Recent changes in the rules for confined space entry

What's in, what's out, what's new, and what's needed

GfG Instrumentation, Inc.

1194 Oak Valley Drive, Suite 20,
Ann Arbor, Michigan 48108

Toll free (USA and Canada): (800)
959-0329

Local: 734-769-0573

Internet: www.goodforgas.com

smart
o safeoped|a Ggl_SDr?telctlpn
December, 2018  Recent changes in the rules for confined space entry  Slide 1 ecnnologies



GfG Instrumentation

World-wide manufacturer of gas
detection solutions



www.Goodforgas.com website

J = secrets Resorts aspe x Vol search

171 | 6f6 Instrumentation *
€ - C [J gfg.mmtcwebsite.net

i Apps #+ Hiton HHonars | ... B United Airfines - Al.. [ GfG - US Docum... [ City Technology ... Bl QFD Oniine -vo... T Support | GfG In...

SUPPORT 2~ TRANSLATE ﬁ PARTNER
= 8009590329 Y mELemE . 10GIN
01t~ GfG Instrumentation

WORLDWIDE MANUFACTURER OF GAS DETECTION SOLUTIONS

HOME ABOUT  PRODUCTS v  SUPPORT  NEWS  CONTACT

INSTRUMENTATION & SUPPORT

PORTABLE.
EQUIPMENT

SINGLE GAS DETECTORS

We are committed to the protection of
life & property by designing, developing
& producing the safest & most reliable

MULTI GAS DETECTORS H[gﬂy CnﬂﬂgﬂrabEB gas detection equipment available, & to
ACCESSORIES A continuously make improvements
WIdE Raﬂgﬂ SE“SDFS through constant attention to customer
Full 3 Year wal'a[lty expectations & advancing industry
Optional Draw Pump Stapcgs:
GfG PRODUCT SEARCH
PORTABLE GAS MONITORS
Search for praducts Search
GfG PRODUCTS
k PORTABLE GAS MONITORS
\ il MULTI GAS DETECTORS
MICRO IV SINGLE GAS G300 SINGLE GAS DETECTOR G450 4 GAS MULTI-GAS G460 1.6 GAS MULTI-GAS
DETECTOR DETECTOR DETECTOR RESFIRATORY AIR MONITORS

bset| Pl 0 ~ E @ o W @ & 3 in o @ B =« B0 o BYE W A = |2



Technical support and downloads

AP 1021
Using photoionization detectors to measure toxic VOCs
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» Application Notes, Technical Notes

and Presentations:
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Understanding catalytic LEL combustible gas
sensor performance

AP 1007:
Calibration and Bump Test Requirements for
Direct Reading Portable Gas Monitors

Manufacturers and regulatory agencies ISEA Statement on Validation of Operation for
agree the safest and most conservative Direct Reading Portable Gas Monitors
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History of OSHA Confined

6(;[6()SHA Space Entry Requirements

GENERAL INDUSTRY REGULATIONS In 1993 OSHA enacted 29 CFR 1910.146
“Permit-Required Confined Spaces”

« Provisions applied only to general
industry work

* Original intent was to extend 1910.146
to include construction

« However, it was quickly recognized that
1910.146 did not fully address issues
unique to the construction industry,
such as:

 Higher employee turnover rates
 Worksites that change frequently

* Multi-employer business model
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OSHA 29 CFR 1910.146

e 1910.146 Permit Required Confined Spaces is a
“horizontal standard”

* Includes requirements for practices and procedures to
protect employees in general industry

« If an employee is working in an industry where a
vertical or industry-specific standard applies, then the
entry is subject to the vertical standard

« If avertical standard not applicable, the general
industry standard prevails

« 1910.146 does not apply to industries with their own
vertical standards:

« Agriculture

e Construction

« Shipyard employment

GasDet ST'art
: asDetection
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29 CFR 1926 Subpart AA:
Confined Spaces in
Construction

Even though the construction
activity might be taking place
in a confined space, 1910.146
does not apply

Until recently, this left a gap
construction related CS
procedures

As of 2015, Construction
finally has its own standard:
29 CFR 1926 Subpart AA
“Confined Spaces in
Construction”




29 CFR 1926 Subpart AA:
Confined Spaces in Construction

« The Construction CSruleis
similar in content and
organization to the general
industry confined spaces
standard, but incorporates
additional provisions that
address construction-
specific hazards

* Includes a permit program
designed to protect
employees from
atmospheric and physical
hazards associated with
work in construction
confined spaces
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Characteristics of Confined Spaces

« Large enough for worker to enter
« Arenot designed for continuous worker occupancy

 Limited openings for entry and exit

Not Confined

Confined Space
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Meeting basic CS criteria

 Limited means of
entry and exit

 Not designed for
continuous
occupancy
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Permit Required Confined Spaces

CONFINED SPACE ENTRY PERMIT

e One or more of the following:

 Hazardous atmosphere (known or
potential)

e Material with the potential for
engulfment

e Inwardly sloping walls or
dangerously sloping floors

or

« Contains any other serious safety
hazard

O safeopedia
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General Requirements
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Under 1910.146. after Crawl Space Under a Building

construction, these are ——
normally non-permit confined
spaces

e Large enough for worker to
enter

« Arenot designed for
continuous worker
occupancy

« Limited openings for entry
and exit

e However, there are no other
serious safety hazards
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Crawl Space Under a Building

Under 1926 Subpart AA, during
construction, these can easily
be permit confined spaces!

e It depends on what is being
done at that moment in the
construction process

» Forexample: Elevaloraril

 Sealant is being applied ‘7
in the crawl space, the —
atmosphere may be
hazardous due to toxic
vapors

« O, catalyzed sealants and
freshly poured concrete
absorb oxygen while
curing, which can lead to
O, deficiency

smart

O safeopedia GasDetection

December, 2018  Recent changes in the rules for confined space entry Slide 14 TeCh n0|Og I€S




Types of confined spaces
covered by 1926 Subpart AA

« 29 CFR 1926 includes alengthy
list of confined spaces that are
covered by the new rule

« Thelistincludes many types of
spaces that are not usually
deemed to be permit confined
spaces under the general
industry rule (29 CFR 1946)
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Typical construction o
confined spaces OSHA =

) Protecting Construction
Boilers Workers in Confined Spaces:
Small Entity Compliance Guide

Manholes (sewer, storm drain, electrical, communication, utility,
etc.)

Precast concrete manhole units

Tanks (fuel, chemical, water, other liquid, solid or gas)
Incinerators

Concrete pier columns

Sewers and storm drains

Transformer vaults

Heating, ventilation, and air-conditioning (HVAC) ducts

DSHA 382508 2015 1 ¥
S

Cesspools %
Mixers/reactors

Bag houses https://www.osha.gov/Publications/OSHA3825.pdf
Turbines

Silos {

Chillers




Some confined spaces are open topped

Open-topped water tanks
Digesters and lift stations
Bins

Degreasers

Pits (elevator, escalator, pump, valve, etc.)

https:/lwww.osha.gov/Publications/OSHA3788.pdf

I

OSHA FactSheet

Confined Spaces in Construction: Pits

Confined spaces can present conditions that are immediately dangerous to workers

if not properly i

tested, and . This fact sheet highlights

many of the confined space hazards associated with pits and how employers can
protect their workers in these environments.

OSHA has developed a new construction
standard for Confined Spaces (29 CFR 1926
Subpart AA)— any space that meets the
fallowing three criteria:

- Is large enough for a worker to enter It;
+ Has limited means of entry or exit; and
+ Is not designed for continuous occupancy.

the hazards in permit spaces and the methods
used ta isolate, control or protect workers from
these hazards. Workers not autharized to perform
entry rescues must be trained on the dangers of
attsmpting such rescues.

Safe Entry Requirements
The new Confined Spaces standard includes

Asp: v also be a pi nfined
space if it has a hazardous atmosphere, the
potential for engulfment or suffocation, a layout
that might trap a worker through converging
walls or a sloped floor, or any other serious
safety or health hazard

Fatal Incidents
Confined spaca hazards in pits have led to
worker deaths. Several tragic incidents included:

= Two workers suffocated while attempting to
close gate valves in a valve pit.

A worker lost consciousness, fell, and was

killed while climbing down a ladder into an

unventilated underground valve vault to turn

on water valves.

While replacing a steam-operated vertical

pump, an aquipment repair technician died

fram burns and suffocation after falling into

an industrial waste pit.

Training
The new Confined Spaces standard requires
employers to ansure that their workers know
about the existence, location, and dangers posed
by each permit-required confined space, and
that they may not enter such spaces without
autherization.

Employers must train workers involved in permit-
requirad confined space operations so that they
can perform their duties safely and understand

several for safe entry.

Preparation: Before workers can enter a confined
space, employers must provide pra-entry
planning. This includes:

+ Having a competent person evaluate the
wark site for the presence of confined spaces,
including permit-required confined spaces.
Once the space is classified as a permit-
required confined space, identifying the
means of entry and exit, proper ventilation
methods, and elimination or control of all
potential hazards in the space.
Ensuring that the air in a confined space
is tested, before workers enter, for oxygen
levels, flammable and toxic substances, and
stratified atmospheres.
If a permit is required for the space, removing
or controlling hazards in the space and
determining rescue procedures and necessary
equipment.
= Ifthe ai a space is not safe for workers,
ventilating or using whatever contrals or
protections are necessary so that employees
can safely work in the space.

Ongoing practices: After pre-entry planning,
amployers must ansure that the space is
monitored for hazards, especially atmospheric
hazards. Effective communication is important
because there can be multiple contractors
operating on a site, ach with its own workers




Confined Spaces in Construction:
Crawl Spaces and Attics

Even if the space is not a PRCS after
construction, it may represent a
dangerous permit space at certain
stages during construction

Confined space hazards in crawl
spaces and attics have led to worker
deaths:

« Two workers died while applying
primer to floor joists in a crawl
space. They were burned when an
incandescent work lamp ignited
vapors from the primer.

A flash fire killed a worker who
was spraying foam insulation in
an enclosed attic. The fire was
caused by poor ventilation.




General Requirements

« Employers Must:
* Identify Confined Space hazard areas
 Inform employees by posting signs where feasible

* Prevent entry by unauthorized persons
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General Requirements

« Employers must ensure the required equipment is available:
 Testing and monitoring
« Ventilation
« Communications
* Lighting
» Barriers
» Other personal protective equipment

 Any required rescue and emergency equipment

sma rt
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General Requirements

« Employers Must:

» Establish procedures and practices to allow
safe entry (Permit system)

« Train employees / verify workers are
competent

 Ensurerequired equipment is available and
used

* Control hazards where possible through
engineering or work practices
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General Requirements OSHA FactSheet

Is 911 your Confined Space Rescue Plan?

:
Employers Must: Purmi el coind spaces can present condtons thes arsimadistely

dangerous to workers’ lives or health if not properly identified, evaluated, tested
and controlled.

e Protect entrants from external hazards T

criteria:

+ Is large enough for a worker to enter;

 Enforce established procedures e e

One pravision of the standard requires

employers to develop and implement procedures

. for summoning rescue or emergency services in

 Ensure procedures and equipment e oo
p q p who relies on local emergency services for

‘assistance is required to meet the requirements

of §1926.1211 — Rescus and amargency servicas.

necessary for rescue O

emergency responders are trained and equipped ;
to conduct confined space rescues. When Emergency service werkers perform s
employers identify an off-site rescue service, \practice rescue inside 2 manhaie.
M M it is critical that the rescuers can protect their
[ ] Cal I I n g 9 1 1 aft er t h e aC C I d e n t O C C u rS employees. The emeargency services should + The ability to respond and conduct a rescue ina
be familiar with the exact site location, typas timely manner based on the site conditions and
of permit-required confined spaces and the is capable of conducting a rescus if faced with

IS not a plan! S ——— e e
. hazards may include:

For Employers

o

Calli deret o Atmaospheric hazards [e.g., flammable
alling emergency responders to pravide rescue vapara, low exygon)

i be a suitabl of providing f
sarvices can be a sultalis way of provicing for Electrocution (e.g., unprotected,

https://www.osha.gov/Publications/OSHA3849.pdf resiaien in & permit rquired onfined apece. encraized wiree

Pre-planning will ensure that the emergency )
service is capable, available and prepared. Flooding or engulfment potential
Poor lighting

Fall hazards
Chemical hazards

E

a

o

Prior t the start of the rescue work aperation,

o

ployers must evaluate prosp
emergency responders and select one that has:

o

+ Agreed to notify the employer in the event
+ Adequate equipment for rescues, such that the rescue team becomes unavailable.
as: atmospheric monitors, fall protection,
extraction equipment, and salf-containad
breathing apparatus {SCBA) for the particular + Inform the emergency responders of potential
permit-required confined spaces. hazards when they are called to perform a
rescue at the worksite; and

Emplayers must also:
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Rescue

Self rescue: Entry procedures should
aim at getting workers out under their
own power BEFORE conditions become
life threatening

Non-entry rescue: Second best
approach is to use procedures that allow
rescue without having to enter the space

Rescuer entry: Least desirable, highest
risk, most equipment and personnel
intensive approach




1926 Subpart AA:
Increased emphasis on training

« Dangers associated with construction
confined spaces can change from day-to-
day because of the work being performed

« Even more important that workers are
trained to recognize potential dangers!

» Employer must ensure employees
possess knowledge and necessary skills
and are competent for the safe
performance of their assigned duties

 Understand the hazards and the
methods used to isolate, control and
protect employees ﬁ’
NH HH
* Understand the dangers of - WEa : _ t
attempting rescues unless trained, I _— = .
equipped and authorized to do so! e Re——

Cach smart
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1926 Subpart AA:
Increased emphasis on
communication

« Workers and contractors at
construction site can change from
day to day

« The Entry Employer must ensure that
all Entry Supervisors, Authorized
Entrants and Attendants are properly
trained, and that they properly follow
the requirements of the Employer’s
confined space entry program

« Whenever responsibility for a PRCS
Is transferred the Entry Supervisor
determines that entry operations
remain consistent with terms of the
entry permit and that acceptable
entry conditions are maintained
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Realtime wireless communication

Optional radio frequency (RF)
transmitter

Realtime wireless communication .
of readings and alarms B

209 Veln0z

00 %LELCH

Sophisticated wireless “Man E TFYorTam:
down” alarm provides immediate
information of movement and
horizontal attitude of worker

Powerful transmitter provides over
1000m direct line of sight
communication

License free ISM band operation

Digital repeater transmitters allow
extended transmission distance
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1926.1203(e)(2):
Requires calibrated direct
reading instrument

O safeopedia

Perform “bump test” or “calibration
check” on all sensors before each
day’s use

Calibrate and maintain instrument per
manufacturer requirements

Maintain records that prove these
requirements are being met

GfG Application Note 1007:
Calibration and Bump Test
Requirements

http://goodforgas.com/wp-
content/uploads/2014/09/AP1007 calibration requ

AP 1007:

Calibration and Bump Test Requirements for
Direct Reading Portable Gas Monitors

Manufacturers and regulatory agencies
agree the safest and most conservative
approach is to perform a functional test
by exposing your gas detector to test gas
before each day’s use.

Oxygen deficiencies, explosive atmospheres, and exposure to
toxic gases and vapors injure hundreds of workers every year.
The atmospheric conditions that lead to these accidents and
fatalities are usually invisible to the workers who are involved.
The only way to ensure atmospheric conditions are safe is to
use an atmospheric monitor. The only way to know whether
an instrument is capable of proper performance is to expose it
to test gas. Exposing the instrument to known concentration
test gas verifies that gas is properly able to reach and be
detected by the sensors. [t verifies the proper performance
of the instrument’s alarms, and (if the instrument is equipped
with a real-time display), that the readings are accurate.
Failure to periodically test and document the performance of
‘your atmospheric menitors can leave you open to regulatory
citations or fines, as well as increased liability exposure in the
event that a worker is injured in an accident

There has never been a consensus among manufacturers
regarding how frequently direct reading portable gas detectors
need to be calibrated. However, manufacturers do agree
that the safest and most conservative approach is to verify
the performance of the instrument by exposing it to test gas
before each day’s use. Performing a functional “bump test”
is very simple and takes only a few seconds to accomplish. It
is not necessary to make a calibration adjustment unless the
readings are found to be inaccurate. The regulatory standards
that govern confined space entry and other activities that
include the use of direct reading instruments are in agreement
‘with this approach.

However, the definition of “bump test” has always been a
little slippery. Some manufacturers differentiate between
a "bump test” that provides a qualitative evaluation of the
instrument’s ability to detect gas and a “calibration check”
that verifies that the response of the sensor(s) when exposed
1o known concentration test gas are within the manufacturer’s
requirements for accuracy. All manufacturers agree that
instruments that fail either a “bump test” or “calibration
check” should be put through a “full calibration” before
further use

Si12") GfG Instrumentation

£

ISEA Statement on Validation of Operation for
Direct Reading Portable Gas Monitors

The International Safety Equipment Association (ISEA) is
the leading international organization of manufacturers
of safety equipment, including environmental monitoring
instruments. The ISEA is dedicated to protecting the health
and safety of workers through the development of workplace
standards and the education of users on safe work practices
and exposure prevention. In 2010 the ISEA updated their
protocel for, “Validation Procedures of Operation For Direct
Reading Portable Gas Monitors™ to dlarify the Association's
recommendations for the procedures used to verify proper
operation, and the accuracy of the readings.

The protocol was designed to reemphasize to OSHA and other
standards writing bodies the importance of verifying the
calibration of instruments used to monitor the atmosphere
in potentially hazardous locations, to clarify the differences

Figure 1: Performing a functional "bump test" by exposing
the instrument to test gas takes only a few moments perform.

APLO0_B_ANG 14

irements for direct reading portable gas monit
ors 8 AUG 14.pdf
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Bump test and calibration
definitions and requirements
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 Exposureto test gas to activate
alarms for all sensors
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Bulietins / Calibrating and Testing Direct-Reading Portable Gas Monitors

U.S. Department of Labor

s Safety and Health 1

Directorate of Technical Support and Emergency Management
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¢ NO a'd-l UStm ent Of Sensors Calibrating and Testing Direct-Reading Portable Gas Monitors
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the Act, employers must provids their employees with & workplace free from recognized hazards likely to cause death or serious physical harm. Employers can be cited for violating
the General Duty Clause if there is & recognized hazard and they do not take reasonable steps o prevent or sbate the hazard. However, failure to implement any recommendstions.

° | n S t r u m e n t eX p o S ed to k n O W n glg:;::arety and Health Information Bulletin is not, in itself, a viclation of the General Duty Clause. Citations tan only be based on standards, regulations, and the General Duty
concentration calibration gas

The information in this Safety and Healih Information Bulletin (SHIB) provides workers end employers guidance on calibrating and testing direct-reading portable gas monitors (hereafter,
“DRPSMs" or “instruments"). These instruments protect workers from unseen workplace gas hazards. Proper maintenance and calibration of the instruments ensures their sccuracy in
Getecting worker exposure to harmiul gases in the workplace. Follow the manuiac turer's recommendations with regard to calibrating the instruments

* Sensor readings must stabilize within

DRPGNMs are designed to slert workers to foxic gases, as well 25 deficient and that may exist in their workplace environments, such as permitrequired
confined spaces, manholes, and ofher enclosed spaces. Several OSHA standards require the use of gas monitors. See paragraph (¢)(S)ii)(C) of 29 CFR 1810.145 (Permit-required
to | e r an C e Of m an fact confined spaces); paragraph (z)(5) of 23 CFR 1810.120 (Hazardous waste operations and smergency response); and section 5 (Entry into bins. silos, and tanks) of Appendix A of 28 CFR

U U r er 1910.272 (Grain handling faciliies). OSHA recommends developing standard procedures for talibrating and using DRPGMs that intlude documentation to verify the proper maintenance
and calioration of th instruments.

S e C I f I C at I 0 n Instrument inaccuracy due to improper of imegular maintenance and calibration can lead to exposure to hazardous levels of toxic gases or to an oxygen-defitient atmosphere. This exposure
can cause workers to suffer serious injuries or illness, and even death. Flammable gas explosions are often catasirophic, resulling in worker injuries and death, or destruetion of property.

The best way to veriy that 2 DRPGM detects gas accurately and reliably is 1o test it with a known concentration of gas. This procedure will verify whether the sensors in the instrument
respend accurately and whether the slarms function properly.

[ N O adJ u St m e n t Of S e n S O r S The International Safety Equipment Association (ISEA), founded in 1833, is 2 trade association for manufacturers of protective equipment, including DRPGMs. The ISEA recommends, at a

minimum, verifying the operational capability of these instruments before each day's use, with sdditional testing conducted as necessary. This SHIS incorporates recommendations
developed by the ISEA"

Calibration: The Key to Accurate Readings

‘ al I b r at I O n Operators use DRPGMs to detect the presence and concentration of toxic and combustible gases, ss well as oxygen deficiency or oxygen enrichment (which is  fire and explosion hazard)
Workers must not rely solely on their sense of smell to alert them to these hazards. Employers should ensure that workers use these instruments when working in areas with potential

« Two steps: adjustment of sensors to Do ODE@ERBEADE e MO
fresh air values, then adjustment of

sensors using calibration gas

https://www.osha.qgov/dts/shib/shib093013.html

e Calibrate whenever instrument fails
daily check or as specified by
manufacturer smart
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Instruments should be tested by exposure to
calibration gas on aregular basis!

Gas detection instruments can only keep
workers safe when they are maintained
and used properly

Test by exposure to known concentration
gas before each day’s use

No exceptions!




Docking stations

 Make performing “Bump check”
and “Calibration” easy and

automatic

* Verifies readings are accurate

 Verifies audible alarms and LED

alarms are properly activated when
exposed to gas

e Documents the results

12 Report - Generator DSAM)- Series - Windows Intemet Exploser

"\-_--_-. [ec and C

| GiG-Gesslschaft for Gerateb._

e HTML stylelep sumiT

GfG Instrumentation

GIG Instrumentation Ine.
1194 Osk Valley Drive
Suise 20
Az Arbor, Mackigan 45108

Direct: 001 (734) T69-0573

Toll-Free:  (800) 959-0329
Fax: 001 (734) 769-1888
Emal  mfofiefeme com

Websae: oy geodforgas com

Report Generator Summary for DS400 Series

| Date and Time of Test | G400-TYP | GAB0-SN. | GABO-Ver. GA00-USER Test | Besuli of Test | DSIMOSN.D | DS400-Name [ Comment
2013.04-02 13:36 G450 13034255 34 CAL PASS 12120202 Henderson no H2S cal;
2013-04-08 10:50 G450 11111012 344 BRENT CAL FAIL 12120202 Hendersen
2013-04-08 10:59 G450 12103148 344 BOB HENDERSON| CAL PASS 12120202 Henderscn
2013.04-08 11:14 G430 13034255 i CAL PASS 12120202 Henderson
20130408 12:03 G460 10080536 344 JEFF RAY CAL PASS 1 Hendenon no H2 cal; no CH4 cal;
201304-08 12:09 G450 12103148 344 BOB HENDERSON|BUMP PASS 1 Henderson
2013-04-08 12:13 G420 13034255 is BUMP| PASS 1 Henderon
2013-04-08 12:23 G460 1140791 is BOB HENDERSON| CAL PASS 1 Henderon ne HI cal
201304-09 0£:09 G450 13034255 344 |BUMP PASS 1 Henderson
30433 942 Gis0 | 1304233 ] BUMP|  PASS 1 Fenderson
30130823 0930 Giso | 12108081 i BUMP| _ PASS 1 Flenderson
201304-23 12:51 G450 12103148 344 BOB HENDERSON|BUMP PASS 1 Henderson
2013.04-23 12:56 G450 12103148 PASS 1 Henderson
T 20130423 1509 | G4s0 | 12108081 | FAIL 1 Henderom
G450 12108081 FAIL 1 Henderson
G450 12108081 PASS 1 Henderson
Gi50_ | 11100813 FAIL 1 Herderson
G150 | 11100613 PASS 1 Heatersen s

je'v 5 - oW B EEE R EYOHAE| @

[ 5 (5 seom E




Monitor and ventilate continuously

 Before entry it is mandatory
to determine that the CS
atmosphere is safe!

« Many accidents result from
changes in the CS
atmosphere which occur after
the entry is initiated

 Monitoring determines the air
Is safe, ventilation keeps it
that way

« The only way to pick up
changes before they become
life threatening is to monitor
continuously!

sma rt
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Common atmospheric hazards

« Oxygen deficiency
« Oxygen enrichment
« Presence of toxic gases

e Presence of combustible
gases

FLAMMABLE GAS
INHALATION

HAZARD

sma rt
O safeoped|a GQI_SDhetelctl_on
December, 2018  Recent changes in the rules for confined space entry  Slide 32 ecnnologies




Traditional O,
sensor technology

Major components
of a “fuel cell” type
oxygen sensor

(1) External Moisture Barrier
(2) Diffusion Barrier

(3) Diffusion Capillary

(4) O, Sensing Electrode

(5) Current Collector

(6) Separator

(7) Current Collector

Lead Annode (within electrolyte)
(9) Electrolyte

Outer casing

(11) Connector pins

(2 Placement pin



Fuel cell type O, sensor
faillure mechanisms

 Lower current output:

 All available surface of Pb anode
converted to PbO,

» Electrolyte leakage
e Loss of structural integrity of housing

e Desiccation

 Blockage of capillary pore

» Electrolyte poisoned by exposure to
contaminants

« Test sensor before each day’s use!

sma rt
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Oxygen pump (lead free) sensor
detection principle

« Oxygen passively diffuses into polymer (catalyst)
substrate

« Power from instrument battery used to “pump” the oxygen
back out

 Reactions: Oxidation / Reduction of target gas by catalyst
Sensing: O, + 4H* + 4e- —> 2 H,0

Counter: 2 H,O0 —> O, + 4H* + 4e-

« Oxygen generated on counter electrode

« Amount electricity required to remove reaction product
and return sensor to ground state (by generating O, at
counter electrode) proportional to concentration of
oxygen present

sm_a rt
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Toxic Gases
and Vapors

e Thetwo most common CS
related toxic gases:

 Hydrogen sulfide (H,S)
e Carbon monoxide (CO)

« Many other toxic gases related
to specific activities and
industries including:

« Sulfur dioxide (SO,)

* Nitrogen dioxide (NO,)
« Carbon dioxide (CO,)
 Chlorine (Cl,)

« Ammonia (NHy)
 Cyanide (HCN)

« Volatile organic chemicals
(VOCs)

smart

I GasDetection
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Permissible Exposure
Limits (PELS)

« Depend on jurisdiction and activity

» PEL sets limit for unprotected
worker exposure to a listed toxic
substance

29 -

PART 1910 (§1910.1000 TO END)
Revised as of July 1, 1999

 Limits for gases and vapors given in
“Parts-per-Million” (ppm)
concentrations

e 1% = 10,000 ppm

‘‘‘‘‘

Based on the Documentation of the

for Chemical Substances
and Physical Agents

smart
O safeoped|a G§|_5Dhete|ct|pn
December, 2018  Recent changes in the rules for confined space entry  Slide 37 ecnnologies




O safeopedia

AP 1019:
Setting the alarms in electrochemical sensor equipped

toxic gas instruments

Recently lowered exposure limits have made taking
a more conservative approach to setting alarms
mandatory for many instrument users.

Recently lowered exposure limit guidelines for H,5, 50, and NO,
have forced many instrument users to rewvisit where to set the
alarms in their atmospheric monitors. For other gases, although
the exposure limits have not changed, corporate policies as
well as enforcement agency decisions have made taking a more
conservative approach mandatory for many instrument users.

*  Which exposure limits apply?

The most impartant obligation for any employer is to ensure that
workers are not harmed by exposure to toxic materials or conditions
that may be present in the workplace environment. Exposure limits
like thie OSHA PEL, NIOSH REL and ACGIH® TIV® provide exposure
limits, which if exceeded, may lead to immediate or leng term
harm. These guidelines and standards set the limits above which
conditions are deemed to be hazardous. They are not necessarily
the concentrations that should be used when setting alarms. For
instrument users there are two obligations. The first is ensuring
that workers are not exposed to hazardous conditions. The second
is ensuring that workers are able to leave the affected area befare
becoming affected by a hazardous condition. Warkers should be

December, 2018

out of the area before rather than after the concentration of toxic
gas exceeds the hazardous condition threshald. Unfortunately, the
PEL, REL and TLV® are not always in agreement. Which exposure
limit is applicable and enforceable depends on where you are, what
you are doing, and who is responsible for enforcing your workplace
safety requirements. Even when the applicable (and enforceable)
hazardous condition threshold concentrations are unambiguous,
setting the alarms can still be a challenge.

United States Occupational Safety and Health Administration
[OSHA) r ions use the term F ble Exposure Limit {PEL)
to define the maximum concentration of a listed contaminant to
which an unprotected worker may be exposed as an 8 hour time-
weighted average (TWA) during the course of his workplace duties.
Exposure limits for gases and vapors are usually given in units of
parts-per-million {ppm). Limits for mists, furme and particulate
solids are expressed in units of mg/m3. In addition to the 8 hour
TWA PEL, Ceiling {C), Short Term Exposure Limit {STEL), and peak
exposure limits are also specified for some airborne hazards.

O5HA B hour TWA PEL and C values are given for some airborne
contaminants in Subpart Z (Section 1310.1000), and in substance-
specific standards (e.g., methylene chloride, 1910.1052 and
benzene, 1910.1028).

(OSHA PELs are listed in Subpart Z (Section 1910.1000) of the Code
of Federal Regulations, and posted at www.OSHA gov. Individual
states may either follow the Federal regulations, or if they have
their own “Approved Occupational Safety and Health Plan® may
fallow their own, state-specific permissible exposure limits. States
may nat publish or follow expasure limits that are more permissive
than Federzl OSHA limits. Twenty-five states (as well as Puerto
Rico and the Virgin lslands) have their own approved plan. In
many cases the exposure limit in these states for a particular taxic
substance is more conservative than the Federal OSHA PEL.

The National Institute of Dccupational Safety and Health {NIOSH)
develops and periodically revises recommended exposure limits
[RELs) for hazardous substances or conditions in the workplace.
The MIOSH REL is an occupational exposure limit that has been
recommended by MIOSH to OSHA for adoption as a permissible
exposure limit. The REL represents a level of exposure that
NIOSH believes would be protective of worker safety and health
over a working lifetime if used in combination with engineering
and work practice controls. The OSHA PELs listed in Subpart Z are
the same walues originally promulgated in 1971. Because NIOSH
RELs zre periodically reviewed and updated, they tend to be more
conservative than the OSHA exposure limits. Many states with
approved ocoupational safety and health plans use the MIDSH RELs
as the basis for their state specific permissible exposure limits. This

_GfG Instrumentation

| e (800) 955-0329 ar [734) 768-0573
Fan (734) 7651858
Email:  info@gfg-inc.com

~ Website:  www.gfg-inc.com
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Exposure limits for carbon monoxide

« OSHA PEL:

« 50 ppm 8-hr. TWA

 NIOSH REL:
« 35ppm 8-hr. TWA
e 200 ppm Ceiling

e TLV:

e 25 ppm 8-Hr. TWA

sma rt
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Toxic exposure limits for H2S

H,S exposure limits

8-hour TWA | 15-minute STEL | Ceiling
USA NIOSH 10 15 NA
USA OSHA Confined Space (1910.146) 10 NA NA
ACGIH TLV (Old) 10 15 NA
ACGIH TLV (2010) 1 5 NA
P smart
i asDetection
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Sheet1

		Toxic effects of H2S

		Concentration		Symptoms

		0.13 ppm		Minimal detectable odor

		4.6 ppm		Easily detectable, moderate odour

		10.0 ppm		Beginning eye irritation. 

		27.0 ppm		Strong unpleasant odor but not intolerable

		100 ppm		Coughing, eye irritation, loss of smell after 2-5 min

		200-300 ppm 		Marked eye inflammation, rapid loss of smell, respiratory tract irritation, unconsciousness with prolonged exposure

		500-700 ppm 		Loss of consciousness and possible death in 30 to 60 min

		700-1000  ppm 		Rapid unconsciousness, stopping or pausing of respiration and death

		1000-2000  ppm 		Unconsciousness at once, death in a few minutes. Death may occur even if person is moved to fresh air





		Column1		Column2

		Toxic effects of H2S

		Concentration		Symptoms

		0.13 ppm		Minimal detectable odor

		4.6 ppm		Easily detectable, moderate odour

		10.0 ppm		Beginning eye irritation. 

		27.0 ppm		Strong unpleasant odor but not intolerable

		100 ppm		Coughing, eye irritation, loss of smell after 2-5 min

		200-300 ppm 		Marked eye inflammation, rapid loss of smell, respiratory tract irritation, unconsciousness with prolonged exposure

		500-700 ppm 		Loss of consciousness and possible death in 30 to 60 min

		700-1000  ppm 		Rapid unconsciousness, stopping or pausing of respiration and death

		1000-2000  ppm 		Unconsciousness at once, death in a few minutes. Death may occur even if person is moved to fresh air





Sheet2

				Column1		Column2		Column3		Column4

				Toxic exposure limits for H2S

						8-hour TWA		15-minute STEL		Ceiling

				USA NIOSH		10		15		NA

				USA OSHA Confined Space (1910.146)		10		NA		NA

				ACGIH TLV (Old)		10		15		NA

				ACGIH TLV (2010)		1		5		NA





Sheet3






Exposure limits for SO,

» OSHA PEL.:

e TWA =5.0 ppm
« NIOSH REL:

e TWA =2.0 ppm

e STEL =5.0 ppm
e OIdTLV:

e TWA =2 ppm

e STEL =5ppm
« New (2009) TLV:
e STEL =0.25 ppm
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Exposure limits for NO,

« US OSHA PEL:

Ceiling = 5 ppm
« US NIOSH REL:

15 min. STEL =1 ppm
e OId TLV:

8 hr. TWA =3 ppm

5 min. STEL =5 ppm

e New 2012 TLV

8 hr. TWA = 0.2 ppm
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AP 1001
Choosing the best detection technologies for
measuring combustible gas and VOC vapors

sensors designed to measure a partid
quite so specific. Although sensor man
products to minimize responsiveness tq
one they are supposed to measure, no
instance, carbon monaxide (CO) sensq
to hydrogen as well as to the vapors g
salvents and other volatile organic chel
most interfering effects are positive, t
sensor may occasionally provide higher t
CO is generally not regarded as a safety 4
that workers leave the affected area a |
hydrogen sulfide (HyS) sensar reading]
exposure to degreasers and solvents 5
citrus oil cleaners.

£as an oaygen sensar responds to is oxygen. Electrochemical

Measuring combustible
gases and vapors

Understanding catalytic LEL combustible gas

sensor performance

Mo one single sensor (or type of sensor) is
capable of detecting all types of dangerous
gases and vapors. This is why workers
who may be exposed to multiple hazards
use instruments with multiple sensors
installed.

with the mostimgor
“catalytic” ar “pellistor” type percent
(% LEL) combustible gas sensor. In

of combustible sensor equipped atm|
service around the world, there is still 3|
and misunderstanding when it comes|
characteristics and limitations of this vy
sensor.

The mast commonly used sensors are for the measurement

of combustible gas, cxygen, carbon monoxide and hydrogen
sulfide. The majority of multi-sensor instruments are
equipped with at least these four sensars. However, in many
cases, these basic sensors are not capable of measuring all of
the atmaspheric hazards that are potentially present.

The sensars utilized in portable gas detectors are extremely
good at detacting what they are designed to measure. The
problem is that users are frequently unaware of the limitations,
and use the sensors in ways that result in inaccurate readings.
It is critically important for instrument users to understand
what the sensors in their instrument cannot properly measure
as well as what they can.

The good news is that there is an extremely wide range of
technalogies and types of sensors available for use in portable
multi-sensor instruments. Just because one type of sensor
does not work for a particular gas does not mean there are no
aiternatives. The only limitation is that the instrument must
be sufficiently flexible to make use of the most appropriate

In spite of the millions of combustible sensor
equipped atmospheric monitors in service around
the world, there is still a lot of misinformation
and misunderstanding when it comes to the
performance characteristics and limitations of this
very important type of sensor. Understanding
how combustible sensors detect gas is critical
to correctly interpreting readings, and avoiding
misuse of instruments that include this type of
SEnsor.

The potential presence of combustible gases and vapors is one
of the most common of all categories of atmaspheric hazards. It
stands to reason that the sensors used to measure combustible
gases are the most widely used type of sensor included in
portable stmospheric monitors; especially those used in
confined space atmospheric monitoring procedures. In spite

detection technologies (Figures 1and 2).

Figure 1: Flexibility to support the nee

Owygen, carbon monaxide and hydrogen sulfide sensars are The G460 Multi-sensor Atmospheric

of the millions of sensor eq
monitors in service in the United States, there is still a lot
of misinformation and misunderstanding when it comes to

designed to measure a single type of gas. There s very litte
ambiguity in the readings these sensors provide. The only

is capable of
atmospheric hazards at the same time

EIEHIE] Pl » GfG Instrur]
e e ) pmos s wins
E Eurpe infofhynperope com isbeits: s goadterga: can]
Switzeland  ifodigRaeh Worldwida Manuracturar

the performance characteristics and limitations of this very
important type of sensor. Understanding how combustible
sensors detect gas is critical to correctly interpreting readings,
and avoiding misuse of instruments that include this type of
sensor.

What do percent LEL combustible gas sensors
measure?

In order for an atmosphere to be capable of burning explosively,
four conditions must be met. The atmosphere must contain
adequate oxygen, adequate fuel, a source of ignition, and
sufficient molecular energy to sustain the fire chain reaction

O safeopedia
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These four are frequently as the
"Fire Tetrahedron®. If any side of the tetrahadron is missing,
incomplete or insubstantial; combustion will not occur.

The minimum concentration of gas or vapor in air that will
ignite and explosively burn if a source of ignition is present is
the Lower Explosive Limit. Different gases and vapors have
different LEL concentrations. Below the LEL, the ratio of
combustible gas molecules to oxygenis too low for combustion
to oceur. In other words, the mixture is "too lean” to burn.

Most {but not zll] combustible gases and vapors also have
an upper limit of concentration beyond which ignition will
not occur. The Upper Explosion Limit or UEL is the maximum
concentration of combustible gas or vapor in air that will
support combustion. Above the UEL, the ratio of gas to
oxygen is too high for the fire reaction to propagate. In other
words, the mixture is "too rich” to burn. The difference in
concentration between the LEL and UEL is commenly referred
toas the Range. C s
within the flammability range will burn or explode provided
that the other conditions required in the fire tetrahedron are
met.

no

Figure 1:: Multi-sensor portable instruments almost always
include a sensor for measurement of combustible gas. The
G460 is capable of being equipped with sensors designed to
measure up to six different atmospheric hazards at the same
time.

nstrumentation

(B00) 958-0329 ar (734) 7630573
(734) 765-1053
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Explosive limits

 Lower Explosive Limit (LEL):

 Minimum concentration of a
combustible gas or vapor in air which
will ignite if a source of ignition is
present

 Upper Explosive Limit (UEL):

* Most but not all combustible gases
have an upper explosive limit

e Maximum concentration in air which
will support combustion

e Concentrations which are above the
UEL are too “rich” to burn

Above UEL
mixture too rich
to burn

Below LEL
mixture too lean
to burn
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Explosive Limits

* Methane (CH,)

Upper Explosive
Limit

Lower Explosive
Limit

sma rt
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Explosive Limits

* Propane (C3Hy)

Propane

Upper Explosive
Limit

Lower Explosive —
Limit
O smart
I GasDetection
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Catalytic Sensor Structure

Catalytic combustion (CC) type LEL
sensor is typically housed in robust,
stainless steel flame proof enclosure

Gas molecules diffuse
into sensor through
flame arrestor

Once inside the sensor molecules
diffuse to the active bead, where
they are oxidized

Oxidation heats active
bead to higher
temperature. Difference
in temperature is
proportional to the
concentration of gas.



Typical catalytic percent LEL sensor
response to 50% LEL methane (2.5% vol. CH,)

Readings (percent LEL)
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Typical catalytic percent LEL sensor response
to 50% LEL pentane (0.7% vol. C5H,,)

Readings (percent LEL)

t100 at interval 108 (= 97
seconds after initial exposure

| 1
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1
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Combustible
sensor poisons

« Combustible sensor poisons:
« Silicones (by far the most virulent poison)

Hydrogen sulfide

Note: The LEL sensor includes an internal filter that is more than
sufficient to remove the H,S in calibration gas. It takes very high
levels of H,S to overcome the filter and harm the LEL sensor

e Other sulfur containing compounds
« Phosphates and phosphorus containing substances
 Lead containing compounds (especially tetraethyl lead)
 High concentrations of flammable gas!

« Combustible sensor inhibitors:

 Halogenated hydrocarbons (Freons@, trichloroethylene, methylene
chloride, etc.)
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Non-dispersive infrared
(NDIR) sensors

O safeopedia

December, 2018

a unique wavelength

light absorbed is proportional

high sensitivity, low cross-

to contamination
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« Many gases absorb infrared light at

e |n NDIR sensors the amount of IR

to

the amount of target gas present
IR absorption has advantages of

sensitivity, long life, and resistance
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Infrared transmittance spectra for methane, water (vapor) and carbon
dioxide (2.63 um to 5.0 pm wavelength range)

Transmittance
1.2 3.33 um 4.0 pm 4.3 pm
(reference) (CO,)
1 e g s g
0.8
0-6 I
0.4
~——Methane (CH4)
- Carbon dioxide (CO2)
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—\Nater vapor (H20)
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Combustible gas NDIR sensor
advantages and limitations

« Advantages:
 Sensor cannot be poisoned
 Does not require oxygen to detect gas

e« Can be used for high-range combustible gas
measurement

« Responds well to large hydrocarbon molecules that
cannot be measured by means of standard LEL
sensor

. Limitations:

» Molecule must include chemical bonds that absorb
at the wavelength(s) used for measurement

* Not all combustible gases can be detected!

* Hydrogen (H,) cannot be detected at all

» Acetylene does not absorb at the wavelengths
used in portable instruments

e Miniaturized low power IR LEL sensors with
short optical path-lengths have limited ability
to measure gases with lower relative
responses



Performance of IR LEL sensors
differs from performance of
catalytic LEL sensors

e Read the owner’s manual!

« Make sure to verify with
manufacturer before attempting
to use the sensor to measure
unsaturated hydrocarbons,
aromatic VOCs or other gases
not specifically listed in the
owner’s manual!

O safeopedia

Appendix B

Detectable Combustible Gases

Gas' Expected response at 20% LEL target gas2
Methane 20% LEL

Propane 15% LEL to 45% LEL

Butane 15% LEL to 35% LEL

Pentane 15% LEL to 45% LEL

Hexane 8% LEL to 28% LEL

Methanol/Ethanol® 6% LEL to 26% LEL

Hydrogen No response

Acetylene No response

J'Fnran)r gases not listed, please contact Honeywell Analytics to find the best solution
for your application.

2The BW Clip4 LEL sensor is optimized to see methane. While the unit can detect
and respond to the other combustible gases listed in the above table, the accuracy of the
readings may be in-consistent. If the primary need is to detect a specific combustible
gas other than methane, please contact Honeywell Analytics to discuss an alternative
product.

*Please use caution when using the BW Clip4 around Methanaol and/or Ethanol. The
BW Clip4 CO sensor may become inhibited by prolonged exposure to concentrations of
Methanol and/or Ethanol thus causing the unit to alarm. This condition can last up to
12 hours before the CO sensor recovers to normal levels.
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AP 1021:
Using photoionization detectors to measure toxic VOCs

Photoionization Detectors

VOCs present multiple potential threats in the workplace
environment. Many VOC vapers are heavier than air, nd can
act 1o displace the stmosphere in an enciosed environment
or confined space. Oxygen deficiency is a leading cause of
injury and death in confined space accidents. The literature
contains many examples of fatal accidents caused by oxygen
deficiencies due to displacement by VOC vapors.

Most VOC vapors are flammable at low ons. For
instance, the lower explosion limit (LEL) concentrations
for toluene and hexane are only 1.1% (11,000 ppm). By
comparison, it takes 5% volume methane (50,000 ppm)
to reach an ignitsble concentration in air. Because most
VOCs produce flammable vapors, in the past, the tendency
has been to measure them by means of combustible gas
measuring instruments. Combustible gas reading instruments

For most VOCs, long before

concentration sufficient to register on|
gas indicator, you will have easily
toxic exposure limits for the contd AP 101

ped instruments are gene Monitoring for Toxic VOCs in Oil Industry Applications

equ
choice for measurement of VOCs at

concentrations.

Solvent, fusl and many other VOC vapor
common in many workplace enviranmery
surprisingly low toxic exposure limits. Whild
techniques and equipment are availzble i
concentrations of these contaminants in 3
instruments are generally the best choice
of VOCs at exposure limit concentrations.
instrument is used to measure these hazar
that the equipment is used property, and
correctly interpreted.

The category zlsc includes spacific toxic substances such a5\,
benzene, butadiene, hexane, toluene, xylenes, and many §
others. Most VOC vapors are flammable at surprisingly low
concentrations. For most YOCs however, the toxic exposure
limit is exceeded long before readings reach a concentration
h enough 1o trigger a combustible range alarm.

Solvent, fuel and other VOC vapors are routinely encountered
in many types of procedures underaken at refineries,
chemical plants and oil production facilities. VOC vapors are
particularly asseciated with confined

space entry procedures at these same fa

the prasence of VOCs is due to materials being used or stored
in the confined space. In other cases, especially sewers and
other large interconnected confined space networks, fuels,
‘combustible liquids or other VOCs accidentally introduced in

*  What are vOCs?

Volatile organic chemicals (VOCs) are orgs
mixtures characterized by their tendency to
atroom temperature. Familiar VOCs include
and acetone, paint thinner and nail polish
as the vapors associated with fuels such ag

hezting oil, kerosene and jet fuel. The categ
many specific toxic chemicals such as ben)|
hexane, toluene, xylene, and many otH
awareness of the toxicity of these common
led to lowered exposure limits, and increa
for direct measurement of these substances
limit concentrations. ~Photoicnization df

Increased awareness of the toxicity of vOC
chemicals has led to lowered exposure limits, and
increased requirements for direct measurement.
Photoionization  detector  (PID) ipped

one location can easily spread to other locations within the
system. Increased awareness of the toxicity of these common
li increased

instruments are increasingly viewed as the best
choice for measurement of VOCs at exposure limit
concentrations.

r direct of these substances at
their toxic exposure limit concentrations. Photoionization

instruments are increasingly being used 5
tachnique of choice for these hazards. Organic chemicals consist of molecuies that contain carbon.

Volatile organic compounds {VOCs) are organic compounds
characterized by their tendency to evaporate easily at room
temperature,

Crude oil is a complex mixture that includes many different
specific hydrocarbons and other chemicals. The hydrocarbons
in crude oil are primarily alkanes, (molecules that consist
entirely of carbon and hydrogen atoms), cycloalkanes (alkanes
that include one or more rings in their structure), and various

intheir structure]. The molecules in crude il present multiple
potentizl hazards. Most of the gases and vapors associated
with crude oil are highly fiammable. Many hydrocarbon
gases and vapors are heavier than air and can displace
oxygen containing atmosphere in enclosed environments and
confined spaces. In addition, many of the organic molecules
associated with crude oil are highly toxic, with exposure limits
(in some cases) of less than 1.0 ppm (8 hour TWA).

Touic VOC exposure is a significant concern 3t many refineries,
chemical plants and oil production facilities.  Fa

ar

substances containing VOCs include solvents, paint thinner Figure L: Photoionization detector [PID) equipped

and nail polish remover, as well a5 the vapors associated with instruments are increasingly viewed as the best choice for
fuels such as gasoline, diesel, heating oil, kerosene and jet voc: limit i

fuel.

GfG Instrumentation
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Why use photoionization detector
equipped instruments?

« For most VOCs, long before you
reach a concentration sufficient to
register on a combustible gas
indicator, you will have easily
exceeded the toxic exposure limits
for the contaminant

 PID equipped instruments are
generally the best choice for
measurement of VOCs at exposure
limit concentrations

smart
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How does a PID work?

PID sensor includes lamp used
to generate beam of high energy
photons of UV light

Molecules exposed to
the beam of UV light

Detectable molecules are ionized,
which means they lose an
electron, producing an electrical
flow proportional to concentration

smart
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Catalytic (CC) LEL vs. PID Sensors

» Catalytic LEL and photoionization detectors are
complementary detection techniques

» Catalytic LEL sensors excellent for measurement of
methane, propane, and other common combustible gases
NOT detectable by PID

» PIDs detect large VOC and hydrocarbon molecules that are
undetectable by catalytic sensors

= Best approach to VOC measurement is to use multi-sensor
instrument capable of measuring all atmospheric hazards
that may be potentially present
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Questions?

Thank you!

For additional information or
gas detection help:

Bob Henderson
bhenderson@qgoodforgas.com

GfG Technical Support:
service@goodforgas.com

USA and Canada: 800-959-0329
Local: 1-734-769-0573

sma rt
O safeoped|a GQI_SDhetelctl_on
December, 2018  Recent changes in the rules for confined space entry ~ Slide 59 ecnnologies



mailto:bhenderson@goodforgas.com
mailto:service@goodforgas.com

	Slide Number 1
	Slide Number 2
	www.Goodforgas.com website
	Technical support and downloads
	History of OSHA Confined Space Entry Requirements
	OSHA 29 CFR 1910.146
	29 CFR 1926 Subpart AA: Confined Spaces in�Construction
	29 CFR 1926 Subpart AA: �Confined Spaces in Construction
	Characteristics of Confined Spaces 
	Meeting basic CS criteria
	Permit Required Confined Spaces
	General Requirements 
	Under 1910.146, after construction, these are normally non-permit confined spaces
	Under 1926 Subpart AA, during construction, these can easily be permit confined spaces!
	Types of confined spaces covered by 1926 Subpart AA
	Typical construction confined spaces
	Some confined spaces are open topped
	� Confined Spaces in Construction: �Crawl Spaces and Attics
	General Requirements
	General Requirements
	General Requirements
	General Requirements
	Rescue
	1926 Subpart AA:� Increased emphasis on training
	1926 Subpart AA:� Increased emphasis on communication
	Slide Number 26
	1926.1203(e)(2):� Requires calibrated direct reading instrument
	Bump test and calibration definitions and requirements
	Instruments should be tested by exposure to calibration gas on a regular basis!
	Docking stations
	Monitor and ventilate continuously
	Common atmospheric hazards
	Oxygen Sensor
	Fuel cell type O2 sensor failure mechanisms
	Oxygen pump (lead free) sensor detection principle
	Toxic Gases and Vapors
	Permissible Exposure Limits (PELs)
	Setting toxic sensor alarms
	Exposure limits for carbon monoxide
	H2S exposure limits
	Exposure limits for SO2
	Exposure limits for NO2
	Measuring combustible gases and vapors
	Explosive limits
	Explosive Limits
	Explosive Limits
	Catalytic Sensor Structure
	Typical catalytic percent LEL sensor response to 50% LEL methane (2.5% vol. CH4)
	Typical catalytic percent LEL sensor response to 50% LEL pentane (0.7% vol. C5H12)
	Combustible sensor poisons
	Non-dispersive infrared (NDIR) sensors
	Slide Number 52
	Combustible gas NDIR sensor advantages and limitations
	Performance of IR LEL sensors differs from performance of catalytic LEL sensors
	Photoionization Detectors
	Why use photoionization detector equipped instruments?
	How does a PID work?
	Catalytic (CC) LEL vs. PID Sensors
	Questions?

