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Why do we need to be concerned
with Confined Spaces?

CONFINED SPACE STATISTICS (OSHA and other various sources)

There were 431 confined space incidents with 530 fatalities in the US due to oxygen deficient
and/or toxic atmospheres from 1992-2005

65% of all confined space fatalities are due to hazardous atmosphere

In 139 of these fatalities, there were no detectors nor ventilation utilized

25% of spaces were toxic before entry

In 2010, there were 63 worker fatalities and 28 hospitalizations related to confined spaces.

From 01/01/2011 to 08/01/2011, there were 22 worker fatalities and 3 worker hospitalizations
related to confined spaces.

Repair & Maintenance and cleaning & inspection activities account for almost one-quarter of
confined space-related fatalities.

Construction and manufacturing industries experience the most fatalities.
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o Confined Space - OSHA Defined

"Confined space" means a space that:

|s large enough and so configured that an employee can bodily enter and
perform assigned work; and

Has limited or restricted means for entry or exit (for example, tanks,
vessels, silos, storage bins, hoppers, vaults, and pits are spaces that may
have limited means of entry.); and

Is not designed for continuous employee occupancy.
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Permit Required Confined
Space Entry - Code of
Federal Regulations (29 CFR)

Part Number:1910
Part Title: Occupational Safety and Health Standards
Subpart: J

Subpart Title: General Environmental Controls
Standard Number:1910.146

Title: Permit-required confined spaces

Appendix: A, B, C, D, E, F ’

DO NOT ENTER

CONFINED SPACE

 PERMIT REQUIRED




o Permit Required Confined Space
(PRCS) — OSHA Defined

Definition A PRCS means a CONFINED SPACE that has one or more of
the following characteristics:
Contains or has a potential to contain a hazardous atmosphere,
Contains a material that has the potential for engulfing an entrant,

Contains an internal configuration such that an entrant could be
trapped or asphyxiated by inwardly converging walls or by a floor
which slopes downward and tapers to a smaller cross section,

Contains any other serious safety or health hazard.

PERMIT REQUIRED
CONFINED SPACE

DO NOT ENTER

ENTRY BY PERMIT ONLY )
o’ NTRY/ BY PERMIT
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o Hazardous Atmosphere -
OSHA Defined

“Hazardous Atmosphere” is an atmosphere that may expose employees to the risk
of death, incapacitation, impairment of ability to self-rescue (that is, escape unaided
from a permit space), injury, or acute illness from one or more of the following
causes:

Flammable gas, vapor, or mist in excess of 10 percent of its lower flammable limit
(LFL);
Airborne combustible dust at a concentration that meets or exceeds its LFL:

Atmospheric oxygen concentration below 19.5 percent or above 23.5 percent;

Atmospheric concentration of any substance for which a dose or a permissible
exposure limit is published in Subpart G, Occupational Health and Environmental
Control, or in Subpart Z, Toxic and Hazardous Substances, of this Part and which

could result in employee exposure in excess of its dose or PEL;
Any other atmospheric condition that is immediately dangerous to life or health.

| CONFINED SPACE

HAZARDOUS ATMOSPHERE :

C| | CHECK OXYGEN LEVEL BEFORE & DURING ENTRY | I

e 4
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Equipment Required by OSHA for
PRCS Entry

OSHA indicates that the entrant is to provide the following equipment at no cost to
employees, maintain that equipment properly, and ensure that employees use that
equipment properly:

Testing and monitoring equipment needed to comply with regulations;
Ventilating equipment needed to obtain acceptable entry conditions;
Communications equipment necessary for compliance with regulations;

Personal protective equipment insofar as feasible engineering and work practice
controls do not adequately protect employees;
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o Equipment Required by OSHA (cont.)

Lighting equipment needed to enable employees to see well enough to work safely
and to exit the space quickly in an emergency;

Barriers and shields as required by regulations;

Equipment, such as ladders, needed for safe ingress and egress by authorized
entrants;

Rescue and emergency equipment needed to comply with regulations, and;

Any other equipment necessary for safe entry into and rescue from permit spaces.

The Equipment Supply and Support People




0 Other equipment does not
replace the right equipment
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o Continuous Forced Air Ventilation

The forced air ventilation should be so directed as to ventilate the
immediate areas where an employee is or will be present within
the space and shall continue until all employees have left the
space;

The air supply for the forced air ventilation should be from a clean
source and may not increase the hazards in the space.

The atmosphere within the space should be periodically tested as
necessary to ensure that the continuous forced air ventilation is
preventing the accumulation of a hazardous atmosphere.
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o Model SVB-ES8EC — Economy
Electric Blower

AT 7 A ) i
g .-""'i-.-"'f. il e - . ',r_.'.z_r

ITEM #| DESCRIPTION PART #
1 GFI POWER CORD ELCBO13
2 SINGLE SPEED MOTOR | MTR040
3 HOUSING METL2000
* BLOWER WHEEL METL202

ATR INTAKE

4 SCREEN METL2010
5 RUBBER FEET HDWR025

SPECIFICATIONS

MOTOR TYPE |1/2 HP (.37 kw) Electric. 115 VAC/60Hz. Single Speed.
GFI Cord Installed

FULL LOAD 7.9 Amps

AMPERAGE
FLOW RATES  [Free Air: 1390 cfin

25 ft. Duct with One 90 degree bend: 973 cfim

INLET/ OUTLET
SIZE 8" Diameter (203 mim)
WEIGHT 37 lbs.
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o Rescue and Emergency Equipment

Tripod Rescue System (Model T-100S)

Each Tripod system is composed of a Tripod, 3-Way
fall arrest device with lowering and retrieval capabilities
and a Personnel or Material Winch.

F= Y

=) /
Model : T1 \ T100-9 / T100-10
Height, ft. 7 \ 9 / 10
Working Load, Ibs, 10 | \ 310 / \| 620
Distance between legs, in. .'.61 E"‘n. 74 / \90
Weight, 1bs. .'
Tested static load




Rescue and Emergency men
(Continued)

Personnel Winch (Model 142) . o>
Designed for raising or lowering amemployee Into
work position or for use in rescue opera&'a_os.

Working Load, lbs 310

Lifeline Cable Galvanized, Stainless Steel, Synthetic Rope
Cable Diameter, in. 3/16

Length of Cable, ft. 50 - 100

Weight, 1bs. 36

Locking Speed, ft./sec. 4-5
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o Personal Protective Equipment

A variety of PPE may be required depending on the environment

and conditions of work. w
'0 A

Dupont Tyvek, Tychem, Nomex, Rainfair and Beta branﬂ (‘a

protective coveralls and suits | & ""

Crew brand protective eyewear and goggles - 4

|
Beta and Lacrosse brand overshoe and overboot foot progectlal
Microflex, Semperguard, and Best N-Dex latex and nitrile/gloves |
9
> |

MSA and North respirators and respirator cartridges = ;
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o How to Select the Proper

Instrumentation?
';) - To select the instruments that will
.__ most Accurately Identify and
Measure those hazards, you must
understand:

o the environmental conditions and
potential hazards present

o the exposure limits and thresholds of
those hazards

The Equipment Supply and Support People




o Atmosphere Monitoring Equipment

Before an employee enters the space, the internal
atmosphere should be tested, with a calibrated direct-
reading instrument, for oxygen content, for flammable
gases and vapors, and for potential toxic air
contaminants, in that order.




Atmosphere Monitoring Equipment
(Continued)

S \\&i&’iﬁﬁt :

Evaluation Testing — Analyze atmosphere with the proper equipment to
identify and evaluate any hazardous atmospheres that may arise or exist..
Have a qualified professional interpret and evaluate results to develop the
proper entry procedures including other potential physical hazards

Verification Testing — Conducted at the time of entry to determine that
atmospheric conditions are within the range of acceptable entry
conditions prior to entry of the space.

Duration of Testing — Minimum response time for the sensors and additional
tubing, hoses, or probe length

Layered Atmosphere Testing — Test and a variety of levels stratigraphically
to detect for potential layers of hazardous atmosphere

Retesting and Continual Testing — Test the atmosphere frequently and/or
continually to monitor for changes in atmospheric conditions.
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o There are many to choose from...

' fvﬂﬂﬂ:l{jﬁg‘éﬂ‘ﬂﬁl:" ;

OPINE

The Equipment Supply and Support People



Instruments on the Market
Most units are...

o Common Features of Confined Space

standard “4 Gas” configurations, Passive/Diffusion or Pump equipped, with
02, LEL, CO, and H2S sensors installed

available with Infrared LEL sensors to operate when O2 is absent
compact in size and light weight for use in tight confined spaces

supported by a separate calibration/oump test docking station for automated
calibration capability (not required)

easily calibrated by a manual process independent of docking stations

designed to utilize a calibration gas mixture to eliminate need for multiple gas
cylinders

powered by both Lithium lon and Alkaline batteries and continuously operate
when plugged into charger or 12 V automotive adapter

engineered with an Internal pump option to provide quick response and
remote sampling with 10-12 hours of run time

capable of data logging and storing a significant amount of information
outfitted with a data library of response factors for wide variety of

\\b\istibles and volatile compounds o P I N E
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QRAE 3

Wirelese 4-Gas Monitor

MultiRAE

Wirelese Portable Six-Gas?Monitor with Advanced VOC Detection Capability

o Understand the Specifications

SPECIFICATIONS
Instrument Specifications
Size 0mm x BZ mm x Safety i_awdCsnsjs Clessified for usein Class |, Division 1,
mm x 7 mm x & m Castifications .
Weight i batteryand clipl = b b
Li-ion battery, clip, and axtemal fiter] Tempasatue 4 1for T4 temperature code
Sensars Humidity (0% to 5% relktive humidity [non-condensing)
tiles [huit-in Comection Factor fbrary] AnEchmEns less-steel alligaor cip; Swivel beit cip jomionalt
T wid alectrolyte na)
* Elcirachemi zl sensor for Toxics Languages
Battary Rechangashla Li-ion
Aunning time + 14 hours o nan-winskess, diffusion
+ 11 hours Continnus non- wireless, pumped i
+ 10 hours continuous with wirsless, diffusion Warraty Tyear wamanty on devic
+ § hows continuous with wirsless, pumped 3."3 wananty on LEL,
Nate: All battery spacifications at 68° F (207 CJ; lower — - foer WHITEnty on e e —_—
temperatures and alarm conditions will atfect runtime. Wireloss Fraquency  15M lcense free band. IEEE BZ.1E.4 Sub 16Hz

Diaplay Graphic

Menochrome:

Wireless Approvals RETTE, Others*

or orH :E«r:nj SOTEEN MEation i Supparts AMSCO
Keypad paration i z
Direct feadout eading of gas concentrations Default Sensor Specifications
Gas Monitor Range
iped with pumpl Teygen (01 [CET 0%
nd wireless recaption quakity = = =
Combustible D't 100% LEL 1% LEL
+ Man JJAna'\dFdic'f enéorcement i Cartan Manaice (0] 02 500ppm 1 pom
Marms * Multi-tone ]:dﬁt{!lﬂlz FLEY 30 Hydmgen Suffide {H:5) 0 to 100ppm 0.1 ppm
Suffur Diwide (5071 0'to 20 ppm 01 ppm
Hydrmgen Cyanida HCN] 0o 50 ppm 0.2 ppm
Ammonia {KHs| 100 ppm 1pam
Fhosphie [PH:) 20 pom 001 ppm
- - Chilarine [Tk 0 o 50 ppm (0L05 ppm
Detnloggeg Fnaufe '"’: i - sc_ i il Nitrogen Dicaide IND:] [CET T ppm
Communication &  + Data dowriced and instrument sat-up and upgrades on PC via
Datz Download Travel Charge ORDERING INFORMATION

+ Wirgless date and status tensmission via buit-in AF modem jomtionall
Winzless Network | Mesh RAE Systems Dedicated Wireless Network
WirslessFlangs. Echoliew Host: LOS >

* Wireless' and non mvaitable for al

» Diffusion and pumped versions available for all configurations

SPECIFAICATIONS
Instrument Specifications* Senser Specifications*
Sim LE Ha 38 W ZE D[1932 965 68 mm) PID Sanaars Range Resolution
Weight 31 az|EBD g WOC 106 eV [Ext. Range] D10 5000 ppm | 01 ppm
Sensas 75 neligant ¥ ¥ rcluting PID for VOCs, el i = -
‘3ema0rs for oui d ccygen, LEI.a1d NOIR sarors, and COz NOIR sensor = o :In:I;J% = :::EI:““
ot bl Lion 12 . runtime < B:c NDR Q0% LEL it D1 OLEL | o LEL
Runtime® and E:mandacldjrsnm Li-ior[<1B-hr. runtime, < 3-hr. rechangs time) DR I-100% Yal. Mechans) Do 100% Vol | D1% val
Recharge Tima - Alkaline adapter with 4 x A4 battaries |-E-hr. mntime) . .
Display graphical LCO display [128x 1B0| with backlighting. Aubormatic sorean "fip” faature. Carbon Dioxid e Sensor Range Resolution
Display Readout - Realtime reading of gas cancemirations; P messurernant gas and cormaction facter; Carbon Dinside (0] NDIR 0140 50,000 ppmi 100 ppm
Man Down Alerm on/foff, visual o iance indicator; status; datalagging ony/off; = -
wrslnaeun.hﬂandrmap‘tmqus?rrrr attery g Electrochemical Sanaors Range Resolution
- STEL, TWWl, peak, and minimum values Arormonia [NHz) D0 100pem | 1 ppm
Keypad Buttons Saparation and programming key de, '+, and N/ Carbon Monoside [C10) Dt 500ppm | 1ppm
Sampli Buit-in purrp. Average flow rate: 250 oo/min. Auto shutoff in bw-flow conditions Cartion Moncdde [CO} Ext Range 010 2000 ppm | 10 ppem
T" ng — o " Carbon Manasida (CO, He-comp. 0102000 ppm | 10 ppm
Calibration Murtamatic with AutoR AE 2 Tastand Calibrstion System or manual Catbon Moncwide 00 QoS00 1
Alarma Wireless remote alamm nctification; audible [B5dE @ 30 eml, vibratian, visitk [ashin oo Wor : pam ) L pem
brightrad LEDs], and on-3creen mmnnaflalimcmd u!a f ! Hydrogen Suffide iH5] Combo 0 to 200 ppm 01 ppm
- Man Down Alarm with pra-alarm and real-tima remote wikless notification! Chierine (Ck) 010 50 pprn 01 ppm
Datalogging Continuous datalogging (8 months for & eereors at 1-minute interals, 24/7) (Chierine Diwide [CI0z) 0101 ppm 003 ppm
_ - Usar-configurable datslogging ivterval ffrom 1 ta 3,600 saconds| Ethyene Oxide [Et-A) Dt 00pem | D5 ppm
Communicationand - Data download and instrument set-up and upgrades on PC via deskinp charging and Ethykene Oxide [EHO-B) 01010 ppm 01 ppm
Dsta Download PCeomm cradle, travel chamer, ar AutoA AE 7 Avtometic Test and Csllhmtm Syatem
- Wirelazs data and alsrm statustranamiszion via builtin AF modem & Forattehyda HCHO Do 1Dppm | 00 ppm
Wirekeas Network  ProfAE Guardian Fea Time Wirekeza Safety System or Hydrogen Cyanida (HCK) OtoB0ppm | 06 ppm
Echalie w Hazt-hased Closed-Loop Bystem Hyrogen Sutfide [H:5) Dt 1D0ppm | D1 ppm
Winalezz Ranga MultRAE to RAELirk3 [Z1] Mesh modem ~330 feet (100 meters] Myl M 5 010 [i}]
(Typical] MultRAE to EcheNiew Heat, R AEMesh Aeader or R AEFoint ~250 faat 200 meters) N::I]:ii::{:“mh H I]Inzsl;xn 5 ':1:':
Dperating 4710 122°F (-20° ta BT - -
Humidity TR to U6% relative iy | Mo el | to2ppm | 01 ppm
Dustand Water  |P-B5 ingreas profection rating dusttight and wisterproat against hosing j 1 Onygen 0 Dt 30% Vol | 1% ol
i from all directions) Phophine [PHz) Dioppm | 01 ppm
Safety Certifications  CSA:  Classl, 1,Groups A, B, Cand 0, T4 Sulfur Dinxide [50g) 010 A0 pprn 01 ppm
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The SENSORS make the

difference...

\
Sensors - robust conguction and high quality

engineering will yieldgpse()sotd'ggg¢rmance and longevity
’) , CO a 2S sensors; @perate on si | @Ciples
and expire time (electrochemical by de

\
. S N T & 14" 3
ors he&e two primiary types: Catalytic

. \
ersive Infrared -

ad LEL se,rfsors,\r'eg\ui-;)e 02
nsors donot <= - v
S Electrochemical Sensors have different
_ranges an}(life expectancy. ~
?;Cr‘@ss sensitivity to other toxic gasses is possible when
?ponitoring“or CO and H2S or other toxic gasses
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“Got” Oxygen

Oxygen Content (% by Vol.) - Effects and Symptoms (At
Atmospheric Pressure)

> 23.5%
20.9%
19.5%

15% to 19%
10% to 12%
8% to 10%
6% to 8%

4% 1o 6%

Oxygen enriched, extreme fire hazard
Oxygen concentration in normal air
Minimum permissible oxygen level (still may represent an issue)

Decreased ability to work strenuously; may impair coordination and
may cause early symptoms for persons of coronary, pulmonary or
circulatory problems

IRespiration further increases in rate and depth; poor judgment, blue
ips

Mental failure, fainting, unconsciousness, ashen face, nausea, and
vomiting

Recovery still possible after four to five minutes. 50% fatal after six
minutes. Fatal after eight minutes.

Coma in 40 seconds, convulsions, respiration ceases, death

These values are approximate and vary, due to an individual’s state of health and

physical activity.
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The Flammable Range

METHANE

Too Lean to Burn Too Rich to Burn

0° 100% LEL 100% UEL 100%
(bo Volume) or 5% or 15% (by Volume)
y by Volume by Volume

Understanding the Meter Reading

Methane (ppm) % Methane (by Volume) % LEL Meter Reading

10,000 1.0% 20.0%
20,000 2.0% 40.0%
30,000 3.0% 60.0%
40,000 4.0% 80.0%

A meter reading of 2.5% would = 50% LEL (25,000 ppm Methane)

% LEL or % by Volume - You NEED to KNOW and UNDERSTAND what the instrument is
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o Toxic Gases

An atmospheric concentration of any toxic compound above the
permissible exposure limit established by OSHA, NIOSH or
ACGIH. Here are examples of common toxic gases found in a
confined space. (NIOSH references)

ToxicGas | TWA | STEL IDLH

Ammonia 25 ppm 35 ppm 300 ppm
Carbon monoxide 35 ppm -- 200 ppm 1,200 ppm
Chlorine 0.5 ppm 1 ppm -- 30 ppm
Hydrogen cyanide == == 4.7 ppm 50 ppm
Hydrogen sulfide 10 ppm 15 ppm -- 100 ppm
Nitric oxide 25 ppm -- -- 100 ppm
Sulphur dioxide 2 ppm 5 ppm -- 100 ppm
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0 Toxic Gas Effects

Threatening Effects: CO and H2S

Effects Of Carbon Monoxide Exposure

ppm___________[Tme _________|Effects & Symptoms

35 8 hours Permissible Exposure Level
(NIOSH)

200 3 hours Slight headache, discomfort

400 2 hours Headache, discomfort

600 1 hours Headache, discomfort

1000 to 2000 2 hours Confusion, discomfort

1000 to 2000 210 1 hour Tendency to stagger

1000 to 2000 30 Slight heart palpitations

2000 to 2500 30 Unconsciousness

4000 > 1 hour Fatal
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4

10
50 to 100

200 to 300

500 to 700
> 1000

Toxic Gas Effects

Threatening Effects: CO and H2S

Effects Of Hydrogen Sulfide Exposure
I A B izt Al Symptone= N

8 hour
1 hour

1 hour

Y2 -1 hour

Minutes

Permissable exposure level

Mild eye and respiratory
irritation

Marked eye and respiratory
irritation

Unconsciousness, death
Unconsciousness, death
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o Common Occurrences and
Instrument Troubleshooting

Improper storage in harsh environments expecting no significant
performance issues

Improper training on calibration procedures and performance “bump”
testing

Poor maintenance program and understanding sensor operation

Identifying end of life behaviors for sensors and replacing in a timely
manner

Dismissing performance issues as insignificant
Verifying pump performance using effective measuring devices

Identifying sensor response times when using instruments and
additional tubing

Sensor poisoning with silicone lubricants, sulfur compounds, chlorine
and heavy metals

Oversaturation of catalytic bead sensors which damages the sensors

and produce false readings
OPINE
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o Accessories matter...

When utilizing tubing to extend the “nose” of your
iInstrument, remember to utilize non absorbing brands
such as Tygon® or Teflon®

Certain VOCs and other toxic gases can be absorbed
by polyethylene, vinyl or silicon based tubing

Make sure your tripods and winches are fully operable,
tested and certified

Calibration and maintenance of equipment is not an
option and make sure the gasses and standards used
are current and not expired.

WA
',‘,. l}'f?::
o
Ak A
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These may be considered fun
“confined spaces”...
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o This is certainly not!!




O OPINE

Thanks for your time!
Questions or Comments?
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