BUSINESS CONFIDENTIAL

Project No. DRTC-2008-HAZOP-02

NCFST Ozone Delivery System

Leader: Ted Rekart
Scribe: Ted Rekart

Meeting Location: NCFST Moffet
Center, Chicago, IL

Meeting Days: 2

Unit: Ozone Delivery System

June 2008

Air Ligquide Ozone Delivery System for Destruction of Microorganisms. Collaborative effort
between Air Liquide DRTC and NCFST
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BUSINESS CONFIDENTIAL

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 V-01
Cylinders

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 V-01
System
Procedure | MC-SA-106-SOP001-V01 Ozone System Startup and shutdown V-01
Procedure
Drawing P&ID H1 Series Ozone Analyzer - 6/20/2008
Drawing P&ID Ozonia Ozat Model CFS-1A Ozone - 6/20/2008
Generator
Drawing PFD/P&ID Ozone Design system 1 6/9/2008

@ 8 HarardReview
LEADER 2




Table 2 Team Members

BUSINESS CONFIDENTIAL

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 Steven.Fisher@AirLi | (708) 579-7709 Project Engineer AL Consultant
Expert quide.com
Vishwesh Kelkar vkelkar@iit.edu Student NCFST
Vasuhi Rasanayagam AL Project Leader vasuhi.rasanayagam | 302-286-5439 Scientist American Air Liquide
@airliquide.com - DRTC
Ted Rekart RMR/HAZOP Leader | Theodore.Rekart@ai | 302-286-5514 Safety Officer American Air Liquide
rliquide.com - DRTC
Claudia Rodriguez Co-PI rodriguez@iit.edu 708-563-2052 Scientist NCFST
Peter Slade PI slade@it.edu 708-563-8172 Director of NCFST
Education &
Outreach
Ed Steiner Lead Engineer steiner@iit.edu 708-563-8273 Director of Facilities NCFST
& Pilot Plant
Lei Wang Operator Lwang59@iit.edu Student
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Table 3 Action Items

BUSINESS CONFIDENTIAL

Type No. Action Status Responsibility Date Complete References

Recommendation 1 Add relief valve between | Completed Cooper/Slade 6/12/2008 1.1 High Oxygen Flow
NV1 and BV1 to outside — Ozone Generator &
building Oxygen supply

1.4 High ozone
generator temperature
— Ozone Generator &
Oxygen supply

Recommendation 2 Ensure standard Completed Kerri Cooper, Lei Wang 6/17/2008 1.1 High Oxygen Flow
operating procedure sets — Ozone Generator &
secondary side of Oxygen supply
regaulator to zero before 1.2 Low oxygen flow
opening oxygen valve. Ozone Generator &

Oxygen supply

Recommendation 3 Verify standard operating | Completed Cooper/Wang 6/17/2008 1.2 Low oxygen flow —
procedure precaition on Ozone Generator &
adequate oxygen supply Oxygen supply
before startup

Recommendation 4 Ensure standard Completed Coopr/Wang 6/10/2008 1.3 Reverse oxygen flow
operating procedure — Ozone Generator &
addresses venting and Oxygen supply
purging the buffer tank
when experiment is
completed and before
any maintenance.

Recommendation 5 Add flow meter to Completed Coopr/wang 6/10/2008 1.4 High ozone
cooling water flow to generator temperature
ozone generator and — Ozone Generator &
verify that the standard Oxygen supply
operating procedure
addresses verifying
cooling water flow prior
to ozone generator
startup

Recommendation 6 Verify standard operating | Completed Cooper/Wang 6/10/2008 1.6 High ozone pressure
procedure valve at Generator Outlet
alignments — Ozone Generator &

Oxygen supply

Recommendation 7 Verify standard operating | Completed Cooper/wang 6/10/2008 2.4 Misdirected ozone
procedure addresses flow — Ozone
nitrogen purging of Humidification Line
anaerobic reaction tank
with BV4 closed prior to
inserting samples

Recommendation | 8 Outlet routinely checked | Completed Cooper/wang 6/10/2008 3.1 High ozone
for ambient ozone concentration exiting
concentration column — MnO2 Ozone

Destruction Column

Recommendation 9 Add MnO2 Destruct Completed Cooper/wang 6/10/2008 3.3 High destruct
column thermocouple, column temperature —
determine operating MnO2 Ozone Destruction
limits and standard Column
operating procedure
response

Recommendation 10 Ensure standard Completed Cooper/Wang 6/17/2008 4.1 High ozone flow —
operating procedure sets Ozone Analyzer
flow to ozone analyzer to
recommended flow
setting
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Type No. Action Status Responsibility Date Complete References

Recommendation 11 Add internal process flow | Completed Cooper/Wang 6/19/2008 4.8 Low ozone pressure
diagram for ozone — Ozone Analyzer
analyzer

Recommendation 12 Add internal process flow | Completed Cooper Wang 6/13/2008 1.1 High Oxygen Flow
diagram for ozone — Ozone Generator &
generator Oxygen supply

Recommendation 13 Standard operating Completed Cooper/wang 6/13/2008 5.2 Low/no nitrogen
procedure should contain flow — Nitrogen supply
steps to verify nitrogen
flow

Recommendation 14 Add check valve at exit Completed Cooper/Steiner 6/10/2008 5.4 Misdirected nitrogen
of ozone generator flow — Nitrogen supply
before BV7 & BV2

Recommendation 15 Add to standard Completed Cooper/Wang 6/17/2008 6.1 High ozone
operating procedure concentration exiting KI
procedure to calculate destruction tank —
scrubber capacity and Anaerobic Reaction Tank
monitor ozone effluent
gas stream accordingly

Recommendation 16 Evaluate hood set up Completed Cooper/Steiner 6/16/2008 7.1 High flow — Fume
and install velocimeter Hood

Recommendation 17 Standard operating Completed Cooper/Wang 6/16/2008 7.2 Low/no flow —
procedure needs to have Fume Hood
emegency response to
turn off all gas supplies

Recommendation 18 Verify nitrogen supply Completed Cooper/Steiner 6/17/2008 7.2 Low/no flow —
and room flooding Fume Hood
calculations

Recommendation 19 Standard operating Completed Cooper/wang/Slade 6/18/2008
procedure and P&ID's
need revised
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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 PFD/P&ID
including Ozone Generator

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

3 Tank/Vessel MnO2 Ozone Destruction Column Ozone destruction column (Mn0O2) and bypass lines to PFD/P&ID
the column and valves BV2 & BV3

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 PFD/P&ID
and the ozone buffer tank through humidification train
to the anaerobic reaction tank

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

HazardReview 6
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Table 5 for use in PHA Risk Matrix Used in Analysis

4
Frequent
Event occur more
than once every 10
years.

3
Possible
Event occurs between
every 10 to 1000
years

2
Rare
Has happended to
structures, static
equipment, or
redundant equipment

1
Very rare
The event requires
the occurrence of two
rare events

0
Improbable
The event has never
occurred

0
No bodily injury, no
damage to
environment, no
damage to egiupment
or production.

LEADER

1
Minor injury,
moderate damage
with no durable effect
on environment, or
damage to small and
medium-sized
eqgiupment, or a brief
loss of production
(several hours)

14
Studies to minimize
risk must be
conducted

2
Serious injury,
serious damage to
environment but may
be corrected, or
damage to large
equipment or lost of
production (several
days)

23
Studies to minimize
risk must be
conducted

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)

32
Studies to minimize
risk must be
conductied

4
Major accident with
potentiality of several
victims, ecological
catastrophe or
massive destruction
of facilities or total
lost of production
(permanent
shutdown)

41
Studies to minimize
risk must be
conducted




BUSINESS CONFIDENTIAL

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-PI1), 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 Loss of containment 2 3 23 2 Oxygen regulator
Valve misalignmemt Needle valve
Hood & Ventilation

Potential for internal damage to in- 2 3 23 2

line component

High ozone pressure at Generator 2 3 23 2

Outlet

(see 1.6)

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 temp in Ozone generator 1 4 14 3 Automatic high temp
. shutdown of ozone
High pressure downstream generator
Low pressure upstream
Oxygen supply depletion
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 - 4
1.4 High ozone generator temperature High ambient temperature High temperature in ozone generator 1 4 14 3 Automatic high temp
£ cooli shutdown of ozone
Loss of cooling water generator

No oxygen flow (see 1.2)

Low ozone pressure at generator

|- | HarardReview 8
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No.: 1 Oxygen Cylinder, supply tubing and components including Ozone Generator
Item Deviation Causes Consequences UL UR | ML | MR Safeguards
outlet (see 1.7)
1.5 Low ozone generator temperature Low cooling water temperature Condensation of water causing 22 2 22 Only tap water used for
electrical arcing cooling
1.6 High ozone pressure at Generator High Oxygen Flow (see 1.1)
Outlet
Valve misalignment
1.7 Low ozone pressure at generator Low oxygen flow (see 1.2)
outlet
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-PI1), 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 system depressurization 0 3 3 Experiment is in a ventilated
release tank glass stoppers loose hood

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

release of ozone 2 3 23 2

High ozone pressure (see 2.5)

High gas flow - Anaerobic Reaction
Tank (see 6.7)

2.2 Low/no ozone flow Valve misalignment Loss of production and efficiency 1 2 1 Trained personnel &
standard operatin
Low oxygen flow - Ozone Generator & proced[.lre perating
Oxygen supply (see 1.2)
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 system depressurization 0 3 3 Hood and ventilation

release tank glass stoppers loose
9 PP Isolation valve BV4

release of ozone 2 3 23 2
2.4 Misdirected ozone flow valve misalignment No safety consequences
2.5 High ozone pressure High ozone flow (see 2.1) Buffer tank relief valve releases ozone | 2 3 23 2 Hood and ventilation

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

High ozone pressure - Anaerobic
Reaction Tank (see 6.5)

High gas flow - Anaerobic Reaction
Tank (see 6.7)

2.6 Low ozone pressure Low ambient temperature No additional safety related
consequences

Low temperature upstream
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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)
Fl HazardReview 11
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BUSINESS CONFIDENTIAL

Company: DRTC-NCFST

Plant:

Site:

Unit: Ozone Delivery 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-PI1), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator)

No.: Ozone destruction column (Mn02) and bypass lines to the column and valves BV2 & BV3
Item Deviation Causes Consequences Safeguards
3.1 High ozone concentration exiting Wet column causing channelling Reduced ozone destruction Check valve CV1 prevents
column . wet gas backflowing to
Water/water vapor in column (see destruction column
3.7)
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 Fire and burn hazard Themocouple on column exit
destruction is exothermic 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 High ozone pressure - Ozone
] Humidification Line (see 2.5)
Water/water vapor in column (see
3.7)
3.6 Low column pressure No safety related consequences
3.7 Water/water vapor in column High ozone concentration exiting High ozone concentration exiting

column (see 3.1)

column (see 3.1)

High destruct column pressure (see
3.5)
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BUSINESS CONFIDENTIAL

Company: DRTC-NCFST

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-PI1), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator)

No.: 4 In-line Ozone Analyzer including valve NV2
Item Deviation Causes Consequences UL UR | ML | MR Safeguards
4.1 High ozone flow Valve misalignment Inaccurate ozone analyzer readings 04 3 03 Trained Operator & SOP
High ozone pressure (see 4.7)
overpressure of ozone analyze with 22 1 21
possible ozone release
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

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-PI1), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator)

relief valve on anaerobic reaction tank

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 lift relief in anaerobic reaction tank 2 3 23 2 Hood and ventilation
regulator second stage set two high with possible ozone release .
Training & standard
High gas flow - Anaerobic Reaction operating procedure
Tank (see 6.7)
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 Partial or no purge of ozone with 2 3 23 2 Hood and ventilation
secondary stage not set properly potential ozone release
Empty supply cylinder
Low nitrogen pressure (see 5.8)
Low/no gas flow - Anaerobic Reaction
Tank (see 6.8)
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 1 3 2 Trained Operator & standard
generator 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 2 3 23 2 Hood and ventilation
relief valve on buffer tank
Potential ozone release through the 2 3 23 2

L
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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

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

32

Ambient oxygen monitor
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BUSINESS CONFIDENTIAL

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-PI1), Peter Slade (PI), Ed Steiner (Lead Engineer), Lei Wang (Operator)

No.: 6 Anaerobic reaction tank and KI destruction tank
Item Deviation Causes Consequences UL UR | ML | MR Safeguards
6.1 High ozone concentration exiting KI Depleted KI ozone release 23 2 22 Hood and ventilation
destruction tank .
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 Ozone release 23 2 22 Standard operating
followed with nitrogen tank changeout procedure to purge
not in proper sequence anaerobic reaction tank with
BV4 closed
Ventilation system and hood
6.5 High ozone pressure High Oxygen Flow - Ozone Generator Potential release through the relief 23 2 22 Hood & ventilation
& Oxygen supply (see 1.1) valve
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 High nitrogen flow - Nitrogen supply
(see 5.1) (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)
6.8 Low/no gas flow Low/no nitrogen flow - Nitrogen Low/no nitrogen flow - Nitrogen
supply (see 5.2) supply (see 5.2)
High nitrogen flow - Nitrogen supply
(see 5.1)
Low/no ozone flow - Ozone

FlE HazardReview

LEADER

16




BUSINESS CONFIDENTIAL

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)

& 3 HazardReview
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Company: DRTC-NCFST

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 UL UR | ML | MR Safeguards
7.1 High flow Improper setup of hood openings Backlfow and eddy currents into the 3 23 2 Trained Operator and SOP
room
7.2 Low/no flow Power failure Potential ozone exposure to the 3 23 2 Ozone destruction tank
occupants of the room MnO2
Ozone destruction tank KI
Ambient oxygen monitor
High oxygen exposure to room 3 23 2
occupants
nitrogen flooding of work space 3 - 1
Operator error, not turning in the Potential ozone exposure to the 3 23 2 Ozone destruction tank
hood blower occupants of the room MnO2
Ozone destruction tank KI
Mechanical failure of hood blower Potential ozone exposure to the 3 23 2 Ozone destruction tank
occupants of the room MnO2
Ozone destruction tank KI
Ambient oxygen monitor
Hood velocimeter
Limited nitrogen supply
relative to room volume
High oxygen exposure to room 3 23 2
occupants
nitrogen flooding of work space 3 - 1
Operator error, PVC curtain Potential ozone exposure to the 3 23 2 Ozone destruction tank
misplacement occupants of the room Mn0O2
Ozone destruction tank KI
Ambient oxygen monitor
Hood velocimeter
Limited nitrogen supply
relative to room volume
B HozardReview 18
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No.: 7 Fume hood containing experimental setup

Item Deviation Causes Consequences UL UR | ML | MR Safeguards
High oxygen exposure to room 23 2 22
occupants
nitrogen flooding of work space - 1 31

7.3 Reverse flow No credible cause

7.4 High temperature No credible cause

7.5 Low temperature No credible cause

HazarcdReview
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Ozone Delivery System
Binder

By: Kerr1 C. Cooper
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NCFPD Overall Project Plan

Abstract/Executive Summary: The proposed continuation of this project aims to optimize the cleaning
process by comparison of existing methods with different cleaning agents (product and process specific)
in conjunction with high-power ultrasound, to further facilitate removal of food residues to improve
sanitizer/sterilant efficiency. Further steps will be taken to scale-up the application of the
vaporized/gassous sterilants (vaporized hydrogen peroxide, ozone, chlorine dioxide and formaldehyde) to
eliminate remaining spores in food residues attached to processing surfaces after cleaning treatments.

Optimization of this potential non-invasive cleaning-sanitizing strategy for removal and
inactivation of B. anthracis (Sterne strain) could provide a less destructive alternative for decontamination
of food processing equipment in the event of a biological threat in food processing facilities. This
application could potentially save both time for remediation and offset the potential linancial impact
caused by the loss of critical capital items.

Primary Goal: To validate the effects of various cleaning and liquid/gaseous sanitizing protocols for
decontamination of food processing equipment and facilities with spores of several potential surrogate
Bacillus species including B. anthracis Sterne strains.

Objectives: To compare the effects of various vaporized and gaseous sterilants to sanitize ¢leaned
surfaces in scaled-up, simulated but near-real world situations.

Introduction and Highlights: In a previous NCFPD-funded project, we investigated: (1) the formation
of “biofilms” consisting of Bacillus spores (B. cerens ATCC 21281 and B. thuringiensis ATCC 3368(0)
embedded in complex food matrices on different food contact swfaces and the ability of cleaning
regimens (o remove spores in food (Xie et al., 2007); and (2) the effects of liquid and gascous/vaporized
sanitizers (or sterilants) to inactivate spores on clean and non-clean surfaces (Oh er al., 2007).

Sanitizing technologies (o be included in this phase of the study include: vaporized hydrogen
peroxide (Heckert e al., 1997; Rogers et al., 2003), ozone (Kim er al., 1999; Aydogan and Gurol, 2006),
chloring diexide (Kreske et al., 2006b; Ryu and Beuchat, 2003}, and paraformaldehyde (Ackland er al.,
1980}, Although ozone has been used as an anti-fungal fumigant applied to stored cereal crops (Allen et
al., 2003; Wu et al., 2006), its use for facility fumigation has been rarely reported. Pan er al. (1992)
reperted that application of 600ppmm ozone for 6 hours might be effective for routine sterilization of cages,
bedding, clothing, and other materials in laboratory animal facilities. Khadre and Yousel (2001)
compared the sporicidal actions of hydrogen peroxide and ozone, and found the former to be less
effective against Bacillus spores even at 10,000x higher concentration.

Sanitizer challenge

All gaseous sterilants will be prepared and applied to simulated food contact surfaces according (o
manufacturer’s instructions. Warious concentrations and contact/application times will be assessed to
determine appropriate end points and limits for detection (as described below). The following gaseous
sterilants, or their equivalents, will be considered: Ozone (American Air Liguide - proprictary on-site
generation)

References

Peter I. Slade, Ph.D. Year 4 Project Proposal for: Validation of Methods for
Decontamination of Food Processing Equipment and Facilities Deliberately
Contaminated with Bacillus Spores (2007).

Funding: National Center for Food Safety and Protection (NCFPD)
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NCFPD Overall Project Plan

Abstract/Executive Summary: The proposed continuation of this project aims to optimize the cleaning
process by comparison of existing methods with different cleaning agents (product and process specific)
in conjunction with high-power ultrasound, to further facilitate removal of food residues to improve
sanitizer/sterilant efficiency. Further steps will be taken to scale-up the application of the
vaporized/gassous sterilants (vaporized hydrogen peroxide, ozone, chlorine dioxide and formaldehyde) to
eliminate remaining spores in food residues attached to processing surfaces after cleaning treatments.

Optimization of this potential non-invasive cleaning-sanitizing strategy for removal and
inactivation of B. anthracis (Sterne strain) could provide a less destructive alternative for decontamination
of food processing equipment in the event of a biological threat in food processing facilities. This
application could potentially save both time Tor remediation and offset the potential financial impact
caused by the loss of critical capital items.

Primary Goal: To validate the effects of various cleaning and liquid/gaseous sanitizing protocols for
decontamination of food processing equipment and facilities with spores of several potential surrogate
Bacillus species including B. anthracis Sterne strains.

Objectives: To compare the effects of various vaporized and gaseous sterilants to sanitize ¢leaned
surfaces in scaled-up, simulated but near-real world situations.

Introduction and Highlights: In a previous NCFPD-funded project, we investigated: (1) the formation
of “biofilms” consisting of Bacillus spores (B. cerens ATCC 21281 and B. thuringiensis ATCC 3368(0)
embedded in complex food matrices on different food contact surfaces and the ability of cleaning
regimens to remove spores in food (Xie et al., 2007); and (2) the effects of liquid and gaseous/vaporized
sanitizers (or sterilants) to inactivate spores on clean and non-clean surfaces (Oh er al., 2007).

Sanitizing technologies to be included in this phase of the study include: vaporized hydrogen
peroxide (Heckert e al., 1997; Rogers et al, 2003), ozone (Kim er al., 1999; Aydogan and Gurol, 2006),
chloring diexide (Kreske et al., 2006b; Ryu and Beuchat, 2003), and paraformaldehyde (Ackland er al.,
19803, Although ozone has been used as an anti-fungal fumigant applied to stored cereal crops (Allen et
al., 2003; Wu et al., 2006}, its use for facility fumigation has been rarely reported. Pan er al. (1992)
reported that application of 600ppm ozone for 6 hours might be effective for routine sterilization of cages,
bedding, clothing, and other materials in laboratory animal facilities. Khadre and Yousel (2001)
compared the sporicidal actions of hydrogen peroxide and ozone, and found the former to be less
effective against Bacillus spores even at 10,000x higher concentration.

Sanitizer challenge

All gaseous sterilants will be prepared and applied to simulated food contact surfaces according (o
manufacturer’s instructions. Various concentrations and contact/application times will be assessed to
determine appropriate end points and limits for detection (as described below). The following gaseous
sterilants, or their equivalents, will be considered; Ozone (American Air Liquide - proprictary on-site
generation)

References

Peter 1. Slade, Ph.D. Year 4 Project Proposal for: Validation of Methods for
Decontamination of Food Processing Equipment and Facilities Deliberately
Contaminated with Bacillus Spores (2007).

Funding: National Center for Food Safety and Protection (NCEPD)
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Project Description

In 2001 a terrorist attack of distributing anthrax through the mail brought attention to the country
that the use of spores as a weapon was feasible and the realization that steps have not been added
in response to these possibilities. The food industry as a result began taking great strides in order
to put methods in place that would allow for fast and casy response if any of these attacks were
to ever affect their facilities. Anthrax which is the bacterial spore Bacillus anthracis can cause
serious harm and even be deadly upon exposure. In case of any attacks within the food industry
it is important to be prepared with steps such as a cleaning and sanitization process to quickly
and efficiently eliminate the anthrax from any surfaces that it may come in contact with the
spores. In order to simulate the contact surfaces, coupons made of stainless steel 3 16, glazed tile,
Teflon, polypropylene, and rubber will be used as representatives of food contact surfaces. Due
lo Bacillus anthracis' extremely virulent nature, surrogate strains will be used in this study that
may be similar to Bacillus anthracis. These strains are Bacillus cereus ATCC 21281, Bacillus
thuringiencis ATCC 33680 , and Bacillus anthracis (Sterne strain). Food matrices that will be
used are pancake mix, peanut butter, infant formula, vegetable oil, and a sucrose solution.

The use of ozone as a sanitizer for inactivation of Bacillus spores has been explored using
different surfaces, but few studies have explored how it affects spores embedded in different
food matrices. This is important because in most real world applications food matrices come in
contact with many of the surfaces in the facilities and have the potential to become hardened and
difficult to remove. Therefore a determination of the parameters, such as the contact time and
ozone concentration required to inactivate the spores embedded in the food are very important in
sanitizing. In order to determine this, an ozone delivery system must be designed 1o safely
deliver and destroy the ozone.

Due to ozone’s instability and potential deadly affect if inhaled at a high dosage, it is important
to construct a process to safely deliver and destroy the ozone. A system must be built for
controlled delivery and destruction of the ozone to the spores inoculated on the coupons.
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Project Description

In 2001 a terrorist attack of distributing anthrax through the mail brought attention to the country
that the use of spores as a weapon was feasible and the realization that steps have not been added
in response to these possibilities. The food industry as a result began taking great strides in order
to put methods in place that would allow for fast and easy response if any of these attacks were
to ever affect their facilities. Anthrax which is the bacterial spore Bacillus anthracis can cause
serious harm and even be deadly upon exposure. In case of any attacks within the food industry
it is important to be prepared with steps such as a cleaning and sanitization process to quickly
and efficiently eliminate the anthrax from any surfaces that it may come in contact with the
spores. In order to simulate the contact surfaces, coupons made of stainless steel 3 16, glazed tile,
Teflon, polypropylene, and rubber will be used as representatives of food contact surfaces. Due
to Bacillus anthracis’ extremely virulent nature, surrogate strains will be used in this study that
may be similar to Bacillus anthracis. These strains are Bacillus cereus ATCC 2128 ] , Bacillus
thuringiencis ATCC 33680 , and Bacillus anthracis (Sterne strain). Food matrices that will be
used are pancake mix, peanut butter, infant formula, vegetable oil, and a sucrose solution.

The use of ozone as a sanitizer for inactivation of Bacillus spores has been explored using
different surfaces, but few studies have explored how it affects spores embedded in different
food matrices. This is important because in most real world applications food matrices come in
contact with many of the surfaces in the facilities and have the potential to become hardened and
difficult to remove. Therefore a determination of the parameters, such as the contact time and
0zone concentration required to inactivate the spores embedded in the food are very important in
sanitizing. In order to determine this, an ozone delivery system must be designed 1o safely
deliver and destroy the ozone.

Due to ozone’s instability and potential deadly affect if inhaled at a high dosage, it is important
to construct a process (o safely deliver and destroy the ozone, A system must be built for
controlled delivery and destruction of the ozone to the spores inoculated on the coupons.
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Changes for Draft 1

¢ Valves needed to be added

o Still not sure what types are required
e  Add fume hood to the design

o All items that are producing ozone should be under the fume hood
¢ Draw oxygen and nitrogen tanks

%x@ C. C% 5/9)08
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Changes for Draft 2 of Ozone Design System
}!",],:1:, \ 1, 20Ck
¢  Types of valves needed
o Needle valves — controls the flow of the system
o Ball valves — allows for and stops flow of the gas through the system
o Pressure release valves — can be set for the maximum pressure allowed
for the tanks and will pop and release pressure if the maximum
pressure is reached
e Add pressure gauge to monitor pressures before the ozone flows into the
humidity tank
o Humidity tank can only withstand 5psig
¢ Add a line connecting the ozone generator to the MnOs destruction tank
o This will be used to destroy the ozone until the desired concentration is
achieved
e The line connecting the anaerobic tank to the MnO; destruction tank is
removed
o  MnOs; is in the powdered form and the ozone flowing from the
anaerobic tank is humidified which would wet and destroy the MnQ-
¢ The line connecting the catalyst tank and the destruction tank is removed
o If there is backflow from the destruction tank, the MnO; will become
wet and destroyed
e Stainless steel tubing should be used throughout the system since it will
withstand ozone
o Check Valex company for tubing
e Copper tubing can be used to connect the oxygen and ozone generator
o Cheaper and does not require ozone compatibility

A C- Cogume- 3508
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Changes from Draft 3

e The type of tubing used throughout the system needs to be identified
e The gauge is added before the humidity tank
¢ Addition of the buffer tank
o When using the vacuum pump all the air will be removed from the
anaerobic reaction tank. If the valve is opened to allow the ozone to flow
into the reaction tank after vacuum pumping the ozone will flood into the
tank and possibly over pressurize the tank.
o The buffer tank will therefore act as a preventative measure by holding the
ozone and then supplying the anaerobic tank with controlled flow
* Pressure release valve
o Incorrect symbol so the PRV was modified on the anaerobic tank
o Added to the buffer tank to prevent over pressurization

Hue C. Cope
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Comments on Proposed P&ID/PFD for
Ozone Delivery System for NCFST
Apri) 3, 200F

The draft P&ID/PFD and equipment list for the proposed ozone delivery system for
NCFST was reviewed and the following comments resulted:

P&ID/PFD Diagram

',.A'.//The diagram need to annotate the nominal temperatures, pressures and flows
which the various portions of the system will experience during normal operation.
. Process line materials should be noted where the material of construction changes.
3. Relief valve and safety devices within the diagram should be annotated with their
_set points.
\ & The relief valve on the anaerobic reactor should be shown to relieve into the fume
_hood.
\5¢" If the vacuum pump is not necessary please remove it from the system, along with
_any other components which have been provided in support of the vacuum pump.
6. Show the two stage regulators on the oxygen and nitrogen tanks.
n 7. Move the pressure gauge immediately upstream of the humidifier vessel to
~ upstream of the manual valve.
B Number all valves, pressure, gauges, and components.
97 Indicate O3 analyzer in the environment

Equipment List

Provide the pressure rating and ozone production rates for the ozone generator.
Provide the dimensions and pressure rating of the buffer tank

Provide the pressure and flow rating for the ozone analyzer.

vaadclhc correct dimensions, and pressure rating for the anaerobic reactor.
Provide pressure ratings and flow limitations for the gas washing bottles.

The tubing, valves and ﬁﬁé& are of different sizes. Please verify the correct
size for the tubing, valves and fittings.

Verify compatibility of all equipment and materials with the oxygen/ozone

L e o e

Fox

_These comments were submitled From Vosuh E&U‘ﬂjaﬁcm ord Ted Rekart
of e Ligale 05 @ resUlt of our aonfererce call for Hhe  P+ID.
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Discussion

. Ozone Design

FDCA-'}E X

Conference Call with Air Liquide - Versona) Netes

April 3, 2008

a. Needs to be a Parts and Instrumentation Diagram (P&ID)

L.
ii.
iii.

Temperature, pressure, and flow rates displayed
Materials used for the process line (tubing type and size)
Set points for the relief valves

iv, Move release valve within the fume hood

v. Remove vacuum pump

vi. Show pressure regulators on the oxygen and nitrogen tanks
vii. Move pressure gauge to the buffer tank
viii. Number the valves and gauges

2. Equipment List
a. Ozone generator

1.
il

Pressure rating
Ozone production rates

b. Buffer tank

i,
ii.

Dimensions
Pressure rating

¢. Ogzone analyzer

L
11.

Pressure rating
Flow rate

d. Anaerobic reactor
1. Correct dimensions
e. Gas washing bottles
1, Pressure ratings
il. Flow limitations
iii. Correct dimensions
f. Correct the valve sizes
i. Should be Y4 in
g. Make sure all equipment is oxygen/ozone compatible
3. Hazard and Operability Study (HAZOP)
a. Brief explanation was given on the purpose of conducting this study
b. A P&ID with the correct information is required in order to correct
develop the plan
4. Fittings
a. Air Liguide will provide the fittings to be oxygen cleaned
b. Submit a list of needed fittings
5. Air Liquide will send an example P&ID

Next Meeting
e Will determine the date of the next meeting upon progress of the P&ID and

equipment ordering
e Submit updated P&ID before next meeting

/’C{ L
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Changes for Draft 4

Removed the vacuum pump
o From past studies it was found that spores are not affected by vacuum
pumping therefore it was removed because it was more of a hazard to the
system (oxygen compatibility of oil, over pressurizing the anaerobic
reaction tank)
Buffer tank still kept in place to effectively monitor the flow of the system
Pressure gauge moved to the buffer tank
o Pressure can be monitored in the tank and adjusted to specified flow by
the needle valve placed before the humidity tank
The PRV connected to the anaerobic tank is releasing outside the fume hood.
o Moved to release under fume hood
Line added for the ozone passing through the ozone analyzer and sent to the
MnO; destruction tank
The temperatures, flow rates, and pressures were added to indicate parameters
along the system line (determined by the maximum conditions allowed for the
parts)

%ﬁm C. (i%—s 5}7)og
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Comments on Proposed P&ID/PFD for
Ozone Delivery System for NCFST
April 15, 2008

The revised P&ID/PFD and equipment list for the proposed ozone delivery system for
NCFST was discussed and the following comments were made:

P&ID/PEFD Diagram

I. The pressures, temperatures and flows indicated inside the compressed gas
cylinders for oxygen and nitrogen should be moved to the appropriate lines
downstream of the pressure regulators.

A check valve or some device should be placed downstream of the buffer tank
and upstream of valve NV3 to prevent moisture from back flowing into the ozone
analyzer.

3. The line and vessel pressures should be changed to psia vice psig to reflect the
actual operating conditions.

The relief valve set points should be indicated for PRV and PRV2.

Verify the ozone generator flow rates of 0.04 — 0,96 Nm’/ h are compatible with
the desired system flow rate of 0.5 L/min.

b2

o
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Conference Call with Air Liquide - My Persora) Notes
April 15, 2008

Discussion
1. Changes to be made to the P&ID
a. Move the pressures and flow indicated inside the gas tanks to the line
b. Check on the flow rates of the gas coming from the generator =
conversions do not seem to be correct
¢. Add a check valve before needle valve (NV3) to prevent back flow of the
humidified ozone into the MnO, destruction tank
d. The pressures are not correct and should be labeled psia or converted
correctly to psig
¢. Indicate pressure release valve set points (PRV1, PRV2)
2. Equipment list
a. Modify symbols for pressure and temperature ranges
b. No removal or additions
3. Anaerobic Jar Lid
a. Requested for Air Liquide to make adjustments to the jar lid
i. Fill original holes and make them % in NPT threads
ii. Need an oxygen clean guage as well
b. Air Liquide agreed to make the changes and we will ship the item to them
4. Oxygen cleaning of the parts
a. Buffer tank is dusty and needs to be cleaned
p b. Anaerobic tank needs to be cleaned
5. All items will be shipped to Air Liquide
a. Buffer tank
b. Anaerobic tank (cleaning and thread changes)
¢, Stainless Steel anaerobic tank (Chlorine dioxide unit)

Next Meeting
* Will meet again in 2 weeks (April 30, 2008)

Submit updated P&ID before meeting
Make changes to equipment list
Continue ordering supplies

Ship items to Air Liquide

. 8 8 @

o C. O 808
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Changes for Draft 5

Parameters inside the oxygen and nitrogen tank are incorrect
o Those are the desired parameters for flow through the tubing
The pressures are incorrect
o The readings are atmospheric pressure and not gauge pressure
= 14 5psia= 1.0psig
All valves are labeled and numbered accordingly
o This is to help for easy references during building, discussions, and
operations
Check valve added into the system before valve NV3
o this is to prevent backflow of the humidified ozone to the MnO;
destruction tank
Pressure regulator for the nitrogen and ozone tanks shown in the line

Huw C- (oga=— fijop
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Conference Call with Air Liquide - My Versoral Netos
May 2, 2008

Discussion

l.

The P&ID is fine and there are no immediate changes to be made
a. Vasuhi and Ted (Air Liguide) will proceed with the HAZOP

2. 3-A sanitary piping from McMaster Carr is fine to use
a. As long as it is for a short length
b. The item will be ordered immediately
3. Jar lid threads
a. Email sent to Vasuhi concerning increasing the thread size to V2 in NPT
for one connection =2 she will need to look into this in order to determine
if it is possible
b. If the thread will be Y2 in then they will work to find the Y2 in to % in
fitting (oxygen cleaned)
4. Oxygen cleaned parts
a. Vasuhi is currently collecting the fittings
b. Will hopefully ship next Friday (May 9, 2008)
5. Steve Fisher will be the local contact for the HAZOP
6. Need basic SOPs to write the HAZOP (startup and shutdown procedures)
a. Email to Air Liquide on Friday, May 9, 2008
b. Will receive their comments on May 14
7. Ozone Training
- a. Will be done the first week of June, either June 2 or 3
b. Steve Fisher will be conducting the training
8. Team sheets should be done for the HAZOP
a. Submit to Vasuhi with the names of the participants and their roles
Next Meeting
e Conference call on May 14, 2008
e Discuss the SOPs
¢ Finalize the date for the ozone training

5)4) 08




Tage 2F 22 Dade: 5140

Changes for Draft 6

¢ Set points for PRV1 and PRV2 are added
*  Water flow into the ozone generator increased to 1.5L/min
o Correct conversion from the ozone generator manual
e Polyvinylidene fluoride (PVDF) tubing will be connected to the humidity tank
and excess release tank
o Tanks are glass and needs to be connected to flexible tubing
o This tubing should also be ozone compatible as well
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MOFFETT CENTER Page | of 2
Title: Author;
Ozone System Shutdown Process Kerri Cooper
Document No.: MC-SA-105-SOP002-VO1 | Effective Date:
{ May 9, 2008
1.0 Purpose and Scope

1.1 To safely shutdown and purge the ozone from the system

2.0 Responsibility
2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations
3.1 Ozone is toxic to humans and should be contained and destroyed effectively
3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxygen

cleaned
3.3 Oxygen analyzer should be used to ensure less than 23% is being released into the
atmosphere

4.0 Equipment and Supplies
e Oxygen tank
Nitrogen tank
Ozone Generator (Ozonia/CFS-1A)
Buffer tank (10gal pressure vessel)
Ozone Analyzer (IN USA/H1)
Ambient Ozone Analyzer (IN USA/IN2000L2-LC)
Anaerobic Reaction Tank (Schiitt Labortechnik/stainless steel)
MnO: Destruction tank
Humidity tank, excess water tank, and destruction tank (Ace Glass/500m] Gas washing
bottle)
Stainless Steel piping (Valex 316L, Specification 301, %4 in)
Ball Valves (Swagelok/55-42G54-5C11)
Needle Valves (Swagelok/S5-4MG-SL-5C11)
Pressure Release Valve (Swagelok/SS-RL354/5C11)
Pressure Gauge (Blue Ribbon Sales & Service Corp/BR4001-4LD, oxygen cleaned)
PVDF Tubing (McMaster-Carr/5390K342, 3-A sanitary tubing)
Butterfly Valve (McMaster-Carr/4682K74, V2 in connections)
Check Valve (Swagelok/SS-4C-1-SC11)
Rotameter (Mcmaster-Carr/8051K17)
Nylon Tubing (McMaster-Carr/51 12K653, 3/8in OD)
Oxygen Detector (McMaster-Carr/18995T 14)

This document is uncontrolled when printed: 5/9/2008
For the most current and official copy, check the ...

Ko, C- C’GW 5/9/08




25 Pode’. 5/9/ of

MOFFETT CENTER Page 2 of 2
Title: Author:
Ozone System Shutdown Process Kerri Cooper

Document No.: MC-SA-105-SOP002-V01 Effective Date:
May 9, 2008

5.0 Operational Procedure
5.1 Stopping Gas Flow
5.1.1 Turn off ozone generator by hitting the OFF command for POWER SUPPLY
5.1.1.1 Secreen should indicate: PSU OFF and PURGING time
5.1.1.2 The background screen should also be orange
5.1.2 Allow for the equipment to purge the system with the feedgas and remove the
residual ozone in the generator
5.1.3 Once this is completed the screen will turn green and read: PSU OFF and
POWER 00000kw
5.1.4 Stop O; and water flow into the ozone generator
5.1.4.1 Close valves BV1 and turn off water supply
5 Close valve BV4 to stop flow into Anaerobic Reaction Tank
.6 Open valves to allow for ozone destruction
5.1.6.1 Valves BV3, BV6
5.1.7 Allow ozone to flow into destruction tanks for predetermined time
5.1.7.1 Monitor oxygen analyzer to make sure O; concentration is less that
23%
o 5.1.8 Close valves BV3

5.2 Flushing the System

5.2.1 Open valves to allow for nitrogen flush of the system
5.2.1.1 BV 3-4, BVB-9 and NV3

5.2.2 Allow nitrogen to flush through the system for the specified time

5.2.3 Close all valves before the nitrogen tank
5.2.3.1 BV3-4, BVS-9, NV3

5.2.4 Open valves BV5 and set NV4 to remove humidity in the anaerobic reaction
tank

5.2.5 Allow nitrogen to flush through the tank for a specified time

5.2.6 Close valves BV5-6 and NV4

6.0 References and Supporting Documents

Ozone Material Safety Data Sheet (MSDS).
<http://www.ozoneapplications.com/info/ozone_msds.htm>.

Ozone Safe Working Practices. Work SafeBC.
<http:/iwww.worksafebe.com/publications/health_and_safety/by_topic/assets/pdfiozone_bk47.pdf>.

Steiner, Ed. National Center for Food Safety and Technology Engineer.

The Hazards of ozone & Ozone Gas. <hitp://www.inspect-ny.com/sickhouse/OzoneHazards.htm>,
Wikepedia. Ozone. 2007, <http:/fen.wikipedia.org/wiki/Ozone>.

™M
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j MOFFETT CENTER l Page 1 of 3 |
Title: Author:
Ozone System Startup Process Kerri Cooper
|
Document No.: MC-SA-105-SOP001-V01 Effective Date:
May 2008

H C

1.0 Purpose and Scope
1.1 To safely startup the ozone system for delivery to the anaerobic reaction tank

2.0 Responsibility
2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations
3.1 Ozone is toxic to humans and should be contained and destroyed effectively
3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxygen
cleaned
3.3 Oxygen analyzer should be used to ensure less than 23% is being released into the
atmosphere

4.0 Equipment and Supplies
o  Oxygen tank
Nitrogen tank
Ozone Generator (Ozonia/CFS-1A)
Buffer tank (10gal pressure vessel)
Ozone Analyzer (IN USA/HI)
Ambient Ozone Analyzer (IN USA/IN2000L2-LC)
Anaerobic Reaction Tank (Schiitt Labortechnik/stainless steel)
MnO»; Destruction tank
Humidity tank, excess water tank, and destruction tank (Ace Glass/500ml Gas washing
bottle)
Stainless Steel piping (Valex 316L, Specification 301, % in)
Ball Valves (Swagelok/SS-42GS4-SC11)
Needle Valves (Swagelok/SS-4MG-SL-SC11)
Pressure Release Valve (Swagelok/SS-RL354/SC11)
Pressure Gauge (Blue Ribbon Sales & Service Corp/BR4001-4LD, oxygen cleaned)
PVDF Tubing (McMaster-Carr/5390K342, 3-A sanitary tubing)
Butterfly Valve (McMaster-Carr/4682K74, V2 in connections)
Check Valve (Swagelok/SS-4C-1-SC11)
Rotameter (Mcmaster-Carr/8051K17)
Nylon Tubing (McMaster-Carr/5112K653, 3/8in OD)
Oxygen Detector (McMaster-Carr/18995T14)

* & & & ® ® 8 ° B 8 @

This document is uncontrolled when printed: 5/9/2008
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MOFFETT CENTER - Page 2 of 3 |
Title: Author: |
Ozone System Startup Process Kerri Cooper ‘
Document No.: MC-SA-105-SOP001-V01 | Effective Date:
May 2008

5.0 Operational Procedure
Flushing the Anaerobic Reaction Tank

5.1.1 Ensure all valves are closed

a. PR 1-2, NV |-4, BV |-6, PRV -2

5.1.2 Set valve NV2 1o desired flow

5.1.3 Set PR2 to 1.0 psig

5.1.4 Open BVS and BV6

5.1.5 Allow nitrogen to flow through the Anaerobic Reaction Tank to flush any excess

ozone 1nto K1 destruction tank

5.1.6 Close valves PR2, NV2, and BV3
3.1.7 Close valve BV6

5.2 Setting Parameters for the Ozone Generator

5.2.1 Turn water supply on

5.2.2 Switch on (MAIN-ON) ozone generator and wait until the screen turns green
a. Screen should read: MAINS ON—= SYSTEM CHECK

5.2.3 Select desired language (English, German, Latin, French, Italian, Spanish)
a. Continually press SET POINT until desired language is displayed

5.2.4 Wait 5 seconds to allow the ozone generator to set the language

5.2.5 Ensure SET POINT is set to LOCAL
a. Screen should read % LOCAL, PSU OFF

5.2.6 Set valves for correct operating conditions
a. PR1: 22psig
a. NVI1: 0.5 L/min

5.2.7 Set generator to POWER SUPPLY ON
a. Screen should read PSU ON

5.2.8 Open valve BV1 and BV2

5.2.9 Turn oxygen supply on

5.2.10 Set gas flow by adjusting the HCV 301 dial located on the front of the
generator

5.3 Achieving Desired Concentration

5.3.1 Close valve BV2

5.3.2 Open valve BV3 and BV7

5.3.3 Allow ozone to flow through until desired concentration is achieved
a. Refer to the H1 ozone analyzer reader in the system

5.3.4 Set valve NV2

5.3.5 Close valves BV8 and NV2

3.3.6 Allow buffer tank pressure to reach Spsig

5.3.7 Open valves BV4 and BVS, set valve NV3 and allow ozone to flow into the
anaerobic tank for desired time

This document is uncontrolled when printed: 5/9/2(H)8
For the most current and official copy, check the ...
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MOFFETT CENTER Page 3 of 3 |
Title: Author:
Ozone System Startup Process Kerri Cooper ‘
Document No.: MC-SA-105-SOP001-VO1 Effective Date: ‘
May 2008

5.3.8 Close valve BV3 once desired concentration is achieved
*Steps 5.3.7 and 5.3.8 should be done quickly and almost simultaneously

6.0 References and Supporting Documents

Ozone Material Safety Data Sheet (MSDS).
<http://www.ozoneapplications.com/info/ozone_msds.htm>,

Ozone Safe Working Practices. Work SafeBC.
<http://www.worksatebc.com/publications/health_and_safety/by_topic/assets/pdf/ozone_bk47.pdf=.

Steiner, Ed. National Center for Food Safety and Technology Engineer.
The Hazards of ozone & Ozone Gas. <http://www.inspect-ny.com/sickhouse/OzoneHazards.htm>.

Wikepedia. Ozone. 2007. <htip://en.wikipedia.org/wiki/Ozone>. .3

This document is uncontrolled when printed; 5/9/2008
For the most current and official copy, check the ...
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Changes for Draft 7

e Additional line added connecting the nitrogen tank to the buffer tank
o This will allow for flushing the system with nitrogen upon completion of
the experiment
o If ozone is left in the system it could possibly corrode the pipes over time
and allow for humidity buildup in the system which would adversely
affect the material and the experiment
e Addition of valves
© BV7 - while obtaining the desired ozone concentration the ozone will
need to flow only into the MnO- destruction tank. This valves will control
the flow of the ozone into the buffer tank
o BV 8 - stops and allows the flow of the ozone from the buffer tank
o BV9 and NV5 - controls the flow of the nitrogen for flushing the system
e Additional line connecting to the MnO; destruction column
o Safety measure to make sure the ozone does not backflow into the
generator or ozone analyzer

Al C. Copez_. 91406
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boge 4@
Changes from Draft 8
e Recalculate flows and pressures
¢ Addition of PRV between the O2 cylinder and the O3 generator
o This prevents too high pressure of oxygen from flowing into the ozone
generator
o A safety measure in case the pressure regulator fails or is misaligned
e Addition of valves

o CV2 - check valve prevents backflow of ozone into the generator which
could cause over pressurizing
o BVI1I - allows for ozone to flow freely into the humidity tank without
being routed to the MnO2 destruct column after the correct concentration
has been established
o BVI10 - closes off the line to the humidity tank while the ozone
concentration is being achieved and stabilized
o Flow meters — reference for setting the needle valves for a particular flow
* Changed the direction of the arrow of the connection between the Anaerobic
Reaction Tank and the KI Destruction Tank to flowing into the destruction tank
¢ Moved the line connecting the nitrogen tank to the buffer tank so that it is
connected after PR2
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R 48 Date’ [ 24/

Changes from Draft 9, Version 1
 Added in references for the ozone generator and ozone analyzer (H1) P&IDs
e Changed PRV 2 pressure rating
o Miscalculation of the Anaerobic Reaction Tank maximum pressure
o 0.2bar=2.9psi
o Pressure set to release at 2.5 for safety aspects
e (Changed sizes of text lor easier reading
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” Changes from Draft 9, Version 2
» (Changed pressure of cooling water entering the ozone generator
o There is an actual range that the generator can withstand
o 38-82psi
s Added in material change leading into the K1 tank
o Stainless steel is connected between the anaerobic reaction tank and valve
BvVé6
o PVDF connects BV6 to the KI tank
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Changes from Draft 9, Version 3
e Oxygen tank exit pressure
o Changed to 50psi due to the range rated for the ozone generator. The
middle pressure was chosen for safety aspects
e Cooling water inlet pressure
o Changed the pressure to 45psi to prevent overpressurization of the
gauge and the generator
e Exit pressure from the ozone generator
o Changed pressure to 10psi to prevent blowing PR1 which is set to 1
e Pressure of exit gas from the buffer tank
o Changed to 5psi to prevent overpressurizing the gas washing bottles
and causing the stoppers to pop open
e Inlet pressure of nitrogen tanks
o 25psi for lines flowing into the buffer tank
o 10psi for purge line into the anaerobic reaction tank
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Changes from Draft 10
e Added in an extra KI Destruction Tank
o This will help destroy more ozone without depleting the solution too
fast

i

f . € (’% 12| 13/05




so/el(T1 —GY ) "/

80/2/21 =93 0(
| uoISa3p

[ 34040

PO ARLLLON N _| _ 2
o | W00
e -
e DRI m\m ‘ gy g omop.§ vicss | __fwx...._.a
; : oxop ¥ oie g W
drenaresaad | zo'io 7 SEL . PRERdoRp.5 o 7
S A1
feid) 3B o ey o) A
W A\ LR
R IE: 8
M .
hareaird | ] | nw w %.m%.m 2 m
. OH e [ Trad et
ozenamEn | K] 7 way © |2 ‘eig [ % =oam | . TO BRI
[ S = . ; G Bt o) na 0
(OlaenmaD | = 5 umuz DB _& o

v g w0 | D | e amngyo Dsder
b Emwon | <) - . ol

& . ;

1P |

fofcfe | 2x]




O

F[ﬂf_flﬁ_ o Dode - 4)3)04

MOFFETT CENTER Page 1 of 11
Title: Author:
Ozone System Startup and Shutdown Procedure Kerri Cooper
| Document No.: MC-SA-105-SOP001-V01 Effective Date: T
May 2008

1.0 Purpose and Scope
1.1 To safely startup and shutdown the ozone system for delivery and destruction to the

anaerobic reaction tank

2.0 Responsibility
2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations
3.1 Ozone is toxic to humans and should be contained and destroyed effectively
3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxygen
cleaned
3.3 Oxygen analyzer should be used to ensure less than 23% is being released into the
atmosphere

4.0 Equipment and Supplies
e Oxygen tank
Nitrogen tank
Ozone Generator (Ozonia/CFS-1A)
Buffer tank (10gal pressure vessel)
Ozone Analyzer (IN USA/HI)
Ambient Ozone Analyzer (IN USA/IN2000L2-LC)
Anaerobic Reaction Tank (Schiitt Labortechnik/stainless steel)
Mn(O- Destruction tank
Humidity tank, excess water tank, and destruction tank (Ace Glass/500ml Gas washing
bottle)
Stainless Steel piping (Valex 316L. Specification 301, 4 in)
Ball Valves (Swagelok/SS-42GS4-SC11)
Needle Valves (Swagelok/SS-4MG-5L-5C11)
Pressure Release Valve (Swagelok/SS-RL3S4/SC11)
Pressure Gauge (Blue Ribbon Sales & Service Corp/BR4001-4LD, oxygen cleaned)
PVDF Tubing (McMaster-Carr/5390K 342, 3-A sanitary tubing)
Butterfly Valve (McMaster-Carr/4682K74, 'z in connections)
Check Valve (Swagelok/S58-4C-1-8C11)
Flowmeter (Mcmaster-Carr/8051K17)
Nylon Tubing (McMaster-Carr/5112K653. 3/8in OD)
Oxygen Detector (McMaster-Carr/18995T14)
Vaneometer

.« @ = & 2 & @ »
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5.0 Operational Parameters
¢ Humidity tank volume: 250ml
e Kl Destruction Tank volume: 300mL KI solution (40g/L)
o 12g KI/250ml H,0O

6.0 Operational Procedure
6.1 Turn on the following:
6.1.1 Fume Hood
a. Refer to vaneometer to ensure that air is flowing upward into the fume hood
6.1.2 Ambient ozone analyzer
6.1.3 In-line ozone analyzer

6.2 Ensure needle valves are set correctly according to SOP: MC-SA-SOP005-V01

6.3 Calculating the Volume of Gas in the O, and N, Cylinders
6.3.1 Determine pressure within the cylinder by referring to the gauge connected to
the cylinder
C 6.3.2 Calculate the volume of the cylinder using this ratio by solving for x:

2600 psi _ gauge pressure (psi)

300 /i’ x ft’

6.3.3 Record the gas cylinder volumes in the log book located in Lab 105
6.3.4 If volume is not sufficient for experimental run then refer to the
disconnecting O and N; cylinders SOP (MC-SA-105-SOP003-V01)

*This should be done before every experimental run

6.4 Flushing the Anaerobic Reaction Tank
6.4.1 Ensure the following valves are closed
a. PR 1-2and BV 1-11
6.4.2 Open BV6
6.4.3 Open BV5
a. Switch the orange lever to the open position
6.4.4 Set PR2 to 10 psi
a. Flow rate: 5 L/min
6.4.5 Allow nitrogen to flow through the Anaerobic Reaction Tank into the Kl
Destruction Tank
6.4.6 Verify flush time with ambient ozone analyzer by placing tubing
perpendicular to the exit port of the KI Destruction Tank
a. Ozone concentration should be zero
6.4.7 Stop nitrogen flow by setting PR2 to zero

This document is uncontrolled when printed; 4/3/2009
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6.4.8 Close valve BVS
a. Switch the orange lever to the shut position
6.4.9 Close valve BV6

6.5 Setting Parameters for the Ozone Generator

6.5.1 Turn water supply on
e Flow: 1.5 L/min
e Pressure: not to exceed 50psi
¢ Butterfly valve open to 40°
6.5.2 Switch on (MAIN-ON) ozone generator and wait until the screen turns green
a. Screen should read: MAINS ON= SYSTEM CHECK
6.5.3 Select desired language (English, German, Latin, French, [talian, Spanish)
a. Continually press SET POINT until desired language is displayed
6.5.4 Wait 5 seconds to allow the ozone generator to set the language
6.5.5 Ensure SET POINT is set to LOCAL
a. Screen should read 0% LOCAL, PSU OFF
6.5.6 Open oxygen cylinder
6.5.7 Set PR1 to 50psi by turning the regulator knob
6.5.8 Open valves (located under table)
a. BV2
b. BV
6.5.9 Set pressure on the generator to 1.5bar using the PCV 201 dial
a. Refer to PI 201 pressure gauge
6.5.10 Turn power supply on by switching PSU ON (located on ozone generator)
a. Screen should read PSU ON
6.5.11 Set gas flow by adjusting the HCV 201 dial located on the front of the
generator
6.5.12 Adjust pressure and gas flow to desired parameters
6.5.13 Increase %% PSU by pressing the SET POINT button.

6.6 Checking MnO- Effectiveness

6.6.1 Ensure BV2 is open

6.6.2 Follow ozone generator startup procedure

6.6.3 Place tubing connected to the ambient ozone analyzer (Model IN2000L2-1L.C)
perpendicular to flow 1o the exit port of the MnO; destruction column
a. The analyzer should read 0.05ppm or less

6.6.4 Record concentration in the log book

6.6.5 Using temperature probe determine temperature of the gas at the exit port
a. Do not touch column — it may be hot

6.6.6 Record information in the log book

This document is uncontrolled when printed: 4/3/2009
For the most current and official copy. check the ...



e (] Lote . 4/3/aq

| MOFFETT CENTER Page'd of 11 |
Title: Author:
Ozone System Startup and Shutdown Procedure Kerri Cooper

Document No.: MC-SA-105-SOP00] -Vl Effective Date:
May 2008

6.6.7 If concentration exceeds 0.05ppm immediately switch ozone generator
MAINS OFF. If the concentration is below 0.05ppm continue with the
following steps

a. DO NOT OPEN COLUMN = MnO; requires special handling
6.6.7..1  Notify Ed Steiner (NCFST Director of Facilities and Pilot
Plant) and Vaushi Rasanayagam (Air-Liquide)

6.6.8 Open BV7 and allow ozone to flow into the Buffer Tank

6.6.9 Close BV2

6.6.10 Pressurize tank to 5 psi

6.6.11 Open BV2

6.6.12 Close BV7

6.7 Checking KI Destruct Tank Effectiveness
6.7.1 Open BV6
6.7.2 Open BV4
6.7.3 Open BV10
6.7.4 Open BVS
6.7.5 Allow ozone to flow through the KI Destruction Tank
c 6.7.6 Place tubing connected to the ambient ozone analyzer (Model IN2000L2-LC)
at the exit port of the KI destruction tank
a. The analyzer should read 0.05ppm
6.7.7 Close BV§
6.7.8 Close BV10
6.7.9 Close BV4
6.7.10 Close BV6
6.7.11 Record effluent ozone concentration in log book
6.7.12 If ozone limits exceed 0.05ppm follow the next steps otherwise skip to step
6.7.18
6.7.13 Remove KI Destruction Tank from the system
6.7.14 Dispose of the KI according to safety procedures
6.7.15 Refill with new KI solution
6.7.16 Reattach KI Destruction Tank to system
6.7.17 Follow the Flushing the Anaerobic Reaction Tank procedure

6.8 Achieving Desired Concentration
6.8.1 Open BV3
6.8.2 Open BV11
6.8.3 Open BVS
6.8.4 Open BV7
6.8.5 Close BV2

This document is uncontrolled when printed: 4/3/2000
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6.8.6 Allow ozone to flow through the HI analyzer at 0.5L/min until desired
concentration is achieved
a. Adjust %PSU and flow rates as needed
b. Monitor the flow rate on the analyzer to ensure it is exactly 0.5L/min. You
may have to adjust NV2 and BV3
¢.Monitor G1 on the buffer tank to make sure it remains zero
6.8.7 Close valve BVS
6.8.8 Close valve BV11
6.8.9 Close valve BV3
6.8.10 Pressurize buffer tank to Spsi
a. Refer to Gl
6.8.11 Open valve BV2
6.8.12 Close valve BV7

6.9 Stopping Gas Flow
6.9.1 Reduce power supply to 0% LOCAL by pressing the down button for SET
POINT
6.9.2 Turn off ozone generator power supply by switching to PSU OFF
a. Screen should indicate: PSU OFF and PURGING time
b. The screen background should be orange
6.9.3 Allow for the equipment to purge the system with the feedgas and remove the
residual ozone in the generator
a. This process runs for 90s
6.9.4 Once this is completed the screen will turn green and read: PSU OFF and
POWER 00000kw
6.9.5 Set ozone generalor pressure (o zero
a. Adjust by turning PCV 201 dial
6.9.6 Stop oxygen flow into the ozone generator
a. Set PR1 to zero
b. Close valve BV1
6.9.7 Close valve BV2

6.10 Experimental Run
6.10.1 Once desired concentration 1s achieved open valve BV6
6.10.2 Open valve BV4
6.10.3 Open valve BV 10
6.10.4 Open valve BVS
6.10.5 Allow ozone to flow through the anaerobic tank
6.10.6 Close valve BV6
6.10.7 Pressurize anaerobic tank to 1.4psi (0.1bar)
a. Refer to G2

This document is uncontrolled when printed: 4/3/2009
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6.10.8 Close valve BVS
6.10.9 Close valve BV10

6.10.10 Close valve BV4

6.10.11 Perform experimental run

6.10.12 Refer to Step 6.4 for flushing the Anaerobic Reaction Tank
6.10.13 Remove samples replace lid securely

6.11.1 Open valves
a. BV3
b. BV8
6.11.2 Depressurize buffer tank by allowing the ozone to flow out of the tank
a. G1 should read Opsi before continuing
6.11.3 Set PR2 to 25psi
6.11.4 Open valves
a. BV1I1
b.BV9
6.11.5 Allow nitrogen to flush through the system
6.11.6 Monitor the H1 in-line analyzer until the %wt reads 0%
6.11.7 Close valves
a. BVS
b. BV1l
c. BV3
6.11.8 Pressurize buffer tank to 10psi
6.11.9 Close BV9
6.11.10 Open valves (in the following order)
a. BV6
b. BV4
c.BVI10
d.BVS
6.11.11 Allow nitrogen to flush through system
a. Monitor ozone concentration released from the KI column using the
ambient ozone analyzer ensuring that it does not exceed 0.05ppm
b. If the concentration does not exceeds (.05ppm continue with Step 6.11.17
6.11.12 If concentration exceeds 0.05ppm immediately close the following valves:
a. BV8
b. BVI10
c.BV4
d.BV6
6.11.13 Remove both Kl destruct columns from the system
6.11.14 Transfer the KI waste into the designated waste container

This document is uncontrolled when printed: 4/3/2009
For the most current and official copy, check the ...



Irj{" WGE (b4 " " Dade: LH-?JI'!G 1
J MOFFETT CENTER Page 7 of 11
Title: Author:
Ozone System Startup and Shutdown Procedure Kerri Cooper

' Document No.: MC-SA-105-S0P001-V01 Effective Date:
May 2008

6.11.15 Fill the bottles with new KI solution and then continue with Step 6.11.18
6.11.16 Open BV3
6.11.17 Close valves (in the following order)
a.BVI10
b.BV4
6.11.18 Allow remainder of nitrogen to flow out of tank
a. Make sure G1 reads Opsi
6.11.19 Close
a. BVE
b. BV3
6.11.20 Set PR2 to 10psi
a. Flow rate: 5 L/min
6.11.21 Open valve BVS5 to remove humidity in the anaerobic reaction tank
a. Switch orange lever to open
6.11.22 Allow nitrogen to flush through the tank for at least 1.5min
6.11.23 Set PR2 to zero
6.11.24 Close valve BV3
a. Switch orange lever to shut position
6.11.25 Allow Anaerobic Reaction Tank pressure to reach Opsi
a. Refer to G2
6.11.26 Close valve BV6

6.12  If performing another experimental run return to Step 6.5.5. If the experimentation is
done for the day, continue with step 6.13

6.13  Shut Down Procedure (once all experimental runs are completed)
6.13.1 Switch MAINS OFF
6.13.2 Turn off water supply
a. Close butterfly valve
6.13.3 Close gas cylinders by turning the valve
a. Nitrogen
b. Oxygen
6.13.4 Turn off analyzers
a. H1 (in-line)
a. Ambient analyzer
6.13.5 Turn off fume hood

7.0 References and Supporting Documents

Department of Health and Human Services. Federal Register. 2001, 66(123). <Wais.acces. gpo.gove>,
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Manganese Dioxide (MnO,) Material Safety Data Sheet (MSDS).
Operating Instructions. 0ZAT® Ozone Generator. Type CFS-1...3A.

Ozone Material Safety Data Sheet (MSDS).
{hup:f.fw“w,uznneapplicatiuns.cnnﬁinfufnzmnc_nﬁds.htm}.

Ozone Safe Working Practices. Work SafeBC.
ihrtp:f.*'www.wnrksafcbc.cmm‘pubiil:alinnsa’health_anddsat'etyfh}f_topic.fassctsfpdﬂﬂzc-ne_bkﬂi?.pdf‘.‘-*.

Ozone Design System P&ID

Potassium lodide (K1) Material Safety Data Sheet (MSDS).

Steiner, Ed. National Center for Food Safety and Technology: Director of Facilities and Pilot Plant.
The Hazards of Ozone & Ozone Gas. *ihup:waw.inspect—n}f.mnﬂsickhuusefﬂz.nneﬂazards.huﬂ},

Wikepedia. Ozone. 2007. ﬂhttp:ffan.wikipedia,nrg#wikif{)zune}.
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1.0 Purpose and Scope

1.1 To safely shutdown the ozone system in a timely fashion if procedure limits or equipment fails.

1.0 Responsibility
2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations
3.1 Ozone is toxic to humans and should be contained and destroyed effectively
3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxygen cleaned
3.3 Oxygen analyzer should be used to ensure less than 23% is being released into the atmosphere
3.4 Release of nitrogen into the atmosphere can reduce the level of oxygen causing potential suffocation.

4.0 Equipment and Supplies

o  Oxygen tank
Mitrogen tank
Ozone Generator (Ozonia/CF5-1A)
Buffer tank (10gal pressure vessel)
Ozone Analyzer (IN USA/H1)
Ambient Ozone Analyzer (IN USA/IN2000L2-LC)
Anaerobic Reaction Tank (Schiitt Labortechnik/stainless steel)
Mn(» Destruction tank
Humidity tank, excess water tank, and destruction tank (Ace Glass/500ml Gas washing bottle)
Stainless Steel piping (Valex 316L, Specification 301, % in)
Ball Valves (Swagelok/S5-42G54-SC11)
Needle Valves (Swagelok/SS-4MG-SL-SC11)
Pressure Release Valve (Swagelok/SS-RL3S4/SC11)
Pressure Gauge (Blue Ribbon Sales & Service Corp/BR4001-4L.D, oxygen cleaned)
PVDF Tubing (McMaster-Carr/5390K 342, 3-A sanitary tubing)
Butterfly Valve (McMaster-Carr/4682K 74, 4 in connections)
Check Valve (Swagelok/SS-4C-1-SC11)
Rotameter (Mcmaster-Carr/8051K17)
Nylon Tubing (McMaster-Carr/5112K653, 3/8in OD)
Oxygen Detector (McMaster-Carr/18995T14)
Cotton/Polyester Blend Knit Gloves (McMaster-Carr/6078153)
Vaneometer

5.0 Responsible Personnel
C e Kerri Cooper: Ozone System Engineer (Student) 803-669-3737
o Ed Steiner: Director of Facilities and Pilot Plant 708-308-8911
o Dr. Peter Slade: Project Instructor  708-563-8172

This document is uncontrolled when printed: 4/3/2009
For the most current and official copy, check the ..




e

1 Lhte 4]3)69
/{D MOFFETT CENTER Pagé 2 of 7
Author:
Emergency Shutdown Procedures Kerri Cooper
Document No.: MC-SA-105-SOP002-V01 Effective Date:
June 2008

e Claudia Rodriguez: Co-Project Instructor ~ 708-563-2052

6.0 Operational Procedure
6.1 Fume Hood Failure (due to mechanical or power failure)
6.1.1 Refer to vaneometer to determine if air is flowing in the direction of fume hood draw and
use sound for indication of failure
6.1.2 Check efficacy of the KI destruction tank and the MnO; destruct column
a. If ozone's limits are less than 0.1ppm and oxygen detector is within the range of 20-
21% continue experiment but monitor levels
b. If limits are not within range continue to step 6.1.3
6.1.3 Do emergency shutdown of the ozone generator by switching MAINS to OFF
a. This will skip the generator purge step (do not allow system to purge)
6.1.4 Close valves BV2. BV3, and BVé6
6.1.5 Close N; and O; cvlinders if they are open
6.1.6 Set PR1-2 to zero
6.1.7 Evacuate room and close door
6.1.8 Post note on door warning individuals not to enter room
6.1.9 Contact responsible personnel

6.2 Oxygen Leak or High Concentrations of 23% or greater (refer to oxvgen detector
6.2.1 Ensure fume hood is running
a. Refer to vaneometer
6.2.2 Perform emergency shutdown of ozone generator by switching MAINS to OFF
6.2.3 Set PR to zero
6.2.4 Close O, and N cylinders
6.2.5 Close valves BV2, BV3, BV10 and BV6
6.2.6 Evacuate room
6.2.7 Post note on door warning individuals not to enter room
| 6.2.8 Contact responsible personnel

6.3 Ozone Leak or Release of High Concentrations
6.3.1 Ensure fume hood is running

a, Refer to vaneometer
’ 6.3.2 Refer to O; analyzer Model: IN2000L2-LC
' a. If concentration is less than 0.1ppm perform leak test and check KI destruction tank and
| MnO: exhaust
a. If concentration is 0.1ppm or greater continue with emergency shutdown
procedure

6.3.3 Perform emergency shutdown of ozone generator by switching MAINS to OFF
. 6.3.4 Close valves BV2, BV3,BV10 and BV6

6.3.5 Close O3 and N» cylinders

6.3.6 Evacuate room and close door
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6.3.7 Post note on door warning individuals not to enter room

6.3.8 Contact responsible personnel

6.4 Nitrogen Release into Atmosphere (refer to O analvzer)
6.4.1 Ensure fume hood is running

6.4.2 Refer to oxygen analyzer to determine percentage of O, in atmosphere

a. Oxygen level should not fall below 19.5%

6.4.3 Perform emergency shutdown of 0zone generator by switching MAINS to OFF

6.4.4 Close Oz and N; cylinder
6.4.5 Close valves BV2, BV3. BV10 and BV6
6.4.6 Evacuate room and close door

6.4.8 Contact responsible personnel

6.4.7 Post note on door warning individuals not to enter room

6.5. Determining percent oxygen in the atmosphere after a nitrogen release

%0, = % *100 where,

O

V; = room volume
V. = max gas release (cylinder volume)
"r“ = n.:ﬂqs*[\v{; . vtz}

6.5.1 Worst Case Scenario for the Release of the Maximum Volume of the N

Cylinder into Laboratory 105 — NCFST

Room volume = 2457ft° Volume of N; cylinder = 300ft’

¥
%0, =-2*100

0.2095 * (2457 fi* =300 /%)
2457 f’

%), =

%0, =18.4%

7.0 References and Supporting Documents

Oxygen Material Safety Data Sheet (MSDS).

Jzone Material Safety Data Sheet (MSDS). <http Hiwww.ozoneapplications.com/info/ozone msds. htm:>.
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Ozone Safe Working Practices. Work SafeBC.
<http://www.worksafebe.com/publications/health_and_safety/by_topic/assets/pdfiozone_bk47.pdf>.

Ozone Design System P&ID
Steiner, Ed. National Center for Food Safety and Technology: Director of Facilities and Pilot Plant.
The Hazards of ozone & Ozone Gas. <http://www.inspect-ny.com/sickhouse/OzoneHazards. htm>.

Wikepedia. Ozone. 2007. <http:/fen.wikipedia.org/wiki/Ozone=>,
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1.0 Purpose and Scope

1.1 To safely disconnect the oxygen and nitrogen cylinders from the system

2.0 Responsibility

2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations

3.1 Incorrect removal could cause release of ozone, oxygen, or nitrogen into the atmosphere

3.2 Ozone 1s toxic to humans and should be contained and destroved effectively

3.3 Oxygen can be combustible if in contact with organic materials, all parts are oxygen
cleaned

3.4 Oxygen analyzer should be used to ensure less than 23% is being released into the
atmosphere

3.5 Inappropriate disconnection of the cylinders can cause over pressurization of the system
causing gas leaks or system failure

4.0 Equipment and Supplies

Oxygen tank

Mitrogen tank

Ozone Generator (Ozonia/CFS-1A)

Ambient Ozone Analyzer (IN USA/IN2000L.2-LC)

Stainless Steel piping (Valex 316L, Specification 301, % in)
Ball Valves (Swagelok/SS5-42GS4-SC11)

Needle Valves (Swagelok/S5-4MG-5L-5C11)

Pressure Release Valve (Swagelok/SS-RL3S4/SC11)
Butterfly Valve (McMaster-Carr/4682K 74, '4 in connections)
Rotameter (Mcmaster-Carr/8051K17)

Nylon Tubing (McMaster-Carr/5112K653, 3/8in OD)

Oxygen Detector (McMaster-Carr/18995T14)
Cotton/Polyester Blend Knit Gloves (McMaster-Carr/6078T53)
Vaneometer '

5.0 Operational Procedure

5.1 Turn on Fume Hood
5.1.1 Refer to vaneometer to ensure that air is flowing upward into the fume hood

This document is uncontrolled when printed: 4/3/2009
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5.2 Oxygen Cylinder Disconnection

3.2.1 Ensure the ozone generator is not running
5.2.2 Check valves to ensure they are closed
a. BVI-11
5.2.3 Close O; cylinder valve
5.2.4 Ensure PR1 is set to zero
5.2.5 Disconnect O; cylinder from system
4. Monitor O; detector to ensure high concentrations of oxygen is not being
released
3.2.6 Reconnect new cylinder to system
5.2.7 Check connections for any leaks using the leak detector

5.3 Nitrogen Cylinder Disconnection
5.3.1 Ensure all valves are closed

a. BV1 - 11
5.3.2 Close Nz cylinder valve
5.3.3 Ensure PR2 is set to zero
3.3.4 Disconnect the N eylinder from the system
5.3.5 Reconnect new cylinder to system
5.3.6 Check connections for any leaks using the leak detector

*Note: this procedure should not be done while any pieces of the equipment are
running or in use. Cylinders should be disconnected before or after experimental
runs.

6.0 References and Supporting Documents

Ozone Material Safety Data Sheet (MSDS).
<http://www.ozoneapplications.com/info/ozone_msds.htm>.

Ozone Safe Working Practices. Work SafeBC.
{hup:.f.r‘mw.'.wnrksafehc.comfpuhlicati-::msfhcalm_and_aafﬂ}'fhy_lupicx’assam’pdﬂ’ozmm_bkﬂ.pdf“;-.

Ozone Design System P&ID

Steiner, Ed. National Center for Food Safety and Technology: Director of Facilities and Pilot Plant.
The Hazards of ozone & Ozone Gas. <http://www.inspect-ny.com/sickhouse/OzoneHazards. htm=.
Wikepedia. Ozone. 2007. <htip://en.wikipedia.org/wiki/Qzone>.
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1.0 Purpose and Scope
1.1 To safely operate the ozone design system in accordance with the safety regulations.

2.0 Responsibility
2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations
3.1 Ozone is toxic to humans and should be contained and destroyed effectively
3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxygen
cleaned
3.3 Oxvgen analyzer should be used to ensure less than 23% is being released into the
atmosphere

4.0 Required Materials for Safely Operating the System
¢ Nitrile Gloves

Laboratory Coats

Fume Hood with vinyl curtain

Safety Glasses

Oxygen cleaned parts and components

Vaneometer

5.0 Operational Procedure
5.1 Turn on Fume Hood
5.1.1 Refer to vaneometer to ensure that air is flowing upward into the fume hood
5.1.2 Noise from the fume hood also indicates it is in operation

*Fume Hood should be running at all times while operating the system

5.2 Operational Safety and Health Administration (OSHA): Ozone exposure limits

Conditions Ozone Concentrations
Detectable odor 0.01 to 0.05 ppm
OSHA 8hr limit 0.1 ppm
Short term exposure 0.3 ppm (15min)
Severe coughing, shortness of breath, or pain on = 0.4 ppm (2hrs)

deep inspiration '

Immediately Dangerous to Life (IDLH) e 5.0 ppm

Lethal Concentration - | o 50 ppm {Ziﬂm_irl}:
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5.3 System Leak Test (performed with nitrogen only)

5.3.1 Set PR2 TO 25 psig

a. Flow: 10 L/min
5.3.2 Open BV9
5.3.3 Pressurize buffer tank to 10.5psi
5.3.4 Close BV9

a. Allow for pressure to equilibrate
5.3.5 Open valves

a. BV2

b. BV3

c. BVI11

d. BVS

5.3.6 Allow nitrogen to flush through the open lines
5.3.7 Using the leak detector solution apply to connections
a. If solution bubbles the connections need to be tightened

5.3.8'Close BVS
5.3.9 Close valves
a. BV11
b. BV3
c.BV2
5.3.10 Open BV9
3.3.11 Pressurize buffer tank to 10.0 psi
5.3.12 Close BV9
5.3.13 Open valves
a. BV6
b. BV4
c. BVI1O
d. BV§

5.3.14 Allow nitrogen to flush through the open lines
3.3.15 Using the leak detector solution apply to connections
a. If solution bubbles the connections need to be tightened

5.3.16 Close valves
a. BVS
a. BV10
a. BV4
5.3.17 Open BV5

a. Ensure BV6 is open before performing this action
5.3.18 Allow nitrogen to flush through the open lines
5.3.19 Using the leak detector solution apply to connections

a. If solution bubbles the connections need to be tightened

This document is uncontrolled when printed: 4/3/2009
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3.3.20 Close BV5

+ 5.3.21 Close BV6
6.0 References and Supporting Documents
Nitrogen Material Safety Data Sheet (MSDS)

Occupational Safety & Health Administration ( OSHA). Ozone. May 2007,
{http:ﬁwww.osha_gnwdtsfchemicaisampIingfdatafcH_2593ﬂﬂ.htnﬂ#expnsure:=.

Oxygen Material Safety Data Sheet (MSDS),

Ozone Material Safety Data Sheet (MSDS).
{http:f’fwu,uzuneapplicaiinns,cnmfinﬁ:-fﬂmne_msds.htm}.

Ozone Safe Working Practices. Work SafeBC.
{hﬂp:!fww.wnrksafehc.comfpub]il:atinnsﬂmalth_andﬂsar‘et}'fb}'_mpica’assets.r’pdﬁ'nzune_bk-‘l?.pdfb-.

Ozone Design System P&ID
Steiner, Ed. National Center for Food Safety and Technology: Director of Facilities and Pilot Plant.
The Hazards of ozone & Ozone Gas. <http://www.inspect-ny.com/sickhouse/OzoneHazards. htm>.

Wikepedia. Ozone. 2007. <http://en.wikipedia.org/wiki/Ozone>.
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1.0 Purpose and Scope

1.1 To safely startup and shutdown the ozone system for delivery and destruction to the
anaerobic reaction tank

2.0 Responsibility
2.1 The scientific personnel that carries out this procedure

3.0 Hazards and Safety Considerations

3.1 Ozone is toxic to humans and should be contained and destroyed effectively

3.2 Oxygen can be combustible if in contact with organic materials, all parts are oxygen
cleaned

3.3 Oxygen analyzer should be used to ensure less than 23% is being released into the
atmosphere

3.4 Inappropriate valve alignment can cause over pressurization which could result in an
ozone, oxygen, or nitrogen leak into the atmosphere

4.0 Equipment and Supplies
s  Oxygen tank
Nitrogen tank
Ozone Generator (Ozonia/CFS-1A)
Buffer tank (10gal pressure vessel)
Ozone Analvzer (IN USA/HI)
Ambient Ozone Analyzer (IN USA/IN2000L2-LC)
Anaerobic Reaction Tank (Schiitt Labortechnik/stainless steel)
Mn(O- Destruction tank
Humidity tank, excess water tank, and destruction tank (Ace Glass/500m] Gas washing
bottle)
Stainless Steel piping (Valex 316L, Specification 301, % in)
Ball Valves (Swagelok/SS-42GS4-SC11)
Needle Valves (Swagelok/S5-4MG-SL-SC11)
Pressure Release Valve (Swagelok/SS-RL3S4/SC11)
Pressure Gauge (Blue Ribbon Sales & Service Corp/BR4001-4LD, oxygen cleaned)
PVDF Tubing (McMaster-Carr/5390K 342, 3-A sanitary tubing)
Butterfly Valve (McMaster-Carr/4682K 74, %4 in connections)
Check Valve (Swagelok/S5-4C-1-8C11)
Rotameter (Mcmaster-Carr/8051K17)
Nylon Tubing (McMaster-Carr/5112K653, 3/8in OD)
Oxygen Detector (McMaster-Carr/18995T14)
Vaneometer

" 8 & @& ® & & @ & 8 @ @
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5.0 Operational Procedure
5.1 Turn on Fume Hood

5.3 Setting
unless flow begins to vary)
53.3.1 For NV1
a. Open valve BV1
b. Open valve BV2

should be 21 L/min
d. Close valve BV
e. Close BV2

5.3.2 For NV2 and NV3
a. Open BV7
b. Open BV1
. Pressurize buffer tank to 5 psi
. Close BV7
. Open BV2
Open valve BV3
. Open valve BV11
. Open valve BV8

Close BVS
. Close BV11
I. Close BV3
m. Open BV7
n. Pressurize buffer tank to Spsi
0. Close BV7
p- Open BV6
q. Open BV4
r. Open BV10

R il - e TR O < PO

Valve Flow (these valves should not have to be adjusted once the desi

5.1.1 Refer to vaneometer to ensure that air is flowing upward into the fume hood

5.2 Refer to SOP: MC-SA-105-50P001-V01 for starting up the ozone generator

¢. Set NV by referring to the flow meter on the ozone generator. Flow

Adjust NV2 to 0.5 L/min by referring to the ozone analyzer’s flow meter

| s. Adjust NV3 by referring to the flow meter located upstream of the valve

5321 Set flow to 15 (3.51 L/min)
5.3.2.2  The water contained in the humidity tank should not splash
excessively. If this occurs reduce the flow.

This document is uncontrolled when printed: 4/3/2009
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Table 1: NV3 Flow Meter Calibrations for Air
Scale Reading Flow (L/min) |
65 13.15 .
60 12.49
55 11.82
50 10.98
45 10.06
40 0.14
35 8.13
30 7.09
25 592
20 4.74
15 3.51
10 2.20
5 96
t. OpenBV2
u. Close BVS
v. Close BV10
w. Close BV4
x. Close BV6
y.

Turn off ozone generator by referring to SOP: MC-SA-105-SOP001-V01
for stopping gas flow

5.3.3 Adjusting NV4 and NV5

R e =

Open BV6

Open BV5

Set PR2 to 10 psi

Adjust NV4 to 5 L/min by referring to the FM35
Close BVS

Close BV6

Set PR2 to 25 psi

Open BV9

Adjust NV5 to 9.5 L/min by referring to the FM4
Set PR2 to zero

Close BV9

This document is uncontrolled when printed: 4/3/2009
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6.0 References and Supporting Documents
Manganese Dioxide (Mn0O,) Material Safety Data Sheet (MSDS).

Ozone Material Safety Data Sheet (MSDS).
<http://www.ozoneapplications.com/info/ozone msds.htm>.

Ozone Safe Working Practices. Work SafeBC,
{http:ﬁwwwlmrksafebchcunﬁpubﬁcatiﬁns;heahh_andﬂsafctyfby_tupicfassewpdI"s’uzone_bkril?.pdf‘:-,

Ozone Design System P&ID

Potassium lodide (KI) Material Safety Data Sheet (MSDS).

Steiner, Ed. National Center for Food Safety and Technology: Director of Facilities and Pilot Plant.
The Hazards of ozone & Ozone Gas. <http://www.inspect-ny.com/sickhouse/OzoneHazards htm>.

Wikepedia. Ozone. 2007, <http://en.wikipedia.org/wiki/Ozone>.
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| R&D : CRCO - Process Control

Description of the method

The pumrose of the HAZOP (hazard operability study) proeedure is to analyse the operation integnty of 3 system.
The HAZOP method is o technique for identfying potential problems and for suggestng sk mitgation measures
by systemancally identifyimg and determinimg the effeces of the deviations lable to oecur during routine operanons,

The HAZOP method 15 based on the followdng steps;

o Dieseribe the system, its funenons and features {may be done by means of a preparatory Functional Analysis);

o Lisr all the “nodes” of the svstem. Modes are basic pares of the P&ID thar are homogeneous i their funcoon
from the process point of view;

& List all the sgmificant devintions of the parameters of cach node (pressure, fow-rate, remperamee.. ) by means

of keywornds {too lgh, to low, . );
| Comment [FB1); e - 5
| Le fur on vrmment, svant b rivheesion da

o Find out the ]‘u]ui}.ﬂe reasins af deviaton ;;. 3
LR

*  [ind out the potental effects of the devianons while mkmg meo account the different operanon steps of the
EYSIEm;

*  List the means to reduce the nsks. (lower the probability of failere, lower, the seventy level.) dentify the
C possible mean to detect the deviation nsk.

o Agsess the seventy and the concality of the readual fsks while raking into accounr the nsk mitgaton measures
previously set up.

*  List some guidelines to be implemented o reduce the residual nsk when ir s o senous

Pape 1/4
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An example step by step
The results of an analysis éan be summanzed in 2 mble, where steps are listed in columnz, Deviations of a node are
investpated in rows,
o .'-.Jl"'"'! i
‘Function | Deviation | Cavses Effects reduction | | 8 | € |Action | Comment | Ref
Table I: HAZOP rable
The columns contan the tollowmg mfomanon:
Mo e e LSRG of 2 foncnonal dlement of sysrem
Funetion ... Puspeise of the sinde. Whar s the node for
Dheviation ...ooooovrvii . Pogahle deviation of a pamemeter of the node. The parsmerers may be “Pressune™,
“Flowemte”, “Tempemuree”, “Level”, “Composttion”. .. Devation is guess by
! systematic apphcanon of key words: “Mere”, “Less”, “No”, “Too high”.. | One
| Ine of the table srands for one deviaton.
If'_
‘ .'\, CRUSES ittt ATE Indicated the posable causes of the deviaton.
Effect i Possible effect consed by the devianon on the system and the pmcess. Currently
\ st up means of redocton are not mken into account yer at this stuge of the
{ analyais
| Means of redoction ... Are mdicated the nsk reducoon means. Cne may act over the couses o redoce the
[ happening probability of the sk, or one may ace over the consequences to
minkmiEe its seventy,
. L (Likelihood) oo 15 asseszed the happenmg frequency of the devition while mking into aceount the
eurrently see up Ask seduction measures.
S (Seventy), i I# assessed the seventy level of the effecr, tking inio sceount the sk reducnon
menns: Seventy classes are presentod beloa
C {Gl'l'ti:l:i].lt?} L . Crncality = a combanan of the hkebihood and the :L".'L'fir} of a risk
A ACHON) - i pidelines: o be mmplemented po reduce the resdual nsks. Guidelings must be
implemented when the erfeshty of the sk is high.
Commmemin s i i Comments.
Reference (Ref) oo Idennficanon of the row
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Risk levels

Likelihood levels

Wording Expected rate of occurrence

Has never happened before, or has happenced before and has been

Linkik cly

coanpletely cleared

Happened before, have been cleared on o different system or
2 Possible -

EMVITUIIMETEE

Happens regulardy. There s no way to tackle the gsk nor Asr I.u;uld\:-!

3 Freguent
expenence om this mater |

Table 2: Probability classes

Severity Level

The severity level is cateporzed with eespect o the mamre of the effect

s Safety: Person safery working on the system or near-by, impact on the environment

L] Availability: system svatlability, abdhity of the system when it 15 meant 1o produce

Severity

Availability

Tabie 3: Severty classes

Level of Criticality

U rcabty 1 3 combimanon of the ikchhood and the sevenry of a msk, according to the mbie below

. Soveity.
Likelihood
1
2
3
Talve 4: Risk assessment categoes
nnE T emannpe o tric 8 = ——— = 111 cTm ¥ i bl i e LA i
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Direct assessment of the criticality

In sivene studics, the level of eriticality may be assessed dircctly sccording 1o the entera below:
*  Criticaliy “ Rusk minganon mezsures are effective so thar the residual fsk is minor. [t s said that osk is

under conteel. There & no need for extra risk mitigation measore

*  Crncality ' Remdual risk 9 not satisfactory, Fxra mak mifEEhon measures (proventve measurcs,
detection, protection. ) ane required
*  Criticality - Residual risk cannot be beard. Risk munspanon measures are defnitely required. When no
solution & identified or when measuees failed to be complered, the project must stop.
Pagne 4,4
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HAZOP - Hazard and Operability study =~ o™
EAIR LIQUIDE azard and Operability study o

The purpese of an HAZOP study is 1o analy2e the operation intagrity of a
""""" e S N S e system. An HAZOP identifies tha effecis of deviatians thal might oceur
during normal oparstion of the syslam

Objectves of HAZOP sludy

bdariddy tha nsks of matiunction of an installaton relabiity, satety or e
anirariman )

03 DEI ivery Sy Stem Check the instalisd maans of detachon and prooection
Hazard and Operability Study (HAZOP) Racommend chianges i the dewin andor Wig o protecsn systens 3o

= “Inductive reasoning” type analysss (Causes - Resulis)

S-Aprik2008 @
CanllEe ] - R i Drviatrr - B Tovs « SIS Crpmnes Sl iyl '-
HAZOP - Hazard and Operability study ™= HAZOP - Hazard and Operability study ~ m™" '~
» HAZOP Melhod detafied in Risk Management Procedure PMR-G-04
= Typical staps of an HAZOP o Tool used for HAZOP

Descrine e system, s funchons and features

Defing all the “nodes” of the system, MNodes are basic part of the sysi=m that are | Fia
ROMAgananus in their funoton FFom 8 procass point of wew. [ choasn in such a 2 3
wily &8 {0 correspond b an mienbon (pressuns feduction, heating storags, edc. | i

List all the possibie deviations of the parameters of each node ELE‘DER'ME
Dieleaming thin poBKDie causes of deviations

Diatermre e affects of devistions e
Liat e maans lo reduce the riak

Atsesa e soverity and criicality WA — -
List some guidelines to implement the risks

Shandam sofwars package used by Alr Liquide &merica
Lisag 8 §y5leTBiC approacn
Farmalizes HAZOP stady

Caririandial. ssmams § Dovsimess: - Szosmurns Durar < HLZOP Svmpoe Pojel &M - Corfiianlal .t & Durvalope - S Duvan - MADS Crycsns Frepc Sl '

Method g s

& The concepl invalves investigating haw the plant might deviate
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i i the Analysis

Table D
. Type . Number Title Revision Revision Date Document Location |
| 1 )
Frocedure MC-5A-105-50P002 Emergency Shutdown Procedures v-01
Procedure M SA-105-50P003-V01 acting the Coygen and Nitrogen V=01
: :I'JEI'_H:I.JTE Ozone Systemn General Safety 5"[:-.":'l..‘-ﬂJ'l.':!5- V01 ¢
| Procedure Setting Needle Valves for the Ozone V-01
Sy il
Procedure Ozone System Startup and shutdown V-01
Procedure
Crawing P&RID 3 | Hi Series Dzone Analyzer =
Drawinag P&RID S=14 Orane 3
|
Drawing PFO/PRID | 1 6/9/2008 |




Table 2 Team Members
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First Name Last Name Role E-Mail Phone Job Tite Company
Bharat Aluri Baluridniit.edu Student NCFST
Kerr Cooper Operator keooperdiiit.edu BO3-669-3727 Student RCFST
Todd Diel diel@it.edu 703-563-8150 Safety Officer NCFST
Shevien Fisher Ozone Operations Steven, Fisher@Airll | (708) 579-7709 | Project Engineer AL Consuiltant
Expert quide.com
Vishwesh Kelkar vhkelkari@iit.edu Student MNCFST
Vasuhi Rasanayagam AL Project Leader vasuhl.rasanayagam | 302-2856-5439 Scientist American Alr Liquide
@airfiguide. com -DRTC
Ted Rekart RMR/HAZOP Leader | Theodore.Rekarv@ai | 302-286-5514 Safety Officer American Air Liguide
rliguide.com = DRTC
Claudia Rodriguez Co-Pl rodrigueziit.edu 708-563-2052 Sclentist NCFST
Peter Slade FI sladed@it.edu 708-563-8172 Director of MCFST
Education &
Cutreach
Ed Stelner Lead Engineer steinerfiit.edu 708-563-8273 Director of Facilities | NMCFST
& Pilot Plant
Lei Wang Operator Lwang59dadit.edu Student
HazrardReview 3
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Table 3 Action Items

Type No., Action Status Responsibility Date Complete References

Recommendation 1 Add relief vahe between | Completed | Cooper/Slade 6/12/2008 1.1 High Oxygen Flaw
w1 and BV1 to outside — Ozone Genesator &
basllding Oxygen supply

1.4 High ozone
generator temperature
— (zone Generator &
Omygen supply

Recommendation | 2 Ensure standard Completed | Kerri Cooper, Lei Wang | &/17/2008 1.1 High Cheygen Flow
operating procedure sets = (Jzone Generator &
secondary side of Crygen supply
regaulator to zero before 1.2 Low e fowr
SPErinY wiyden Vave. Ozone Generator &

Oygen supply

Recommendation | 3 Verify standard operating | Completed | Cooper/Wang 6/17/2008 1.2 Low oxygen flow —
procedure precaition on COrone Generator &
adequate oxygen supphy Oxygen supply
before startup

Recommendation | 4 Ensure standard Completed | Coopr/Wang 6/10/2008 1.3 Reverse oxygen flaw
operating procedure — Dzone Generator &
addresses venting and Oiygen supply
purging the buffer tank
when experiment is
completed and before
any maintenance,

Recommendation | 5 Add flow meter to Completed | Coocpriwang 6/10/2008 1.4 High ozone
cooling water flow to generator temperature
ozone generator and — Ozone Generator &
verify that the standard Oxygen supply
operating procedure
addresses verifying
coaling water flow prior
to ozone generator
startup

Recommendation | & Verify standard operating | Completed | Cooper/Wang 6/10/2008 1.6 High ozone pressure
procedure valve at Generator Outlet
alignments — Ozone Generator &

Oxygen supply

Recommendation | 7 Verify standard operating | Completed | Cooper/wang 6,/10/2008 2.4 Misdirected azone
procedure addresses flow — Czone
nitrogen purging of Humidification Ling
anaerobic reaction tank
with BV4 closed prior to
inserting samples

Recommendation | 8 Outlet routinely checked | Completed | Cooperfwang 6/10/2008 3.1 High ozone
for ambient ozone concentration exiting
concantration column — MnG2 Ozone

Destruction Column

Recommendation |9 Add MnO2 Destruct Completed | Cooper/wang 6/10/2008 3.3 High destruct
column thermocouple, column temperature —
determine operating Mn02 Ozone Destruction
limits and standard Column
operating procedure
response

Recommendation 10 Ensure standard Completed Cooper/Wang 6f17/2008 4.1 High ozone flow —
operating procadure sets Ozaone Analyzer
flow to ozone analyzer to
recommended flow
setting

4
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BUSINESS CONFIDENTIAL

Type No. Action Status Responsibility Date Complete References

Recommendation | 11 Add intemal process flow | Completed | Cooper/Wang 6/19/2008 4.8 Low ozone pressure
diagram for ozone — Ozone Analyzer
analyzer

Recommendation | 12 Add Internal process flow | Completed | Cooper Wang 6/13/2008 1.1 High Oweygen Flow
diagram for ozone — Ozone Generator &
generator Cooygen supply

Recommendation 13 Standard operating Compileted Cooper/wang B/13/2008 5.2 Low/no nitrogen
procedure shoukd contain flow — Mitrogen supply
steps to verify nitrogen
flow

Recommendation 14 Add check valve at exit Completed Cooper/Steiner 6/10/2008 5.4 Misdirected nitrogen
of ozone generator flow — Nitrogen supply
befare BV & BV2

Recommendation | 15 Add to standard Completed | Cooper/Wang 6/17/2008 &.1 High ozone
operating procedure concentration exiting KI
procedure to calculate destruction tank —
scrubber capacity and Anaerobic Reaction Tank
monitor ozone effluent
aas stream accordingly

Recommendation | 16 Evaluate hood set up Completed | Cooper/Steiner 6/16/2008 7.1 High flow — Fume
and Install velocimeter Hood

Recommendation 17 Standard operating Completed Cooper/Wang 6/16/2008 7.2 Low/no flow —
procedure needs to have Fume Hood
Bmegency respanse to
turn off all gas supplies

Recommendation | 18 Verify nitrogen supply Completed | Cooper/Steiner 6/17,/2008 7.2 Low/no flow —
and room flooding Fume Hood
calculations

Recommendation | 19 Standard operating Completed | Cooperfwang/Slade &/18/2008
procedure and PRID's
need revised

HarardReview
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Table 4 List of Sections

BUSINESS CONFIDENTIAL

No. Type Hame Description Drawings

1 Line/Pipe Ozone Generator & Cwygen supply | Cerygen Cylinder, supply tubing and components PFOYFAID
including Ozone Generator

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

3 Tank/Vessel | MnO2 Ozone Destruction Column Ozone destruction column (MnO2) and bypass lines to PFD/PRID
the column and valves BV2 & BY3

4 Other Ozone Analyzer In-line Orone Analyzer including vahe NVZ PFD/P&ID

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

6 Tank/Vessel | Anaerobic Reaction Tank Anaerobic reaction tank and KI destruction tank PFO/PEID

7 Other Fume Hood Fume hood containing experimental setup

HazardReview 6
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BUSINESS CONFIDENTIAL

Table 5 for use in PHA Risk Matrix Used in Analysis

3

4

2
Minor injury, \ < Potential victim, Major acodent with
0 b Serious injury, :
No bodily injury, no m‘E nﬁrﬁéfnaé" :ﬂ:ct Seheus Cnage o mﬂgs wprlas o e
damage to ¢ on environment, or g s en-.-i;'i::'unmg;:tn or “ggﬁs}f ulhngicai
i r . phe or
environment, no damage to small and 5:5:;?;&};; damage to very large | massive destruction
dam;ge to eqlment ; medlum—ssm:é : equipment or lost of items of equipment of facilities or total
production. qivpment, or al rief production (several or extended loss of lost of production
loss of production days) production (several {permanent
{several hours) wesks to months) shutdown)
4 14
B ent
- n;ﬂr i 7] Studies to minimize
Low risk risk must be
than once every 10
years, conducted
e 23
Possible
Evant : o 0z 13 Studies to minimize
Il:'DJ b::! 1000 Low risk Low risk risk must be
years conducted
2
Rare 32
Has happem:led_tu 02 12 22 Studies to minimize
structures, static Law risk Loy risk Low risk risk must be
equipment, or conductied
redundant equipment
1
Very rare H
; o1 11 21 31 i [
The event requires - : Studies to minimize
the TRih of i Low risk Law risk Low risk. Low risk risk. must be
rare events conducted
]
Improbable 00 10 20 30 40
The Evgclnh:never Lovw risk Low risk Low risk Low risk Low risk

HazrardReview

LEADER




HAIAvVIT a

8 MBIADHPDIDZOH

iojesaual 18 anssaud aUOT0 Mo

(21 23s5) moy uabixo oy
Iojesauab

SO0 J0 LMDPINYS Jaqem Buppooo jo sson
duw ybiy sgewoyny | g1 £]| #1 ¥ 1| Jojeseuab auozo u) asmeszdss) YiiY aumesadwa) usgwe yBiH aumesadway sojessuab suozo ybiy b1
#0 ¥ | # ¥ 0 pazunssaly aur moy usfiixn asianay 1
(7'} 2as)
FATAIRUY SUOZ0) - MOY SU0ZO OU/MoT
(2'2 @as) aun vogesypRUNK
BUOZ() - MOy BUDZO OU /MO
(£'1 29s) 32pno
Joiemualb 18 aunssasd auozo Mo
{p'1 20s)
aumessduws) sojemueb suozo ybiy
unidap Alddns sabixg
wieansdn anssald mo
Imessuah
AUOZ0 JO UMOPINYS weaususmop adnssaad ybiy
dusay ybey onewony | €1 £ #1 ¥ I sopesaual suozo w dwsy ybiy DAEA pasDp) Moy uabikko Mo 1

(59 3as) jue| uopIeay
Hooueeuy - aunssasd auozo ybBiy

(1'z 2] aur] uoneyPLUNY
SUOZ0 - MOy suczo yby

{97 2as)

. =no

Fif 4 T B £ Fd Joyesauas) 18 aunssaud auozo yBiy

JuauodLIeD au)

b d z| g2 £ z -u| 0} abewep |BLRU) o) [EOUS10Y

UDNE[EA 33 POOH
BAjEA B|paa BRI 3R,

ioyenbal uabixg | T ol I £ z JUSWIUELL0D JO S50 aunjey Jogenbal aunssaad uabixg mold uabfxg ybiH I
spienfiojes W [ [un| n | s basuo; sasned uopeiARg wagy
JneRusn auoz Buipnpu) syusuedwon pue Buigny Apddns Sepugds uabixg _ 130N

(smespdn) buep, @ ‘(1eaunbug pea) saums p3 ‘(1d) apeis g '(14-00)
zanfiupoy BIpnep) {sapea dOZVH W) HexRy palL ‘(sepes palosd Tv) webedeuesey wynsep (padig suopessdn suozg ) Jeysy uass ‘() Big ppol (omiadn) mdoon way sequsy wea)

Hwasis Lwashs Aanag suozg un ? s ueld 1540M-2140 sAuedwo)y

TVLINAAIAN DD SSANISNH



[

AIava7

7,

M AB N IDTDH
(1 =as)
aumesaduwz) soesaual auozo ybiy
wpno
(71 a8) Moy uabixo smo Jojeuai e aunssald aunzo moT |
JusUUGHESIL BnEp
NG
(1'1 285) moj4 uabixg ybiH AmEsRuac 18 amnssasd auozo yby a'f
Buyoon fupe e
oy pasn Jages dey Aug b T e fursned Jajem 0 Uonesuspuo’ alneiadiua) sagem Buloos mon ainjeiadius) Jojesauab auozo ma . §
(¢'1 93s) 39pn0
spsenBiajes YW | W [ HN | N saduanbasuo) sasne] uopeireg wiagy
Imesauan avozn Bupnpu) sjuauodivos pue Guigny Addns sapulds bl [ ON

TVLINTAIANOD SSANISNE

¢y




. A3IAVITLA

MBIABNPIDZOH

w
e eagsdn amesadsml mo

peieja) AJ2yes [EUORIPPE Of SdMesEduE] JURIGLUIE Mo 2unssald U020 Mo 9'7

(£'9 226) yue|
uoRoeERY J|qosseuy - Moy seb ybiy

(59 33s) yue| vonoey
HQouRey - aunssaud auozo Yhiy

(5
825) LLUNOD) UORINAS] BU0Z0 ZOUK
- aunssasd ulunoo prnsap ybiy

uonejjusn pue pooy | EE | £t £ £ | suozo SasEajal aAEA BRI YUE] Bung (1°Z 28s) moy auozo ybiy aunssaud suozo yBH ST
seouanbasweod Aayes oy JLELUBNESIL e MDY FUCTO PEIIRIDS W
s c| £ £ 4 BUOT0 JO aseaj

bANE SAEA UORE|OS]
- 2500 sladdojs sseb yue) aseag
uoie(iusA pue pool | 0 £ [hEn £ 1] uopezunssasdap wajshs JAEM S520W3 pue juey Appuny MOY BUDT0 FEIRASY €7

(8’9 aas) que)
UoMpesy NOoUSeLy - Moy Sef oujma

(z'p 99s)
JAzARUY BUOZQ - MOY BU0TO OU/MO)
(z'1 @9s) Addns uabiixg

aunpasoad
Gunesado plepuels . ] MBS0 SU0I0) - Moy UabAxo mon
§ [suuossod pauel| | TT 1 gl [4 1 Aduapiya pue uonanpoud jo 550 JuBWUGHEsIU BAEA MOy SUOZ0 OU/MmOT] 7T

(49 89s) yue|
uonoey Jgolseuy - moy seb ysiy

(57 @as) aunssaud auozo ybiH

el t| £ o I BUDZO JO FSER

(1'7 @8s) Addns uablxg g
JOIRIBLAT) BUOZE) - Mol UaBAxD yBIH

pooy 2500 sieddols sse|b yue] aseajal
pajejiuan € u| 51 uswpada | £0 E| E@ £ a ponerunssadap WasAs BN SSE0KE PUBR NUBY Alpiwuny Moy auozo ybiy 17
spienbajes W | W |[¥n | n | s saouanbasuo) sasne) uoneinag wag
HUE | JEjEM S50XT PUB JUE] UDHEIYMWINY "JUB] Jaung aip Buipniau) *jue | UoiDesy J00JseUY Buy) 40 J2U B4 0] JO)RIAURAS) SU0Z0) oY aun 7 "ON

(soqesdp) Buep, 127 “(seauibug pean) saums p3 ‘(14) 2peis =aad (14-00)
zanbupoy Bipnep) ‘(Jspea d0ZVH/ HiWNy) Leyy pal ‘(sapea paloy Tv) webedeuesey ynsep ‘(Ladeg suonemdp suozg ) Busy usaals () 810 ppel '(Hojesedn) jedood Wway S1aquuajy weay)

nwayshs Eshs Aaniag auazg 3un s ueld _ L1540N-2180 sAuedwo)

IVILNAULANOD SSANISOH



HIAVIT

MBIABNDIDZOH

7

(s'€
2as) aunssaud LUN pnasap yhiy

(1€ @88) vwnpoa
Bunixa vopenUaIUCD auezo B

{1°¢ 99s) uwnoa

B uogeuaIuo auozo L Unpoo U sodes Jegem e LE
sa0uanbasued pajefal Ajajes oy aunssasd ULUN|od Mo 9E
(g
(5% 58) S0 USHEIURAUIL S5 LWNpo0 U Jodes Jagem e
aunzg - aunssaud auczo ybiy pabbnid suaaids 3 10 JaU Uwnpes Aunssasd Lo pngsap Yy S'E
aunssasd mon
Jajem jo Buzasuy S20uanbesU0d pAJeR Aaes o aamesadulEg ULImoD Mo #E
almesadiua Jajuow o) seb ULFAOXS 5| UDgongsap
1R Uwnjoe wo sjdnooousey | i Fid £7 plEZEY WINg puR adi4 au0zo se uonenys Gunesado |eusoN aunesadiEy LoD prassp g £'E
sanss| pajepd Ajajes oN UDOBQUaFLI0D SU0Z0 Mo TE
(LE
DIS) LUNOD ul Jodes JS1Em IEIEAL
uopeausb
SU0ro o) pasn paag seb g
(L
ULINjoo uopannsap
o B 0 525 Sam 335 ULINpoD Ul Jodes sagesiaen une
Sjuasaad TAD SMEA IUD | TE | 2 LDINGSap SUDI0 pRonpay Buyjpuuelp BUISHES LHUINIOS Ja, funpa UDHEUAIL0D SUDZ0 1B 1€
spienbajeg HW | 1M | ¥n mn sasuanbasuoy SPSNE) uopeAg | wagr
CAH ] TAD SAAEA PUE LILWNIOD BU) 0f SaU)| ssedAg pue (FOuW) LWned uopsnasap suazn £roN

{4oyeiadpy) Buem @) (aulbul pean) Rusis pa ‘(id) apers =5ad (1d-03)
zanGupoy eipne| ‘(J2pea JOZVHMiY) Lexay pa) (=pea palold Ty) webedeuesey iynsey, (uadxg sucnessdy auozg ) Bysd uasais 1) @0 ppo L (oesedn) Jedooy |Lay SIquiag Wweay

wayshs

wagshs ARwE0 2020 Sun

s

uelg

154002140 tAuedwod

TVLINTAIANOD SSTINISNH

'

o




AIAVIT “

tl MEBINSNPIDZOH

BENED Alayes |gipan oy amssasd auozo Mo '

(1'% 325) moy avozo ybiy (1t #a5) Moy auozo ybiy aunssaud auozo gy e

WSNED HGIpaID opN aMBRAWE JU0Z0 Mo 9
pazdjeue

Apeauje J0U SISNED jgIpaID O aumesadiuag auozo ybiy [

JSMED 3jqipau op MDY BU0Z0 PRSI b

anuanbasuod paeRl Aajes oN JusUBeSIL BB MOl #U0Z0 B5RAY E'p
(z°z aas) aun uogeaypuny

SUOID - MOY SUOTO OU Mo

(z'1 2as) Aiddns uabBixn
| ORISR0 3U0Z0 - Moy uabixo mo

sadenbasuoD pajejRu Ajajes oy JusLfiesu e, MO SUO0Z0 OU M ]
(£ 985) aunssaud auozo yBiH
SEIR AU0TO Agissod
nm 1 b 7 z LiM BTABUR U020 10 aunssaidiEsan
o= = (£t 985) aunssaud avoeo yBiy
d0S g Jojesadp pauely | €]l € % ¥ ] sBuipeau JazAjeue auozo ajemnooeu] Jusubies|w ases, Moy auozo yhiy %
spienbajes. W [TW [un| n | s ‘saouanbasuo sasne . uopeiAaq wiayy

ZAN BAEA Buipnpll JazAlRUY SU0Z0 Sulul ¥ oM

(4mesado) Buem 17 ‘(Jesuibug pean) Jauings p3 (1d) apeis Ja5ad (14-07)
zanbupay eipnep) ‘(12pe dOZVH W) Leyay pal ‘(Japean palold Tv) webedeuesey wunsep ‘(Uadxg sucnesmdn su02n ) JSUSY USASIS '(} P10 ppod (ioessdn) sdooy Way issaqua weay

Hwagsis WasAs AanlE0 SU020 Iun g auely A1540N-0140 Auedwosy

IVLINIAIAN OO SSANISN™

it



HIAVIT B4

t1 M3 .....@EU;.D.NUI
HUE] UODIRA) NGOISEUR U ARA jaijas
T | EE E b ayy ybnoulp aseafad U020 [BRLEo
YUE} J3yNG Uo BABA JaRd
uche(ilan pue pooy | EF [ EZ £ e @41 yBnouly 2Seajad AUGZO [BRUFI0d {175 235) moy uabon i aunssaud vabogu ybiy 25
SSTED 3|20 Oy admesadiimg uaboniu Mo g'g
FSMED 3|qIp=2U0 Oy aimerdwa uabongu ybiy g'g
Joesaush auozo Jo
13N0 O} pappe aq 0 aARA,
ampanosd Gupeiado Jneiauab
piepuess g soeRdD paues) | 21 T [ £ 1 AUCZO Ay o) Ul MmopReq uaboay WBWUGIESI 3AEA - JOLE Jojeladg Mo Lboniu penaspsiy ¥5
FSNED 2|gIpaD Oy mo)) oy Fsianay £5
(89 a2s) yue|
uopesy Jqosaeuy - moy seb oufman
(g5 @a%) amssasd uabomu maon
(8'g aas) yue |
uofoesy Jgousewy - moy seb oufmon
{@°5 2=2s) amssaud ualoniu men
Japuia Aiddns Ajduwg
SSES(U 2U0T0 |euod Apadoud 125 J0u afmys Auepuooas
UCNEjUDSA PUE PooY iz F £r £ rd Ul auozo jo sbund ou Jo [erieg JopepnBag Jo puRwuBiesiw anes Mo UaBoau oufma e
(g9 22s5) yue |
ucieay Joosauy - moy seb oufmon
(£'9 99s) yue|
Uopoesy Jqouseuy - moy seb ybiy
{£5 2as5) aunssaud uabougu by
(g 38s) yuey
amnpasosd Bunesmdo uonaeay Jqouseuy - moyy seb ybiy
PARPURS g DR asEafR U0z pqissod LRI yhipy omy 1as abels puodes sojenbay
UOfBUA pue pooH | ZT Tl £ £ z HUE] UD[DERS JIDISEUE L) J31jRd W) aunssaud) JUSWUBIESIL e moy uabongu ybiy TS
spienBajes YW |TW (¥n | W0 | S _ssauanbasuo) sasney uopeARg wagg
HUR) UD[ED) J0UBRUR BU 0 WD) LOnedyipieny yBnoiyl §Uel Jayng auozo Syl pue juel Londead Jigoieeue ay) oy sajddns usBoniy sfing ﬁ SioN
{Joqesadn) Buem 17 *(Jemnbug pean) s2uims pd ‘(1d) 2pe|s J=9ad (1d-03)
zanbupoy mpner ‘(Bpea] dOZVH WY Lexey pal (spes palodd Ty) webeleuesey jynsep, ‘(Uadxg suogesady auozg ) Busy usas () @ia ppe) (oieedp) sadood (s Siaquuay wea)
welshs wiaishs Alanijag auoz0 sun EEMT F uely _ 15:400-0140 Auedwory

TVLLINIAIANOD SSANISO™

\J \J



¥3aVIT L7

MBIABNPIDZOH

Joquoly uaBAxe Jusigling 1t 1 i z £ asaydsoune Juanyap uabiixg SUNIEJ n|EA JFPLIAD 10 SBpuiiD JUBLILEIU0D uabaiy Ja S50 65
(7'5 =as) moy uabogiu oumon (7'5 ass) Moy uabanm oufmo anssaud uabolpu mo 25
(79 98s) yuey

uopaeay dlqoiseuy - Moy e ybiy

alozo Guseagl
YU SSESRjRY J3BM S530X3 PUB YUB)

iz g = £ z Aipiwiny uo saddos ssef jo Guyn
spaenfajes H4 | W | ¥N | TN g saouanbasuol sasned uoneAag wayy
HUE] UORDEa) NO0ISBUR 3] 0 WED uoledymwny YBNoUL JUBD Jayng SUOZD U PUB HUE) UOMDER: DIQOUERUE My o) sagddns uabouy a6ng 5 oM

AVILNAAIANOD SSANISOH



91

AIaAVIT

7

M ASHDIDTDH
FUOT) - MOY SUDZD OU MDY
(15 =2as)
Apddns uaBouniy - moy uabon Yoy
(75 @8s) Ajddns (7'5 ass) Addns
uabioniy - Moy uabonu ouwo uabouny - moy usboniu oufmo moy seb oufmo g0
(5'z =as) ul] vonEPIWnY
3U0T0 - aunssasd auozo ybiy
(1°Z 335) aun uogeayIPIIny
BU0Z0) - MY BUozo YBIH
(£'g 2as) Addns
uBbouyy - sunssausd uabonm yhiy
(15 =as) (1’5 29s)
Addns uaBogiy - Moy wabogu yBiy Addns wabouy - moy uaBoniu yBiH moy seb ybjy i9
S3NSS) paleed AlJes 2|qipa0 oy aunssaud auozo Mo 9'g
(5°z 2as) aun uopeayPUNY
AUOED - anssaud auozo Y6y
BNEA (11 =as) Ajddns uaixn g
uofEnuas § pood | ZE £7 ij2u au ySnoolp aseaja |enuaing | JolRssuRg U020 - mold uabidxo YBIH ainssasd auazo YoM g'g
POOL PUBR WESAS LORR{RUaA
Pasod bhE
LA HUEY LONDER JIglaeUe aauznbas sadoid w jou
abund oy aunpasoud noabueys yuel uabogu ym pamogoy
funesado piepuels 7 EZ B5E3jRJ BU0ZD ou aunpacasd Gupesado piepuelg MDY BU0I0 PEII34DS]Y ]
saousnbasund AJaes ueayubis ou SNED JIPAID ON aumesadisa) suozo Yoy £g
seouanbasuad Aayes Jueayiubis op JUBMUUGHESIL 3nEA UOREQUSIIGD SUOTD MO e |
ualionu o sBpuiis aua
Loy wWodd J0E5 W 3jgssad
51 LabAxo o/ T smoys
uanenes Guipooy uabogiy
J2zAjeuR JUDZ0 JU2s
e HUE) Lonoanssp
UDRE[OUaA pue pooy \ f ET BEESE) IUOTD ™ panapdag I Bunpe uogenuaduod #uazo Yoy 1'g
spienbajes W | W [ an | I sasned uoneiaaq | wag
YUE] UO[DNAOSap Ty PUE YUY LODJea) NOoaewy _ §ioN

(Jojesadp) Buep @7 {ssauibug pea) Jeuis pa '(1d) apes Jajad {1d-07)
zenbupoy epne ‘(1epes] dOZVH/ M) Wepy pa (epee] peload Ty) webedeuesey wnsep, ‘(1edig suogessdp suozo ) Bysy uenas () Ei0 ppol (aojeiadn) sadoon) sy siaquing wea)

iwayshs

wigshs Alsaia) U020 U

1T

Queld

1540M-0140 :Auvedwoy

IVIINAAIANOD SSANISNE

\J




L1

AIAVIT

MBIABHPIDZOH

7

(97 225) Bul| uoREIYIPRUNE
A0ZQ - Aunssald AU0T0 M

{7z a8s) aun uoHeEL|pRUNY

spienbajeg

W

n

sajuanbasuo)

SAsNe)

uoneaag

HJUEY UOOINNSIP [ PUE YUET LONDER) JqoUseUy

9 oN

TVLINAAIANOD SSEANISNE




81

HIAVIT

7

MBABHDIDTOH
SLNOA LWOoS o) aAne
Mddns uabomgiu pagury
SRR PEH
Joyuoly uaBAxo Jusguuy
[ yu2) uonINsap auazn
TOURW Wwodd 3y jo sjuednooo JuRLUEDR S
HUE) UDINUISap auozg Faf Fd £7 £ ) o] aunsodxs 3U0Z0 POUEI0d UIBLIND A4 Jouz Jojesdn
| I . £ aeds yiom jo Bupooy usBadyu
sjuednang
iz g| EE £ Wiy &) adnsodes usBAxo yhiy
SLUNEOA WOOL 0] SAE
Addns uabougiu paguun
SEEHUO0EA POOK
Jogiow uabAxo Jusquy
[H Jue] uofonaisap auczg
FOM woad auy Jo spuednooo
HUE] LUONINSSN SUnTo Pt T £7 E ay) o) aunsodxa auoTo [Epuaiod JBME|G POOLY JO BNE [E3UBLDS Y
[d JUE] UDOnnsap auoes
TOUW wiaos sy Jo spuednaog Jama pooy
HUE] UOQONS30D 2000 7 z E7 £ @] 0} JNS0dxE AUOI0 [BRLSI0 auy uy Buparg Jou ‘o oeRdn
113 1 £ aneds 3som Jo Bupeoy uabogu
sednooo
e i £z £ woos 0} asrsodia uabio Yo
Joyuow uafdo Juapury
[ NUEL UORINOSIP #U0T0
TOU WU 33 Jo sjuednong
FUE) UDNINOSIP U0Z( iz Z £F £ M o) ansoda BL020 [BouSlod SUMIR) JEMA0 Oy Oufmo gt )
LLIDOd
d0s pue jemdopaues) | g8 | z| €2 £ 3 0JU) AL APPa pue mogppeg sBuiusdo pooy o dmjas sadoudw] Moy UG T
spienbajes. W | W [ ¥n | 0 sIsnes uopeAg ‘waap
dmjas jeuswiade BuuEuod poay awng £ oN

(soyesadp) Buep, (@7 (smauibug pesn) Bumis 3 (14) Bpels sad ‘(14-00)

zanbupoy eipnep (2pea dOZVHMIWY) Hexay pay ‘(4apea) pafoid Tv) webeleuesey \ynsep ‘(Madxg suopessdy auozo ) seysy uasas ‘() 91 ppoL ‘(imessdo) jedoos Wy issequaly wee )

"Eﬂ._r.___ﬂ_

waisAs Aanifpg auozg ouun

s

1S40N-0140 tAuedwo)

TVLLINAAIANOD SSANISNE

\J

\




il

A3IavI7

MBIABYPIDTOH

7

aSNED DEIPAII ON aumesadws ma &L
FSNED SPPPALI OY aunjeladusag ybiy i
FSNED BIpaID OoN Mo asianay £
1£ 1 £ aoeds yiom Jo bupooy usbogu
syuednion
[ L £ £ woad o) aunsodxs usbiixo bl
spienbajes HW | TW | 8N | TN sasuanbasuo) sasne) uopeAag wajy
dras Eiuswuadye BuiLIRIUOD pooy awn4 £ ON

TYLINAALANOD SSANISE




	A.jpg
	1.jpg
	2.jpg
	3.jpg
	4.jpg
	5.jpg
	6.jpg
	7.jpg
	8.jpg
	9.jpg
	10.jpg
	11.jpg
	12.jpg
	13.jpg
	14.jpg
	15.jpg
	16.jpg
	17.jpg
	18.jpg
	19.jpg
	20.jpg
	21.jpg
	22.jpg
	23.jpg
	24.jpg
	25.jpg
	26.jpg
	27.jpg
	28.jpg
	30.jpg
	31.jpg
	32.jpg
	33.jpg
	34.jpg
	35.jpg
	36.jpg
	37.jpg
	38.jpg
	39.jpg
	40.jpg
	41.jpg
	42.jpg
	43.jpg
	44.jpg
	45.jpg
	46.jpg
	47.jpg
	48.jpg
	50.jpg
	51.jpg
	52.jpg
	53.jpg
	54.jpg
	55.jpg
	56.jpg
	57.jpg
	58.jpg
	59.jpg
	60.jpg
	61.jpg
	62.jpg
	63.jpg
	64.jpg
	65.jpg
	66.jpg
	67.jpg
	68.jpg
	69.jpg
	70.jpg
	71.jpg
	72.jpg
	73.jpg
	75.jpg
	76.jpg
	77.jpg
	78.jpg
	79.jpg
	80.jpg
	81.jpg
	82.jpg
	83.jpg
	84.jpg
	85.jpg
	86.jpg
	87.jpg
	88.jpg
	89.jpg
	90.jpg
	91.jpg
	92.jpg
	93.jpg
	94.jpg
	95.jpg
	96.jpg
	97.jpg
	98.jpg
	99.jpg
	100.jpg
	101.jpg
	102.jpg
	103.jpg
	104.jpg
	105.jpg
	106.jpg
	107.jpg
	108.jpg
	109.jpg
	110.jpg

