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Table 1  Drawings Used in the Analysis 

Type Number Title Revision Revision Date Document Location 

Procedure MC-SA-105-SOP002-V01 Emergency Shutdown Procedures V-01   

Procedure MC-SA-105-SOP003-V01 Disconnecting the Oxygen and Nitrogen 
Cylinders 

V-01   

Procedure MC-SA-105-SOP004-V01 Ozone System General Safety Procedures V-01   

Procedure MC-SA-105-SOP005-V01 Setting Needle Valves for the Ozone 
System 

V-01   

Procedure MC-SA-106-SOP001-V01 Ozone System Startup and shutdown 
Procedure 

V-01   

Drawing P&ID H1 Series Ozone Analyzer  -  6/20/2008  

Drawing P&ID Ozonia Ozat Model CFS-1A Ozone 
Generator 

 -  6/20/2008  

Drawing PFD/P&ID Ozone Design system 1 6/9/2008  
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Table 2  Team Members 

First Name Last Name Role E-Mail Phone Job Title Company 

Bharat Aluri  Baluri@iit.edu  Student NCFST 

Kerri Cooper Operator kcooper4@iit.edu 803-669-3727 Student NCFST 

Todd Diel  diel@iit.edu 703-563-8190 Safety Officer NCFST 

Steven Fisher  Ozone Operations 
Expert 

Steven.Fisher@AirLi
quide.com 

(708) 579-7709 Project Engineer AL Consultant 

Vishwesh Kelkar  vkelkar@iit.edu  Student NCFST 

Vasuhi Rasanayagam AL Project Leader vasuhi.rasanayagam
@airliquide.com 

302-286-5439 Scientist American Air Liquide 
- DRTC 

Ted Rekart RMR/HAZOP Leader Theodore.Rekart@ai
rliquide.com 

302-286-5514 Safety Officer American Air Liquide 
- DRTC 

Claudia Rodriguez Co-PI rodriguez@iit.edu 708-563-2052 Scientist NCFST 

Peter Slade PI slade@it.edu 708-563-8172 Director of 
Education & 
Outreach 

NCFST 

Ed Steiner Lead Engineer steiner@iit.edu 708-563-8273 Director of Facilities 
& Pilot Plant 

NCFST 

Lei Wang Operator Lwang59@iit.edu  Student  
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Table 3  Action Items 

Type No. Action Status Responsibility Date Complete References 

Recommendation 1 Add relief valve between 
NV1 and BV1 to outside 
building 

Completed Cooper/Slade 6/12/2008 1.1  High Oxygen Flow 
— Ozone Generator & 
Oxygen supply 

1.4  High ozone 
generator temperature 
— Ozone Generator & 
Oxygen supply 

Recommendation 2 Ensure standard 
operating procedure sets 
secondary side of 
regaulator to zero before 
opening oxygen valve. 

Completed Kerri Cooper, Lei Wang 6/17/2008 1.1  High Oxygen Flow 
— Ozone Generator & 
Oxygen supply 

1.2  Low oxygen flow — 
Ozone Generator & 
Oxygen supply 

Recommendation 3 Verify standard operating 
procedure precaition on 
adequate oxygen supply 
before startup 

Completed Cooper/Wang 6/17/2008 1.2  Low oxygen flow — 
Ozone Generator & 
Oxygen supply 

Recommendation 4 Ensure standard 
operating procedure 
addresses venting and 
purging the buffer tank 
when experiment is 
completed and before 
any maintenance. 

Completed Coopr/Wang 6/10/2008 1.3  Reverse oxygen flow 
— Ozone Generator & 
Oxygen supply 

Recommendation 5 Add flow meter to 
cooling water flow to 
ozone generator and 
verify that the standard 
operating procedure 
addresses verifying 
cooling water flow prior 
to ozone generator 
startup 

Completed Coopr/wang 6/10/2008 1.4  High ozone 
generator temperature 
— Ozone Generator & 
Oxygen supply 

Recommendation 6 Verify standard operating 
procedure valve 
alignments  

Completed Cooper/Wang 6/10/2008 1.6  High ozone pressure 
at Generator Outlet 
 — Ozone Generator & 
Oxygen supply 

Recommendation 7 Verify standard operating 
procedure addresses 
nitrogen purging of 
anaerobic reaction tank 
with BV4 closed prior to 
inserting samples 

Completed Cooper/wang 6/10/2008 2.4  Misdirected ozone 
flow — Ozone 
Humidification Line 

Recommendation 8 Outlet routinely checked 
for ambient ozone 
concentration 

Completed Cooper/wang 6/10/2008 3.1  High ozone 
concentration exiting 
column — MnO2 Ozone 
Destruction Column 

Recommendation 9 Add MnO2 Destruct 
column thermocouple, 
determine operating 
limits and standard 
operating procedure 
response 

Completed Cooper/wang 6/10/2008 3.3  High destruct 
column temperature — 
MnO2 Ozone Destruction 
Column 

Recommendation 10 Ensure standard 
operating procedure sets 
flow to ozone analyzer to 
recommended flow 
setting 

Completed Cooper/Wang 6/17/2008 4.1  High ozone flow — 
Ozone Analyzer 
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Type No. Action Status Responsibility Date Complete References 

Recommendation 11 Add internal process flow 
diagram for ozone 
analyzer 

Completed Cooper/Wang 6/19/2008 4.8  Low ozone pressure 
— Ozone Analyzer 

Recommendation 12 Add internal process flow 
diagram for ozone 
generator 

Completed Cooper Wang 6/13/2008 1.1  High Oxygen Flow 
— Ozone Generator & 
Oxygen supply 

Recommendation 13 Standard operating 
procedure should contain 
steps to verify nitrogen 
flow 

Completed Cooper/wang 6/13/2008 5.2  Low/no nitrogen 
flow — Nitrogen supply  

Recommendation 14 Add check valve at exit 
of ozone generator  
before BV7 & BV2 

Completed Cooper/Steiner 6/10/2008 5.4  Misdirected nitrogen 
flow — Nitrogen supply  

Recommendation 15 Add to standard 
operating procedure 
procedure to calculate 
scrubber capacity and 
monitor ozone effluent 
gas stream accordingly 

Completed Cooper/Wang 6/17/2008 6.1  High ozone 
concentration exiting KI 
destruction tank — 
Anaerobic Reaction Tank 

Recommendation 16 Evaluate hood set up 
and install velocimeter 

Completed Cooper/Steiner 6/16/2008 7.1  High flow — Fume 
Hood 

Recommendation 17 Standard operating 
procedure needs to have 
emegency response to 
turn off all gas supplies 

Completed Cooper/Wang 6/16/2008 7.2  Low/no flow — 
Fume Hood 

Recommendation 18 Verify nitrogen supply 
and room flooding 
calculations 

Completed Cooper/Steiner 6/17/2008 7.2  Low/no flow — 
Fume Hood 

Recommendation 19 Standard operating 
procedure and P&ID's 
need revised 

Completed Cooper/wang/Slade 6/18/2008  
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Table 4  List of Sections 

No. Type Name Description Status Drawings 

1 Line/Pipe Ozone Generator & Oxygen supply Oxygen Cylinder, supply tubing and components 
including Ozone Generator 

 PFD/P&ID 

2 Line/Pipe Ozone Humidification Line Line from Ozone Generator to the inlet of the Anaerobic 
Reaction Tank, including the Buffer Tank, Humidification 
tank and Excess Water Tank 

 PFD/P&ID 

3 Tank/Vessel MnO2 Ozone Destruction Column Ozone destruction column (MnO2) and bypass lines to 
the column and valves BV2 & BV3 

 PFD/P&ID 

4 Other Ozone Analyzer In-line Ozone Analyzer including valve NV2  PFD/P&ID 

5 Line/Pipe Nitrogen supply  Purge Nitrogen supplies  for the anaerobic reaction tank 
and the ozone buffer tank through humidification train 
to the anaerobic reaction tank 

 PFD/P&ID 

6 Tank/Vessel Anaerobic Reaction Tank Anaerobic reaction tank and KI destruction tank  PFD/P&ID 

7 Other Fume Hood Fume hood containing experimental setup   
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Table 5  for use in PHA Risk Matrix Used in Analysis 

 

0 
No bodily injury, no 

damage to 
environment, no 

damage to eqiupment 
or production. 

1 
Minor injury, 

moderate damage 
with no durable effect 
on environment, or 
damage to small and 

medium-sized 
eqiupment, or a brief 
loss of production 
(several hours) 

2 
Serious injury, 

serious damage to 
environment but may 

be corrected, or 
damage to large 

equipment or lost of 
production (several 

days) 

3 
Potential victim, 

serious and durable 
damage to 

environment, or 
damage to very large 
items of equipment 
or extended loss of 
production (several 
weeks to months) 

4 
Major accident with 
potentiality of several 
victims, ecological 
catastrophe or 

massive destruction 
of facilities or total 
lost of production 

(permanent 
shutdown) 

4 
Frequent 

Event occur more 
than once every 10 

years. 

04 
Low risk 

14 
Studies to minimize 

risk must be 
conducted 

24 
Unacceptable risk 

34 
Unacceptable risk 

44 
Unacceptable risk 

3 
Possible 

Event occurs between 
every 10 to 1000 

years 

03 
Low risk 

13 
Low risk 

23 
Studies to minimize 

risk must be 
conducted 

33 
Unacceptable risk 

43 
Unacceptable risk 

2 
Rare 

Has happended to 
structures, static 
equipment, or 

redundant equipment 

02 
Low risk 

12 
Low risk 

22 
Low risk 

32 
Studies to minimize 

risk must be 
conductied 

42 
Unacceptable risk 

1 
Very rare 

The event requires 
the occurrence of two 

rare events 

01 
Low risk 

11 
Low risk 

21 
Low risk 

31 
Low risk 

41 
Studies to minimize 

risk must be 
conducted 

0 
Improbable 

The event has never 
occurred 

00 
Low risk 

10 
Low risk 

20 
Low risk 

30 
Low risk 

40 
Low risk 
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 1 Oxygen Cylinder, supply tubing and components including Ozone Generator 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

1.1 High Oxygen Flow Oxygen pressure regulator failure 

Valve misalignmemt 

Loss of containment 2 3 23 2 22 Oxygen regulator 

Needle valve 

Hood & Ventilation 

   Potential for internal damage to in-
line component 

2 3 23 2 22  

   High ozone pressure at Generator 
Outlet 
 (see 1.6) 

2 3 23 2 22  

   High ozone flow - Ozone 
Humidification Line (see 2.1) 

      

   High ozone pressure - Anaerobic 
Reaction Tank (see 6.5) 

      

1.2 Low oxygen flow Closed valve 

High pressure downstream 

Low pressure upstream 

Oxygen supply depletion 

High temp in Ozone generator 1 4 14 3 13 Automatic high temp 
shutdown of ozone 
generator 

   High ozone generator temperature 
(see 1.4) 

      

   Low ozone pressure at generator 
outlet (see 1.7) 

      

   Low/no ozone flow - Ozone 
Humidification Line (see 2.2) 

      

   Low/no ozone flow - Ozone Analyzer 
(see 4.2) 

      

1.3 Reverse oxygen flow  Line Pressurized 0 4 04 4 04  

1.4 High ozone generator temperature High ambient temperature 

Loss of cooling water 

No oxygen flow (see 1.2) 

High temperature in ozone generator 1 4 14 3 13 Automatic high temp 
shutdown of ozone 
generator 

   Low ozone pressure at generator       
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No.: 1 Oxygen Cylinder, supply tubing and components including Ozone Generator 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

outlet (see 1.7) 

1.5 Low ozone generator temperature Low cooling water temperature Condensation of water causing 
electrical arcing  

2 2 22 2 22 Only tap water used for 
cooling 

1.6 High ozone pressure at Generator 
Outlet 
 

High Oxygen Flow (see 1.1)        

  Valve misalignment        

1.7 Low ozone pressure at generator 
outlet 

Low oxygen flow (see 1.2)        

  High ozone generator temperature 
(see 1.4) 
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 2 Line from Ozone Generator to the inlet of the Anaerobic Reaction Tank, including the Buffer Tank, Humidification tank and Excess Water Tank 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

2.1 High ozone flow humidity tank  and excess water 
release tank glass stoppers loose 

High Oxygen Flow - Ozone Generator 
& Oxygen supply (see 1.1) 

system depressurization 0 3 03 3 03 Experiment is in a ventilated 
hood 

   release of ozone 2 3 23 2 22  

   High ozone pressure (see 2.5)       

   High gas flow - Anaerobic Reaction 
Tank (see 6.7) 

      

2.2 Low/no ozone flow Valve misalignment 

Low oxygen flow - Ozone Generator & 
Oxygen supply (see 1.2) 

Loss of production and efficiency 1 2 12 1 11 Trained personnel & 
standard operating 
procedure 

   Low/no ozone flow - Ozone Analyzer 
(see 4.2) 

      

   Low/no gas flow - Anaerobic Reaction 
Tank (see 6.8) 

      

2.3 Reverse ozone flow Humidity tank and excess water 
release tank glass stoppers loose  

system depressurization 0 3 03 3 03 Hood and ventilation 

Isolation valve BV4 

   release of ozone 2 3 23 2 22  

2.4 Misdirected ozone flow valve misalignment No safety consequences       

2.5 High ozone pressure High ozone flow (see 2.1) 

High destruct column pressure - 
MnO2 Ozone Destruction Column (see 
3.5) 

High ozone pressure - Anaerobic 
Reaction Tank (see 6.5) 

Buffer tank relief valve releases ozone 2 3 23 2 22 Hood and ventilation 

   High gas flow - Anaerobic Reaction 
Tank (see 6.7) 

      

2.6 Low ozone pressure Low ambient temperature 

Low temperature upstream 

No additional safety related 
consequences 
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No.: 2 Line from Ozone Generator to the inlet of the Anaerobic Reaction Tank, including the Buffer Tank, Humidification tank and Excess Water Tank 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

Low ozone pressure at generator 
outlet - Ozone Generator & Oxygen 
supply (see 1.7) 

   Low/no gas flow - Anaerobic Reaction 
Tank (see 6.8) 
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 3 Ozone destruction column (MnO2) and bypass lines to the column and valves BV2 & BV3 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

3.1 High ozone concentration exiting 
column 

Wet column causing channelling 

Water/water vapor in column (see 
3.7) 

Reduced ozone destruction 2 2 22 1 21 Check valve CV1 prevents 
wet gas backflowing to 
destruction column 

Dry gas feed used for ozone 
generation 

   Water/water vapor in column (see 
3.7) 

      

3.2 Low ozone concentration No safety related issues        

3.3 High destruct column temperature Normal operating situation as ozone 
destruction is exothermic 

Fire and burn hazard 2 3 23 2 22 Themocouple on column exit 
gas to monitor temperature 

3.4 Low column temperature No safety related consequences Freezing of water       

   Low pressure       

3.5 High destruct column pressure Column inlet or exit screens plugged 

Water/water vapor in column (see 
3.7) 

High ozone pressure - Ozone 
Humidification Line (see 2.5) 

      

3.6 Low column pressure No safety related consequences        

3.7 Water/water vapor in column High ozone concentration exiting 
column (see 3.1) 

High ozone concentration exiting 
column (see 3.1) 

      

   High destruct column pressure (see 
3.5) 
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 4 In-line Ozone Analyzer including valve NV2 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

4.1 High ozone flow Valve misalignment 

High ozone pressure (see 4.7) 

Inaccurate ozone analyzer readings 0 4 04 3 03 Trained Operator & SOP 

   overpressure of ozone analyze with 
possible ozone release 

2 2 22 1 21  

   High ozone pressure (see 4.7)       

4.2 Low/no ozone flow Valve misalignment No safety related consequences       

  Low oxygen flow - Ozone Generator & 
Oxygen supply (see 1.2) 

       

  Low/no ozone flow - Ozone 
Humidification Line (see 2.2) 

       

4.3 Reverse ozone flow Valve misalignment No safety related consequence       

4.4 Misdirected ozone  flow No credible cause        

4.5 High ozone temperature No credible causes not already 
analyzed 

       

4.6 Low ozone  temperature No credible cause        

4.7 High ozone pressure High ozone flow (see 4.1) High ozone flow (see 4.1)       

4.8 Low ozone pressure No credible safety cause        
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 5 Purge Nitrogen supplies  for the anaerobic reaction tank and the ozone buffer tank through humidification train to the anaerobic reaction tank 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

5.1 High nitrogen flow Valve misalignment (pressure 
regulator second stage set two high 

High gas flow - Anaerobic Reaction 
Tank (see 6.7) 

lift relief in anaerobic reaction tank 
with possible ozone  release 

2 3 23 2 22 Hood and ventilation 

Training & standard 
operating procedure 

   High nitrogen pressure (see 5.7)       

   High gas flow - Anaerobic Reaction 
Tank (see 6.7) 

      

   Low/no gas flow - Anaerobic Reaction 
Tank (see 6.8) 

      

5.2 Low/no nitrogen flow Valve misalignment or regulator 
secondary stage not set properly 

Empty supply cylinder 

Low nitrogen pressure (see 5.8) 

Low/no gas flow - Anaerobic Reaction 
Tank (see 6.8) 

Partial or no purge of ozone with 
potential ozone release 

2 3 23 2 22 Hood and ventilation 

   Low nitrogen pressure (see 5.8)       

   Low/no gas flow - Anaerobic Reaction 
Tank (see 6.8) 

      

5.3 Reverse nitrogen flow No credible cause        

5.4 Misdirected nitrogen flow Operator error -- valve misalignment Nitrogen backflow in to the ozone 
generator  

1 3 13 2 12 Trained Operator & standard 
operating procedure 

Valve to be added to outlet 
of ozone generator 

5.5 High nitrogen temperature No credible cause        

5.6 Low nitrogen temperature No credible cause        

5.7 High nitrogen pressure High nitrogen flow (see 5.1) Potential ozone release through the 
relief valve on buffer tank  

2 3 23 2 22 Hood and ventilation 

   Potential ozone release through the 
relief valve on anaerobic reaction tank   

2 3 23 2 22  
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No.: 5 Purge Nitrogen supplies  for the anaerobic reaction tank and the ozone buffer tank through humidification train to the anaerobic reaction tank 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

   Lifting of glass stopper on humidity 
tank and excess water relaease tank 
releasing ozone 

2 3 23 2 22  

   High gas flow - Anaerobic Reaction 
Tank (see 6.7) 

      

5.8 Low nitrogen pressure Low/no nitrogen flow (see 5.2) Low/no nitrogen flow (see 5.2)       

5.9 Loss of Nitrogen containment Cylinder or cylinder valve failure Oxygen deficient atmosphere 3 2 32 1 31 Ambient oxygen monitor 
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 6 Anaerobic reaction tank and KI destruction tank 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

6.1 High ozone concentration exiting KI 
destruction tank 

Depleted KI ozone release 2 3 23 2 22 Hood and ventilation 

Ambient ozone analyzer 

Nitrogen flooding calculation 
shows 17% oxygen is 
possible in static room from 
one cylinder of nitrogen 

6.2 Low ozone concentration Valve misalignment No significant safety consequences       

6.3 High ozone temperature No credible cause no significant safety consequences       

6.4 Misdirected ozone flow Standard operating procedure not 
followed with nitrogen tank changeout 
not in proper sequence 

Ozone release 2 3 23 2 22 Standard operating 
procedure to purge 
anaerobic reaction tank with 
BV4 closed 

Ventilation system and hood 

6.5 High ozone pressure High Oxygen Flow - Ozone Generator 
& Oxygen supply (see 1.1) 

Potential release through the relief 
valve 

2 3 23 2 22 Hood & ventilation 

   High ozone pressure - Ozone 
Humidification Line (see 2.5) 

      

6.6 Low ozone pressure No credible safety related issues        

6.7 High gas flow High nitrogen flow - Nitrogen supply  
(see 5.1) 

High nitrogen pressure - Nitrogen 
supply  (see 5.7) 

High ozone flow - Ozone 
Humidification Line (see 2.1) 

High ozone pressure - Ozone 
Humidification Line (see 2.5) 

High nitrogen flow - Nitrogen supply  
(see 5.1) 

      

6.8 Low/no gas flow Low/no nitrogen flow - Nitrogen 
supply  (see 5.2) 

High nitrogen flow - Nitrogen supply  
(see 5.1) 

Low/no ozone flow - Ozone 

Low/no nitrogen flow - Nitrogen 
supply  (see 5.2) 
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No.: 6 Anaerobic reaction tank and KI destruction tank 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

Humidification Line (see 2.2) 

Low ozone pressure - Ozone 
Humidification Line (see 2.6) 
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Company: DRTC-NCFST Plant:  Site:  Unit: Ozone Delivery System System:  

Team Members: Kerri Cooper (Operator), Todd Diel (), Steven Fisher ( Ozone Operations Expert), Vasuhi Rasanayagam (AL Project Leader), Ted Rekart (RMR/HAZOP Leader), Claudia Rodriguez 
(Co-PI), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator) 

 

No.: 7 Fume hood containing experimental setup 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

7.1 High flow Improper setup of hood openings Backlfow and eddy currents into the 
room 

2 3 23 2 22 Trained Operator and SOP 

7.2 Low/no flow Power failure Potential ozone exposure to the 
occupants of the room 

2 3 23 2 22 Ozone destruction tank 
MnO2 

Ozone destruction tank KI 

Ambient oxygen monitor 

   High oxygen exposure to room 
occupants 

2 3 23 2 22  

   nitrogen flooding of work space 3 3 33 1 31  

  Operator error, not turning in the 
hood blower 

Potential ozone exposure to the 
occupants of the room 

2 3 23 2 22 Ozone destruction tank 
MnO2 

Ozone destruction tank KI 

  Mechanical failure of hood blower Potential ozone exposure to the 
occupants of the room 

2 3 23 2 22 Ozone destruction tank 
MnO2 

Ozone destruction tank KI 

Ambient oxygen monitor 

Hood velocimeter 

Limited nitrogen supply 
relative to room volume 

   High oxygen exposure to room 
occupants 

2 3 23 2 22  

   nitrogen flooding of work space 3 3 33 1 31  

  Operator error, PVC curtain 
misplacement 

Potential ozone exposure to the 
occupants of the room 

2 3 23 2 22 Ozone destruction tank 
MnO2 

Ozone destruction tank KI 

Ambient oxygen monitor 

Hood velocimeter 

Limited nitrogen supply 
relative to room volume 
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No.: 7 Fume hood containing experimental setup 

Item Deviation Causes Consequences S UL UR ML MR Safeguards 

   High oxygen exposure to room 
occupants 

2 3 23 2 22  

   nitrogen flooding of work space 3 3 33 1 31  

7.3 Reverse flow No credible cause        

7.4 High temperature No credible cause        

7.5 Low temperature No credible cause        
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