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CHEMICAL SECURITY
ENGAGEMENT PROGRAM

BCEEEN workshops  share Your Training  Discussion Board  Resources  Contacts

Pleaselogin

Login Name
Forgot your
password?

Password If you have forgotten
your password, click
here to retrieve it

Log in

©1997-2011 Sandia Corporation | Questions and Comments | Privacy and Security

Jand) @l , 9 — CSP adsa

wome [EETEDEISH trovel Grants | Discussion Board | Resources | Contacts

aa? A

]
Click on the workshop name to view presentation materials used for that event. To vieWOgupload photos of an
event you attended, click on the Photo Gallery fink and login with your user name and password. To request a
user name and password, please emall us at chemsecurity@sandia qov

CHEMICAL SECURITY
ENGAGEMENT PROGRAM

Workshops

Yemen CSSO - Jan 2012

Indonesia CSSI- March 2012

[Search Site 4 Search

International Conference of Young Chemists, Jordan - April 2012
Indonesia CSSI April-May 2012

Workshops
Malaysia CSSO- May 2012
Indonesia Total Laboratory Management Symposium May 2012 * Photo Gallery

Malaysia CSSI June 2012 Workshops by year

Advanced Chemical Management Training July 2012 .

2012
Chemical Safety and Security Awareness - Malang, Indonesia September 2012 = 2011
Advanced Chemical Safety and Security - Malang Indonesia Sept 2012 * 2010
Chemical Safety and Security Officer (CSSO) Training - Algeria October 2012 " 200

ome

CSP

CHEMICAL SECURITY
ENGAGEMENT PROGRAM

BEZE workshops  Travel Grants  Discussion Board  Resources  Contacts

About Our Program

The Cl ical Security Program (CSP) Partners With {

Chemical Professionals To:

Raise Awareness: Dual Use Nature of Chemicals

=0

CSP works 1o reduce the risk of chemical threats by collaborating with pariner governments, national
and chemical and chemical als to raise about

chemical security and safety, consistent with national and international guidelines, norms, and Search Site 4 Search
requirements.

Foster Collaboration among Chemical Professionals Worldwide

CSP works with chemical and to facilitate c between chemical
professionals. CSP is particularly infunding that can improve Y
safety and security

Provide Training Opportunities and Technical Assistance to Improve Chemical Safety
and Security in Laboratories

CSP seeks to work with chemical and s to develop and
implement training medules to reinfarce chemical security and safety best practice chemical
curricula.

SP

CHEMICAL SECURITY. 10
ENGAGEMENT PRGN ||
CHEMICAL SECURITY
ENGAGEMENT PROGRAM
Home  Workshops. Discussion Board  Resources  Contacts
Grant Application for Travel and Training
Support
The Chemical Security Engagement Program travel grants provide short-
term travel support to chemical scienti: s, technici and
project gers to attend f and seminars for career
enhancement and/or to network with other scientists, industry and
academic organizations with the intent of developing collaborative [Search Site A search
projects and/or new research opportunities that improve chemical safety
and security.
CSP will consider all eligible pre Is that can ate:
= Increased knowledge and/or training on a research topic; and/or
= Impact onthe ' career and
= Potential for developing a new research partnership;
= Relevance to the applicant's field of expertise.
Applications must be submitted electronically in English.
CHEmICAL SECuRITY | 12
ENGAGEMENT FROGAAN
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CHEMICAL SECURITY
ENGAGEMENT PROGRAM

Home  workshops  Travel Grants Resources  Comtacts.
Discussion Board

Add a comment | Share a document

Hoods in my laboratory

Chemical Process Safety Beacon

Mercury removal from water

Mercury removal from water by lime softernig

UN document on mercury reduction

Process safety education at Ohio State

Seart

4 search
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CHEMICAL SECURITY
ENGAGEMENT PROGRAM
Home  Workshops  Travel Grants | Discussion Board  Resources [JUUICHll contacts
Photo Gallery
=
4 search
Workshops
= Enoto Gallery
Workshops by year
= 20m
= 2010
= 2009
= 2008
CHEMICAL SECURITY. 15
DL FROGMM |
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Home  Workshops  Travel Grants  Discussion Board

Resources

Academies Press, 2010: (English-French-Arabic-Indonesian transiations)

Prudent Practices in ratory. Handii Management of Chemil
Edition (2011)

Chemical Secunty Engagement Program

Chemical Safety and Security Officer Training for Laboratory Seftings

Safety and Security Training for the Chemical Industry
Categories

= CSSO Reference Documents
= Laboratory Design

= Chemical Safety

= Chemical Security

= Pesticides

= Orphaned Chemicals

CHEMICAL SECURITY.
ENGAGEMENT FROORAM ||

= Chemical rats et urity. A Guide to Prudent Chenfle agement ® Natonal

| Hazards, Revised

4 Search
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Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin Company, Sandia
for the United States Department of Eneray's National Nuclear Security Administration National

under contract DE-AC04-94AL85000.
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where W, is the energy of explosion, P is absolute gas pressure
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I =30 m3

¥ = 1.4 for nitrogen (dimensionless)
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February 2007

Vacuum Hazards - Collapsed Tanks

The tank on the left collapsed because material was pumped out after
somebody had covered the tank vent to atmosphere with a sheet of
plastic. Who would ever think that a thin sheet of plastic would be
stronger than a large storage tank? But, large storage tanks are designed
to withstand only a small amount of infernal pressure, not vacuum
" (external pressure on the tank wall). It is possible to collapse a large tank
with a small amount of vacuum, and there are many reports of tanks
being collapsed by something as simple as pumping material out while
the tank vent is closed or rapid cooling of the tank vapor space from a
thunder storm with a closed or blocked tank vent. The tank in the
photograph on the right below collapsed because the tank vent was
plugged with wax. The middle photograph shows a tank vent which has
been blocked by a nest of bees! The February 2002 Beacon shows more
ple: vessels collapsed by vacuum.
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CHEMICAL SECURITY.
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Do vou know? What You Can Do
* You might think that an incident that « If you observe leakage. corrosion, or other indication of potential
occurred over 80 years ago is not relevant to failure in a storage tank. report it immediately to management.
today’s industry. But, we still have catastrophic || « Make sure that any new tank, or one being returned to service
failures of storage tanks today (see pictures following repair or inactivity. is properly inspected and tested before
below), and for similar reasons. filling.
+ A large quantity of any liquid. even a non- * Ensure you know the operating capacities of your tanks and double
hazardous material such as molasses or water, check the level before filling.
can be dangerous if rapidly released in large + Don’t throw out your old incident reports. Read them again, and
quantities, simply because of its volume and remember the lessons. We can learn a lot from things that happened a
mass. long time ago.

January 1988 — Floreffe, Pennsylvania, USA,
tank failure releases over 4 million US
gallons (15.000 cu. m) of diesel oil into the
Monongahela River.

January 2000 — Cincinnati, Ohio, USA. tank =13
=] failure releases 365,000 gallons (1400 cu. m) ”

of fertilizer solution into the Ohio River

Remember the lessons of the past!

AIChE © 2007. All rights reserved. for non: cial, ional purp is d. However, rep i
for the purpose of resale by anyone other than CCPS 1s strictly prohibited. Contact us at ceps_beacon(@aiche.org or 212-591-7319
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Last Updated:
PROCESS HAZARDS |
CHEMICAL PROCESS HAZARDS Inherent Safety:
Chemical, Quantity Stored or Chsgiical Recommendation
e Volatility Health Hazards . Reactivity;
Rate Fire Hazards No.
Other Hazards
*Include materials that may have dust or mist explosion hazards, as well as toxicity, fire, explosion, and other reactivity hazards
PHYSICAL PROCESS HAZARDS Inherent Safety:
Contained and Location Within or Units of O
Controlled Connected To Range Design Comment
Measure No.
Process Energy Process

Pressurized Gas
[Hydraulic Pressure
[Vacuum
[Thermal Energy
[Radiant Energy
[Cryogenic Liquid
Ciquefied Gas
[Kinetic Energy;

[Material Movement

“ Alsasl) Jolil) 48 ghuas® 73 gal

Last Updated:

CHEMICAL REACTIVITY MATRIX

Abbreviation

Not reactive; no conditions identified for this process that would result in a chemical reaction between these materials
No scenario identified that would result in this combination of materials coming into contact in this process
Unknown whether chemical reaction would occur between these materials at conditions found in this process

One material corrosive to the other if these materials are combined

Heat generation by chemical reaction or heat of solution; may cause pressurization if these materials are combined
Energetic chemical reaction, gas . and/or toxic gas generation if these materials are combined

H#, F#, #, W, OX | NFPA Health rating (0-4), Flammability rating (0-4), Instability rating (0-4), vigorously or violently water reactive (W), oxidizer (OX)

Material Abbv

Chemical interaction potentials based on scenarios

F_ and reactivity data listed [on separate page]
H_L
F_ ivit only binary i
HoLl See ASTM E 2012, "Standard Guide for the Preparation of a Binary

F_ Chemical Compatibility Chart," for methodology and example.
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flammable gases (Dangerous When Wet)

Substances, which in contact with water, emit | Oxidizing Gases Oxidizing Liquids Oxidizing Solids

Explosive Divisions 1.1, 1.2, 1.3

¢
\ 4

Explosive Division 1.4

Explosive Division 1.5 Explosive Division 1.6

&
¢

Acute Toxicity (Poison): Oral, Dermal, Corrosive

®
A

Marine Pollutant

Organic Peroxides
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Figure 4.13 Combination Packaging (Outer box with inner bottles)

1
3

£
+

Figure 4.14 Combination Packaging (Outer box with inner bottles)

JAN G ok A gl s

ToxiFlam Flammable liquids, toxic, n.o.s.

Danger! Toxic If || i (contains XYZ)
Flammable Liquid and Vapor UN 1992

Do not eat, drink or use tobacco when using this product. Wash hands thoroughly after
handling. Keep container tightly closed. Keep away from heat/sparks/open flame. - No
smoking. Wear protective gloves and eye/face protection. Ground container and receiving
equipment. Use explosion-proof electrical equipment. Take precautionary measures
against static discharge. Use only non-sparking tools. Store in cool/well-ventilated place

IF SWALLOWED: Immediately call a POISON CONTROL CENTER or doctor/physician.
Rinse mouth.

In case of fire, use water fog, dry chemical, CO,, or "alcohol" foam.
See Material Safety Data Sheet for further details regarding safe use of this product.

MyCompany, MyStreet, MyTown NJ 00000, Tel: 444 999 9999
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Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation,

awholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security
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Valves
k= Gate Valve, Hand-operated i Cantral Valve
k- Globe Vale, Hand-operated Solenoid Valve
| x)

k- Plug or Cack Valve, Hand-operated E Motor-operated
Nk Check Yalve

Piston- ted
“#% Butterfly Valve E iston-operate
@- Angle Valve, Hand-operated Safety Valve or

Relief Yalve

T R % - H
; Al P&ID 5 sl
Pressure vessels Centrifugal Positive-displacement
@ pump pump
Dual-stage Rotary
Single-stage reciprocating screw Motor-driven fan
reciprocating compressor compressor
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(o —_ o} O |
a:i‘:l‘::r?!r:::wr Turbogenerator Turbocompressor
Mixer Shell-and-tube Jacketed vessel
Conveyor belt heat exchanger
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The succeeding letter(s) are
used to designate the function
of the component, or to modify

&/ " the meaning of the first letter.

The first letter is used to designate
the measured variable

Pressure Indicator
Level Recorder
Flow Controller
Temperature Transmitter
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Temperature Controller

and Recorder

Thenmometer

Control
Vaive

Temperature
Transmitter

Temperature
Sensm g Bulb

'\w
Pneumatic
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TemDelarure

f@

L FC&:*

No Line

The instrument is
mounted in the field
near the process,
(close to the operator)
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Solid Line No Line

The instrument is
mounted in the

The instrument is
mounted out of sight

control room (not accessible to the
(accessible to the operator)
operator)
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Temperature Recording Controller

Temperature Transmitter

— — Temperature Indicator

Temperature
» Sensing Bulb
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NODE:

SCOPE:

REVIEW DATE

J q INTENT:

HAZOP
Study

Guide

Word Deviation

Cause

Consequences

Safeguards

Finding/Recommendation
Comments
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PHA 43k i) s

HAZOP

What-If/Checklist|

FMEA

FTA

ETA

By deviation

By checklist item

By component

By loss event

By cause

Best for process
operations

Best for relatively
standard operations

Best for mechanical
and electrical systems

Best for complex
systems/operations

Best to study one or
only a few causes

Good for continuous
and procedure-based
operations

Good for continuous
and procedure-based
operations

Good for continuous
operations

Good for continuous
operations; possible
for procedure-based

Good to analyze
administrative and
engineering controls

Higher level of effort

Lower level of effort

Higher level of effort

Highest level of effort

Higher level of effort

Can analyze complex
processes with
multiple safeguards

Mostly appropriate for
simpler operations

Best analyzes
processes with single-
point failures

Can analyze complex
processes with
multiple safeguards

Can analyze complex
processes with
multiple safeguards

Distinguishes
between causes and
safeguards

Does not distinguish
between causes and
safeguards

Does not distinguish
between causes and
safeguards

Distinguishes
between causes and
safeguards

Distinguishes
between causes and
safeguards

d to

Only studies causes
from checklist and

Looks at all failure
modes of all

Only studies causes
and safeguards
related to top event

Looks atall
safeguards protecting
against cause

deviations W i iuestioning components

3kalaall g shadll Julag
PHA (32,3 423

(PHA Gap Gl e gaes (A 225U ) ) (g A0

Gl (psSS

Aty

A5V B Al dnal ye g Laial
Aadia) G il fenl yo g Leinl

14

>

>

139



};' PHA (&8 (oS

Gl b elacl 7 N5 s lial Juail

DHad¥l Jalas 3 508 — (Jandl Jgse) (B3 dl) 28

PHA Gis5 oo Jsme — sl

lee 84 a5 dpurin 58 [ Dleall (33508 2ga 5 any — O galadd slimel )
Sl 5 dalaall

G ol jUasl 5 ASulSaall 5 4k Sl Cilanall 5 il 531 — () sacly gliac )

3&‘ PHA 3aid

(Al jade Caand s Aaal yall Aol A g
PSM givas &lel jal o lallas moai]
PHA 2 sasall Jladl aaai
Zaulidl PHA Gok ox J5I gl 3aaly JLid) (PSM 3lia ga [
Aglend) & sl
(Aland) (ye Adlisall o) 350 Adlide LS aladiul (Say)

g’ PHA 3laxis)

(Al Axal e Al 20 )5 U8 alel 6
Ll al Alaally alal) dleal) e e slan pean])
o) bl anend e jal e Jpasli)
dalaiall 5 AY) e slaall gan 0
Bladl e o) dallll e slaall 2aad ()

Cilaal ye e Ji Auailil) Cila gheall skt 5l Gundl Jue Aad Jee [
Gl

3&‘ PHA 3aid

s siall ead) )5 Jd a4
Laa)yall G slme Y Jlgdl) JLaY) asBin)
Jalill 3551 5 )5 5 e 2815 (slS) I PHA el ) (e 43 sl )
w=ad 5l (PHA G daal je s JuSY 4y 5l el jall el 22 85 0

bl Hfﬂ‘
Gl

140



% PHA cé g

3 N 3 Lt gy i Badd lida 8 PHA G2 xal e Laplads
Cuai g Gileln
Esm¥l 6 el A oo gil) 6 ks SiaY] LA o
Ese¥l 8 Claals 8 ] )] o

Y1 Al gl ddad 8 LAl A gas

(RO PRTORCTPRRE B1 PRANN

psr chai &l el Gla gy gl as Bale PHA a8 Gl e (330 )
b el a5 8o gl Jaandii s Aaad el P&ID Sl

?9‘9 PHA 3laxis)

tead) el Bay A ¢ san) oL
Adaall (o 8 3m 5a daa) je il dal 5 padd jladl s L8l O
%G;ﬂ;b\.\ujg‘)))ﬁag_u”)ﬁ‘éidﬁgéw‘Em\tﬂ,’jaj};;’\:ﬁjﬂ
A

3“ PHA 3aid

:c-\ﬂ\ é:‘)t‘ J.:s RPN UJ‘ OL:;}}“\

503 3l pall ) Aleally Aalaiall ol gall S asan (e onsi e Jseanli]
ileal) 35 )5kl

clelia¥l 4, a0
5 clgaladinY Csulall s s 8 3¢l i 0
) gl ) die ) Aleall a0

L;\)A\‘_B:\};L'Asi"é.\chugebba'&ﬁc &&JY\M\&JM aski ()
:\:.Lﬂ\umw_);y\

3; g (B A Axal ya g Laiyl

CalaaYl s Jladll 2
Al 50 3 gl AUaill 28801 5 gaal) H4las o

PHA ¢l _a) cum i o

141



%Qvn A g¥) (8 ) Axa ya g lalia)

dagid 3
derditidl dagiall e 3y dll eliacf g3kl o

Alenll 0da Aaal el Aanic (585 (a5 Angliall oda LIS o i ©
aaailly

3; g (B A Axal ya g Laiyl

Lleall Lodlas Cila slae 4
3)5_9“\ a:tfl‘);\}“ LL\LQ)L.A“} .‘;J@;Y‘J ;\A.“&AMJ a:\Sl:IA:\SH J‘)AX‘ 3.1;\)..1 o
Gl
Jaall 22 U 2 slaal e sheall gan i si lana ©

%Qvn A g¥) (8 ) Axa ya g lalia)

dleall 3 ja 50 d2al 50 B
Gk Aleal) (i 8 3 g0 5 k3 amy (s (adl] Buse i i o
M Jalal)
Lol pozall cideall -
AW el -
deall Gl i Jgan osibasall «
Llendl el 3 hall o gl
o) shall Cilaxa (oDl Aadail
Q‘c\ﬁﬁ” .
e IS Abanl) e ol oy 13 -

giadl hlada Gla gy A o

3; g (B A Axal ya g Laiyl

3as 5l 2 U6
Gl Annl e B Letnaail LelalS; sLiiall (3 A g sl (Bansa i i 0
Faad 3l 4 gl ilane lllaia g Al el jal aea gl o
1ie 3 se e Canall o ) sl (g allall
Ll giadl) As -
Gl 43S0 e ASaal aay) -
(&), cliald) cilabaall) 4yl Jol gall
il g pall AS ja Dalail «
(..o 3 3eal) Jhtal @Y sa 6 cildaliill -
sl z s Al 3k

142



}Qvn A g¥) (8 ) Axa ya g lalia)

Al &l gall xal 5a 7

lilall b 53 s sall 5 5Ledll o ) SBY1 Gtk sa 5) adlsall gan 5 dnal e o
Ll 38 Aleally dalaiall

2l 3 Aleal) A e linall e b5 AEA wlaall Cadl3n Ana e o
R e /4 la 5 sl 888 g 85 RS Lol Sl o Le nd ¢
L ) ) gl en i (HAZOP a3 Jlie) Jiamiall il 5l (30 S0

}fw g (B A Axal ya g Laiyl

sliidl ipe panidnal 30 8
4y g A yo 5 daanae JiiO duaradall Ay CulS 13 Lo Ailaiall Ll A8, o
Aol 3l sall aia lie IS0y Cpena L Gl S
40 B2ane Cilingia ©
753 5752 o asdl AP| s jlas +
(291 is.all CCPS 20083 i) dnia 5o dxal 30+

Giatl s:le) (Jus 48 535 Gl J1 ilis (e 5 Galal) Jia) andl) Al e e -
(2001 ¢aS e Cpuigall (501 agmall e 53500 Alaall jlad JilaS (40

}Qvn A g¥) (8 ) Axa ya g lalia)

G ad) Jol sl Gl e 9

3l 5l (380 5 Caany Jel) i s il 5 aparail ilnay Ailaiall WLl lia o
AR REAN]

2l Jal sl 3la
(Baenl) & lale 31 s Bl eUndl Jia) Bl o+
(8D Jalall i Jie) 2lE 5 lan sl yal
(150 shl 5N syl Jie) Al Aleall il jal -

}fw g (B A Axal ya g Laiyl

(i) 2,8l Jal gall Zaal ye 9
A0 Aalida Cilagia ©
Jeal) Jagsil domran il 53 -

CCPS 2008 Jis) &bl s Abad) & 51 Jul 52l Apnain ga Axal yo +
(279 — 277 iaial

sale) Jis 4S 53 5 el U salis g 3 Galall Jlie) anidl) Al Ganl ya -

5U=\:\Sg‘)n\1\u’.\ué.\4_aﬂ‘;3)n\1‘w‘ ‘d)ﬁ};‘@dl)&@ﬁw@;ﬂl
(2001

143



}Qvn A g¥) (8 ) Axa ya g lalia)

Lleall jUadl (35535 2053 10
Alainall Gl gall g UaaYL Aalaiall A5l sas ) kil o
g shadll” Alaliall Al Wlad o~ sl La 4 b o

}fw g (B A Axal ya g Laiyl

A5V Bl Axal e plaial oL 4y aLall
ALSU Aral ) Jlae J el o ©
dal e a5 i) maan ) 5 o
izl o (A O saling uall (alalY) U8 (e A sgde dpa 58 ) Ao IS Ol Qlasa
Ledadat
gl ) as +
PHA <l 0 i 3 450l dalell Gl sall gaen ) Gkl o

g“ 5 il y haal) Jlad
PHA . &
Gl 1 ae s A s Lebiand (S ol 5ol e ggiall i) (355 2iingl)
m\)qu«sg,-hn ('.Ué."xﬂ o
4 alll & e o
e dd e o
‘;AC
Slpa gl g il o
PHA dae Gl
PHA lede adie) il e sladl) ©

o

x‘* o A i

A B3 e )

SN O (e 8 e ©

Gl sliel gaan U8 (e Lginal e a0

glaia¥) g aa sl lea 5 Jumiy 5 5 )a¥) ) e o
Aaa)yall Gap J8 e eI e s lY) ) 280
Sl sl

sl J8 e dma o

Gl elme] maen U8 (e dinal e a0

IV U8 e 4gle B8l 5e o

Al PHA cale b Las o

144



% il gil) g guilil) Gkt % Sila gil) g giliil) Gudat

PPHA o iaal Y1 mitall 5 L PHA b deal SV i) 8 Lo
PHA _:8 1
Uil ac agd i) 2

Al ) (g e gl 5 i) 3 Al 5 (e Sl il 5 i) 3

A3l (e il il il 5 il e oy 323l 3 el a1 4

% il gil) g guilil) Gkt % Gl gil) g geilisl)  aadat

Gl Axal e DA (g Clpua il 5 ity gl oy ) b sill 5 il A lua

Aealiad) Lol il ja sl Jias o e e S 8 A palls el i) Aelim & ) 3 ple JS3 W S3 )
sLial) o ya ynTdan) ja o
Lyl Jal gall dnal e o o Y
&= s HAZOP - i 11279 Lt b oSe 305 4lEy a5 & aie Gand el 21R ks z3ga
A sanine o sill 5 A S 1D sl bl aall G pal) slsall aal el delial ae Jusiiag Jaal ajla

Jlras [0 58 gl 1 anill AalE dxal e o

(Dhane f0r508 G5 pa a3 13) L) Tam Alle 5y liaaal) 5 yLalia 1g 308 Julat o ¥ Tl Aallae o o ) (3 o S Apmll Cimy el )

:ég)ﬂljﬁ)&mé\dﬂb@\l&;&@dﬂa&ﬂﬁ@\ »
JL:}‘:\ °
LAy o

LGaadll o

145



}9“ PHA )kmg\ \ASA:\J'! Slgd al % PHA (e 24b "“I"

- hlaall aSaill el jal e Jlia O Glaxas il e Bl Cilasiy gilis el Lallsi Jaall Cialia ansty of and’
) . Dl o] iy eslall (355 o Ally 532 e 5558 (3 34D (Ko sl
b Alaally Sl alas ol L dl) apensalll s ) 538 30 s g samy 9 Jgan asbaly Aadl) depully oY) oLl clge sl
53 g sall Ciligall st 5l A48 I (e B Aiida A3Lal ) DAY il sally Ailall by Sl la¥) o3 Jsa Jodil) aud wo JuaiVy e oY)
il 33y )k jais ) a5 la gl aa it (Say illy Auleal) 03 8 G sleny 53
Llaall Gy yla s ) «sS:,<Y) EPA RMP (54 <29 CFR 1910.119(e)(5) <OSHA PSM s -
Llenll 3 ga yui ) .40 CFR 68.67(¢)
Dl /Uil [oandl) 48,k o ) S5 Jied )
Al CulSliaddl A gl /5 3 A (e Jainall 23all (il )

}%n s gl 5 il (3555 — 1

sl e JUia

Aabua¥) Al ) a6 | il

Claia gill g ilil] agads -2

4,380 5_ay)

.
-
u,\

A 0 Gl 0 GAEJEL 0 Cula GEsdll 0 PHA 0 aad

saal) ol
A pb, (A, B, C or N/A) 5kl quua 4351531
i ) [ il

>_,

Gl gl G g g 5 g1 Anal ) ey S

146



Gl gil) g i) auall - 2

PHA @b Aiadin) 3 y)

Y FINDING | RECOUNENOATION

4

dohaaul) 5 ey dlatia) — 3

PHA Gyl dam 5l dua s S

B Ay a3 1) £ aY)

[SECIRA RO N

PERUIIH]

‘ 5 1Y) R e 8 S0 s Ly

Uiyl (il

r

I

Ayl Al ciluags | gl

by o b o GdulJi) o ulall dgéi 4PHA 0:juad

svaall aul PHA wleallag ot
Ll ) PHA-UF-11-01 | (A, B, C or N/A) § il cas duglsl) \ B
Cluagl) [piid) DMl Sl (s U o A3S p it S BU (30 81 et o Wby (e aa dulea Sl lial
BRI i) 08 g (sl 5615 34 uuu)u Sfial &uﬂw&u\ﬁwhﬁmﬂ&wl

ol ssiasdl 1Y (it e (s hse e dilialy gyl Lpuliall dad) il

gl il s i g Aol i | 1 March 2011

51 4ig o1 51 Y)

2JATY 2184 51 ) PHA-UF-11-01 i 3y Gl 400 gl 4331 oy

(5 e e e 5 e (8 A8 g sl A (o il e rm;ji 1)

canill Jgn 5 gl M lona el ¢ Mall (5 ghsall 380 I &lal ¢ 33 ol 5 sl Uik il (2)
?Ladlsuh}]l

gﬁe)sﬂl\_lu\;j.\ﬂid}m\u';\)ﬂhywyfl)ﬂ)mduh;&Aﬂ\JM\ oS (3)
5 ol e ol i o 4 T ) S g il i e ] 530
Al

1 September 2011 | 52 4l 5o ey 6 )

LM, oigdl

Chemical
P e

RN
Jaall Jlaa o) cililadl saeld alaasd )

Caganl) A5 5 5 Aldl el 2 )

6™ ISy Aphanll 5 a3l Aleal & alae) )

A A s 4

dac a3y JS Bl 5 2 (3555

PEVE R

il gasy Adlual) IR Jpnalis
(&, el sals

4ilkiall MOC

Juasy) g 5

Seal il g3 5

Jual 53l 43y 5k

YL 55 3l

147



%&n el ¥ Joa Juady!

PHA il 5 il il dlaiad 533%) Sls) ja¥) Jsa Juaiy)

S S

laall B pgalen () 5S5 0ol 0 AY) (il sall 5 Ailanall g Jinill ihage Iy
Silel a5 luoa il g il a8 0l

3; el Y Joa Juaiyl

s

dalall die piiad) & ca il zali o YA e il
Aulial) gl aladiu o
oedll e 381l o
Gk oo £ b e )
Lol alelaial o
Jardl @l sl 4oy Jsa YL ©
53 ASN l)
GVl (365 )

%&n el ¥ Joa Juady!

91l

Al 5l Dl s )

Ueloaall / g sl cligans s o sila sall )
il Slel jal / Juscll

() shall Alatu¥) ddas (Ul Cle) A )
LaY) Jandl Sl las Sleljal )

Sl il jlaa 5f 258 )

% 4 :".L.M

913kl

PHA dae 250 dsa Juai¥l () pall (o iy 13l JiS) 5l Gl SO
fopih gall o i (A




-

rJ

g9 pall el aV aast PHA (3 8 dage
AUil) e sl uds

(PHA) dleadl jhad Julas iy 5 )
Sl g i ) 3 Sl 3300 45 e )
i) Ll DR oy )

S = e Jidas e Jle ellac) )
HAZOPS Jias le (e ikl )
PHA & 8 yalic ciny)

PHA i Ja Jai¥) 5 (3 sill 438l )

Day 3

Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy's National Nuclear Security Administration
uinder contract DE-AC04-94AL85000

diaY) Jad) Gl jlaa

———

SAND No. 2011-0785C

Sandia National Laboratories is a milti-program laboratory managed and operated by Sandia Corporation,

awholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security
3 Administration under contract DE-AC04-94AL85000 ¥
il CSP e
National \ \ National
Laboratories Lahoratories
ASMENT PROGRAM

149



; :' 5 ALyl Aslasd) Aadhan 503 jna

Al Jae clujlas qllaty
Saay

salall jUaslfe
) jUasle Loyl guall
el Jelil jladle

Jeall jdadf Julase
(OPs) Ll sl a¥le
25aY) Jaall s lase
Ol 5 3N Yo
Jsanall sl
Ll S0 5 il plade
AL Jeall gy puaie

}:Qvn A8da gl jUadl Jalad B 45 )9 pia <) phad

Faleall (3 cpilasall 581

5kl (ailh sl iy gl gV (at s Capiuali g Aall o o)
Lalad Al Galall ug 3 /i aal,y

Ak ol v daal e el ali a8 )

i shaall ) lgall Aumg pell Jo sl s3a )

Adda gl s Julas

8 Uil ol & 1S Al )l e S 0 Aah s (s
andl Ay s il 53Y1 5 Aegall 5 Jalall o 383D) e S Lee shs

Al Alanll Sl (a3 Jia (il *

€ aad Jilai 1 #lisg il Cailla gl s e

Gl _yeY) 5 el 8 Jaee el cld cailla glle
83008 (il el gl e ) s o) Jainall (o ) il e
3208 Al ) Gl ) L anesy aal 5 (5 i Und (505 38 ) s glle

Sl Y (Bl (B e Al ) Joreiall Ay Bas iad Al caida lle
Cillasll g

255 llaglad llatll S U aakaall il glle

150



%\BL@J‘J&;‘MC%

$any of oSy s Ul Lee
) sall A Lee

£haat )) Say Cae

S AY) Laaluall Jal sall o Lae
fala g g5 llaial o Lee

Teban s 2354 15 14355 Ao Jal cgpnlal Alne & ams (e iamn st (1 Jalall g gl sy
Aeldl b coam (8 30 7 20 0 Lo daladl gy bl Ese

el gyl g dn o gl Jol gall dn g s Balal) Uil g claeall jadl 8 K86 jadY) 4 le o
€ V) (e it o) S S gl guall b e o

S5 )aY 1 Aigall Ladudl g Aaaall 513 1050 Radia 3 poall

4805 gl JUadj Julas
Gl JHA &5 5 1 1l shal

Aagall o 5

Aagll Cia g
135shall Cias sl A5l el Y
25 shall Cauay B Al ) el el
35 shall Caay sl AglE 5l el Y
435hall Caay Uaa¥l Al ) el ey
55 shill Caay Jdaay) A ) el el

) A ) lel )

60
2
AiaY) Jand) Sl laa
U1 Uaa YL aSatl) A5aY) Jaall s jlas i3 A i 68 A 5 Al (3 )k llia
Janll il AV el Ji dega 245
‘ llaall g Al 5 ) gall 5 Cilanal
503l crnen A gllaall 40Y1 Janll il jlas
toh oS! Ailasl dleall A
£xe ol - g
3 panall d3hidl J5a0)
Al 5680 5 il o)y
Alpall gagaie dd e Jsiall oSally
Jla ol
Osdaaal) [aldiVle
i Ay 5
3aan4 44k gle
60
.

151



3 kdl) Al JISE aan (palil) g (3lad) dolas o hai

bl sall il S ALY (e Al S AELLY )
CRA O P Method for locking
eleSll e 3a5 cl gl o) Sl jaliaall and tagging a main
(a FCOA(] o C'L,L)LL:\”) electrical switch
o) Yl 8 - (ASal&all) A€ ) dall )
Al all Aadai AS i)
Jazall ‘;\L.\LA.A‘;A.'.)"M — Aldadl) Ll )
Al 5 4S5 el Aadail g el il 3
S
5 duaddial \BJI);.“L&;JJ)Q.)J\);"ELLH > usg(olwuﬁ
¢ chain
¥ 5 LSS al) Janl) oo Fanlil (fni yall R
Al Ao il ) aa Jelil)

Incomi er Isolation valve
PR
~ p L=
- e
In-line pneumatic valve
can be locked out to
isolate energy source

outin
“off” position

Credit: Lawrence Berkeley Laboratory

A0S pa¥) Jasd) 551391 Al LOTO iibuan

I LOTO G s ol 131 Aubia¥) hadl i je L Jele e 3
T

A JS4Lal 50.000 535 A 120 = 5% L LOTO g ©

I il iy Jaall 3 Bl any Jalall Lealing 3l Zalall 5 58 Jans o
e 25124 ) Jeaii 5 yhad dilh )i

O Sl e %20 s UAW G e¥) il Jlas a3y i b o
5 obal) Bl fliall e oSl el jal s S 1995 5 1973 Ale

LOTO (ssalill g (3lad) iy o

deliall Ciliy addieg el ¢l al 8 LOTO oxldll 5 Glal)
15 5 ramaa U Lgdliy) &3 38 5 ,ladll CYY) o) el Canll
el Jee ) Ailuall JWS) J 256 Jaall

OSHA 1910.147

LOTO &l

O Lady 3d = ol aladinly s gide Gl ¥ el Gasb e oaill (e raae gie dale Jsla
dale J8 i)l Galdall (& doa LAl Joall da ) 33lely o8 Q35 AEN Gillall 8 deaall
Lol Gadall ) axiaall dle Ladie

48 5l AY) a8 S pa Tasa Jab L Gle Lo A3 Jalas Cala3 AT e ol e dale Juad
sl A1 A Jalall y Cndad

Aadll Lokl il Bl o5 el eIl Jand Al duslSH Adian ebomy (SlSsa (IS
A e 58 il Gy ) sl Lan sl el e el oy dlie 3 o3

152



% ALY LOTO @il ) &l gha

A dlaatii)

Cilazall (e ¢ 3 o) AV (D)
Slaall e 3 ykal) Bl jalas ges 2l ) e
Ol 5 BV il ol alasia

4 5 Al ey a3

B J e e Gaal)

Jaxdly oLl

v v v v v v Vv

; :” PEDAIGS

- LOTO b jles
adanay Jalall 58 J8 JSI ol 5 - lide Jash o
dljp_e}‘gdﬂlﬁsge&gm Jalall E-
'.,u‘i!l a3 E Aaa J8 ALl — Jasll 453 &l juade
Ao sanall 3] Sleal Jsde il per
LOTO zebi_ne
ally SSaill e yale
G paille
A;J;A&l aaille
(Basiall LY I ¢ 5ild) Jiladle
S5 il
Al ) siall el jale
Lo Sl gl A8l s
slie 42 i il (S yie
Tane Slalea iy 3l
L all 5 4 3all ZLLall glie 41130

Isolated

¢~

LOTO (3s) il gh

Ll Jeall dikic Jea )

o b aa 5 ¥ laal) dslaie o) 2SEL Jead) dilaie jand )

il
< sV cilitadl g Juay) Ay,
oo Jlali g3 )
B Jumdisale) )

BoJY) Gkl

PR AT

153



LOTO b, g Ju8d)

DO NOT

This energy source has
been LOCKED OUT.

OPE RATE Only the individual who

signed the reverse side may

(DANGER) [l (DANGER)

Do not remove remove this lockitag.
this lock. Itis .
here to protect TAG NUMBER:
my life DATE:

MANAGER:
Name:i )
Deparnmas PHONE:
Lock Self Adhesive Band , IDEAL Part Number 34-003 Phioiie Exts
Pager

Front

}:Qvn Al dl

Cpa g il Jaza ele g JWl Jlasi)

Lo ol o uld) JWY) JaiuY (il sl (e de gana Gund &
A thdl” oS el ilala ) sde BV 5 sl (s g sl T

&) dhay Joani Jaran Jaaa ele 5 JS) piat sl b (M40 jial)
cole I Gl ot ole 5 JS J8 i ddee il psig5000
ulie Ao V) EE g sall O M ele gl Gl gine y as
Jae oY) 8 Adalall Lakaall il shuse (i A0 5

LS5 5e¥) Agigall A3l Al 50 1050

% s AY LOTO 54

BALL VALVE LOCKOUTS - GATE VALVE LOCKOUT -
Brady Catalog #65666 & #65668  Brady Catalog #65560 1o 65564
Panduit Catalog #PSL-BY1 3

#PSL-BV2 (Similar)

Circuit Breaker LOCKOUT. .OPEN

Circuit Breaker LOCKOUT..LOCKED

% Adla Al

f5oha Aa o cpa g il dae o) Jals barall (g giay Ja )

A e Dbon Blee /5 B0ad g s ) 0 sila sl S o )
€5 ykad A8kl At ol Juedd ) Al gla yue d8Us ) Sl

Siglanl) 38 e duelaad) cualill 5 3lall cilaglas (adatin Ja )

154



Jgaaall jaal)

e Aalia (5l 8 ) seandl Sial)
g AN 5l Jsaallsake 5l 5 ) sana (3 ke
famas e by aalga pLall Gadd JAal IS IS5 5 juSe
aisal) Jla

Jgaanal) jaall

Subcellars

ol ppana [ jn K7 Clalisall 038 o SS

eﬂgﬂhﬁgﬂl b ganal) Cilalcall

b g e e ggiat ) e 3 all Lpal gl (g giade
JAll pad Sl “ALial” e Jleos ol Lpal sale e (5 ginde
Ol ol ) (B35 G5k e Jalal (et GLESI 51 Sas oy 5 A1 o 5 Losde
al m e adaie (M i) ) jaaii Al Gk oo 5 LAl
b ) e Cag jre Al gl daia jlad o (g giate
5 Al s daaa ladl Jeall cillalis JS55 e
alalle
eSall 5l cblaall (i ye

FL| £

Cold Storage Open Diich

2

gl dnaall g Aol S S 5al) cpn ) guall

a3l (S (IS il 1 (e %60

die Sa Bia B i oetige JB - 2003 )
il (S ol i

OpnS W) alls Casnas (SiilSie 55 - 2004 >
oA

b glas b Calai ale G - 2005 )

alal Z3lal oA HAT 3 35 - 2006 »
O 013 B ) peale J313

155



S‘LyuaaadiaiiaLﬂlcgty¢£

1CS st b bl jualic )

DO NOT ENTER
CONFINED SPACE
PERMIT REQUIRED

Alainall jUaaAYL 3l o

hall Jay gy 40318

Jabsall dseil iE sl Cilaaa -
LOTO ehaill zeue =

o

Juai¥l Cilane

gl 15 (5 ) shall e

5 paiasall il 5 Jsaall S8 281 jall o8 o
S A pand) (JlaiiN) LS Sy -

Ll Ll /5 el el o

o

o

Open
Cooler
Door

Window

OpnS $Y) i )
CanS Y ARl )
JLiadU ALY 5 a0y )
Jlisdl AL e,
Glaad Wl bl
L) ) o s a

Door to CA Room

Wing Nut

Location

GoAT A e 4 aSatdl (g sall S
US NIOSH: s 5, 5all

5 sl dalusall
PAITRLAPS PN

)L';}AQAMIA.\S.Z\‘@M\ sl
a3 40 WSaT (e S 5l Glad 55
RESHINSERPH
[T ENCRER IO PR IR CA
Asdlding gl Llad o Jladla gy
Jsaa 050 shlaal mes e ol
RENWA|
LOTO - 4l J3e -
Lall eVl e o
A Y cuaiVI (e dlaall o
Ll e ead) o

(s gY) 38 A

6% 14% 19.5% 23.5%
Difficult Faulty Minimum Oxygen
breathing, judgement, for enriched,
death in rapid safe extreme

minutes fatigue entry  firehazard
OKYGEN SCALE 163 213
Impaired Normal
judgement
and
breathing

156



& SJleg#TJM!Jgﬁ\

V5l s Y pand oy 1
el adiud die Aasaia el B aad Gl (S Y1 e et (3 a0 AL ) 3Ll (il 3 e
O SY) (il (e e Bhlia

e 338l iV 5 G pall anagd ey (Ll (30U AL Gl Sl 55,301 and 4y 2

fi
alain) 8 sl Sy 5l U gl 3 ol oAl alina b oLl (o sall GDAY (and iy 120 3|

Iy el 8 Aaall 5 palal) 36 8l 5 jeal (e danll i
Badwia <ol il

|

.

ESNELENES- N ROTEFICENURN YN .,

Q

b paanal) ddhaiall 8 ¢l ggd) 480 sa
EL W PO

4] yall jasddiBaa g Y )

S HRSRFOREY. S FERPN RECIN
sl

Ol (RS Al je e i g )

oaall (e Jlealls plasa Y

o TR Al Y

Jsaall J8 48 e 2a Y

B aivee Al o 225N )y

el e X pad s Y )

Credit: OC Environmental Services

g’ psawll ¢l 9ed) ) pliai dde o Jlia

calall 3 of W ACGIH dgesSall Luelivall danall oaidal (S 5a¥) aizall il
skt O ptinll STEL 26Y) juuad

Y] el (a7l a8 4l &3 (ppm) sl s3> 186 ©

40 ppm s ACGIH STEL -

el Sleadl s O sl i il (ddl Jlmall aaa o

$obae bia G Aallaa e Ay 3ale (pualis iy (et Aagall il
Crodiaal) cpe L) Gl g3 dial) Cannad

B_yalue 4 5gl a3 aall CilS

Jsiall el Cpaa JiiSU ALEN 3 gasdl g aanS oY)

Jedall el (g ghal)

Jsaall aie — | slan cpdll Gald iV o34 ade

(71_;\.;‘\ die Cpdsially ‘JLAZN\)

stV el e
EJ;M\Q;)H\GM/@&A&ESM&!@U}.

JIA 4 el p o iy sa (3ale) 4 s Als & gane
(quraill ) abisall Jaaad oy (s Jsdall salely sy Y @
(3om el p ol 9)

157



Cilalasal) g Gl 7

iy g Bl e iy g

AL 5eS B0 5 sty deniall i) ey il oS 5 il adad
o Al sale g JSTD ) JaiiDU ALE 53le Jaad o) cuilS 5L )
5383 a da o gl s o) aaa e Jilu gl 5l dala e

Al el e

“hakaall e Wi sa¥) Jui) Slgad aldll Jizill ¢ 2 US OSHA
http://www.osha.gov/SLTC/etools/ammonia_refrigeration/receiving/receiver_sop.h
tml

o

dce Yy i) rd s

Bola gl 33l Jil gue
Alis 3l 5 33UD) ) i lyate
i sa¥le
G el iy ySe
Sl Gy yalle
Sl S5 yuelle
JLaiy) gl 3l palle
ikl Aial) 31 salle
Ll jade
Y] “LASIL Gl Lo
ol

Credit: Reagan Safety

:\.gfah)gﬁ\ B)B\.ﬂ\ ckﬂ @H) Cilel yal

M\ U'.\‘c\).;\ .
Ol saall 5 il sall (ga S Ganaly Jlaall @
zapaille
hall yasde
Fleall e shaa 5 RSl e glase 46 go
Jelis 38 2l CGadarill Jal se licle
2 st Jag guall apudse
Ty sl eple ey das ol jlil — Jalall e
A el lana (Gapall Alida da i) e B N Al Cilane — Cagail pode
aSadll ol a5l Jjelle
2l alase
SERAEURNIAN
il oz
LOTO 4l jolase
PPE dulic 4pad i 38 Clanse

Al ,g<ll B lall b g adad gy

i) <l el )

5l sl 5 AU 2l Jagind

AL haS sole Wy Jai <€ 1)) m
¥l A slall o) day 5l JlaiiSl

1 pcitia aleal  dikaiall N Jsuaslly Sai ®
Ol sl Gl sall e

Jol Clileia gaen J3s ®

Llee 3555 a1y 0522 (pilasall o) S
il

Golshahi delh 4 =

e Al 1508 sl

158



Gl Jarl) iy

s okl o) Alas adad gl Sle gl S alad el (2 Jaall 5o GALU) Jaal)
Bl i i Sllee ) 4liia gl gl el alad

OSHA 1910.252

63
3
WARNING!
HOT WORK IN PROGRESS
WATCH FOR FIRE!
PART 2
INSTRUCTIONS Required Pracautions Checklist
MAY BE RETAINED AS REGOAD
OF HGT WORK AGTIVITY
3 Aunlatis sprivkions. hose stresms st
o BT R
oT WorK BENG DONE B
[ emeLovee urEND.__
O cowtracton co.
TOCATIONBUING & FIG0R
RTGRE 6 5
FAME OF PERSON DG FIRE WATOH
I varity the above location has been sxamined,
and parmission 1s oinorixed for this work,
SOED, FRERAPETY PP
oaTE
PERMIT [OATE e
EXPIRE: A
Tveriy Bt the List o1 Brocautio
Sows_______
FINAL GHECKUP
e e s oo et ot ork g e[ 5 P99 ST vk ot s
3195
63
5

Gaoall e Bl 5 el cilillaia o

QAL Jaadl e 53 J8 Gy o

AL Jaxll 4 ¢ mall (Gl 55) o

e AL Jaall (bt wisns 53 ansal) 323 o

ALY Jaall illee JUS) in Gilall b g puall Jads cany o

£ pa s Badaa CALL) Jand) 43 gpuna

Jaadl e J8 CAL Janll 1 sa (i o 58 — o paily J sl (il
ALl Jaell ililany (50 5i — ALl Jeall gl

DY) lplaall 1 jal Alppad oy — 3y yad) 481 0

AL el libend i o g0 — aaial dilaial

159



}%n CAL Jandl el g3l (e 484 3@_‘% GBaoadl dadls Cip) jal g Cilira

E BN 5 EOV PRSEN AN P ¥VEN)
Akl ‘_A‘)ul\ Dmaill Gl jlaa C._);.aS-
JueiidU AL xdais¥) (e Aplie dlas aladinde |
Ay g pall pe JLiiSU ANEN o) gall e A Janll dakaia glay)e ) s s :
.Y 5T s Al . . doad 5e 4S50 d (e (g 5ae JSE (3 )l DLk pea (asd g )
St LAl ool 2 el plasiad e LBl AadlSe ilara aladind O (08 e galalall pies Juasy o) e )

LEL oY) Jadi¥l as 50 <10 % = (ssadl CiDlall 48 yae ety Juai¥) Cin = b plasnd) 08 s skt 3 43l Gyl 48 e it 131 )
s )shl

petihaia 33 5a gall (3 yall AadlSe Glana @ sa cplalall goen Gy Ol oy )

Loed Guall il and iy )

ana ) &l LD sale] axe 5 A2 U 5 jall dlil e % Ao s )
L dualall (35 ,all

63 63
7 8
- ® “w 0 . Tek e ) \ \
?&“ (ahliall Laats da gSaa CALL Jand) dihia LOTO :2)) 5
- - - Control of Hazardous Energy
@‘)Adn dalice JAla — daalld) dakaidlle By Lock.out and Tagont
IR RN S EUNEEECRECER N [~ A UTION o
A sl g Slasall — acall dddaia ol 3a )Ll Adhaidlle HOT WORK Oy Lock-Out and Tog-0u?
©®Basics of Lock-Out and Tag-Out
Slsalls sl salle AREA SWher sy rsonss ety
Leaders Say
- ‘ﬂ‘ O 5 . "S‘} t}‘)ﬂ‘. i ©Additional Reading
g February 23, 2005
i T ——
H i aiche orgiccps/safetyalert
H
http://www.osha.gov/SLTC/controlhazardousenergy/index.ht http:/ /www.cdc.gov/niosh/docs /99110, pdfs/99-
110sum.pdf
63 64
9 0

160



; PPE duaiidl 4,08 gl cilara

L gusl g p
L 3 8 )1 Clana aladia) 358 )
L v { " )Li-“ e,-,‘,-,\ss »
daibiassl) jUad¥Ly asasl) ol )

e N o e a3l 46 6l Cilaze Gailliad )
w‘ 4,31331\ KT P A8 LSl

<l lasl) )
uj...ud\ Q\Jun.i »
‘;c\_'\kmw i) BJ'@A_i »

SAND No. 2012-1421C

GRS
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation,
a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security
Administration under contract DE-AC04-94AL85000 i
SP MU et o
e oo Laboratories 3
;%a Jay) guall dva & Loy guall dra 2
Lol gaall dpapa iy O on Aibaas€l) U (i il daad ) i) dlanl) s
Al il e Ll
(:\:\!Asd\ ;Lﬁi d§i EJ\‘); :\;JJ dl:u)
sl |
Jaiayl 2 NI i
C H

edigh sl 3 b ¢ e

) N y Jadiuy) ¢

é‘)by\ LJLAX\ 4 H g H/CQQC/C\H

Faad il 46 ) Clas 5 wy  n 5 ghd J3i 3 H
(Cromll Jay Al Glusel) 1 Jbs)
64
3 644

161



;&’ duigl) Jay) guall & Ay Jay) guall

Sedl) yaa

S ala aladic) =
g

sl iadas -

LEV (o sal pilad) 4 545 -

<« ®© T ¥,
L pal) Ladleal) sl
‘g ol dl) J Sl g ) Q}

Lagall daaia e ja)

645 646
;&, PPE 4saidl) 438 ol Ciana & PPE
e Ay ) g e Auad il AE ) Cilasa it oK1 )

ohall e oY ) Faia Jayl gun S ol A8 5 o

alall ol 5l e aaiad ) 4l clall Ay (U o

5ol all b N gagi ) A g )l e Glaall Lla o

‘ Laleal dyane dpnaigll Jayl guzall (5S35 Y Ladie o

Al Sty lava (3 alail -

s Al 3Lk Ao 5 i Daills oSaill (S Ja

647 648

162



dpadll) 48 ol Cilamal jladd) s
(A2 Gl S8 s o slhaa)

(Udaa¥l) Lhall yass
el o
el o
(Pladll s 5 5alll) dagal) 23Ul o
KPNIEERW
Ll clileal) o

el mpall Ayl ypaad )
Glanay) o
Aall ueds
Ozl o3 o

PPE _tsal »

B S RN

f 2\
/ w\ CHEMICAL SECU
[l e

oA

3 I lama 4 addid Mg gl & piida B aaly Jee Ll gz 33) )
PPE 4uasill

¢ il g la )
a5 (ysadl sl alall gl GLaELY) € m el A5y yh A L )
Shaad 3l A6 5l Clane i jladl) 13g] el oSaill 5y llia Ja )

AN Gk L)

gs dad Bl A8 gl) Cilana jhad anS

Aall ae ualll g 53 aaa3 )

il
Sl e
ikl o) dasall o
My o
(gite) S o
el iy e S
e Juail o

Ay pma pe A Aatal o

; G )

458 PPE 0555 i P

455 pall PPE 2 L P

Lot 3l 48l Clane Jasim g ol g eyl 5 o P
PPE alasiv) 258 P

ity Baka Bla i 5 Aila s Aalia dle , P
DLEAY) & el &1y

1A e o Galh gall G iy

http://www.free-training.com/OSHA /ppe/Ppemenu.htm

W CSP

[ &\ cremcat secuniy
(877 ) encacement PaooAM'

652

163



i)

rEigaa e (g g e (il gall Gy i Bl

.

¥l s P
Lsllad) 4 ) Culana b s P

Oila sall U8 e S e ol ) 46 yea P
Al il 48 1 Cilasal

http://www.free-training.com/OSHA /ppe/Ppemenu.htm

653

% daad i) A8 ¢ lanal dalad) ailadl)

248 o <ol Ha8 g Sl
Asll ae Juai¥l gl el aiad Sala J<55 -
e o3 -
Aaliad) o gall
ATl 3 gall
dangall o gall
(Assboall el o) gall) Glissndll
(Gsa) &l Alay)
il deaall

;?v daad i) agd gl cilanal dalad) (ailadll

438) ol <l Hlaall g Sl
:SLL:\)A [EREN] J\:\BY\ e )
Al o
G RY Cidg .
ASTM F739 b -
SRy o
é.méﬂl o Iy o
alyll o

3)‘ ) daria o

Photo credit: Permeation, http://www.cdc.gov/niosh/topics/skin/ . .
M\ ﬁy}@)ﬁd‘ AJA‘_’:J‘ o
aalill o

AL Jaa (PB) il () 53 AL M) Jana
(PR) (DR)

0.9 (o 8 M Jura Jlae — E | (BN — cdgll) ¢ sl > Jan Jald el A il gl liaa - E

mg/cm?/min

9 (e B N Jama Jax 32— VG (B — B gh) e JBi< Jasy Pl 56 Jil gl <2 — G
mg/cm?/min

90 ¢ JBi il Jma 22— G Jaina Pladl il Jil gaall J giha — F
mg/cm?/min

900 (e B i Jua (Jgiia— F ugale Jad) il il cipia - P
mg/cm?/min

9000 ¢ i M) Jura s — P Balall o2 g Jilgually a2 ¥ — NR
mg/cm?/min

9000 (s JsS) il Jara cdy a4 £ — NR 583 480 (e > §)ARY) g o8y chuand iy ol
mg/cm?/min B tas o) Bas (1585 ) dBsie DR

V1 088 O @ligiall (OS] cuand gy ol
Lpuand o Agilia 3lga o 5Ly Jliaa

656




4B) ol LusMlal)

Lald claplhy )
dle allee o
M Mo i o
NFPA 70E -
Jgaiall Gasall [ Sl o
Stbadll o
3l yall da glia Ludla Jlidl )
5 A 5La o) gall o glie sllat )
) yall da glia Gudle ) Calicay

) Al

Janll daga ps B>

Sl Juaiyl i Ailiassll 3 gally yaidlf
Ay sllaall 3 geall [ Jardl iy s & guall Qailiadl) i)

ENE 1 W OV IR RECAR

Al 3 gall Gaoen @l SRl 0 5 Il
8a3aal) Lagall i) JUERY (ha (e £ g3 (31 AN (pa g MAN C e pul
AN LAY J8 Ao gital) @l UL daiiaall cilgall cilily e
http://www.mapaglove.com
http://www.ansellpro.com
http://www.bestglove.com/site/chemrest/ ¢

" ‘ . w
et e 4 .
rverall ratieg for beth diegraddation ‘ =
nac] pormeation. The leatee in sach
LAMINATE NITRILE UNSUPPORTED POLYVINYL NATURAL NEOPRENE/
FiLM NEOPRENE CHLORIDE RUBBER NATURAL RUBBER
Wiy} ELEND
VELL The glove CAMMERS
—| s i it BARRIER SOL-VEX I9-865 SNORKEL AND HANDLERS CHEMI-PRO"
— o = = = =
. REEY Avoil e of the | £5 E | %z B 2z |= g
o with e ot |15 1|32 |3 1 £t |2 oo
5 EE| EF |Ez £z N %
CHEMICAL =4 Sxlas S| as s -4 =0 o (=1 T4
TA R g Bl © = — | - G E
2. Acetic Acd m | o | — 20 E| & — | E 1 E
3. Acetone A 450 | E - — | E 0 = E ] G
4. Acetonitrie NEDOE EEEE AR — el « [vele] wlw
5. Acryhe Acid — — L 2 | - PEY 0 —|E o |- LE s =
& Arylontrile Bl o e - — [—1-[ - =N B R
7. Allyl Rlcohel TERDE ORI G| E |0 [VCJE] o [
8. Ammonia Gas - 19 E A 480 | — | A | 480 VG | — — — | m F L)
9. Ammcenm Fhceide, 0% | — | — | — QB | -0 | — | E | -0 — Bl == | — e e | —
10, Amemceim Hydroside £ 30 EN 360 | — INEN] 0 | — E %0 E | 220
11, Ayl Acetate ] aso | £ IRE 0 | G - — | — RG] -0 = — = - =
12 A Alcohol — | = [=Feq = |t e = [ve 6] = ELE] s [ve]ien] s [vo
13. Anifre " ERIE — [=TEe[ w0 [rlF]= v LE] s [ve BB 50 [
14. Agua Regia - - |- 2360 | — RG] »ae0 | — - — - - | = F&] wo|[-
15. Benzaldehyde N EE N - | = — | — [y s3s0 w [wle] s |F
16 Banpene. Berrol T EER - E 380 - -
17, Benpctrichioride === 280 | € — =1 -1 = = =3 B ==
18 Benpoarifluords: 170 | - J e [ 0 |6 l—] — |-
19, Bromine Watet —li—=f= a0 | € wo e [ =] = -1 -1-1-1-1=
20, 1-Bromopropans U ETNE D EE D EEE Y E [l N ETEEN I o ['F

4H :Aa8 ) piliua o) g (1 4 gSal) ) ikl
Ladll ¢a Jlg g 0
LSl 3 gall (pe 5 D2l B84 e
lom s ynell 3 ) 5ldl G
3ol el S (55 i) e Lol ey

S gal) Jalkaa
sl iy o) el A A glie e
JoaSll g J gl g aella  gill g alaa¥) rcilaladiny)

165



}%’ il SR Ll Aalad) £) Y1

Gi sl

4l ol sl 5 Galea¥) (g ani e
JsSalall 5 J sl o gl

Ja sl

S s die

g S 5onel) Sluda s g il g 2o ll 5 aleal) s gasde
Osaall 5 apndll 5 ) iu s Aslady)

SN (e panl Y
LSy ¢ gilly il 5 ol ol

S dsla,

662

Gl g A s djlan

LY ) 8 Jale 2000 Qs o S 5 P
llati g o gally Blatii lial &JEA;LJ\
Al dallas

sasiall LY o) Jee ves Lo/ e £00 D
Ay Oaall 485 1)) a2 vy (g sy

NIOSH. (2010). http://www.cdc.gov/niosh/topics/eye/

664

166



7~

Ol adj gl gl

ey () Jasailly sy siadlg

) g o 3 Adag yal) Aailisl) ] 480 g1 0 gund) il U3
& 2
kan ekl fela NV o Jall g coadall g abiial) Ails Alas e Al g il i

A 5 ) jas

30ad) CAL uail) 5 cuall g Sl gual) cililes £ paal) it A (e Alas ma da sl Al
Ll

Agilraxt) 3 gal) Gldally pabaal) B Quadlly Jiillg Gl g cual) A8 g ) iy

Lllal s A 5 AY) Libasl] 3 sal) ) a5 Alas

) [ lasanl) e § pall Cig )y Galaall g Al Jas Ails Lles e Aadlus ) U

L oyl day) 38 a5 iy plally Al g plal plalh 3s

el ) juas

ol Aty (e 2330 43 ga Jghal ant @) 2 -
i) 368 ) £ and)

-
?%» i) g Lles
48 ) sl (udill) Slga cilplhia o
Qe el o
Sl apli .
o) ogd 4Bl a o
b
Jeal) daida Ly .
ol Jlga LAY .
EAPARES I
gl g Apall g ilal)
(650 6 5 o) )«

Osdly da sl Alas o AL

A8 gl el jUail)
4a sl dlea g 50
AaDlal) ol jUas
AENIRAPEN

4a ol Ales 33 A

666

¢~

(APR) o) sell & »
Al s
aasll dals

PAPR) 23Ul Ao 53 o) sgll i«
¢\}€J\ A,j}jﬁ »
olsell laa

SCBA -

668

167



; :' (APR) s)s¢l d8iall (uiill 5 j¢al &“ APR Uikl A g1l

iS5l %19.5 JBY) e Jeall dihia 8 ()58 O ong Ligh Al s gll
Md&@&ﬁﬁu&m:\ﬁ#\ BJ&HO}%O\ Q)
O SY) i g oy g sn CDE (3 APR i Slea Tl padia Y o
Balall 5l yial 5 aliaiaVl 5 e Al (33l o APR (i 3 j¢a) Jaad )
2hasll Jeldl) f 45 glall
Gl ghawd ¢ iudal & ¢ 3DE o
AR 5 5 el S 3 5 et o) s Y )
i) (S o) “Laddll slia et il pdie Ll Giulal AN ey )
i) Glalada

gy Ay

st\j&gé}&c«)ti.}

P100 <l iy Crradlaall g Ll ga¥)

670
?Qvn (ESLI) daaall slas dulgd <) g &» APR il 4.le
igal) sl s Sl i 5l sgnal
ESLI 2 saciaall NIOSH < 50 (e Julill llia FRERE
el
Lisa¥) o e e e ol Ll Al cllesall 0 Y1 Lo %95 oSl
O S0 auS sl Jsl o T
Q-\L'SY\ WSl o Gl Aaslia ye el sell e A siall Clapall G JBYI e %99 il
Geoouedl p)iS o NI0O 3l gia e sl Al Clasunl) o Y1 e 999,97 Sl
UTENPRITA AU RO5
sl Ay o a3l e Lo S sl ALl a0 BY1 e %95 sl
Sail o P95 e
TR RPN g L 3l Bk g o5l A i) Slasnll e SV Lo %95 U
il sl gl - 42 - ol o P99
L.,.” 43”35 R Bady Gl o gl o) gelly A saiall lazuall 30 %99 JBY e il

300 R lie ol el &) il Cilapenl (30 %99.97 VI Lo Dt

671

168



7~

(APF) Adiaall dlasll Jal g

Db 5 glall (e Cumy Jaall (8 B aadiil) leall dlas (5 gie )

o Slea & 58 gl il lea

(APF) Q@hm&bm&éﬂisjﬁiwm“&}sds >
el S 3 s sinnall s 330 2n e oliy (i) Sen LT

(MUC) _S_sill posiics]  aci]
el a2l 33 APF x =

(PEL,

TLV Jid)

673

7~

diinal) dglast) Jal g

S ea 15 s il I Gadadll ol deall lSa sl sell e
(ACGIH TLV). ¢l e 32 0.5 8 o)l aa g ppm osalal)

€Al p i (53 uiill e g 5 e

APF X OEL = MUC plasinl 3 5 il
10 x 0.5 ppm =5 ppm = MUC 4l Caail gl

PAPR (LFF): MUC =

25 x 0.5 ppm = 12.5 ppm

50 x 0.5 ppm = 25 ppm = MUC :4x 50l JalSI il Slea

675

¢~

diimal) Alast) Jal oo

il Sl g sl Ciuai pUB dagll Jals! dakd | Slea [ B35AY aliiadl) 4a ol) gL
4l Jaddal)
#15¢d) 480 10 50 - -
PAPR 50 1,000 25/1,000 25
sr bd gl legd) Mg
ikl xie — 10 50 - -
s (GBS — 50 1,000 25/1000 25
L) aie cathal) — 50 1,000 - -
SCBA
lhl) aie — 10 50 50 -
baall e qllall — = 10,000 10,000 -

5_yilial) da gl dad)

169



;&w uaaliall @ aladiud) — 5 jilial) Ay gl) Aaksd

& oAl jlea Aaidla jLSA)

@ s
@@.A’ oiall o
clilind) )5 .
O JeeY) Gl o
“clid Jaal” sl cuy -
xS e
oSl -
Sl

Uygaxe o

;%. ) S Al s

Al [ (b i Aaidla LAY

}%’ 33 3all £ gl

LlALaM ws.':ﬂ‘ ;\}A J})ﬁ >
SCBA -
G\}gj‘.k; o

JM\;\ﬁemo\g&w >

3ga8ll e aall )

680

170



; ; i) ¢ g aladiu) g A g

24l - 1 & gl e JBY) e da gradl) sl o) s 50 o) )
[ANSI/CGA G-7.1-1989]:
19.5 - 23.5% = G V) s 5inn ©
5l aSa e/ pale 5 = KAl (g S5 ouel) o
I 5 osdall (3232 CO <10 -
Ji1 51 0l b e 5a 1000 2 s Sl 351 S
s paldl) Aa) ) s
o) sell Audie Aiala M g5 puli o e dae) gl (<5 N8 )

g%n At g Adlual) g yal

bl QA iyl 4 gl g )
o) sall Anall (yudiil) 5 jeal )

}\ daaall '61__);:\::\.@_'\ )ﬁ:}a }\ ‘:\_);M\ ;L@.'E\ @JUQ&;&;\L\)L“ 5% UAM °

2 gunal) el 3l

(0=SV o dland (aSl) Glall U oS b axna o
celeaill D) J g s Sl
SCBA: »
daualy cldle e s Jga ) ddgu o

[Ty e

Calhga (asl alia) Jle Led Jae dakie Cadail Jglia G o)
hrs o) sell e (i Slea o135k Jalal) o siy o) aadl el
.Jasll 13z oLl oLl HEPA (P100) il pe 4a )l JalS

a5ty Jalall () gaall Aedls Cals go JaaY g sau¥) Gll aliaY )
Oleall (5 Y AL Al Laie 5, il Slea o) (g5 aidaiilly
“L‘ui < P oj\d'.\")\ o Saladl A8

£ 5) (lanal Lee Ll Al Cala g e camy 3l 3yl s ey
Coaitll Hleal Jaladl

; ; PPE (s

5ha il sle s N 0 s ga @l 110 Ji M dalal) glisg
oal Ia e 8 () sl 38 ol iy el aladid sy s 431 Al Calh ge 33a )
A ol (5] pe dlall e (e e Jalall ey 8
alall Gatay ¥ aale (15 ¢(Bida s Cila Ala oy 8 Al sl 3 6l G gind Alall Gl )
O sin)
Call ol Jalall an g 8 0 s 3 o) i) o o) Ll Allaial Glis
§1 Jalall L p o)) ongy Al Aal ) A G o 8 e

171



PPE (s 5

00 smi Aadlh ) SIS (e o)y ilas JanY Ladie Al a1 A8 2 G la Ja G Jalall By )
Oy il JAl aaf s oLl ga uad 28 IS0 (ramy o) Ll JaaY 55 51U 59 58 Ailaie
sl
(5 skl dlaia W Jumn s g3l 5 ) shall L) 350 £5U A8 )
Ol 3y 5h el e 5 JSU AL s3le IS0 o
Osaadl 5 Al AT sale IS0 <l pam o
sl 13 By ey N el e Jsinall 38 o
Sla 3 ) 5 ) shall 3y 8 o oy il Al 3l A8 ) Cilaes & W

oxSa yia [ aile 20 5 Gegall a2 £l 6l sel) e Jatiall Sl o Al Jale 23s )

PPE (s a3

AL LIS len )l 3 3 51 G Al Hagas il 7 Jalall e )

883 15 dagall 038 5 yiiniine )
st JS B e Aagall o2 7 dalall a8y )

xS siafpile 10 58 il 3 5V (3 15) 201 sl G el 3 )
G e 1 ol e 4L (a5 alall S JS gl e i1 4l (3smnse
a3l 7 Jaladl e om0 A 1 lana 8 L

Glad) Cra A8 ol sl el & Lt
dseliall

——

SAND No. . 2012-1755C
Sandia s a muliproatam latoratory operated by Sandia Corparation, 8 Lockheed Martin Company,
for the United States Department of Enefgy's National Nuclear Security Administration
linder coniract DE-AC04-94AL85000.

Sandia [ P Sandia

National National
Laboratories el Lahoratories
ASMENT PROGRAM

172



% Balall Auclui) calaady)

dpeliall 3l G Bl e gl le e ani )

A U e Aguiel (5ol Gl
Lalall T lial) 5 jall (pa

e Al Uiy La il AeY) Liilia )
Leluall 351 5all

5 DY) 5 Gaoall Jris s skl (S 5 GaYL dilaie il gy jlises skl )
daziall pe ALl ol gall 5 s

?:" salall il giaa

daaall )
dilean dale 3 ks il Cilgas )
aiad) [ sliid) yasdy adse )
LY 5 bl ol el )

Gl o gliall S il o

Shaal KKsill o
G all sled) Akl o

Jlacia ALal) J) gl 0335 )
d\.v.\ﬁa\]\ ‘)AL».AA >
GaY) il g sl s il e )

% a,’\ub-u‘ Glathiaa

Ddne a8 ge 8o o8 Gunli ) Gl — a8 gall 2aa )

gsAls sl Gl jee — 7z 5,800

Gl ol gial o plaka) — SLaal) )

JalSIL 3y jal) e Ailel 5) Jadans e 50l — 3y jall dled) 4005
Al Bhlie o saaae 3hlie J e o 30l — apudll )

% deliall il all e LlEgh ) dasia

sy (3 Ly (3 (o Dbl (3t (ay el Janll (IS iy Sl
saaiaall (351 all il s yuilae Gkl o
(NFPA) Gl all (e 248 51l dida gl 3day) 1«
http://www.nfpa.org/index.asp *
(IBC) adsall eludh (il &+
http://www.iccsafe.org/Pages/default.aspx -

Osaibasll s O salaall @5 jall silasas slgsua o

INTERNATIONAL
CODE COUNCIL

People Helping People Build a Safer World™

| * l National Fire Protection Association
The authority on fire, electrical, and building safety

173



% deliall il all Ge 4Bl ) dadia

3 h jedf eliall ciliadl
Lilaasl ol sall pladin gl Ll o
JlaidU AL 5 3 jbiall O gall 335 o
il sall e 3l ) Rl oSl gl g

M&ﬁgm@u\&b@h\;ﬂéﬁEg}&g&; »

superstock.com

E
= -
-
i ‘ml

news.thomasnet.com

deliall il all e LlEgh ) dasia

Aeia duagie aladial et ddlial <l jliie) )
Ausigl) Limgial) Ol shad (panali )

Aldiaall Cual gall Gl gl sl o
Gl gall e Aatlall () gall Jilss o
ALl A48 1 3 5l s ©

kellerfencenorth.com www.ar(‘:h\expo.com
69
3
%%’ deliall il all Ge 4Bl ) dadia
bl s
(B ilpall dall) el Gaalal) U Gaaad A 8l sal) o
Jaidy) jaae o
Uniiiall salall ©
el 315 o el o
w"&awﬁ‘)\‘)ﬂ\ ﬁ)ﬂ}éﬂ)ﬂl)bﬁ\ Y ara o
G AL AT ol ge ) Gaoal) Ll o
69

deliall il all e LlEgh ) dasia
el gl Gl gall Jadas )

AL (a8 ) e o

saliayl sl ff Al o

Szl ) el dle) o

(L.M \&A.\;AX“ \JEA) JIAA.\Y\ JL&_\ o
Al L8l 5 )k s )

(ALl i folal) Alan (i) Aglladll o

(:\.‘g..\s‘} 6d=\5..i'ﬂ\ ;—J‘)“)ASM‘J GL'JLAI‘ dla) ﬁ\)ﬂ\ o

174



il o e Licall 531 o ) Laia

deliall il all Ge 4Bl ) dadia

specific ;::;sr?s
objectives,
et methods

Process
and facility
description

Acceptable
Consequences?

Yes More
scenarios?,

No

Alternative protection
evaluation

oo |

dale dgilaal 5 kg il clga

50l Hiuall 3 a3 Jaidy) jolas )
Gaoal) Jlaisl cd g )

Gl dled) 5 Sl oSl dakail dgm g )
ALaa Y s casl) A dllad

% dale duilaal 5 ki il cigas

3l dgalall leall (3 e 8 ddlaiall cliall ¢ 531
Y52 0 sole B0 L ASLall il o ol LVl 8 el (311
Lol o5 aSl ileall @ oa o

5l e luall plaall b e ladilly 3 sl glsil )

S il gl el dpeliall 3 Al

http://www.safety-s2s.eu

% dale duilaal 5 ki il cigas

P 585 A il s i 3 0 %
>$30M LSl b 5l

Gled gisall 17 27%

Jsll Alas 12 19%

L) ailas 5 8%

Tl o sl ailias 5 8%
Cisaall aelias 3

il wiliae 2

P REANIEN 2

alldelia 2

saial¥) gl 2

2003 Js 11 el 8 35 all 3l dag )5 iy

175



Aale ;\T_\.‘nl.ma.l SJEJJJEJ&LGA_J

Jlansd Q8 Jila 17% oy 53l i sil ol (o
a3l o 333 12.5% OssS as8 led gia
Dbl lasil 9% e callae
BEEIEEEP e 8% sl J s
BN 5% s oo eheS Al ddaas
S el 5% Jeausian i ol
33,0 clatie 5% & e 4

<l el @5 a 5% VA Gl e Gaa

2003 s sasiall Y ) 3 3 all e s i iy

dale a,‘\.‘nl.m! 3)533)23&%3

I B T

a5 il aiias 726 — 967 Al diyra ¢(iSsan
g 9 549 — 606 ek b (el giasa
Sadl /lasill ciliate 2 203 Jlall jay el yuls
) el il 5 145 LY a3l ‘j’:j

(>20) saamia iy
2000 — 1981 o e linall ) Jlaki¥l 5 i jall o

Aale ;\T_\.‘nl.ma.l SJEJJJEJ&LGA_J

Sl LAl (3 a8 Jliiy) jilas

Storage Facilities

Cigarette
Hot Object 6%

6%: ‘
Cu(lilg/Welill'.
9%

Spontaneous
Ignition
7%

Fuel Fired
Eq ulpme nl

EALG@LM!s)EJJJBJQLGA.J
3‘);\:\51\ )SLMA.“ éﬁ\ﬁ@d\.ﬂ.&y‘ J.JLAAA

Manufacturing Facilities

Cigarette
1%

/!

8%
Cu (tlng{welulng

176



% ;LALG:\:\.‘ILM‘SJEJJBQLGA_J

8 G 338 Uss NFPA iy e b)) iladl 33 5al a3 a3 580
1985 ol

& LLGQLM!SJEJJJBJQLGA.J

5l ) 3 Lo aaad 3l clisiall el ASY

Partial
Operation
5% 70

4 oy o 14

Gaoall Jady 30) y ddlla 7

Guoall g s 0 pldaill Gl 2
Gaoall Jual dilaia 8 25m 50y 3
D) ety a3 1

g gra e 1

¥l 28

) 5l yileall 3 sa 3 1987 ole b 4Ssle iV sledy) dakaif Alla
(1988 <NFPA

& LLG&.)JL*A;‘SJEJJJENQLGA.J

(ALY Cagsl) aUai Al

Sl 19

praall (385 Jaxy 4

Gaoall Jeal ddlaia 3 Gl 1

dalS e Sl 1

Ay e e 3
sy 28

NFPA ilas) 5 €0 jluall Gl s 3 1987 e b SHEEN CaiSl dadaif Alls
(1988

177



ﬂ sliiiall adga LA g a8 gall

3aa) Jaad lalios )
el gled) o
Juaia QB i/ 5 pls i s o
Dbl Cilasa o

obaall 2555 () J s sl 5 A 53 sall )
Calaall g peill 40106 o
obaall (5 5l) 3 33l o

3’ 3%!&5}@)@\3@3&\

Ay 3 Al yhag gyl Al EY 1, A el )
&JMM}‘W‘)}M‘;\MLA\CJJQ‘ o
elaayl 5 Gayall 3 5 e andll o
el Jgeasll disa) o

Sl Je s dad )
«LL:W@KHLMIEJLAJ\@Q%SMJI,A\&} o
Thagloadl AR5 Aa g0 el Aalil) Alasl) o)l Aan s J e -
L@.}Auﬂlﬂ\} dbﬁj‘){l J.\LAA d)r_ o

}fon SLidall ghga JLGl) g & gal
48 Hine Gl e
(Sl y ) Jia) 4 ©
(Rm ¥ & el Jie) Aapadall 8 Caaas Al jUadY) o
Gl &g Al8a) pa sl Glys o
Aol il uadly Y Jie oball s jlaa -
i sl sl Bl -
pladall calaa)

I - 2
gw slLiial) a8 e (3lals Ciala
http://www.swissinfo.ch/eng

1w (8 1986 ¢y Hsaibos 320

Dol g 5 g e )
PSOL'A}JsPQOd)L.JY}ﬂ\OA)Ua}_.:LBAw »

12 48w shall e plans 0 12 Legeldi ) i as
Onin) G sl Jaad Coatial) b s

178



% slidal) a8 e (3laly didla

:\l\lﬂ\ dﬂ\}uﬂ O LA‘ dﬁjﬁ f‘:' “LN;}”} Calaxall u,g_)a:\j U‘“\"""y| ‘f ?Aifu.ug u\s »
Sl Al oS Sands ¢
SNV o o2aa B o
gl 3 Gaoall el ) J8 (e padiudl ol Hilies EBE S ji a5 o

O (i€ 5 jeal o) Akl gl sl il e 2a 5 Y )
3l 5 LA a Jaad 5 RSdly (ST B Ailansl) 3 sall (3335 5

e8&mJYJ\)d\ugaﬁ(£ »

% sLidall a8 gacs (Blaly Eidla

Cualall g 5 iy o533l )
@ sand) i il (e 4y pdia Gl (e 5 % 0b 859 o
Gl e olondl Aasiiondl Uy o) i i e 5 sia ol 12 <
L1 ey 385 Sl A i (30 5 5la o 73
i il iga e 5 e o 26
Ll b ol 30 AL A el 3551 S e 0 5 e o 11
Aalisd) e 3 lslal e 5 e 0 5.6 -
il a0 e (e 5 e o 364 ©

el dusia 3 1 30 @l e s bl Ll o gall plana )

% slidal) a8 e (3laly didla

1986 Js¥) (s 31 A Salall a8 )
Galall b Al L
plad Jadia aladinly o35 5 il Alia  dua gm0 ilaS N 50 ©
AS 5 il (o e 130 Dl Calas Jatidy o) Sy 0
S il 09 (2630 Laas g g ke i) 0 Al (8 ALaasSI ) sl (3 in3 (f) (Say
Ol sall 08 e pSaall i€l dplee (B edany 5 Ml s (A
oAl el o) 3 all Sl sled) 2a gy Y o

; S il ‘é (lp/?wwwdrockw;roo;b o

)Lﬂ\ o &);ﬂz\:\lj‘jlz.d.\'} Vi Glga chdas ) phe ¥
B)Lgaﬂ‘dul.uih@)u/ds.ﬁuﬁ)ﬁﬁd\ ;

Uled (S5 Al iy (gonll 558 pladind & o
Uasaall ) 2,8 M Ay clea st -
siall (o uzda 3V i) Jal 3 Y 2 gana Jas agdlls o
5 sae (Sl ) Gapall 4 Gaa
& e2Sa e 30 Jaman slall pladiad 5 )
4adal)

CaENT g Aoy Ca gl g gia) (g2l ga) DUl )
SN e ) ALl Al o) gl

G B
http://www.swissinfo.ch/eng

179



plidall ad gay (ghady Cidla L) < e

Z\M\}:\ﬂiﬁ«&\)ﬁtp &:);.\.\Ntul\;gs_)ﬂ\;
ol ol Gl e 5 0 5 250 Bt (o8 GBI patly el e 28 el Cagias — Ul o) jaa o %{/{/{[{(/{(J\%
38l Faldl e 535 le Bliall Al 1 28 sal ool iy s e ans IS il G35l o g — ol i -

il Sleally ¢ saall 8 OSUie o s 2Sl Blaliall ) Gajall e aalil il £ ) Cilea o
Jtﬂ‘u\)h‘}cmmékm—u:\sﬂ‘ o

Glall oSaill
Jd o
A eetll o

Goal) aled) dalail

TlaaS Bl 858 )l dadi 8 (S, oLl Lﬂ,uﬂ'ﬂ ’ A s e liaall Gl o A5l Lustia
L e 5 Clsllell s s Sl a sl S5 A8l

%,
3
“o

W{(&/{({/{/{({(@

sl 5 Aglle il s

Y5 sle B0 A sull gy iy o
avasill 5 Cadail 3 sem W80 138 Jady ¥ o

71
8

- Lol
sl &) e
g g
- Mol el e Saeaf
)‘)A-\-uil.:l [SEREN] ‘“5_\.“ d"‘ );.“ )Lu-\.l‘ T ).La
Roof
7 u v
EI I
| R o
Through wall Through opening Qver roof
Roof Roof/floor
— I | Void — Bz
. ¥ Y ey
g = Fire ..I - T {_‘g}?
~»}f B ||| 4 Fioor
a b Voidg
———— = Fire route Within roof Above ceiling Below floor
1 —
{-[ Floor
—— L
ISO TC 92, SC4 Fire Safety Engineering | Y E Floor
k::\“, h:\:‘ -J N Uy
Y h%i ",':eg'f
Through hotizontal Through vertical Through shaft
duct duct (lifts, slaircases, etc.y 71
9

180



7~

Sl 53l gl 5 ) jal) Lailaal)
Gl e glial Ll il

g) M Gl A slae sl

Boludd) Ay patis S Jlas sana

Uy el dppeall Ca sl

el Y ) e el iy Al
el 3V il 2815 A jle 3 e

L) el e

Protective spray insulation material for structural steel
www.barrierst.com

Jlaidsl ALY Auilias<l) 3 gal) o 3AS

S s Ataasl) pailadl 381 Cany
el Al o
g.‘ﬂﬂm Jlaiiy) SJ\); Q@JJ o
i) iy 01 <

CpoAdl il
APPROVED ¢
oAl dalis ©
A all 4 4eill o
Gapallalad) o
() & jid) — allall FM o) liaal sall Aaiad dale apabiai i) cang ©

181



[Ty

(2001 Jsbi) L i c sl s )
(AZF) ol b &g 3 o
BA.«DU tua.n >
(8 435 o g1 sa¥) Sl S (e 0k 300 ©
(0 2000 Axas) i sall

GERMANY
EMBOURG

www.yourchildlearns.com

CrAS Gala

(485 30 5488y “Lu gl s g e )

[Ty

Lol oda Ay sy OIS 5 Aa 8 eVl & 55
26 e 540 e e 570
GQalall g g A Al Dlpall sl
Lele 4ygla e 028 500 ()33 5
g5 hla de

ae JS o sall s ) IS
e};\l}«‘}“ &l i &

ok Jal s ) il 4 Jelis

' a5
3, ila 29

Al Alal (=3 2500 4l
B 55 (g0 Ly )5 %70 - 60 plas
Clba¥l (e 3 jall Cinas g dall
JYJJ )L)Ln 2 X_JJLJ\ )SLMA.“ t_l:JJ

14

http://oliaklodvenitiens.files.wordpress.com/2011/09/azf0
02.jpg

G JAS Gala

(B8 3) “Cusls? o e )

182



CrAS Gala

(456 30 5 B8 3) psisa¥) D i iy

dm‘g‘ JJLm.n

Llpall ol Hlalll dlee ol anlill 8l )
1953 ale dalall Lish ol S 5o Gapa
Y53 Osle 35 Aahy sl A4l Siled «ilds 6
slaldl sl Glaed )
1977 S o) G
Y50 Osle 100 Liad dpale il
el el
1986 by sailus (31 2
Y53 (rsibe B0 Leiad Al il o
Tona JSLie e YY) Lile
Y (& LeS sl
1988 «Juiinp aila e 3y ¢
Y53 ssle 60 — 40 G Al ilall

CriAdl g )k

G yia S0 ALl o) gl )
(el 5 Jaal ll Jia) dpaSY) o
(Gealusall 5l 3lall 5 J3 sl Jia) & 5ill o
Gaoall aa 48 1 dllad ile) jal )
Goall alad) Aadaif o
slall o
Jala e 0l -
(2l yall o g5y i) iy ol Jals Aslisa ©
Jisyl ilas 2 o
Tyl e BnSU AL 3 sl (pe i)

dhﬁ.‘.‘zﬁji JJLIAA

(s 30) Bl e Al jeS o 6 >

183



SN S B s

oSl sl &igas )y
“K‘s;‘)‘id\ J.J..c” q:"}‘ l..~ :..a!‘ }
?M\ ¢ L\’-HH,,. i J.:\’.S >
WANEET T

3’ Lt IS g Wy H PN

(g L oS ol pond )

dalal il jliie )

Aagall Bhliall ) 5 jall 2adlSa 3 i Jgas »
el plai A sige Ao i JilsSI Gags »
&L A il sl s il el 3oLl laiadl e i o
AIS 7 jlie Lgad 2a 5 Y A el 8 (e ik ge Jladl e )
sledl srads Giall )y
G‘)B.n ‘_;‘ JJ‘}A‘ JLu\ o

3’ Baldiocall U...\”.\JI

@AY Agludl el salls SU Gl jaa skl
il e 3 nd) laml el laal L)) dalsd)

Il oty aliie (2 il (n sl (305 ¥ tea i ) Aalall )
oy rall

Gaoall da slae 4k oS Blul s WS Ll daladl )

&kl gLl L 5 e sl plial ) dalall )

184



}Qv Salisal) gl

3 3al (385 e sl e gival) L e aladiuly A6l Cuaad N dalall )
G yisSU AL il e

Calill dm paall ddsmall Cilanad) iy Glasal) & Glaall Saill N dalall )
ST Zpal) Jlaid¥) Cilaiie g 3l (e

uﬁkﬂ\wﬁdﬂwmuj\%c)m&\htﬂ‘ »

Jii AL J8) el e shasal Ailne 348 5 D) Aalall )

%&n Cpandl) ) zliag L cLaal)

o A8 sall ¥ 5 Ul Gl oas Basb o lalues s dae 35 00 )
5uSl) sl il

Aalall ug‘)a.\” uLGJ}LM‘ELA\AJ‘ 'SJLA.“ éL.a.\n ug‘)aﬁﬁg.\s.}'é‘)_s‘)m »

a1y il ol 8 JLeiaSU AL J sud) WSy e daalill JSLEL )

3’ Caaadl) ) zliad Al ailaall
oo s sind ) Bhlid) b By ) alad) dadail 5 SEHD CasS) ) dalall )
Al Sl Y1 55 5ea ) e 5 S il
Cnila sl (ga S 20ad Al (5l sha oz il alSal dga 5859 )
LSO il slall b JLiESU ALED Ji) guall Allad il e Al )

a:pvw donla) LA (adls

e liall 33 ) Cpe Al e Ganal 5 dale 3,080 )
Sadl) 39 all Unal aaatl dusigl) e adind dimgic )
Ao Ul 3 el (5 sina )

Sl 5l Gaall Shd b sl o (e Al il el

185



AGEMENT PROGRAM

-
E:

Jason W. Brown
jbrown2@sandia.gov

Lpilrasl) UANL aSacl)
gilaal) § &l yidal) 4y 945

SAND a 1600
Sandia s a multiprogram laboratary operat Corporation, a Lockheed Martin Company,

for the United States Department npr%y s | Natlonal Nuclear Secunty Administration
under -AC04-94AL85000.

Sandia
National
Laboratories

THE SFPE HANDB

Fire Protection
Engineering =

Protection
++ Bhgineering
- ‘:ugul \ % Y

Egéb'a'l JJbAAJ &‘JA-“

Gh S5 5 chgetinall i yall o a5l
Gl e i3 ) i) SFPE i

)y Je g0 (Bl e )

Al uarn 5 DI G (Al 31 sale )

oSyl i (Jli3N) s

Yo
M‘? commended Pral na?]

Jor Desigi

27th Edition

27 sl el 3 ACGIH ¢ chga sSal) dpeliocdl Gl o) sl (S 5a¥) el
http:/ /www.acgih.org/ store/ProductDetail.cfm?id=1905

. ol
. =
v Vv Vv VvV VvV VvV VvV Vv v

186



% lay al

wosidas I s tHVAC ) o8 8o &sgillg 3 ad)
.G‘)ei‘ e s Cugadll 5 3y il 5 4 sgl 53 ) jall
A s s HVAC AUl ol sel Jlasiad I a5 1ol sl 495 [ JIaiad
Gk e ol sel A oSaT 3 i sl L) s uwm
&Ll o) sl u\)ﬁ)adaau‘dﬁﬂ\m\j;\}d\wuas;ﬂ\
Al gia ye Alglis
S e iy 3lal Aaad) adai¥l V5 s EV (gaua sall adladl dyoqs -

%foa 4 5l it

daall HUadl e alalall Al )
Dle 50l 2 5in] ) BlEH 5 Cisids o
Aalud) Glleal) e cplaladl Alas )
chlusally 18V o
é&d\ s )
M gall ola] o
Slaig jiSY o
LaiYauall O pantuall o

e Ji3 de bikl) jiga

% Anild clallaas

xSl )3.«3\.: ;\)@J\e;;=Q
m)ldlaljd\dsﬂm)lhdlu).d\—u}umu)u
Almal) Lidll e dgal (e e sudl — dgga el ©
Aahie al i gyl A 8 i sle sole LY il e jud) - LG de pu o
peoal il il Sl Aatil oaia yal) aduial

% A 53 Cilaa

A all 4y seill )
Ainadl) & al o
Akl a A gucn gl 1S 5 34
calal) ) &y sel
EANPERS
s s

el 5] i 10550l

jUd‘ Ul A o 5 phial) Enatiall Al Ghana s0pn 5yl

Al 5 Al cilaslay o) Y1)

187



) CEN PR
?;.\;,@\_),\;dm‘#mzﬁ}\d\a\jd\‘;hu;

Claal) -
Al s,y o
Gaaall My o
Ol laa o
€23 gLl 3alall han e () sila sall Jalas (S )
S i A 38 i o sl il sla I slalall i i
Aagall L ) sl A8) yo allaty *
§ o sall adlall 4 oq5 o Caail)

Picture Credit : International Labor Organization

dalad) 4 ggil)

Agmlal) 45 )
Al Glileall 3080 ©
Zaaadl il o
A gida b ga¥) g M1 il B o
dgmna 4, 9g5 BIAL 381 5il) ¢ 3 shasa iy e )
Q=0.2 AV
(Ao siid) Ol ¥ Aalisa) ao e e = A
Aela/ sl m VAo ju =V
(M3/5) Gl s anall Gaxill Jane 85 = Q

dalad) 4q gt

Apseill Cadas
3 ) el aSadl -
JlesDU AL o) pall 5 =55l s -
Lalual) 3l gally Satll Canal -

tsaluall
sl g IS 45 glall Ballall el S Cany -
A glall salall jama (e Ay 8 paladl i ) S5 () ang -
2 skl 3kl slad) & Jalall (5% o o Y
A/ e 3.5 Jalall 35b o sed) 3833 5oty o g Y -

dalad) 4 g4l

I\\\\\\\\IJ_

General vertilation for cleaning a printing prass

188



; :' LEV (2 gall adlad) 4 945

Cadd3 (5 yha e A slall Balall 3y aSal) apdatind W Ladie paA%05 )
s AY) Ly uall ) 4y 54l
oball ol e LEV g 5 sl )
§35 slal) salal) L&Y Juai) g 5l 8 L o
805 shaa of Jalail) Laid Jlen -
Jalall clalgnd & psal) -
FALE iy G TS slall ) gl Jal Ay sllaall i) J5 e pas o L o
94 sllaall dgan sl A yudl ol LGN de ju o Lo o
45 glall 3alall i) 2l Lidl )
;.u»tua.a_g)aeéé/‘;lsdh:\h\c‘}huubb

(s gall adlal) 4 g3

;%’ (agall adlall 4 g4

(R 4a3) Q = VA ¢ panall Gl Jane

Q;\IZAZ

Ll / CaxSall il b enall 3820 Jane = Q
Al / i) & de pull Jaa =V
oAl Sl m g2l adaial) dshaie = A

755

(o gall adlal) 4 g4l

el = ) e 0.5 = ¥l ki
b/ % 600=V SV ¥ de ju a Lo

A il iU
A =nd?/4
Q=VA

Q = (600 m/s)(x[1m]?/4) =V (@[0.5m]2/4) &/ s 471

&/ efe jd71=Q &/ e 2400=V

756

189



HOOD TYPE DESCRIPTION ASPECT RATIOW/L AR FLOW
. - - sLoT 0.2 OR LESS @ = 37 WX
(*a gall adlad) 4y g¢s o
-
.'
- ‘ Jkﬁ - \ FLANGED SLOT 0.2 OR LESS Q = 26 LvX
, =5 D .
w
PP AN PLAIN OPENING O SEiDER 0 = W(10%" -a)
V, v’
JET face 30 ) Jké 2 FLANGED OPENING 0255 SREATER | & = o.rsviox’+A)
x
BOOTH TO SUIT WORK Q = VA = vwri
-t " - o
Lagd led 45 glal) Balal) Jalail)
£ “« Q = 14 PVD
N 5 SEE FIG. VS—99-03
-\AL’ G—L’.\.\‘ JH C)AAA CANOEY TO SUIT WORK P = PERIMETER
_— D = HEIGHT
ABOVE
PLAIN MULTIPLE 2
SLOT OPENING = V(1
2 B worE SLoTs 02 OR GREATER o (10%" + A)
FLANGED MULTIPLE 2
SLOT OPENING 0.2 OR GREATER Q = 0.75v(10%" +A)
2 CR MORE SLOTS
757 P 758
ACGIH 453 s

(s gal) adlad) 4 ges
pengall il et g (g 5all LGN e jun

. vy i L&) Aoy (i
e Ll )L\sﬂ\‘\r_& . - T
Viace L"s C - V y PA{EN] A4 &/ k)
Q@—X—
Veapture 59 £l gh As yudagi Y GsRA AL1) N ga el A e LAY 0.25-0.5
—
J8dy S g1 90 Audabiia Ao ccbyglall sda (IS Gl guala 0.5-1.0
Jiina Ciaall calall)
Q=V(10x2+A) - - -
hidl) jlea dag (e yiaal) dlwe = X day ) £ 91 AS a Ml Al g (Mo 5y gadia) clilas iy 1.0-25
& sl
s198 ASa ) ddle L0 A bghud) ¢ il fla gakall 2.5-10.1
75
i ACGIH s Ja 760

190



AR e sl sV ey
oY) de

4 glal) 3alall ity &l jia

[SES PRAR PR EeN] SRl g e 3Rl g 3_A) 5.0-10.1
A alall 10.1-127
fas aslill Jall O} G 12.7-15.2
Gaakusall g cilall L) ol e 15.2-20.3
el L) sall g cakll g 17.8-20.3
Sl i) Aianal) Aol AL cquddl) 5 i 20.3-22.9

bl [ S sl i) JL paball e >22.9

ACGIH 565 Jah

(P gall adlal) 4 g4

d:\sl\ “e)L_)i” &.J.A” >
Caall 5 3 aall dlanll lgas Alalll Al 3a o
il Llaal) Ja gl 5 YY) pa
A slall Balall e il pa s o
0 Al e Lpulic Bl de s laa

2Ll ol
O 48 kel oLl il 5 j Lol dalaff daid o
Jadl

(ua gal) adlad) 4y g4t

Allhe JSG e hadll jlea )
alud) ileally oSaill Jumd) o
A ) L) LEDY fas gl o
and) Jla 8 T G ©
Ca kil

and ) Jalall iy o) e Y o
Al caay

e sall adlad) 4 g4

rdind ) hidll Glea )
O Janl) 80N ans oy ©
Al g3 DA
Hilae e adiad LEY) de o
Laludl Glleall Gl ©

191



g, e pal) adlall 4y g4

Al Al

Aa giae ) gudl il AT JizadV) o
bl
saeall dlalas -
eSUall il Ha -

o Ty AN e ol gl e
Jalall
ua)\aﬁd\

L) ) — adall apanal ©

% qu.b\,a.“ ‘adh-“ aﬁj@d’

“GBaskaill )

sJE o
B & geaia -

il 3301 il oSl
B P

JleidV LE s o

oAl et Al gas g o

LSlee Jiiiall (5 5€0 o)) cang ©
sl

L CSP

/ e\ CHEMICAL SECURITY.
o) Gcacten rrooaim

¢~

A sall (e 3_piall CileSH JuadY) o
(5 sinsa le Gl ) 215l iy

S S lamall iRt g Yoo

(2 gall adlad) 4 94

ol ek jlea )
il e\éil.u\ o

Lilas)

o

e

1haagl)

s gall adlall 4 g4

GAY) A sedl culilail)
N (5 gt -
SN

OSHA &8 5a¥1 Jasdl 5135 1050 350l

Photo credit: Borel Furnaces and Ovens

192



7~

(s gall adlal) 4 g4

tadlad) Aalaif

;\j@_“d';\.\au._uﬁeéw\hﬁcfai\])
il (Al o all Jgaa sale o

Dhaall flagd” Gk PEESRGR Y

(e AasSl g ) daiay

4 slall 3alall 350y A ya0

(il g il

CARTEYTS

il de o

L) 8 e 15 A Al 3l e o

?9" 453l aUAS s

BIEN) Ao ju ppfi o
— 1 9gd) A (e g — Ll Bad ubd Jlga o
(S Ul
S5 d8 — Jaal i) .
ﬁb@-‘\kﬁ_)}d -
A G AL plall Ay aladda) -
. ==

A

A

7~

Lalds

Q= (eaall Gl Jua daaty il s —
VA

1815 (5099 S Clanall guan B ulaa iy —
T Ay s gl A e ulia —
AL — s gl Bad ubila —

A 5600 Ui als

G‘J@J‘kw&b@ .
B e (&) 8) £ oy s —

m

\\
\

AN

dleall bd il lga -
Aol ) gall AMaal) Sy Jadil) Sl 1OV .
A8 b blal de pu .
LS 8 qupl) Ao -
BAM AN/ 514 ~
Jell &) e 18~
iy = ¢ sgd) (3845 (e il
Audliia o) gn &l s ol ASpa
GBS 2 Gl o8
Qo) b oSay Y .

772

193



el (8 pall (il &y gl oI g Le
g3 siaal b Aaladl e il ) Cadds o

ale 451 (1
e sall alall & 5 (o

€ M i all Jmiall 2 ) oLi a L )

il 8 glas ads Slea (1
Aauall calaviall 4, g5 (<
daill o sk 2 (7

Allae JR3 e assll Jlea (o
O3 ) paia (&

(s

) i pall Jumiall A5l s 8 Ly

Alalll al s -

sl 8 laa his e (I
gl il 4 63 (2
dadll a5k A (2

Ak I3 e hadll Sl (o
O35 ) semia (&

®

(A

€ gl Jumial & el Sl 8 La )

83 5all Janal 5 jpia Gl S Jilas o

il 8 glan kad e (I
Aall i) 4y 563 (0
dall sk A (2

ke IS5 e Jaidll Sl (2
O3B mia (&

194



; :' S ; D"“ A a1 (ol sl g paal

“ e PR T . ACGIH
“‘?JLJ\ MS}AM dmﬁn” 4...3‘%_13\ eLLu B |9 > e sSal) Lo linall dauall ualial (S5 ja¥) aipal)
€ 3gaY) e byuS dakad e glaall Gy o o e pall L plaadl Juls dueliall 4y g

. AIHA

Dl 8 glas Jadd Slea (! S eliaall aual) gaal)

faaal) s 1;\%3 (“_‘ ol pall pilel) Ly gg5 Labiil Jiidiy anacal aSa ) i) 79,2 suead)

Jadll ?5“%‘" (G ASHRAE

Zdhadiﬁg\c Lasl Jlen (J #1960 g sl g LB autigral A5 paY) Asmanl)

(835 ) sucia ( Usdall 3131 254l 0 5i 41997 2010-62.1 el
8 5 ) sata

OSHA

Aigall Aadladdl g Aauall 3 1)

1910.94 Ll jdll slS23U 29 (pildll oy sgill

http://osha.gov/

% g—é:‘m‘ ubﬂ‘ud&lé

B 56l Dlallaias g Cldy ja3 anddi )

Lsedll s aadli)

alall adlall 3y 55 Cimy )

Ga.;a;a.“ edm‘z\ﬂ}é&_.QA} >

i sl Ui i 8 Caamy

(JSLEal) i) & sl JSLae oo Al i )
Al L )5 alas 213

\ Sandia
77 AN W National
9 B W\ \ Lahoratories
ex ProGRAM

195



Chemical Inventory System
Demonstration

Sandia
National
Laboratories

(BBS) dsbadl Ao dxial) dadlud)

SAND No.. 2011-0487C

Sandia National Laboratories is a multi-program aboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of

Lockhced Marta,Gomara ot NI SRR Setunty Admmistration Lnder conlract DE-AC04-
500
Sandia
National
Lahorat

% Sl glaal) Ao dial) dadladl o La

* il Aay b7 s oLl
AdasSLall ALE Jladl S gLl ysiad (1A

Al 5755 S Jlee W5 LS Ll e bl e Gl 2Dl S 53

* Merriam-Webster dictionary

?&» rd glual) Ao diial) Aadlad) poies Y

RS IS shae A el »

Y S5 s a8 cplalal) a1 LS Ll (e Cauddil] deacae dilas L) o
335 sall LDl

Bohall oyl maat ol Al Gl 8 5 3x aadis Alee )
BBS dulee (Ui z 4 5 bl Jeall i Gyl g adladl (il 58 CSLeE mmami cang o

u:ﬂhyd‘ alaty) j\ e)ﬂ\ tﬁgy :\:J.Ar— »

196



3&» $Auat8l) dadlad) (e BBS wilias cax

EESHEAEE
ooy ey i S o o 555 el
il sl A il I e
le (s ‘;,‘J_d\ Eal \l/’\\\ \(] Lﬂ.ﬂ.__u r\\"‘ \.‘
TRCR/DART 3, ghall Jaaa g dadlall s -
5 5ha i Jeall i Jun e 55

VA a8 38 e sl a3y
Gl 55l e S

g» fauutiil) dadlad) e BBS ilias (i

bl e Al Al

Sohall (el Gl gl e aads ¥ — Al )

Osbelall LS Sl A5 e S 55y
Lele EBhaat ) jal piyg had A il sall it ) Adlad) S glu) 3daadla o3 o
LS L) 48] je cillae (e Bla giie bl o

Jalall L gl IS agd Ll
bl 138 ) e g cand & gLl g el gLl Lgad Chaay ) Al ddaadla o

3%‘ B g Gl et & glad) e Agipal) dadlad)
A&l dadlud)

b} e daall Aadlod)

39 laly &

‘(e sede e BBS K5
ERMEN
el slall oa L o
¢ all Gl Ll e i 1 el gl o Le
€Ll 138 i oo (S S -
3 il )
4 Jainall 5l 5 bladl a b o
$ LAl b il Gy 13l o
¢ LA s ash e o La -

197



3‘ “d ) A8 jh ga d glud) ¢ SXS
e a3 1 Al e LSSl e oS Y

N\

& slud) FE

c

138 eadl & 553 0 g ciadlad) s Jlan (5l sall ity () B siall (e (IS 131 el
R

;;; oail) dlu o ol gl i cis
¢ jhaliall

% Llaay) x ool = 5_klaal)

Lo bl b Gad il ol i3l a0 — (el

@t wilae

Al Ui Cola g g s — Aillaial

W .

Bl g

Al 5aly 5

T 1Al Sty
LEL el

bl (R gd o g ) (3 [uad Y S cis

??v oaall sl o i A Ala¥) ol gl
‘-)h1 I !S

198



: Jhlaal cplalal) (53 o

...-uﬂ‘) e a .y o TRt
’ , 4 ;
i S sl TRALED i iy ol e e
sy Al gl e Y Rt
Llld B i ol

L qual ol Bl ety b i1
el b Uadl) g L

ey 5 A Ayl llly HLA) Uiy Y
eentpipnay Ay ) Al ellly LA caall o (S
(G o Vi) iyl Gl ey cadd 131

Ll Ul gy gk (A Ay Sl L)

A gladl e Auiial) Aadluad) guskas

Sandia
National
Lahoratories

Gabil) aay et Jao 48 auia 55 BBS diad uanli 555 0l (40

.BBS & praai o

(Gabaill gl jial ekl o

.BBS &l Gulai o

.BBS idac 3l o
Basall s Al IR (e lilad) 33 pa 5 A8 yall e«
A el lilee JLaS] 5 Gilalall ol 380 als -
i sy LA el g bl 30 ) iy e -
Al 5 A sy Jandly Ll) (e g iy (alalall (350 gall (g0 (aliall Jpguss
bl st sy 8 Sl

uﬁ&)ﬁmﬂj C«“)JAJ‘ u\.}];jm

(coxl) e Jseanll) dilasll agd -
b sl G s 538 BBS Gl -
Aadaiy) Ll masai g aaa e saclull .
& sall e i)
ped .
il il .
il .
BBS dial cilelaaly ol -
Al 5 A el Cllilee

.BBS i eliaci s ¢l yall g cplalall b ol 3 a0 sy pannii «

199



?‘; (il il ghad 4

Jniily (oY Lt atis o s o)) o BBS (ks Abee (585

L€aall CalaaYy) aaas
ERWE RPN PIUREE WAL
38 5al) Clleny oL
SN Clialal) s

w o

%%“ AiCaal) L3laAY) naas 1 q 5 ghdl)
JMMQ‘%)L%J}FJ\&Y|%&@A{:&Oﬁhbﬁ\z\s‘)\.ﬁm)ﬁﬁ

2l s s lia sl laal BBS e

Ol il sl (o) jaeall JLadll) ye  aall el — gl sall (€ 4

Bl padls sall (A8 g cpad gall (p A — Al AS D

% Laal) Y Laas 11 5 shadl)

) a0 Jand) Ay (g ADldl A8 apuls g o gld) e L) DLl Slea¥) gl yiing
Al giaa e Jeall Lgiiag (Sae Calaal 25a s
485 iy Jaal
Ll (s — Lo — Lediad (S — 5 Jhae — S33e

ERYRY] L,@ %80 A4S jlie caaa (Sl 5L'|SJ & “Alibal jha” clilal a5 a2e” o =T :Jla

LSS glad) o g il e calay) 3858 o g

% 48) yal) dolant (and daild ) ghat 1D 5 ghadld)

:Q“)L._\'a sae ollia diy! a.u‘)l.md\ cA»uw ‘_;\” QQS}LJ\ é\ ‘)L.ﬂ\ Qe
alsall g s ata (s @ lud) mpaal Aalall G jall Ead) gl &) all danl o )

Ll sall e SV el g iy Camie A CAS L) e S o
eyl cpila pall e sl

pellae &l s a0 il sall Jany o (g mal) (e

80 a8l Culelal) B8 5n

200



?:r- Al jpal) Adard and daild gk - 5 ghadl)

() 1Y) Jal s vans 5) s gl S Ll Jumdl oW1 5l G Ay ol oL S

b
Ffi RP Sandia Hazard & Accident Reduction Program @
SN Division 2000 Behavior Based Safety—Electrical Lab Workers'

Observer. Date: Time:
No. Observed: Bidg: org.
Bohavior Sate [ Concern What why

Eyes on Path/Task (26%)

Line of Fire (19%)

Repetition (16%)

Alignment (9%)

Observer Comments:

Employee C.

48 jall 13 5.ghadl)

A8 el 5ok o A6,k sl vie WadAS) (g <l ) 8 s Glla
S48l doleny o g (e )

A1 A8, o

Sl AP a3 a3l

Ao, JBS— ey o

Janll Gle sana ©
a8 yall clilee ) S5

et eone ol IS8 0 dia
Sl o) HY) a2l (S )

GoB s o

gl A8 o

?9‘“ 058 pall s

bl Ll g e 3G
il pe -

(GBI / Al 481 5ol iy
(13 /13Le) At iy

;\J‘)!\ paaEs —
A LS Gl a5 el

e g [0 snse oA -

4 jal) 13 5.ghadl)

o Ayl i Ll e 4k (JBa Ja e
(2 ) a3 Jaa 30
(psth ) 50 felandl o 52) A sena
Ailaa
Jil 4l 382 5
ad oy ) ol A

) LS Ll by gl —
Al il sladl ey pull —

&9 sadl maas
Ll Jsa Juasyl yas

201



}; sB) jal) daga yuimt Y

Opiba sall o Guandll ol (i 1

Al e cllalily ) ga sy sa g alddL “eluayl” .

Cnla gall Sla) g elal laml .

(oY) e Jiie e sl Qe ol guall ¢yl sl e lalaall) “Aadludl da 87 .
Ak o) ALalS dega A8l ya «

ol e 38 sl

Llecaiy) ol 3 Jysas

Aaoall Sl e pile JS8 S5 Y ) Gl s

%;w 9481 jall Clilee (o 2 dalls AL ie Caaay (31 L

Feedback Changes Behaviors
Observations per Month __._# of Observations

140 A

% 108 cilibal

Changed Behaviors Reduce Accidents

Recordables Per Month —e—# of Reportables
—a— Average for Year

?’v ) o) Y1 w14 5 ghadl

alasin) cofl Ll Tyl conliall < gl) 3 il sall cliglell g o) SV apals yiing
220 gall pe aall Baawiall (3 k)

A8 ) cllee £ pile Bales 5l gl ) — Laalll o

Al el Gy pan 2 4 5iSa )l JA e o

ey amen) by (SLal (8 Alad) o g )1 fildaladall auag o

A 3 iy Jendl 8 Jaill Bl ) Aabiad) ol jally Jiia G oLl o

U agilal Jaaes 48 oty < 5y (il gall Zlasadl (5 5 5 puall (g 1AM
(AT A e Aleny Ll

202



Clilae o jeal [ md¥P Lhata e Jtie

Division 10000
Overview Chart

Dates From: 1/19/2006 To: 1/2672006 Observations
5GS: Division 10000 Gperations

Footin

?:L 35 o5 85 552l 353 BBS iulas

“ 3 aal

Cillay) alas qidi o) (Say il Aalell AL 406 ) el a V) e 38 i
53 sal) (e alaill Jlae I el ol ol mans
Jeall AL ULy shas
DY) LS slall ag) 5a5a8 5855
B 5 (il gall & ,05)
:*AD‘JS‘)\J;‘/‘};MKJL_}A

S Aiaal) Aadled) Gkt g 13La]
¢l gluad)

Sandia
ational

Nati
Lahoratories

ranay S LN b Ajlal 850 (e ST (mas a3 )
S Al ey %37 -
O 223 %66+
Gl s G 22y %87 ¢

3 93 BP (il phiaal Al A ja il — 3axeie adl g A L))
Al salall L 52 5a 5al) (FFBU) “cli¥P” geansill Jlae

ciall on Qi) BBS i

£

=iy

203



Rl g o i o)

fBBS 4 iy Ao dilall o L
Oy (il sall Gy A gimall = g 1) Gannt A4 g AU 5 JUall g 8 gl b3 o
el il sall
Bole g3 pilia (o8 A pall il all /) ) CallSs o
Qi ey clall il 5 (YD Cliy Gy ¢ Giatll 73 il CallSE)
Sl ol jall g e silall CallSl o Ml e 5 emiiall ) Claxall
¢Jand) dadalia 5 i s chaladl Al g pusall [dandl ol 380l e i) -

Lu‘s)ﬂ\}‘@ﬁ‘dﬂu‘CM/%_’AMS‘C})“EJL&'AJ‘GY-\QS‘%J&_’
i

N sulall o) &l

0l glaal) to duial) Aadlad) Gaudaly o 585 )ilal

23

T AL

JJLAAS‘

.2009 Lled A3l 5 )0 “ Alaall pranat Jul se Axn) jo ASLal) LS DA Slbagal

Jaall alee cilal 815 aualia s s el e Al Ll o sl gl el las) Ol sl ysts G ) olass
12002 i 1 2221 (3 e 5all ol (Sl

A “eliall 8 gl 5 Gt 0 pdiald Al 5 1l e dinal) Ladlall Sl lail) Jal s len & S ol g ISy 52 s
1999 ¢4 2311 30 ¢ 3ol D) s

5ai gl TSl 35U prasa 1Yl S 5 gl e Aisall a3l $BBS Jax a7 sl s sl Sy
.2000

& A8 slad) il all 2 508 S 5 “Allad Al g il b e taall DMl (3 (a8 Gn 25 A G Jla GSugl
http://www.behavior.org/resource.php?id=332>12/2010 i 4le Jsasl)

12/2010 b e Jpmmsll o5 &S Ll bl pall £35S S 50 “BBS (J dasi” >
http://www.behavior.org/resource.php?id=330>

12003 Onis Aieall Al “hngiall BBS o s2xie g 5a A bl S piisn 4l Gilasis L& 030 >

12010 1 2280 (32 ¢ 3ol Jaal) Ry s gl alall LIUYI Aladll “BBS dulee i LVl e Sl 5850y

.2000 .36 =l AaSlll ple LU ZE 73 5a0 a” S s2pl 2y

Al e adad) S (Esla (<
Agakiadlae a5 Y AN s ganl) ASud g

-

dal il

Sandia
National
Laboratorie:

204



& dteal) Clina Gandy Ll

Sandia National Laboratories is a multi-program fory managed and operated by Sandia Corporation,
a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration
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P S f B Sponsored by indicate that 25% were caused by problems
I'OCESS a ety eaCOl'l CCPS with process equipment mechanical integrity.
http: //www.aiche htm )
Supporters > Fm‘th‘ﬁr m_‘na1y51§ of tl_n: saie data shov‘vs that
Messages for Manufacturing Personnel mechanical integrity failure is a cause of up to
April 2006 50% of the incidents in several years between

Mechanical Integrity

The flange on the left is badly corroded and the bolts
are in very poor condition - a leak waiting to happen.
Fortunately, the poor condition was noted during a
plant inspection and the flange was replaced (as shown
on the right).

The picture on the left shows a corroded control valve.
Could you count on this valve to operate when you
need it? The picture on the right shows the

This picture shows an improvised pipe support
made from scaffolding. springs and clamps.

Did you know?

~ In 2004, process safety incidents reported to
the Canadian Chemical Producers Association

1998 and 2003.

» ALL OF US are the first line of defense for
plant integrity issues like the ones shown here.
We are in the plant every day and have the
oppertunity to see and report these problems.

What You Can Do

~Plan regular plant tours to look for mechanical
integrity problems — such as corroded equipment,
piping and valves, inadequate piping support, small

»But. don’t wait for “official” plant safety
tours and inspections. Be constantly aware of
visual and other signs of equipment mechanical

drips or wet spots around flanges. integrity problens.

~Listen as well as look! For example. does that 5 If you see or hear something that concerns
pump sound different? If so. perhaps maintenance  yoy, report it promptly and follow-up to make
should check it in case there is something wrong.  gure steps are taken to correct the situation.

replacement valve, which, if properly maintained and
tested, is much more likely to function correctly when
needed.

122

“You can see a lot just by looking!” (Yogi Berra, New York Yankees)

AIChE © 2006. All rights reserved. R duction for i purposes is 5
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What can you do?
= Look at vessels, piping, and other equipment as you walk through your plant, and report anything which appears to be
corraded or improperly maintained. Include visual inspection of piping. vessels, compressed gas cylinders, and other
equipment in routine safety inspections. Follow up and make sure that problems are corrected.
= Understand the equipment inspection and maintenance program in your plant, and understand your role in ensuring that
all activities are completed as required.
= When you do mechanical work that requires removal of insulation from equipment, take the opportunity to look at the
condition of the equipment and report any corrosion or other problems that you observe. Corrosion under insulation may
be hidden, but mechanical work which requires removal of the insulation provides an opportunity to observe problems.
= Make sure that all welds and other repairs follow all required standards, and meet the original design specifications for
the equipment.
= Assure that all pressure vessels in your plant, including portable tanks and tanks which are a part of “packaged
systems” (for example. compressors, refrigeration units, compressed air systems, etc.). are included in the plant
mechanical integrity inspection program and are being inspected by qualified pressure vessel inspectors. This may
include inspection for internal corrosion at an appropriate frequency.
» Make sure that compressed air tanks and other portable compressed gas cylinders are stored in dry locations to prevent
external rust and corrosion.

AIChE © 2009. All rights reserved. R duction for ial, eds ional d. H v
for the purpose of resale by anyone other than CCPS is strictly prohibited. Contact us at ccps_| beacwn@alche org or 646-495 1371.

pe— Bepm':a'255 sé'ely Sponsored by
% e CCPS Process
[| e 7 ~aic) ications/Beacol z Safety Incident
essages for Manufacturing Personnel Database (PSID)
Mechanical Integr May 2009

A compressed air tank failed. blowing the bottom off of the
tank (1) and sending fragments flying into a concrete wall.
puncturing the wall (2). Investigation following the incident
revealed several serious problems with the condition of the
tank, including severe corrosion and rust at the bottom of the
tank (3). where it failed. and an improper weld repair (4)
which had been made to the tank at some time in the past.
Although the weld repair did not contribute to this incident. it
is a symptom of improper maintenance and inspection. and
could have caused a tank failure. Fortunately. nobody was in
| the area when the tank failed. and there were no injuries.
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RELIEF VALVE TEST REPORT

Date of Test: 3/1/95 .
Client: Applied Engineering

. aal . L T TR e et
‘53“ 43] “ ocation: Houston

Valve Serial Number: 86153

@}i JSlia .'i:,i "L,“,}'_', > Customer Tdentification: lst valve

Model: Consolidated 1805J-2-DA_ASME codd

&)\Jm a_,gks S, alad ‘):‘5‘,3 » Set Pressure: 150 psi Cepacity: 29995
Tt o =

S8 des JA sl e
TM Cllee ) S5 Jl5

Method of Test: Electronic Valve Tes

Initial Test Finding: 148 psi 2nd td
Variance to set pressure-average: 0%

Adjustments Made: none

Comments: Installation and outside appeara

recommend complete tear down at next cycle. VRl

Recommended Next Test Date: 3-1-96
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Process Safet CCPS Sponsors, the Beacon
P B ea GQ/EI Committee, and volunteer
pS Beacon translators wish all
Beacon readers a happy,
' Camto or Cramecas Process sty hittp:/fwww.aiche.org/CCPS/Publications/Beacon/index.. prosperous and safe New
M for Manuf: ing Per 1 Year 2010.

January 2010

Mechanical integrity is one of the biggest challenges for an
effective process safety management program. Think about it — in
your plant, there may be hundreds of vessels, thousands of feet of
pipe. and hundreds of pumps, compressors. instruments, and other
equipment. All of it must be kept in good operating condition to
ensure safe, reliable, and profitable operation. Management of
corrosion and erosion of process piping and equipment must be a
major component of any effective mechanical integrity program.

The pictures show some examples of corrosion and erosion
problems which were identified in plant inspections. (1) and (2) —
external corrosion of pipes in a plant: (3) — close up of erosion
damage to the face of a flange: (4) — close up of eroded body and
seat of a gate valve: (5) — erosion damage on the body of a valve.
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Do vou know? What can you do?
= Corrosion is the deterioration of metal by electro- * Understand mechanical integrity programs in your plant, 2w
chemical reaction with substances or microbes in its and your role in ensuring that these programs are effective. 44.11.\.\\ Cilaxall
environment. These substances can be process materials * Observe pipes, vessels, and other equipment when you are R R .
contained in a vessel, pipe, or other equipment, or materials | working in the plant. Look for stains on the outside of Leall Ca ).\43 PR }éj‘ YN
in the outside environment — for example, water. salt. or insulated lines and other signs of damaged or corroded - -
contaminants in [hg atmosphere. The rusting of steel is an eql!ipmem. Ful;o\\‘ up to make sure that repairs are made. I3 )\5 J_“ &L\‘ 3 n
example of corrosion. + If you are taking equipment or piping apart, look for
= Erosion Corrosion is the degradation of material surface evidence of corrosion damage — for example, corrosion 3..\.11..! < n & .J\)[\ .. y‘
due to mechanical action, often by impinging liquid, under insulation, internal corrosion in pipes or other Cay 5 R o 4
abrasion by a slurry, or particles, bubbles. or droplets equipment. damage to flanges or valves. w LH - I, &£
suspended in fast flowing liquid or gas. * When replacing pipes, valves, or other equipment, be a ) ‘ Y\ >
= Corrosion has been responsible for major losses in the careful to use the same material of construction.
process industries. For example, in 2006, part of a major oil | * Understand the corrosion and erosion corrosion properties
field had to be shut down for several months because of of the materials in your plant, and what you must do to
multiple oil spills resulting from severe pipeline corrosion. minimize corrosion problems. Jﬂ‘éw\ U“ Aﬂ)‘u 2006 CCPS )jm‘

AIChE © 2010. All rights reserved. R for not i is en However,
for the purpose of resale by anyone oLhe.r than CCPS is strictly prohibited. (‘nmxct us al ccps_beacon@aiche.org or 646-495 1371.
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Sandia

Sandia is a multi-program aboratory operated by Sandia Corporation, a Lockheed Martin Company, »
for the United States Department of Energy's National Nuclear Security Administration Nati
. under contract DE-AC04-94AL85000. Laborat

jonal
ories

SAND No: 2012-2778C

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia

Corporation, a wholly owned subsidiary, of Lockheed, Martin Corporation, for the U.S.
Department of Energy's National Nuiclear Security Administration under contract DE-AC04-
|ALB5000 Sandia
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Definition of Shipping Papers

As usedin the HMR, a shipping paper for hazardous materials transportation is any document that
contains the information required to describe the hazardous material being transported. It may include:

iamond Vogel Paint

+ a shipping order
Billing Address.

« abill of lading ki i vty

« a manifest

« or gther type shipping documents -— g ot sty
= Poil 226 kg

e g corebton
Bl e Derestiment o

14 S Dot
se 4-25-0%
NS WITH You!

§172.204

http://www.dot.gov/ S eV Jail 551 55

JE i 5l
Jhlial) addss

Closure Requirements
Closure requirements for containers of liquid hazardous materials include.

« Close tightly and securely

« Inner packaging must remain upright

« Provide cushioning when needed

+ Closed in a consistent and repeatable manner

- Closed as required by the manufacturer's
closure instructions, if applicable

S i 51
Sliall (audas

UN Standard Packagings
Packaqings tested to meet the Part 178 performance requirements are called "UN Standard Packagings "

@ Standards
g) Package Marking Requirements

l §1718

. http://www.dot.gov/ &S eV Jaill 551 55

http:/ /www.dot.gov/ & <3 il ) 35

http://www.dot.gov/ &S <3 il 51 35 l §17324(2)
£173.24(e)(5!
173,24
o . -
Jai) halda 5 ylal
Jhlial) audds
Lab Packs Outer Packaging
For lab packs, the outside packaging must be a:
* UNTA2 or UN1B2 metal drum;
< UN1D plywood drum;
<« UN1G fiber drum; or
« UN1H2 plastic drum tested and marked at |east for Packing Group |ll materials.
Metal Fiber Polyethylene
' §173.12(0)(1-2)
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Leaking or Damaged HM Packages

Repackage leaking or damaged HM packages in metal or plastic salvage drums. The drums must have a
removable head. The drums must be compatible with the material.

@ Standards

@ Markings

@ Shipping Papers

@ Overpack Requirements

A | pEeE
http://www.dot.gov/ &S ¥ Jaill 551 55
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List Chemicals and
Hazards

Review Modes and
Quantities Shipped

Select Route or
Movement for Review

Identify Sensitive Areas
Along the Route

Define Scope of TSVA
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SAND No. 2012-1606C

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy’s National Nuclear Security
Administration
under contract DE-AC04-4AL85000 Sandia
National
Lahoratories
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What Happened?
One of the six reactors in series needed
repairs. To minimize downtime, it was
decided to bypass that one reactor and repair
it off line. A temporary bypass line was
installed using a pipe with an expansion
bellows on each end and i
supported by scaffolding.
Because of the rush to
resume production, the new
bypass was not tested prior to start up nor
were engineering standards or
manufacturer's recommendations
considered.

Approximately three months later, the
expansion bellows in the bypass line failed
and released an estimated 30 tons of
flammable cyclohexane. The resultant vapor
cloud ignited killing 28 people and injuring 89
more. The entire plant was destroyed and
hundreds of homes and stores were

Why this Happened
The temporary modification was not adequately
reviewed for potential adverse consequences!

.The temporary bypass was made with two bends in it because
the nozzles on the two tanks were at different levels. The impact
of internal forces and flow stresses were not considered on the
expansion bellows.

#Expansion bellows were left in place on each end of the bypass
ine. The suitability of this design and manufacturer's
recomn ions were not cor :

i The weight of the temporary bypass was not securely
supported—it was simply placed on scaffolding. The amount of
movement and the effect of that movement on the bellows were
not considered.

What You Can Do

+ Always follow your company's Management of Change
(MOC) procedure. Remember, femporary changes demand
the same rigorous review as do permanent changes. If you do
not utilize a MOC procedure, discuss the value it could provide

damaged to your facility.
See the Chemical Safety Board web site: + Make changes only after thorough hazard reviews have been
hitp//www.csb, fety_| c08 § conducted and approved by qualified experts.
2801.pdf _for MOC related accidents. & : : ;
+ Use good engineering practices and manufacturer's

PSID Sponsors see:
Free Search—Management of Change

recommendations.

Evaluate Every change, even Temporary ones—for Expected and Unexpected Consequences

AIChE © 2003. 2009. All rights reserved. R ion
purpose of resale by anyone other than CCPS

for ial. educational purposes is d. However. duction for the
is strictly prohibited. Contact us at ccps_beacon@aiche.org or 646-495-1371
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CCPS
Messages for Manufacturing Personnel Supporters

Here’s What Happened Fune 200

The evening shift was assigned to clean an
agitated mixing vessel. The supervisor asked the
lead operator to complete the “Lock out.” The
lead operator tagged and locked out the motor
starter in the Motor Control Center, verified the
motor would not start by pressing the Start
button and put a lock and “Danger—Do Not
Operate™ tag on the Start-Stop station near the
vessel. The supervisor then issued the Confined
Space Entry permit and two workers entered the
vessel and cleaned it for the rest of the shift.

The oncoming day shift needed to reissue the
Confined Space Entry permit. When they tried
the Start button on the Start-Stop station, the
agitator started! The agitator motor was NOT
locked out!

How Did This Happen ?

Easier than you might imagine. Did the Lock-out undo
itself? No, but the wrong motor was locked out. How
can that happen when the starter was labeled the same as
the agitator? And, why didn’t the agitator start when the
Start button was tested the first time?

Here’s how. Several months before, the agitator motor
was changed out to a larger size. The size increase
required a larger motor starter and wiring. Because the
plant might need the “old” system again some day, it
was not removed. Instead, a new Start-Stop station was
installed near the vessel, in fact, right next to the old
Start-Stop station. The “old” Start-Stop station was on
the flange part of a column next to the vessel and the
“new” Start-Stop station was in the web of that same
column. When the technician locked out and tested the
system, he was testing the “old” system which was
disconnected. The “new” system was still active!

What You Can Do

B Follow all safety procedures as written.
Do not take short cuts or assign your duties
to someone else.

P Keep abreast of changes in your unit.
Know what has been changed and how that
change might affect your job.

B Use vyour Management of Change
procedures to ensure that all out-of-service
equipment is labeled so that it cannot be
confused with equipment being used.

P Consider disconnecting electrical leads
whenever uncertainty exists.

P Check and re-check. especially where
safety is concerned. Look around the area.
Is anything unusual?

P Remember that your safety depends on
others and your own personal actions.
Don’t bet your life on someone else’s word.
Verify safety checks yourself.

When you do a safety check, make sure it is on the right equipment !
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http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_ -
pagelabel=PP_SUPERARTICLE&node_id=2230&use_sec=false
&sec_url_var=region1&__uuid=ef91c89e-8b83-43e6-bcd0-
ff5b9calca33

US NIOSH &) sdita ¢¢dns yaall elasSl) ) yiida L;LM\ dala
2006 s\a ) <107-2007
iy e jigia
http://www.cpsc.gov/CPSCPUB/PUBS/NIOSH2007107.pdf -

#ﬂgggﬁiﬂjdloatydsmjiékbm:)gAA\gékq&d\diujﬂdw »
i ynY) th; e 2011 ‘:\:t.'\la}l\ a8y e\LA
http://dels.nas.edu/Report/Prudent-Practices-Laboratory- -

Handling/12654
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Guide for

Industrial Waste
Management

« Understand the fagility siting process and how you can play a part.

= Promota the best management practices to help facilties in your
‘community protect your health and the environment.

* Use the exhaustive supply of resources and references concerning:
waste characterization, chemical specifics/impacts, pollution
pravention, siting, design, operation, monitoring, comectiva action,
and facility closure.
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% Workshop Conclusions ?:P WA

Objectives Slaiand s o2 Jarll A 5 alall) il z3lai e giall ela )

» Promote the safe and peaceful use of chemistry

» Encourage the creation of networks of people
interested in CSS .
> Culture of Chemical Safety and Security VliS jliia Ao ]85

Goals:

» Train The Trainer: Propagate the Knowledge and
Practices Forward
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Sandia is a multi-program Jaboratory operated by Sandia Corporation, a Lockheed Martin Company Sandia
for the United States Department of Eneray’s National Nuclear Security Administration National
under contract DE-AC04-94AL85000. Laboratories
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