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Agenda

Honeywell

e Monitoring Guidelines
- Code & Corporate Requirements
- Best Practices
- Commonly Missed Areas

* Technology Discussion
- Chemcassette Technology
- Electrochemical Sensor Technology
- Catalytic Bead Technology
- Infrared Technology

 High-tech applications:
- Turn-key Integrated Systems

- New Gases to Monitor
- Complying with new TLV Requirements
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Monitoring Requirements

Honeywell

 Toxic and flammable gas monitoring has evolved from
various code requirements into a few basic codes that
most companies follow

- International Fire Code (IFC)
- International Building Code (IBC)
- Toxic Gas Ordinance (TGO)

* Most codes are open to interpretation including
- Gases to monitor
- Point placement
- How to react to alarms
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Basic Code Reguirements

Honeywell

* Typical monitoring requirements

- Monitoring required for HPM gases when the physiological
warning properties of the gas are at a higher level than the
accepted permissible exposure limit (PEL)

- Monitoring required for the storage and use of all highly toxic
materials

- Required in Fabrication areas when HPMs are in use

- Required in HPM gas rooms when gases are in use

- Required to monitor at or below PEL or Ceiling limit, 20%LFL
- Gas shutoff is required with some exceptions

- Continuous monitoring required at intervals not to exceed 30
minutes (5 minutes for TGO)
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Basic Code Reguirements

Honeywell

 Remember - code requirements are the absolute
minimum that a facility must meet

- Best practices and corporate requirements often are more
stringent than codes

* Most companies go beyond simple compliance
- Corporate toxic gas monitoring guidelines often be developed
- Set a structure for gas monitoring across all regions

- Ensures consistency and system performance to ensure highest
level of safety

* Insurance company requirements

- Set of standards and requirements often set to help protect
assets as well as employees
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Where to Monitor?

Honeywell

 Best practices are often utilized to determine where to
monitor for each gas due to lack of code requirements

 Best practice theory around gas monitoring utilizes
multiple sampling locations to capture potential releases

- Worker Protection

- Asset Protection

- Specialty Gas Supply
- Gas Abatement

- Bulk Gas Supply
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Common Monitoring Locations

Honeywell

* Ambient (Operator Breathing Zone)

- Worker protection — prove exposure
levels

- Lower AL1to 1/4TLV (customer
preference)

Am orage ¢ Exhausted Enclosures
’ - Gas Cabinets
Valve Box - Valve Manifold Boxes (VMB)
- Tool Specific Valve Boxes
Me Box - Tool Gas Box
- Hydrogen distribution boxes
- Vacuum Pump Enclosures

- Abatement systems
Burn Boxes

Thermal destruct units
* Toxic and Flammable detection

Gas Cab— |

Vac

(
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Common Gases to Monitor

Honeywell

Gas TLV Alarms Detection Technology

¥ TLV 1TLV
Arsine 5ppb 2.5ppb 5ppb Chemcassette
Phosphine 300ppb 150ppb 300ppb Chemcassette
Diborane 100ppb 50ppb 100ppb Chemcassette
HF 2ppm lppm 2ppm Chemcassette or EC
HCL 2ppm lppm 2ppm Chemcassette or EC
Fluorine Sppm (PEL) .25ppm S5ppm Chemcassette or EC
Chlorine .5ppm .25ppm .5ppm Chemcassette or EC
Germane 200ppb 100ppb 200ppb Chemcassette
Ammonia 25ppm 12ppm 25ppm Chemcassette or EC
Hydrogen 20%LEL 10% 20% Catalytic Bead
NF3 10ppm Sppm 10ppm FTIR or Chemcassette
Silane 5ppm 2.5ppm S5ppm Chemcassette

* H2S TLV proposed to be lowered to 1ppm in 2009
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New Gases to Monitor

Honeywell

* New gases not necessarily required by code
- Potentially flammable
- Environmental concerns
- Limited toxicology data

- Additions of new gases in R&D settings
C4F6
C5F8
CH2F2
CH3F
COS
3MS
H2Se (PV)

« Some gases are not new but can be monitored with new
or enhanced technologies to eliminate interferences,
false alarms, or other technical issues
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Environmental Emissions

Honeywell

« Upcoming environmental regulations will change how,
what and why we monitor emissions

« Companies may be required to monitor and report true
emission outputs

« Carbon credits and trading may require exact, precise
Instrumentation for the quantification of carbon output

 Potential gases of interest
- CO2
- NOx
- SOx
- Methane
- HFCs and PFCs

1
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Common Gases to Monitor

Honeywell

* Why monitor gases with good warning properties?

- Gases with good warning properties are not required to be
monitored by code

- Best practices include monitoring all gases including those with
good warning properties

- Can you answer how much gas an employee was exposed to
when they smell or see a fuming gas?

- Reasons to monitor those gases with good warning properties
Quantify potential employee exposure
Ease employee concerns regarding exposure
Asset protection
Environmental concerns
Good Corporate citizen — neighbors/buisinesses
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Gas Detection Technologies

Honeywell

 How a company decides to monitor their gases can make the
difference between a generic system and a state-of-the-art
system

« Three main technologies utilized in a life-safety toxic gas
monitoring system

- Colorimetric Technology
- Electrochemical Sensor Technology
- Catalytic Bead

- Infrared Technology
- Open Path Infrared

{
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Electrochemical Sensor Technology

Honeywell

13

 Electrochemical Technology

- Smart sensor technology

Memory chip (factory
configuration installed)

Operational parameters pre-
determined by “factory”

Automatic internally check the
cell health (advanced designs)

Associated electronics (i.e.
Transmitter) are generic

» Sensor dictates

1.Gas

2.Range

3.Factory default Alarm set-points
(user adjustable)

4.Allows for gas type changes with
no impact to transmitter hardware
setup
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MEMERANE
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Memory Chip
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Electrochemical Sensor Technology

Honeywell

14

 EC Benefits

- Flexible installation choices

- Extractive and Point-of-Use (POU) installations

- Classified or non-classified transmitters

- Multiple gas families

- Easy to change gas types with change of sensor

- Generally lower cost solution than other technologies

(
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Electrochemical Sensor Technology

Honeywell

 EC Drawbacks

- Environmental concerns
Rapid changes in humidity/temperature/pressure may cause issues
- Greater potential for interferences — gas and electrical (RF)
- New TLV requirements
- Calibration issues

High Humidity Low Humidity
Hot Temperatures Cold Temperatures

e
B i " i i
iy iy

Electrolyte Increase Electrolyte Decrease




Catalytic Technology

Honeywell

« Utilized for combustible gas
sensing

* They consist of a very small
sensing element sometimes called
a ‘bead’ or a ‘Pellistor’,

* Made of an electrically heated
platinum wire coll covered first with
a ceramic base and then with a
final outer coating of palladium

* When gas passes over hot catalyst
surface combustion occurs and
Increases temperature of bead

» Heat alters resistance of coil and
can be measured as output for gas
concentration
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Catalytic Technology

Honeywell

 Catalytic Benefits
- Flexible installation choices

- Extractive and Point-of-Use (POU)
installations

- Classified or non-classified
transmitters

 Catalytic Drawbacks
- Not specific to a single gas

- Will react to many flammable
materials

- Sensor poisoning effects
- Calibration/drift requirements
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Colorimetric gas detection

Honeywell

e Air is drawn through sample tube
and past Chemcassette

 When Chemcassette is exposed
to target gas it changes color in
direct proportion to the target gas
present

* The monitor reads the color
intensity changes and
determines the gas concentration
by comparison to a known gas
response preprogrammed into
the unit

 Chemcassettes are formulated to
react only to family of target
gases at low PPB levels
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Chemcassette Technology

Honeywell

 Chemcassette®
- Colorimetric technology

- Commonly referred to as
“Paper Tape”

The sample enters the inlet (4)
and passes through the
Chemcassette® tape (1) to the
sample outlet (5). Target gas in
the sample flow reacts with the
Chemcassette® tape (1) and
produces a stain density
proportional to the gas
concentration. An LED (2) in
the detector head illuminates

e Chemcassette® formulations
provide a unique detection t“f;;gggzﬁ;aj,;‘;:;:ii‘;“’f
medium that is fast, sensitive 1 ppm stain.
and specific

Hydrogen Fluoride

« Tape is the only available
system which leaves physical
evidence (i.e. the stain on the
cassette tape) that a gas leak
or release has occurred.

25 ppb
Arsine
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Colorimetric Sample Staining

Honeywell

XP MA Chemcassette — 4.5 ppm

HF

Standard monthly Chemcassette

Typical Hydrogen Fluoride (HF) Stains:

1.5 ppm [1/2 TL¥] 3.0 ppm (1 TLV] &.0 ppmi (2 TLV]

1
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Chemcassette Response Advantage

Honeywell

21

* Chemcassette technology has consistent fast response to gas

releases

 Electrochemical sensor technology can experience delays in initial
response to gas release

* Chemcassette technology does not require electrical signal change
to begin to register gas release

CM4 Electrochemical Sensor
Exposure Exposure
First Second | Third | First | Second Third
Gas Type
Arsine 0.7 0.7 0.7 8 3 2.5
Diborane 1.2 1.2 1.2 4 2 2
Silane 0.5 0.5 0.5 0.7 0.7
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Chemcassette Response Curve

Honeywell
* Response curves for Phosphine gas release to 1.6TLV
* Chemcassette technology responds faster to T-90 and T-100
« EC initial response may be delayed
CM4-EC1-EC2 Response Time 1.6 TLV
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Chemcassette Recovery Curve

Honeywell

* Chemcassette technology recovers after gas release much faster
* EC must recover electrically if the sensor has not been poisoned by

large gas release

CM4- EC1- EC2 Recovery from5 TLV
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Infrared Spectroscopy

Honeywell
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* IR spectroscopy

- Various types of
spectroscopy may be used
for gas analysis

FTIR
NDIR
CRDS

- IR technology is used to
identify and quantify a wide
range of volatile chemicals.

- It uses the infrared fingerprint
of each gas for identifications
which are free of cross
interferences.

- Quantify greenhouse gas
releases — CO2, SF6, N20,
Methane, HFC, PFC

(
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Infrared Spectroscopy

Absorption (ppmicm)

Honeywell
» Advantages
- Allow for precise and accurate measurement of multiple gases at
once
- Gases can be individually identified, quantified, and alarmed
* Disadvantages
- Not truly continuous — sequential (fits code requirements)
- Cannot analyze certain materials — diatomics
- Usually the highest cost per point technology
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FTIR Spectra

C2F6, hexafluoroethane
0

Honeywell
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Open Path Infrared

Honeywell
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« Open path hydrocarbon and toxic g ﬁﬁrﬂ?nb;%fe’gmomto””g many
detection
» Separate transmitter and receiver
configuration

 Protect bulk installations
* Provide perimeter monitoring
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Open Path Detection

Honeywell
u| i
Pipeline I
| =| =
Point . Point
Detector Detector
GAS
\/ Open path
Gas leak missed by Detector

point detectors but
picked up by Open Path
Detector
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Open Path Cross-Duct IR

Honeywell

« Same detection principles as other open path IR detector
« Utilized to detect hydrocarbons in HVAC and duct applications
« Standard gases include methane, propane, ethylene, propylene, etc.
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Technology Comparisons

Technology

Honeywell

Advantages

Disadvantages

Catalytic

Simple, measures flammability of gases. Low
cost proven technology.

Can be poisoned by lead, chlorine and silicones that
remain an unrevealed failure mode. Requires oxygen or air
to work. High power. Positioning critical.

Electrochemical

Measures toxic gases in relatively low
concentrations. Wide range of gases can be
detected. Very low power.

Failure modes are unrevealed unless advanced monitoring
techniques used. Requires oxygen to work. Positioning
critical.

Point Infrared

Uses a physical rather than chemical technique.
Less sensitive to calibration errors. No unseen
failure modes. Can be used in inert atmospheres.

Flammable gas detection only in %LEL range. Measures
concentration of flammable gases which have then to be
related to the flammability of the gas. Positioning critical.

High/ medium power.

Open Path Infrared

Area coverage- best chance to see a leak. No
unseen failure modes. Latest technology. Can
detect low concentrations. Positioning not as

critical. New toxic version as well as flammable.

Higher initial purchase cost. Not suitable for use in smaller
areas. Detection path can be obscured.

Semiconductor

Mechanically robust, works well in constant high
humidity conditions.

Susceptible to contaminants and changes in environmental
conditions. Non linear response effects complexity.

Thermal Conductivity

Measures %V/V concentrations of binary gas
mixtures even with the absence of oxygen.

High gas concentrations only. Limited range of gases.
Cannot measures gases with conductivities close to air.
Higher maintenance requirements.

Paper Tape

Highly sensitive and selective for toxic gases.
Leaves physical evidence of the gas exposure.
No false alarms.

Requires extraction system. May need sample
conditioning.

FTIR

Most gases has a discrete absorbency pattern
(“Fingerprint”) within a light spectrum (band) that
allows for distinguishing between different gases

in a given sample.

FTIR sensitivity is based on IR cell length, many toxic and
corrosive gases can not be detected to the exposure levels

required (TLV and %2 TLV).

1
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Gas Monitoring Systems

Honeywell

« Sensors are only a part of an
entire Toxic Gas Monitoring
System (TGMS)

* A fully integrated TGMS will
Include

- Sensors

- Central control system

- Shutdown and alarm capability
- Human interface (HMI)

- Networked computers at
centrally located points

- Employee training
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State-of-the-Art TGMS System

Honeywell

Sensors are part of an Integrated System
Graphical Interface

Transmitters

B0

SCADA/PLC

—

Y Horns &Strobes

Analyzers Gas Cabinet & VMB
- Shutdown

1
\k\\\\\\\o\



33

Toxic Gas Monitoring System

Honeywell

{
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Evaluating a Gas Detection System

Honeywell

34

 Factors to consider when choosing a gas detection
system

- Company behind the system
Company commitment to quality, reliability, continuous improvement, R&D

- Corporate demands
Site requirements, local codes, EHS requirements

- Technology to meet your needs
No single technology will meet all needs for every customer
Choose diverse options that can integrate together to meet needs

- Ability for company to service/support equipment
Provide 24/7 service support?
Readily available personnel to support customer

- Ability to provide the company a turn-key solution

Engineering team to provide full-system from design through installation and
start-up

1
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Future State of Gas Detection

Honeywell

35

* Regulatory Issues
- Lower exposure limits (TLV) create technological challenges
- Continually adding gases to list for lower TLV requirements
- Fixed and portable options required for maintenance and ERT activities

* Changing company needs
- Gas detection systems need to be flexible
- Adding new gases as technologies change

- Continuous R&D required by gas detection vendor to stay ahead of
technology curve

- TGMS must be able to accommodate changing requirements

« Economic Factors
- Will the gas detection vendor be around in 5 years?
- How can the gas detection vendor support the company long-term?
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Designing your Next Generation System

Honeywell

* Facility may benefit from a professional review when
designing a new/modified system

- Incorporate past learnings
- Examine or develop cause and effect (C&E) matrix
- Review or develop corporate standards for all next gen systems

- Incorporate best practices introduced since last installation

Code Knowledge - Help customers develop EH&S policies that meet
local codes and regulations.

Audits/Surveys - Perform baseline surveys of existing facilities
Recommend changes to enhance any new TGMS

\k\\\\\\\ 0\



Summary

Honeywell

37

» Best practices in gas
monitoring utilized to ensure
worker health and safety as
well as asset protection

* Most users go beyond code
compliance to meet best
practices

* No single monitoring
technology will meet the needs
for all gases

* A fully integrated TGMS should
be flexible to meet all needs of
the end user

 Find the right providers that will
meet your needs and support
your installations going forward
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