6.13.2.2 Visual alarms can be provided by strobes or 

other distinctive visual signaling devices.



Providing Solutions. Simplifying Regulation.

Ammonia Detection and Alarm [§6.13]
• §6.13.2 Alarm Response

o 6.13.2.3 Detection of ammonia concentrations 
equal to or exceeding 150 ppm (1/2 IDLH) shall 
activate visual indicators and an audible alarm and 
shall activate emergency ventilation, where such is 
required in accordance with Section 6.14. 7. Once 
activated, emergency ventilation, and visual 
indicators shall continue to operate until manually 
reset by a switch located in the machinery room. 
Audible alarms shall continue to operate until they 
are manually reset by a switch located in the 
machinery room or alternatively in an area remote 
from the machinery room.



Providing Solutions. Simplifying Regulation.

Ammonia Detection and Alarm [§6.13]
• §6.13.2 Alarm Response

o 6.13.2.4 Detection of ammonia concentrations that exceed a detector's upper detection limit or 40,000 
ppm (25% LFL), whichever is lower, shall activate visual indicators and an audible alarm and shall activate 
emergency ventilation where such is required in accordance with Section 6.14. 7. If the detectors within 
the machinery room have more than one sensing range the detector with the highest range of detection 
capability is permitted to be used to activate this alarm response. Once activated, emergency ventilation, 
and visual indicators shall continue to operate until being manually reset by a switch located in the 
machinery room. Audible alarms shall continue to operate until they are manually reset by a switch located 
in the machinery room or alternatively in an area remote from the machinery room. In addition, the 
following equipment in the machinery room shall be automatically de-energized and shall remain de-
energized until being manually reset:
o 1. Refrigerant compressors.
o 2. Refrigerant pumps.
o 3. Normally closed automatic refrigerant valves that are not part of an emergency control system.



Providing Solutions. Simplifying Regulation.

Ventilation [§6.14]



Providing Solutions. Simplifying Regulation.

General [§7.2.10]
Eyewash/Safety Shower/Supplemental Drenching/Flushing. A 
permanent or portable means shall be provided for the provision of quick 
drenching or flushing of the eyes and body within or directly adjacent to the 
work area for immediate emergency use when maintenance occurs that 
involves the deliberate opening of an ammonia refrigeration system. Such 
means shall be indicated in the design documents, and shall comply with 
the  temperature, flow and duration specifications of ANSI/ISEA Z358. l.
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A • Cause: 
Insulation 
damage. 

• Effect: 
Corrosion of 
pipes/vessels 
under insulation. 

B • Cause: 
Condensation on 
the outer 
surface of 
indoor
insulation. 

• Effect: Slips, 
contaminated 
food/beverage, 
electrical shorts, 
corrosion, and 
mold/fungal 
growth. 

C • Cause: 
Condensation on 
the outer 
surface of 
outdoor
insulation (non-
rooftop). 

• Effect: Slips.

D • Cause: 
Saturated 
insulation or 
excessive ice 
buildup on or in 
the insulation.

• Effect: Weight 
changes 
adversely 
affecting the 
support 
structure.



Overview of 
ANSI/IIAR 6-

2019

Standard for Inspection, Testing, and 
Maintenance of Closed-Circuit 

Ammonia Refrigeration Systems

Presented by: Peter Thomas, P.E.
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Compliance 
Schedule [§4.1.3]
• An owner shall be in compliance with

this standard when it is adopted by the 
authority having jurisdiction (AHJ) or 
when it is adopted by the owner, 
whichever is first.



IIAR 6
Part 1 –
General

1 
–

Pu
rp

os
e,

 S
co

pe
, a

nd
 A

pp
lic

.

2 
–

D
ef

in
iti

on
s

3 
–

R
ef

er
en

ce
 S

ta
nd

ar
ds

4 
–

Pr
og

ra
m

 A
dm

in
ist

ra
tio

n

Part 2 – Program Requirement
5 

–
G

en
er

al

6 
–

C
om

pr
es

so
rs

7 
–

Pu
m

ps

8 
–

C
on

de
ns

er
s

9 
–

Ev
ap

or
at

or
s

10
 –

V
es

se
ls

11
 –

Pi
pi

ng
 

12
 –

Sa
fe

ty
 S

ys
te

m
s

13
 –

O
ve

rp
re

ss
ur

e 
Pr

ot
ec

tio
n 

D
ev

ic
es

14
 -

Pu
rg

er
s

15
 –

A
m

m
on

ia
 a

nd
 S

ec
on

da
ry

 C
oo

la
nt

s

Part 3 Appendices

A
 –

Ex
pl

an
at

or
y 

M
at

er
ia

l

B 
–

Sa
fe

ty
 C

he
ck

lis
ts

C
 –

W
at

er
 C

on
ta

m
in

at
io

n

D
 –

A
vo

id
in

g 
A

bn
or

m
al

 P
re

ss
ur

e/
Sh

oc
k

E 
–

R
isk

-B
as

ed
 IT

M

F 
-

R
ef

er
en

ce
s



IIAR Standard 6IIAR Bulletin No. 109



IIAR Bulletin No. 109 IIAR Standard 6



IIAR Bulletin No. 109 IIAR Standard 6







Period Calendar Basis Runtime Basis (hours)

Daily Occurring once per 24 hours. 24

Weekly Occurring once per calendar week. 168

Monthly Occurring once per calendar month. 730

Quarterly Occurring four times per year. The minimum period between ITM 
tasks is 2 months. The maximum is 4 months.

2,190

Semiannual Occurring twice per 12 consecutive months. The minimum period 
between ITM tasks is 4 months. The maximum is 8 months.

4,380

Annual Occurring once per year. The minimum period between ITM tasks is 
9 months. The maximum is 15 months.

8,760

Biennial (Two Years) Occurring once every other year. The minimum period between ITM 
tasks is 21 months. The maximum is 27 months.

17,520

Three Years Occurring once every 36 months. The minimum period between ITM 
tasks is 30 months. The maximum is 42 months.

26,280

Five Years Occurring once every 60 months. The minimum period between ITM 
tasks is 54 months. The maximum is 66 months.

43,800

Ten Years Occurring once every 120 months. The minimum period between 
ITM tasks is 108 months. The maximum is 132 months.

87,600
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ITM Task Description Frequency

Inspection Screw Recip Rotary Vane

a) Runtime hours WA-D WA-D WA-D

b) Suction pressure D D D

c) Discharge pressure D D D

d) Oil pressure D D D

e) Oil temperature D WA-D D

f) Discharge temperature D WA-D D

g) Verify oil levels are adequate D D D

h) Oil filter differential pressure D WA-D NA

i) Oil leaks D D D

j) Lubricator oil level and drip rate NA NA D

k) Jacket cooling oil level NA NA D

l) Determine shaft seal leak rate WA-W WA-W WA-W

m) Indicator of Compressor Capacity D WA-D WA-D

n) Motor amperage (current) D WA-D WA-D

o) Recorded Alarms and Shutdowns D WA-D WA-D

p) Free from abnormal sounds and 
excessive vibration

D D D

ITM Task Frequency

Inspection Screw Recip Rotary Vane

q) Drive guard in place D D D

r) Foundation solid, in place, and free 
from evidence of deterioration

A A A

s) Visually inspect mounting bolts are 
in place

A A A

t) Visually inspect metal surfaces for 
pitting or surface damage

A A A

u) Visually inspect coupling for wear A WA-A WA-A

v) Visually inspect starter connections 
and associated timers and relays

A A A

w) Operation of oil heaters A A A

x) Operation of unloader M M M

y) Visually inspect alignment of 
compressor-motor drive shaft

A A A

Testing Screw Recip Rotary Vane

Test safety shutdowns:

a) Low suction pressure cutout A A A

b) High discharge pressure cutout 
(HPCO)
See Section 6.1.1

A A A
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D D D

ITM Task Frequency

Inspection Screw Recip Rotary Vane

q) Drive guard in place D D D
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and associated timers and relays

A A A
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x) Operation of unloader M M M

y) Visually inspect alignment of 
compressor-motor drive shaft

A A A

Testing Screw Recip Rotary Vane

Test safety shutdowns:

a) Low suction pressure cutout A A A

b) High discharge pressure cutout 
(HPCO)
See Section 6.1.1
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DAILY 
INSPECTIONS

Record compressor 
runtime (hours)



DAILY 
INSPECTIONS

Record compressor 
suction pressure



DAILY INSPECTIONS
Record compressor discharge pressure



DAILY 
INSPECTIONS

Record compressor oil 
pressure



DAILY 
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Record compressor oil 
temperature



DAILY 
INSPECTIONS

Record compressor 
discharge temperature



DAILY INSPECTIONS
Record compressor oil filter differential pressure



DAILY 
INSPECTIONS

Record compressor motor 
amperage



DAILY 
INSPECTIONS

Record compressor alarms 
and shutdowns



DAILY 
INSPECTIONS

Verify oil levels are 
adequate



DAILY INSPECTIONS
Check for oil leaks



DAILY INSPECTIONS
Check lubricator oil level and drip rate



DAILY 
INSPECTIONS

Check compressor for 
unusual vibration



Type of Record Retention Duration

Daily Inspection Records Most current 12 months

Daily Testing Records Most current 12 months

Daily Maintenance Records Most current 12 months

Annual Inspection Records Most current 5 years

Annual Testing Records Most current 5 years

Annual Maintenance Records Most current 5 years

Five Year Inspection Records Two (2) most current

Five Year Testing Records Two (2) most current

Five Year Maintenance Records Two (2) most current

Ten Year Maintenance Records Two (2) most current



Type of Record Retention Duration

Engineering Design Documentation Life of the process

Pressure Vessel U-1, U-1A, U-3, UM Reports Equipment life

Log (Operator Transfer of Information) Most current 12 months

Secondary Coolant Records Most current 12 months

Ammonia Refrigerant Records Most current 5 years

Refrigeration Oil Records Most current 5 years

Lubrication Records Most current 5 years

Pressure Relief Valve (PRV) Records PRV life

Current System Records listed in Section 5.3.3 Life of the process

Instrument and Device Testing and Calibration Most current 5 years



Type of Record Retention Duration

Engineering Design Documentation Life of the process

Pressure Vessel U-1, U-1A, U-3, UM Reports Equipment life

Log (Operator Transfer of Information) Most current 12 months

Secondary Coolant Records Most current 12 months

Ammonia Refrigerant Records Most current 5 years

Refrigeration Oil Records Most current 5 years

Lubrication Records Most current 5 years

Pressure Relief Valve (PRV) Records PRV life

Current System Records listed in Section 5.3.3 Life of the process

Instrument and Device Testing and Calibration Most current 5 years
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Identify the 
reason for system 
decommissioning

Identify 
equipment to be 

abandoned in 
place or removed

Estimate amount 
of ammonia to be 
removed from the 

system



Identify the 
reason for system 
decommissioning

Identify 
equipment to be 

abandoned in 
place or removed

Estimate amount 
of ammonia to be 
removed from the 

system

Conduct 
MOC/PSSR (if 

applicable)

Identify method 
for documenting 
decommissioning 

activities



Identify the 
reason for system 
decommissioning

Identify 
equipment to be 

abandoned in 
place or removed

Estimate amount 
of ammonia to be 
removed from the 

system

Conduct 
MOC/PSSR (if 

applicable)

Identify method 
for documenting 
decommissioning 

activities

Identify involved 
personnel

Obtain necessary 
supporting 
documents



Identify the reason for 
system decommissioning

Identify equipment to be 
abandoned in place or 

removed

Estimate amount of 
ammonia to be removed 

from the system

Conduct MOC/PSSR (if 
applicable)

Identify method for 
documenting 

decommissioning 
activities

Identify involved 
personnel

Obtain necessary 
supporting documents

Evaluate and document 
the potential impacts on 

safety and health

Develop SOPs to 
following for 

decommissioning

Review the previous ITM 
tasks performed on 

applicable safety systems 
and transfer equipment



Identify the reason for 
system decommissioning

Identify equipment to be 
abandoned in place or 

removed

Estimate amount of 
ammonia to be removed 

from the system

Conduct MOC/PSSR (if 
applicable)

Identify method for 
documenting 

decommissioning 
activities

Identify involved 
personnel

Obtain necessary 
supporting documents

Evaluate and document 
the potential impacts on 

safety and health

Develop SOPs to 
following for 

decommissioning

Review the previous ITM 
tasks performed on 

applicable safety systems 
and transfer equipment

Perform training on the 
decommissioning, and 
maintain records of the 

training

Provide necessary 
personnel with an 

overview of the 
decommissioning 

activities.
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IIAR 2 was not written to 
force existing systems into 

extensive upgrades



IIAR 2 was not 
written to force 

existing systems into 
extensive upgrades



Existing systems have 
risks that could impact 

employees and the 
community at large

IIAR 2 was not written to 
force existing systems into 

extensive upgrades
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§8.1 General Minimum System Safety 
Evaluation Requirements

§8.2 Minimum System Safety 
Evaluation Methodology

§8.3 Minimum System Safety Evaluation 
Frequency
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§7.1 Location of Ammonia Refrigeration Equipment

§7.2 General System Safety Requirements

§7.3 General Machinery Room Requirements

§7.4 General Equipment Safety Requirements





Area of System Design Pressure

Low-pressure side 150 psig

High-pressure side (water-cooled) 250 psig

High-pressure side (evaporative-cooled) 250 psig

High-pressure side (air-cooled) 300 psig



































Any Questions?
Peter Thomas, P.E.

Resource Compliance
pthomas@resourcecompliance.com

559.994.0162

mailto:pthomas@resourcecompliance.com
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