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CSB (The U.S. Chemical Safety and Hazard Investigation Board) (&, AKX &BIEBLZFRET S
EOICHIILEREZE L TIEREREDUELHET S L 2FEmETHAMIL-ERKETH
60

CSBIFHZMAEHETH Y . ZFBITHECRHEBE TIEAZL, 1990FENDHEXRTFILEICED
THRISh, BHORKRERAS L UVFEERZHEL. K2ICHET L8527, EEREICH
TEHREZHRAEMEL. EZLRLEICEDLLIMOBAFHEOEMNEZEMT 5&EIZH - TS,
CSBIZBi9 % E£#(%. www.csb.qovESEBO Z &,

CSBIX, EDFBEREARICOVTHEREEZELTARLTE Y., BESFCEDEICKH L TREX
ROEENEENS, LTI, CSBARTT IHESDEENHTHS.

CSB Investigation Reports (FAEHEE)  EXLGEFSERICEIHIEXAN DEALGHREETH
Y. THAEHR. BARE. REICEATIB8ENRBEH I TS,

CSB Investigation Digests (AEF A PR L)  AEREEDENRT. FHRLEEETELN
Wb,

CSB Case Studies (7—ZRAE274)  REHREBEELY IMY KRS RESBRE SN D
BREDEHRICET IRAERRRERTL. EETDIFHRICSOVTERLTL S,

CSB Safety Bulletins (Z£iE#) : LFXEHOMMLZRET S LEEZBHELIZHNET. FLL
FHRAOERFEDH D IFMRE IR T 5 — MM+ TERGEMRY.

CSB Hazard Investigations (/\¥'— FfHE) : EXAEENTF—FICET &Y IEHELRAERAE,

Safety Videos (REZETH) : HFBHEBLREDREOREL VS RAKBEDFEGREXZH. EOE
WLEHEH.

CSBOHMMIE. www.csb.gov Ao A AO—RKTES(EHA, TRICEAVWEHLETH AFAHE,

U.S. Chemical Safety and Hazard Investigation Board

Office of Congressional, Public,
and Board Affairs

1750 Pennsylvania Ave NW,
Suite 910

Washington, DC 20006

(202) 261-7600

LR2EH., TOREICEET 5CSBOEMR. HERR. FLEABEFOVNELE2H. FEHE LTRDS
NH5EDTIFHAGL, FHLEEFEEZROIFNROEVBEICEVWTHEAT S LETELRL, 42 USC. §
7412(r)(6)(G) ESRBD &,


http://www.csb.gov/
http://www.csb.gov/

ik
B (Acid) : KFEA A 2GS DEENEROWE (B : WY . BOKEROPHIZTAM T 2,

HE (Base) : 7w FLGARNLKFEA A EZET DN EFOWE (B RIEHEER T R Y
vL) L, HiE (OB ) OKERITpHNTZ B A 5, HHIERE & SOs U TR A BT 2,

BRI (Bill of Lading) : EHEERMIC K> THITEIN D LET, @k INIEWOREE, K&, B
FJ O HARIHIA M C G S TWvW 5,

Bk 7 (Cargo tank) : iRIR, KR, B, B ZERET LI L2 EHBE LIzZ v
7T, MBI TR TWDE D, TO—HEMK L TW\D, KRr—AZXZF 4 Tlx [#227
cN7 w7 EHBEATND,

5 7 HEIE (Cargo tank motor vehicle) : 1> 7213 O EW X o 7 INEEIZIEABIICE Y
BTV E D, BEEO—E 2/ L T\ 587 8L,

HLUN—F R EFy v (Cam lever dust cap) : FEIET A > OFEfiAA > MY 1T 5 b4
BRELIZITIAF v 7-OF v v 7T, AIORARLKET A 0 ~DT 78 2% HIET D201
s, ZOF ¥y FAUILA=BF0NTEY, LA=ZUL L ¥y v P E2RETERVIEE
IZo> TS, LA—FALREBTr Yy 735208 TE, FFADORNWT 7R %<,

Bfe A > b (Connection point) : "—ANFH T A NTHEGE S D BT,

FA &7 (Day tank) : 1H F73EHRCHERAT 2007t WEEZNET DX 7, 8,
KIELD VT REEH 7 INOAEFE 2B L CEH 20 EIS U TRiFTE S D,

PeH A — (Discharge hose) : ¥4 v 7 BEHHEND T T A TR S D R — A,

FHEHT A~ (Fill lines) : W5 o 7 QBN OALFEWEZM FAH LT D1 DIR— AR SN D,
A DORE

BE., ¥K. 223 (Heating, ventilation and air conditioning) : =RPNZZRiIC BV ENE & 22550 E 212
e B 27 4,

BERStE (Motor carrier) : EH A - TLSFWE 2Bl kT L2 iim St

Mod B U 7 (Mod B area) : MGPITOHEEDOIAILET, BE#EH., ¥/ ¥v—F, 7aktxxy
7. BXOMIEEEE T,

Mod BE/L (Mod B building) : Mod B U 7 NOEM T, RPULET 0t AL —LA, B vl —/L—
L, EERE, BIOWHIEEZ ST,
Z—2 (Plume) ik L THEH S LD TR E,

AFY v Y7 (Split ring) : 2oDWREERT H7-OIMEH IS, ME EICUnHED AT
BV 7, =V 7 ELMEEND,

BERfE (Transfer equipment) : &% 7 BBV BRTRSY 7 ~OLFWE O FA L - Bik
A SNDFIET A v, ST BE ORI,

S
533
=B
Oﬁ

149 C.FR.§171.8 (2017).
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BEES & UTFHE

AAR & IP
ACDEM

AFD
ANSI
API
ASHRAE

ATSDR
CCPS
CEPR
Cl

CIA

Cl

CSB
CTMV
DOT
EMS
EPA
EPCRA

ERPG
FMCSA
H>SO0,
hazmat
HMEP
HMR
HOCI
HVAC
KDEM
KDHE
LEPC
NACD
NaCIlO

HL A ER L O HE (After-Action Report and Improvement Plan)

7T R AR R (Atchison County Department of Emergency
Management)

7 F > B JE (Atchison Fire Department)
KIEHE TS (American National Standards Institute)
KIEA TS (American Petroleum Institute)

KIEE B R ZE 52 (American Society of Heating, Refrigeration, and Air
Conditioning Engmeers)

HEWE IR AT (Agency for Toxic Substances and Disease Registry)
b7 a2 4% % — (Center for Chemical Process Safety)

BRAHERE - X[ILZ B2 (Commission on Emergency Planning and Response)
HiF#EW% (Chlorine Institute)

LT 3% (G<E)  (Chemical Industry Association)

#3 (chlorine)

KELFEFHEZRES  (U.S. Chemical Safety and Hazard Investigation Board)
g% 7 HEhHE (cargo tank motor vehicle)

KEEHY (U.S. Department of Transportation)

BXAERY—E X (Emergency Medical Services)

K EBR %7 (U.S. Environmental Protection Agency)

RAERERE P L O RO M 5 #8175 (Emergency Planning and Community
Right- to—Know Act)

BRASHSEIEI T A R Z A > (Emergency Response Planning Guidelines)

K [ELEFS E B BE 22425 (U.S. Federal Motor Carrier Safety Administration)
fiif&  (sulfuric acid)

ek (hazardous materials)

fa g B ARt 5B (Hazardous Materials Emergency Preparedness)

fa il (Hazardous Materials Regulation)

Wi AR (hypochlorous acid)

%5 - #i5 - 2231 (heating, ventilation and air conditioning)

71 AN BRAEREEER (Kansas Department of Emergency Management)
T W AN PR EEER R (Kansas Department of Health and Environment)
ok B TS REET E

2EbAM T E T2 (National Association of Chemical Distributors)
WHEFEBET R oA (

B4 (Local Emergency Planning Committee)

sodium hypochlorite)

CSB MGPI Procceeing Case Study



NEP EZ®E A7 17 Z 2 (National Emphasis Program)

NIOSH [ N7 55 8 22 A AEAFSE T (National Institute for Occupational Safety and Health)

NPRM HAIH] EZ®m % (Notice of Proposed Rulemaking)

NRC [EF %t > % — (National Response Center)

NSSP EEEEREEAL 7 1 7' Z 2 (National Syndromic Surveillance Program)

OSHA K E 22 24/ (U.S. Occupational Safety and Health Administration)

pH KFEA A 4545 (potential of hydrogen)

PHA 7't AP — R43HT (process hazard analysis)

PHMSA KE AL 7T A2 - falZ4)R (U.S. Pipeline and Hazardous Materials Safety
Administration)

PO ffb7" 1 v L > (propylene oxide)

PPE 1E A {5:7# E. (personal protective equipment)

ppm B 5575 (parts per million)

PSM AL FWE O 7 a ' 222458 (Process Safety Management of Highly
Hazardous Chemicals)

RMP U2 E#E 7 a7 i (Risk Management Program)

SDS ‘e —H I — |~ (Safety Data Sheet)

SERC JNER B REX IS Z B2 (State Emergency Response Commission)

SO A bAiEE  (sulfur dioxide)

VvOC FHERMEAHALSY (volatile organic compound)

WWTP PEAKALER R (Wastewater Treatment Plant)

CSB MGPI Procceeing Case Study 5
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1.0 [XC&HIC

AR —AAZT 4 TlE, 20164E10H 21 B > AN 7 F ¥V 128 HMGPI Processing, Inc. (MGPItt:)
DIk THRE LT, IREBSOILFEWE OBEIREIZOW T L BRI 5, Wil d . RIEER )
U DA (RRETIET—HOICEARE LTHmHERD) OIRGIZEY, HEREDILEMEETE
WFA LT, ZOEIX, MRNOF @ & DO ERICEEL KT Lz, ZoFEKET, MGPIji
D H Y — RIZEBW T, Harcros Chemicals (/~—27 v X)) O » 7 AEhE (CTMV : cargo
tank motor vehicle) 7>5 @D, EHR7eHiBE OMATEZETITHA LT,

7TV R EREE R (ACDEM : Atchison County Department of Emergency Management) 3. %%
T ANOHISRAERICENIRBEZ 6 U, — ORISR CIIE# 2R Le, — KR, MGPIFLOEES
N—7 a ZOREEB TR EI0 N EREFRLEZZ T £DON, MGPIHEDTEEBRIAN & —k i R5A
D, ALESRONC K 0 BAE L IZE~OBRFEIC I Y ABE LT,

ZOFEHTITRFEDOEEOMWE NS L T i, < o0, B2 WIdthoiRE2 =zl
WIE R, 0 F A LEESCEDOMOIEEITTIZER > TREIND &, Mz oot a sl EE 27
AREMEDRN B D, CTMVI D DALFEWE O A LIEEIL, EEOMXICHIT Do 7 ot X & g
THLHEMTH D EBONNBIEN, 26 OEETIIMD TREO(LFWE D 5 it &
Hih, FHNEEEHEAOREBITIELA LD LR DA REEND 2, 2EFELTBEHS
(NACD : National Association of Chemical Distributors) (Zd % &, 20164E(2138.4F0 Z & 12399015 ko
U EOBENBEEICHAS NI E VS, LERo T, MREHE L, BHOME( (hierarchy of
controls) #i@H L, b a—~r 77 7 X —%FBETHI LIZL > T, (LFEWEBEREORE & 1E
FIZHDOERZE ZH, o TRAESIND et 2K L. B0 — A FA LB 48 %2 1
TOUENDH D, EHIZ, CTMVOEEFREFEWE O FA LICEERES T 2R T, (b5
BNERIIWM FALEIND Lo, AbFMtESt Lk BT O/ CEIE2 0HTIXLE RS D,
Rl —AART 4 TlL, MGPIFECTHA L= OER ZMEE L. {LFWE O T ANfask & ks
BRI O T Z 1T 57O O EERHNEHERT D,

BR

1.0 [FZL®IZ

20 E=

3.0 EHOBE
40 LRI
50 BT
6.0 WFALEEIZHITHELER
7.0 ERFEHKEAAMFTOR
8.0 MHIBEBEAA TR
9.0 MGPIEN—Y OXRDEHRBDLETESR
100 FEHEHF
11.0 #5:&
120 &%
{TERA - B SRR
{T4%B - (L EMET T A LIEEITE VW THREINOIRE

2 Center for Chemical Process Safety [Unloading and Loading Hazardous Materials Process Safety Beaconl] (4> 71 >/, 20154E9H)
https://www.aiche.org/sites/default/files/cep/20150920.pdf (FEHE H : 20174E9H 12H)
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https://www.aiche.org/sites/default/files/cep/20150920.pdf
https://www.aiche.org/sites/default/files/cep/20150920.pdf

20 B

2.1 MGPI PROCESSING, INC. (MGPI#t)

MGPIDfiigtiL, X X—V NI AT 0 OALPEHIS0~ A WALLET DB FAMNT TV D,
FHEAEH O ITHLE L TWD, FIFIF194LF /NS R A E T & LT S 4L, BLTEIXMGP
Ingredients, Inc. DHEFRtEL > TS, TF VU TIHBITIF2oDOFEEMAH . 1013 LHAT
Ja—)b REFRERE, BRERT Vv a—L, a— U iliZe OB EAE L, MoOFELT
IR L OFER AR T OFFERE KON KR NRT v T 08 LRI B G T BB o A PE
LCWo, T7F YU THIZIE, BN, AEIEES, BE, 0. 274 AEARHD | 140
ANOREEENEHE LTS, £0H H10041E, 2K FEE 7 E/E DLocal 74DIZATE L T\ 5,

2.2  HARCROS CHEMICALS (s\\—4 O X%t)

N—7a AE, TEMAFRR G X ORI bR o g - IEE T3, P & rE A0 & ol
WCAREZ2 L OWEIAVEEBEICHLZMB L TWD, BRI TR T 4 ITRZE L N—
7 a A%, 200 b AL B E R & 29D PRIl A EE LT\ D, —r m AL, (bR ORdE
FAIZHKIS0E OfERHCTMV 2 EA L T\ 53, 20164, ~N—7 1 A1, FHn®4 LIZMGPItt0 >
a2 Y TIChHEE, Kb MU DA B e E L a2 AR LT,

2.3 O ADBE

20164F10H O&FEillZ, MGPIOMod B U 7 THAE L7, ZOx U 7 Tk, BZE ORIV TH
BNET T opEE N TS (K1) . Mod BTIE, 8k L O— @m0 T o 7 v 8k ThE~
IRREE BT D0, FEEFWENMERA SN TS, Zhidid, pHIREIZ LT v 7otk
BOREOORBOERC, 7o 7 OO DREHZERT N 7 LOHHRENEEND,
Mod B= U 7i%, MEEIC L > TARTE L ITDBEESLTER Y, Gasoline Alley & (X 2 & E B IR
WAL L. MGPIH FEKALER g% (WWTP : Wastewater Treatment Plant) (ZBi2 L T\ 5 (K2)
Mod B=VU 7i%, Mod BE/V & | ZRICHET 242 7 v — R THEAINTWSD (M3) . Mod
BE/LIZIX, {EFWEEIRE L TR EZEET 22BN oAU 7RH 5, ZOEMIE, vyd
—b— A, FEBRE, XL —F —MEEORE: (et AORNERR L) 2T HEE b o
TW5,

X1 : AT F Y 2 HMGPIFEOMod Bfiigk  (H L : MGPI)

3 Federal Motor Carrier Safety Administration [Safety Measurement Profile for Harcros Chemicals Inc. ]
https://ai.fmcsa.dot.gov/SMS/Carrier/980774/CompleteProfile.aspx (% H : 2017459 H 12H)
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https://ai.fmcsa.dot.gov/SMS/Carrier/980774/CompleteProfile.aspx

B2 : MGPIft & 2D JE =Y 7 (Hid : Google)

UNLOADING AREA
= ],_____.___‘
B 2\ 2 (— — l
b Ly :

X3 : (bFE DR FA LHADOMod B 7 27— K (/£) EMod BEV ()  (H# : CSB)
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&/7% FOBEBIZIIRM FALZ Y T 0NHY, Z 2 THRAREEDOCTMY N KRIERE ST U ©

\ﬁ%\%M7DEV/\KMthij\ﬁm%&w%@ﬁ@m%%féﬂw7MAbfw
%, CTMVOIEIZ T X, EWZ o 7 0O IET A PR AR — A 286 L TLFEWE 2 B85 5,
b5 13 % 2 #%mﬁéLof&/ak RANOBEE DO KB AV T Brig 42 > 7 i s (X4)
Tk, AN —F —NUBEIZS L TCINDOIFEYE %2V ET SMod BELANDT A X o 707
O ARMBIIBEL, AEICFIHLTWD

70 RO AT ¥ i S B B A

B4« FHRA RO EYE @ﬁTébﬁﬁ(ﬁﬁ»MGmﬁ)s

Mod BIZHIA SN DLFEMEOHFIZIX, 125%DRBEEREE T MU U AREENTWD, ZiuE, &
HAIOEMEN— a3 > Th b, MGPIUL, WRHEHEFEEET N U AL EOM FA LY 7 TxIF
A, B 2 U TR 06,5000 1 v (#924,600L) D LT 27 2Bk L, RRE T THRE LT
wéoﬁ&v—a IE, BB A L CREESRERET U U AEMod BELVNICH H/NEDT A & v

WCBL, ZINLEBITHBIONL T r B ARBICBEL TV D, Mod BICHIASN D H 9 —
O@{K%fF BT CTH D, MGPIX., 30% DR 2L WE Off A Li U7 T AL, BAD
8,500 7 > (#932,000L) DF A Z v 7 TR L TV 5D, AL —Z — IR A2 T A X 2 7 )b [EE
TaAIBELTCHEHALTWS,

231 EHRRENOEFEVEOHRTALAEE

L E AT DS T A T 78 AT 512k, £F. 40 7Y — Rz U7 &L 2mE
WCHIGET B OO T A AT A RSO 7 — b &2, AR — X =B REETHILERNDH D (K
4) . W, AL —F =X, MASNDIILTFWEROFTHTA U EBEEL TNDHH AL /N—FZ K
XX v TOMEEEEMIET D, WAL ANA—=F A RSy v 7 d, HLTCORWEET A v Oiks
Xy v T TEIZET, BRETA U ~DOREYRT 7 A %1ET 5, K5RT X I, LU
—HARX v v L, 2200 L NN—FRAE ST, EABEE2OOE ) U THIEDNEICR v 7T 5
ZETHEESND, CTMVOEIETIL, 7L —% —2NBETHEEMEROFE T A 2 fReE L.
MBI A2 & 2RifRE L TEELZ DD, ARV —F— %, BIREFICEHYRTET A 2R LTEHE.,
FREEMNSE T T DH &, HEEICRD, B FIIX A MY v 72RO L, JEHA— R %215 %5/7
MORIET A NHHRT D, MANRTETTHE, ERFEILEIA L OX A Xy v T EITIC

SR —2AAET 4TI KB N Y U aE TR Y — &) L HIRE,

> Mod B 12380 T, KESBZe 444 % (OSHA : Occupational Safety and Health Administration) o [ EEfalfb 2B 0 7 0 & A%
AEEHAI (Process Safety Management of High Hazardous Chemicals standard) | (29 C.F.R §1910.119) (%, T OHAIOx5 & 72 5k
UL EOBEDPIFM STV A 2O FWE (Bb7eb Ly (W FA LY 7 TR ANONDBIKMERER) 5 X0 F ik
Vy WFALZ Y7 ClEZFANLNARW) ) ICHAIN TV, ARMICEE L2220t EWEIE. ZORAIONZI TH 5,
- DBEEIE, MGPINFMEAICTIET A N SN —2 B ADOCTMVERE L2 b0, ZOREAT, ks A7 25MES)
L. WRHOREAER L Tz,

CSB MGPI Procceeing Case Study 9
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FAREEZPAD THOEET 5, MGPITIE, MIARROLFET L OX A N+ v 7 & ffEed 5iEH
PEENSREICESLETERL TS

X5 : Mod BOFIET A VRl H DMESNIZ D AL AN—F 2 My v 7 (HHL : CSB)

3.0 EHOME

3.1 E#

mwﬁmﬂﬂﬁ#ﬂﬂﬁ% tH, /"—27 8 ZAOCTMVA30%HilE % T EE Y Blik 3 572D, MGPIt:
@7?//% WZEBIE LT, BE%, —27 u A0HER (EixF) " IHEEENOFED M FAL
DI=DIEWZ > 7 B IE LEEO 7=, FRiITRA23E, Ei T 3EESIR 2 Mod BE/VICEHiAA, £
_féﬁ@MGM®&ﬁﬁmv =Nz T OEF LR L, B4 Lo, BEFSMGPIIEIE L

DIFFATHE3S T, HEIY 7 ORI CTH - 72720, WY 7 hOA XL —X =3zt 217>
710

FHITHFAASY . AL — X — 1 3EiE T2 Mod BE AN LALEWE DR FA LU 7 ETEN L,
LINCTMVOBIBICEIE T 2 & B FIIFRLEW Y 7 OBMBICE S, BIFRMEZHE, FA
FtR5EH (PPE : personal protective equipment) #3575 U728, Z D, A XL — & — 3B EEE O]
D7 — N EfEE L, MBTEE T A O LLNN—F A Xy v T OEEN LTz, AL —%—3fHi
@ﬁﬁ?%y®ﬁ%ﬁﬁ74fiﬁ®m%ﬁuﬁwt(IQO B TIXEM S 7 OFmEN»H S v —
NOERVAH L, TNEFLL—F—ZEL, TDO%, CTMVHAR—AZEY H L CHEREEX%Z B
LTz, ARV —F — %, EIRFICHBEE T A VOMELZTE LR L, EEREFERFONMNE LR L

TEMELTWAN, EIEFIET, XV —F—DRET A VAR LN oToEFELTWD, fit
WTH R — X — [ XFFITRFAT /5, TEiR P A — X%E‘Eiﬁ74’/ IEH T D D0ERRD Z L7,
Mod BE/UIZR > CWVo iz, EEETIL, SN CRUIC BIZ LT REEE A DFIET A D XA R
%%yf%ﬁbﬂbkoE%ii\%n#ﬁM®ﬁ£74/ﬁkEwﬁhfwko@%iﬁﬁ—x

T on—r v AD - OWEETFIL. 20164EI2Mod BIZHEEE ik L TV ON—2 0 ZADMBRFED 9 HOLANTH B, ~—2 1A
AR SRR & 240 EHIA L TR Y . 20 9 Loslald Z OFEEET MY L7z, RIHERET NV U AOMAL, BlofbZaitmatt
PITHo TV, ~N— B AOEHEFIIR S L TR0,

8 EHETIT. (LEMMEDH BT — h, TATFR, ToxA RV L RE~LRA Y b, BREATFEZAL TN,
SNAEMOES L EBHIE L, L —F —OWNERRERRPZ OO BRI TR SN TV AN L —H LT3 = & 2 ZBRANHER
TEDE00, BMF LI DR L—F— LT Xy o FIE— AR LN TWD, ZOY—/LiE f%&/7ﬁ6ﬂﬁ¢&m
. BEMYHTONRNEIITRSTND, = OFFIL, BEEDPER L-EE EOERL ﬁza‘é XHzhmoTnD,

CSB MGPI Procceeing Case Study



ERET A CH L, WIZHA—A% N7 v 718 LTz, EIEFIXEWMZ v 7 0L E% mf LYo,
TWNRNIRNWZ L ZERT DL, MDAV TEZE, ST TEMY 7 DNV T ZERE, RO
HZ2RLA L7, @i P IERE IR BT CEREET =y 7 L, EHEFICEY IAA TEHEEZE
2. ZO[., MGPID HEjA N1 —& — L HEAIIMod BE /L THREIA XL —& — L 7T FDidElR
RIUZOWTEELE > Tz,

Sodium
{ Hypochlorite [&§

S5 38 Propylene
\»omm -
Acetic
A Anhydride

XI6 : Ft% OBy OARRE, FRER T 7 A > O REE L THATZEY)
DB D EIZ@EN TV D, FEET A > O F OMIE T & Dy 7= R A F g
F RV TLADXA My v (HiL: CSB)

e Dust Cap

FHI8HF D L, WHIEREET N U T LDV T H oINS ERFOOTANEE L, EE2ENR LIED
7o ZOEEFRBIZRKELRD, "= AD M7 v 7 EMod BELZE W, D%, ik Zilz
TIbH M~ EBEI LT,

H AT ORAFFIZMod BOFIHIZEIZWZ3AD AR —Z —F, EANIEALTZTAORRIZ XL
> UEFERISIZT IZR DWWz, HHIET ICREMHAMFRED 7 2 f A —2AZHHL LD &
L7, MREDO T 2 f A —ANRNTIZT 78 ATEDGANRE STV 72hy, IO
FHCBE STV, T2 ENTE oz, ZO/ME, 3SANOAX L —F—F88,
WEY R B L T BRI S X2 25 o T, B AR, AL —Z —= b3 EOH
Zimo CALHTE (X2) 1TV kT, MEBAT OB 22508 5B £ T &0 BT, BRIKIC
BFE LA —Z—DLIAD, B Z > CTMGPIORE (B ICBRAFERAM LY, ZO@EH%E
ST T, BIOREEB D FRTTIRFS9 /712911 i@ L 7=,

rZ v 7 OETGFEICWTZEIR T, TNy 7 I T CHAERM S TWVD Z EIZR DN\, EiiR
FIX b7 v 7 BE O ) TIZENE 9 & L TCGEGFAZE-7T-208, TRER S THA LT,
EIR LM EX 2L THTFHBUNGRICZ & 2R, RV TRERERTLEST, 20
BE, BEET DWWTPO X —T ¥ — N H AW E BB L, ERTICHDOFMICED X HMAT,

WWTPD < 3 — ¥ ¥ —|1EiF A2 WWTPOHIEH R IEN TIT &, KESFEHE, EEHRFELAEHWNIZW

WS 7 7 — D L JE R L CRLEL ST 5, @A SNAEN L, BEORESZ OMOmERIEE, HES
W, HBED ST A—H Ty hb AL ETOREOES, BEMHR TOERMHMRIAR &, RRAHICE Uk x 22550
LoTHER D,

U B L OB EOF R —Z —3, KAOD v H—BERED T = f AE—AF W HES & LR, TEXAhot-, T=A
A —RAZIE, SOHEOBRHAR BTV D, MGPITIRIHEAIZIT e v I —0E8D ¥ ToHNRW=0, BHEAIZITe v 1—
W BEILEEED D v F— TR R A LT, LinL, RO T kBH T H— AR 2% BB L LTzl RO
WATCBE S Wiz (8723 054)

CSB MGPI Procceeing Case Study
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T, ZOIINWD Z L EZMGPIOREEBIZER CHEME LT, £7-. WWTPDO~ % — ¥ —IZMGPID
BTG ERE & R T W TR LT,

EED X A K% v v T3 FA LOEANIMHEE STV 22y, CSBOFAE TIL, WRHiEFERET ~ Y
TLADFET A U HEIRTND T 7 B ARRERRETCH 7= Z E B L (X7) , EEETRE, &
EXRDHE SN TV WIRBERfE T NV O LNV T B ~DFRET A N2, FifgEOPEH R — A
G L7729, £94,0004 2 > (5915,000L) OHilE £ 5,850 4 1 > (§922,000L) DORHAIEEE T
U LANEIRE SN, ZORAEEOIFEMEOBRIBAICEVRIGHRZ Y | HEHT A L Z DM
DILEW ZE ZLEROWEN R LT (B2 > a V4.058) |

K7: 270y MU I BANTRERZRT V) VLA A Xy v AT
v R TRENTZD, FARS Y Y T EEFESETCHEE TR o7z (W
CSB)

3.2 REXE

7 F YV HB R (AFD : Atchison Fire Department) (X/FRiT8RF 250 I b P B H O @A 1T, 7l
BIFE N IZHIGIZEIE Lc, EXEITA—L0F, SSEBE 74— MIEL, ©-o< Y &AbdbR W
B L CTWD EHEE SV, R OBMR T, sk OFBIIREEN L <, HPIBKIZ D7
REHHEHLT, 7V —20RELTVWDLIZ I T~OFEOEAZHIRL, EE2FE L, THi8IF105
FCTORR T, Mod BOA L —F —3JFFE~MN 5 @ CTH Y | 1ZIZFEZ], MGPUXE2%HSE
Bl BEFEO LS 72 T— 2%, Wile s lEFRIET Y 7 ARG SRS LISRERAET
AN E W Emx T, I RIERELNC, 7F Y U AFHEEH)E (ACDEM : Atchison County
Department of Emergency Management) (%X, 7 5 Y > E{0>11,000 A D B RN R8EE & 57~ L 7212,
MGPULIER R & /) L C. W &2 M3 2 72D OFHB 25K E LTz, $ntk. 7 v— L300 E)
L7cie, BEXHSEBIZ XV 2R Ok 2 B34 Uz, /FRT8IF435) £ Tl falid

(hazmat : hazardous materials) E#HL BN OB EAXIGE S LM & & HICRIE Lz, BERHGE
BIZEWE v 7 DALV T 2R R, NIy 7OV UEREIRSEL I ENTE, £,
BRI X > TRALE T V—LEMET 572010, KATL—%2%E L, T8 TMod BHK >
AT 5 (AT V7 T—) BAFHSET,

7 — A0 Mod BOPEHNICEENT 5 L. WWTPO~ % — v —, EigF, Z L CEEGEFOMEEZ L
TWIZ2 NDTEBG AW T=WWTPIZ [A] 9> T 7 /b— A RNBE) LIED T, I TV — LB 5= H0
FHEIZHE N> TWDHDOERDLE, ZTOHNLMHE L, TO%k, BAEEY -2 (EMS :
Emergency Medical Services) Bl 23 iHiis T 2 el it L, E~ORFEIC L 2IEROBEE S T S+
7o FRIRRC, FERRFATCRAELT-HBIEREICEI Y, 2AOEHIC L2 XERLELo7-, HE)
HREMOPEF OBFPIC, BUICL Y 7V —ARBEI L, ZO2ANDHEFER T V—AIZs b3
7o, 2N E BIRPEITHE S 7z,

B PFAMANA T = A8 b r—E FRITOR, Y a7 H =57 — AORUE L B8 & B

2 ACDEMIZ, FLE, SUF, YR AT 47 &MU T, HUIREE R RN L B 4 2 L7,
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L., BEGHSHEEZXE L, BME N LEbomZ & TRAMIGEA - bIZWNEICER L, 7L
— AN OILFEEIZm 2> TEZ Db OO0, BIENTHE > - DEOE) X (38 < 72 o 7218,
ACDEMIZ, 7' —20D kA TR WALl O FE0FE R L Tl S 2t L7z, NAZ o T
800 NDH EAELE LT T AN IR ST, FRTI0REEEE, I o AMANA T = A
SN ha—UWIRERIGEBIC, Z— NI oAb AN E L, I L TV D LA L,
FHORAEND Km%%%®$mnﬁ ACDEMIIZEE S &% L, BWNIRbE & By 2 7R L=,

33 mE

(LG & T ADFHINZ LV . MGPIDOEHEEAL, /~—7 0 ADEEE T, 15 X040 N %28 2 25 Hii
FERPERLEZZ TN, 2056, Ar/fEIlEHERE SIVTMGPIDTEZE B 1A SRBEIZARE L,
SHBRITIBBE LT-, THESADNFERRICAFE L. F0 9 BLANT2AUNIIZ, 1A ZICIERE L=, A
FroER Y X — RN ADE L DN, WE~DANRBOERE LT—HRNE SN, BUh,
7N ﬂf%@*{”iﬁ&@@%&””faaﬂxﬁﬁbk%u}%zto ABEL 72 o T NOREITZEZICAEBITRES
Wz, —EiE2ss= i 5aiciREe L,

HREEREAORT, B, K. KEZINT 2 MRS b 55, rm@&ri R IR,
BRI &> TRAY | —HOMRILELTENS (K1) 1, AMREIC L 2RI 2
OB, B, R~ OBRERICRIET 5 A UHE L B LT BT,

#Z1: @B X0 FOBFRICE S, EYEOERBRTEIC L DB/
FE~OFE (H# . ATSDR)

TREE BTER R R~ DR

1~3 ppm LT D S~ DRI

S ppm SRR I

5~15 ppm Mk D JENE

30 ppm HIRF oo Mg, MEAL, PEREDOZE L, %

40~60 ppm Hifi DIREI K OB AR 72 F D4RE (BliZK )
430 ppm % 3047 fH] 1

1,000 ppmZ#53fH  | FET

4.0 EZEHHT

B B0 0RSBEIFTIEI A=Y MEY FPat7iCh 0, 20164E101 21 H O /FATI0MSE34) F TIEEER /AR BAIRN T T & i
LTW5,
Y CSBIE, Wi ORISR & U TERILE & 5 1 72 A2 1S B 2 B A T B ORISR IR T 4 B IR LT,

> Centers for Disease Control and Prevention [Facts about Chlorine] . https://emergency.cdc.gov/agent/chlorine/basics/facts.asp  (B% H
20174F9H 12H)
1 ATSDRIZL % &, ERlOBEIME TH Y . BEITRTIFREIC LIKET 5, —IINC, 7 LA —TERIER & ORISR E %
HBoTNDARANE—AE = —IF, [EFERACIEREE L0 &R E % T 2N H 5, AEWELERBET (ATSDR :
Agency for oxic Substances and Disease Registry) ITToxmologlcaI Profile for Chlorine] (4> 71 »)
https /iwww.atsdr.cdc.gov/toxprofiles/tp172.pdf (B H : 20174-11H27H)

7 Centers for Disease Control and Prevention [Facts about ChlorineJ . https://emergency.cdc.gov/agent/chlorine/basics/facts.asp  (B% H
20174F9H 12H)

18 Agency for Toxic Substances and Disease Registry [ Toxicological Profile for Chlorinel] (4> 71 )
https://www.atsdr.cdc.gov/toxprofiles/tp172.pdf (%% H : 20174E9H 12H)
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14

CSBIE, FMICEHG LI=¥ v 7 BIO NI v 7 ONEMERFET DT-DIAbF o =&t L1219, #
TEX, WHEFRRT U U A LRBSIRAS SN EHER SN D REIERBE T Y ULy 2
7, TIROWRHEERBT NV D LAOTA X7 BLOEEHEDOCTMVIZEE > TWREN LY
TNVEBRIR LT, ERECTORBROER, NV I7 X207 L Ty 7 DHENEYE—E L, Kl
FERT U U AR E30%MEENEI G- L T\ D 2 EDERR SN, BRSNS
I REEREET b U U A EHIRRICE D LSO TERITRE S o7,

MGPITHEF SN CW A IRHEEREEET F U v A (NaClO) A BKERE LT STl v, &Il
WHRBET FY 7 A (10~16%) . HbFT U UL (12%) . KER{ET R DA (4%) . K (FEE)
EEHATWD, REESRRET MY U AEKIL, EASRAORWE RSB R EADIRETH D,
RIEFEMETHY . BT V=T, BEERILEW R E LR T D2, BREIRET D &, IRIERR
AT NIRRT AZREIEDLZENMLINTEY , W) BFRA LTz TR T A TRAN 72 R
ZOlEE T REEMENH D2, Hilk (HS0s) 1T Th o, HI (TAnl) LWMLIKIGL, 1%
EAEDEBICK L TEARMEEZ T, BIIAKSLZEDOMOEHY LI LIS Z R Z L, BACfIliK
WDOHDLHAERESEDLZ ERHDHB,

F7o. CSBiX., FHYHIZED X ORISR Z VG202 RICBE L, E0 X 5 Ak
DA I SN Z BT 572000 b RFE LT, Rk, RIGERY O AR & R H
TOT N — LDOFEE O FITxT HRREM O BELZFM LTz, ST OfER. B2 LT RS IT
MEIWCIRETE RN DD, EREMNIGERYIIESZ L L OFOMOEEEHILEY TH 5 aTRENE
DIENE WD FERRICEE L7224, WRHEHEREE T b U v A L RREEDNRA SHZES, E BICHRO IR A
Wk o725, X7 IGBMENTZIRIEE ZORIGEIC L > TRAE LT AL, BE3A »FORRA
NerSvs B o7 ORRICKE S NTCBERL8A, o FOHEEZE U TR S,

RAMOIRE LpH, BLXOWRHEIERET N U LAY U 7 IR A S NI Z > 7RA DR
LT, W D0 DR D FUSRIINAE Ui NH 5, WIS TER SN ZWEIX, &
DICHN LT, mER TR (g) Ak L KEIKR (aq) « A AU FE AR LIZAgEERE V., i
IFULF A E ENTWIZATREMEN S 5,

. HEH A (Cly(g))

. “IefuiiE (Clo2A(g))

. Ak (HCI(Q)) F 721332 (HCl(aq))
. i kU 7 A (Na2SOA4(aqg))

o HREAEF MV 72 (NaHSOs(aq))

. K

. 3 (02(0))

19 Case Forensics ['Characterization of Reactants MGPI Processing Inc. in Atchison Kansas] (201745, 4> Z A1 V)
http://www.csb.gov/assets/1/19/2445003_Report. Redacted.pdf (B% H : 20174F9H 12H)

D ADCTMVO 2 DFEIEY - 7 L DEEEIL, FH 211,228 glem® 35 L TL227 glem3TH 0 . 30%FilE DR & —F LT
Do FHBEOTHT A X2 7D bORBEFERT N ) U LOpHIZ12.3ThH o7, 125%KEERIET N YU 7 AOpHHEPH X115 5
135TC& %, Case Forensics [Characterization of Reactants MGPI Processing Inc. in Atchison Kansas.] (20174F, # > Z 1 V)
http://www.csb.gov/assets/1/19/2445003_Report._Redacted.pdf (% H : 20174594 12 H)

2L The Chlorine Institute Pamphlet 96 [Sodium Hypochlorite Manual] #34i, The Chlorine Institute: /S—>=7 7 — U > k> (2011410
H)

22 The Chlorine Institute Pamphlet 96 [Sodium Hypochlorite Manual] #34i, The Chlorine Institute: /S—> =77 — U > k> (2011410
H)

23 National Institute of Occupational Safety and Health [Pocket Guide to Chemical Hazards, Sulfuric Acid] (4> 71 )
https://www.cdc.gov/niosh/npg/npgd0577.html (R B : 2017494 12H)

24 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L 7= HiffiiEE) v v b
~DC (20174F)

25 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L 7= HiffiiEE) v v b
~DC (20174F)
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BRERIC LV REERET R U U ADOpHAME T L, RIS THAE LA LHE > T, WRlERET Y
U DDSREE NI LT, ZORER., SWB X O AERMOm T 0NES 15, W onhoE
BOGE X ORNIR SR Z o 72 AIREMEDS & 526, Hilik & IREEREE T b U ¥ A0 [ 0 SRy 72 ROSHE
O, IR AT b U U ARAR S, RIERBIL S HI20M L CTHEEZEB LU @b
WHEREERT D, “BEERARL DL CERTALBBTAZERT DN D, 2, —
P a8 1 3HE R & BUG LC, 40~70°C (104~158°F) DIRE THEHFEN A L KT/ 2T, Zhboiis
GHICEMITEFOEZ RO TND, MGPIOEEOHEEEIL, CSBOEEIZH LT, BELET A
EIIHADR Do Tk E LT bk~ (K8) , #2 2 Y X 7o b RO B3 2 A Z s D
T, CSBOZL Rt HA SO Z &,

—

Green Chlorine Gas
Generated by Reaction

Chemical Reaction

K8 : N— o ZDWEEY 7 L& L Clorox® E Al (5~10% kit e T
U L) A THBRILGHOILFRIGS, Z620%& A LIRS, /M S
BT AO@NEAEL () | AEEICED N (F)  (HE : CSB)

Yt/ a33THALELIIC, BBIBAICE - TALE—EHORINMZ LY | HFEICEZEL KT
AREMED & D H IR AR DA S T, EORBE~DORBE ST, Ak S - A FEAERY O
BICRELEGFET D, MBI OISAERD ORIT, BATRORECESE (BE, BE, pHAR L)
WZEASNAHD, FIEdeid, WHlEZERBET Y 7 AT SRR SN ATREER H 5 & 1%
SERCARE LT, ROSIC R W AR ESNT-HET 2OBH FoRKEIL., HERESOITKE LY.,
TN—ENERESINTZY ULigh o 7o ERE L T3,49078 2 K (1583kg) & HEE S 7/=%, 7 /— A
WO L KD K- T, HFELT AOBEITHD Uiz mTREMED mu el

FHFAERFITIX, TN — DT DI FMEOREZ ) TV EA LTHRIHTE D L) R RKE=
) TTF =R IIFIE LR x> 7=, MGPIIZ, Mod BV 7 L ZDRENICEER DO KKRE=X 1 7
HEZHRE L TN, ZbIEMb7re L 2o COBREZBRET 57200 LDT
Holz, BEHSEEN N7 v 7 OPHAVT 2O D 2 L TRISZEMH LZEER, KREDE=
27 EFERL, FRORELZEMB LU OB O KKITLETHDL LML, &5
(2. KEBRBI#T (EPA : the U.S. Environmental Protection Agency) 73Fi%1BFICEIE L, HFE L
T E LA R A LT, BRI OVELORRE=4 Y V7 2R LT-, E=X
Uo7 ORER, MBIRE SN o7, MGPUZ XV EbNZREEa L2 b, 14330

%6 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L 7= HiffilEs#) v v b
>DC (20174)

27 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L= HiffiEE) v v b
>DC (20174)

28 ['Safety Data Sheet for Clorox Regular Bleach;1J] The Clorox Company: %7 U 7 4 /L =7 MA—2 F K (201646 A 12H) (4> 7
4 ) https://www.thecloroxcompany.com/wp-content/uploads/cloroxregular-bleach12015-06-12.pdf (Bi% H : 2017459 H 12 H)

29 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L= HiffiEE) v v b
>DC (20174)

30 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L= HiffiEE) v v b
>DC (20174)

31 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBIZ#2H L= HiffiEE) v v b
>DC (20174)
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N2 R AR L CY T AH A LORKRE=H Y 7% Ehi L, Mod BOT <t < THEHRE
FEAR0.1~11.7ppmTH D Z L 2 L72%2, =2V > ZT ORI TIE, 7 /— ORI 3 EH L T
2> B RIS 238 LT 0 | SRR Tt S TIIm R R LU T Ch 5 2 & D3RS S 4172,

FTRteix, FRRO KRS FICB T 2 EET AEORBEIMET 57292, PHAST V7 ho =7
A L RBA R DT b b7 572, PHASTY 7 b7 = 7%, (BFEWEN KA TED X
INHEHCT 2 % PIIT B 72 O FRIE R 2 W 5, YR T L ORE RIT. IR & E O R
DRFHEICRELKGFT D, TV —LFT VU 70E, FYEHOEDQARN R FEE —H TR L T
WDHHDD, T— AORESCBENERHIFEEEORR A K L TliIWany, ZoEBE LT, 7
VSRR 72 SO, [RGEDEE), £ 13 FH Y HICERCL DMLY ORI 23 < L= alGEME
Db HEDMDOSEMEEZBE L TRV ENET HNRD,

KREARRED 53471 LB 72T T U 712 L 0 . MGPITT O H R OVEZ] S ITIX R B A E &
Wiz Uiz EfERRfAH T iz, FESIZ X 0 B EIRO T AR B AE LT, TORE, 7 —2A
WA T By O EHFICRED BEIF i, ZO®BE TSR L2 fTREMEAEmWE, k%D OK[G BT
DT —2IZE DL, FHFREAEDDIRFRMUNIZ, KRULE & BEROREN S, MEH O OMEE - %
DRE~EEL LR, Z0XHREETTIE, RRFLELTEY ., BEHIF KK
(atmospheric turbulence) 3° (FE7IXZOHEA) XIFEA LRV, Foli Vet HiENnD, 1k
FWEHFICREANLE LTV EGAE, (EFWER KK RS ICRA E AR S ez,
TN— AOPEBUTIENE, UL, FEY B IEIESCESBENEL T alod, ZBR Ky Chafil <
BO, L BETB X OBEGFO T NV— LANOEFEZIEE L, R LES N AREELD D,
—hH T, TNV —LOFNTEY | WRESZOMOICFWE OIRED F b a7 1%, Hugedt s 122
OEVMIBIZE EEY . I L~ L TOEEBEERI L7 it n H 5.,

50 FE#OH

51 kEa—vYI77948—

CSBiX, AL —%— L EIFOFWEBERM & OBRDVITEEL 52, TOME L L THIKL
ERAEXE, W OD a—~r Ty 7 A —OEPEBE L, At a TR, Inbo
MBEIZOW T L, X0 2Rtk 2 EH T2 2 & T, AL —F — LEIETOITEI~DK
FEZEOD IR TE 500 OWNWTIRRS, [ba—<r 7y 7% —| |, fEERRICET
HIEER. i, BIOTm e A0MAERZH S O TH VY, (EXBGORGE & IR, (E
EEDA N LAWY, T L CEIE, I, aa=r—v a3 EE0EERER Y, Btk
WRE B 2 DA H DRIV DN G END5%8, T uk AT T v FOEESCRSFETT D T29DI,
TEEBITEEZ BB O MLERD D720, MEHEIL. T a2 A0 — RERE LLEXR
BT OB, b a—~v 77 7 X — DR EAEEBEICHRT L TAREACEENAE U 25 rTaet: 2
TR LT NIX bW, Ba—<2r 777X —F, HH05 L VOEFEHOERE(L

R RRE=Z Y VTR E Y B O62Y T A T3 L 7L T0.1~0.2 ppmd LR E AR S i,

33 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling./ (CSBICH#EH L7- i ®) v K
>DC (20174)

34 peterson, E.; Reed, M. /MGPI Investigation Support — Chemical Reactions and Air Modeling/ (CSBIZHEH L 7= i) 7 k
>DC (20174)

3> RAELHE (atmospheric turbulence) & (&, % & IO S VAT % AHIARZER OB & 3R AET, ZOREICED . K
K TOLFEWEOIRE DM T 5, Hanna, S.; Britter, R. /Wind flow and Vapor Cloud Dispersion at Industrial and Urban Sites./ (4>
Z A ) CCPS/AIChE: == —3—7% (20024F) pp 14. http://app.knovel.com/hotlink/toc/id:kt002YJLVL/wind-flow-vapor-cloud/definitions-
concepts (% H : 20174F12H6H)

36 Wells, G. /Major Hazards and their Management/ (4> 7 >) IChemE: 2[H ™7 + U » 7 ¥+ —JF 7 & — (19974E) pp 33.
http://app.knovel.com/hotlink/toc/id:kt00A7EN31/major-hazards-their-management/wind-dispersion (BH%E H : 20174512 H6 H)

37 Crowl, D. /Human Factors Methods for Improving Performance in the Process Industries--Introduction ./ (4> 71 ) {bF7rkE A
e #—IAIChE: =2 —3 — 7 l=a—=—7 (20074) http://app.knovel.com/hotlink/pdf/id:kt004MHZ41/human-factors-
methods/introduction (B% H : 20174F9H 12H)

38 Crowl, D. /Human Factors Methods for Improving Performance in the Process Industries--Introduction ./ (4> 7 A ) {bF7 k& A
7 #—IAIChE: =2 —3— 7 l=a—=—7% (20074) http://app.knovel.com/hotlink/pdf/id:kt004MHZ41/human-factors-
methods/introduction (% H : 20174F9H 12 H)
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http://app.knovel.com/hotlink/toc/

(hierarchy of controls) — (F%&t. ¥R, PPEICE D £ T) ITHAAN LN T IR B3, FEN
HRHNHERET D L OITMUE L, EHALHEML THH XD LI LTI b0,

fERZ2ALFEIZ BT 5 U 2 7 3, OB L E 2132 OMO KRB Z 272 FIEIC L - THRTE 20
a0, WERLT7 7T —Fid, NEEBOMAFERORRAZZE L, BMORESREZRIET 5
AT LB THZETH LM, NEDHMAEMZLELT LT NTOTnERAB L OIEEIZONT,
MFlZiit a—~r 77 7 2 =@M L, EOXIITHMEEENEE LD | M 200 % BE
LR Eze bane, BEOFEREMRL LTI, 778 RAME, ¥4 X, IR, 70 FoR, Bl
BRENET NN, ZNLIIABOF R LU ZREE N 2 BB L TRETRETH L4,
ZE, EEITEE SN AZICHEE L, AGEREMESZE S TOMRER TR LT <,
=P DI & — BT D L O RSN TV RITIUTZR B 7220,

2 : Mod BOFHE T A NZBIT A2IEFEMARE S « BETIE WA S LRI
X] TrRENTWS (i csB) 4
Bile IR R KER(L K EERR 3[4

b

FrY YA U7 IrELY

T e X
WRHHERIRT b Y w7 L%
KER{ET R U D A

HE KRR

Y A= R

5.1.1 {EEYPEBERMBOKE
51.1.1 T Z 1 > DIEE

39 g OPEREIL (hierarchy of controls) 1%, /i | & 2 O F A HERR F 72 AR 2 72 0 (B BT 2 PSR IEIC T+ 2 A Ch 5,
CCPS /[Guidelines for Engineering Design for Process Safety--Introduction./ %52k (4> Z 1 ») (b7 vt X% 4t& % —/AIChE: =
a—I—7==2—=—2 (20124F) http://app.knovel.com/hotlink/pdf/id:kt00A68RS1/quidelines-engineering/inherent (FA'& H : 201749
A12H)

O RELERT T r—F i, BT, K EREOERCIES T B AR EEET S 2 LIS Ko T FeHRT 5.

41 /A Human Factors Roadmap for the Management of Major Accident Hazard./ (4> 5 A ) HSE: %E~—J—H1 K,
http://www.hse.gov.uk/humanfactors/resources/hf-roadmap.pdf (F% H : 2017459 H 12 H)

42 Crowl, D. /Human Factors Methods for Improving Performance in the Process Industries--Introduction ./ (4> A ») {b¥7m& *
Lt 2 —|AIChE: =2 —3— 7 M==—3—2 (20074) http://app.knovel.com/hotlink/pdf/id:kt004MHZ41/human-factors-
methods/introduction (B% H : 20174F9H 12H)

a3 Crowl, D. /Human Factors Methods for Improving Performance in the Process Industries--Introduction ./ (4> 7 A ) {bF7rkE A
Zat ¥ —|AIChE: =2 —3 — 7 Jil==2—3—2 (20074F) http://app.knovel.com/hotlink/pdf/id:kt004MHZ41/human-factors-
methods/introduction (' H : 20174F9H 12H)

M RATEF I ACEWE O A DEOHRITIL, BF LM LSS 2 520, BFE DS T TR LW RIS E 2 % ATREME
HHHLOLH D, RAZKEMR L ORSHEICET B ERICOV T, b ERESt0 R 2T —4 v — | (SDS) 2&M4 52
Lo FEio, CSBiL. (LFME DRI DOMAE DT ONT, EPADILERIEH Y —27 > — R bFIH L7z, http://response.
restoration.noaa.gov/reactivityworksheet. ¥ 31 %%, Pamphlet 96 [Sodium Hypochlorite Incompatibility Chart)] #54hR, ¥E#&Ha: N\—v =7
M7=V ko (20114E10H)

45 s34 Pamphlet 96 ['Sodium Hypochlorite Incompatibility Chart] 454k, ##EtHa: S—Y =77 — 1V > k> (20114107)

B WOKEELE, T T—L, TR, BEAlL MR, K 2L RIST 5, [ESI R R ERFZERT (NIOSH)  /Pocket Guide to
Chemical Hazards, Acetic Anhydride./ CDC: ¥ 2 — Y7 M7 hZ % (201647H) (A F4)
https://www.cdc.gov/niosh/ipcsneng/neng0209.html (R H : 20174E11H 27H)

e FFAIUH KRS [ohemical Incompatibility Chart) (42 7 A 2)
https://www.cmich.edu/fas/fsr/rm/EHS/Documents/chemical%20compatibility%20chart.pdf (B% H : 20174595 12H)
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http://app.knovel.com/hotlink/
http://www.hse.gov.uk/humanfactors/resources/hf-roadmap.pdf
http://www.hse.gov.uk/humanfactors/resources/hf-roadmap.pdf
http://response.restoration.noaa.gov/reactivityworksheet
http://response.restoration.noaa.gov/reactivityworksheet
https://www.cdc.gov/niosh/ipcsneng/neng0209.html
https://www.cdc.gov/niosh/ipcsneng/neng0209.html
https://www.cmich.edu/fas/fsr/rm/EHS/Documents/chemical%20compatibility%20chart.pdf
https://www.cmich.edu/fas/fsr/rm/EHS/Documents/chemical%20compatibility%20chart.pdf
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CSBOFMEIZ LD &, Mod BV 7IZHBWT, MEEOFTIET A U PNIREEFERT N Y LAOFIET A

SNEHE L TWe Z &3, ALFWERBERNIRER B AT 2 Rt md T\, ZOMod BO
{LFERBIET Y TIZIEEEARDFET A V3o T208, Wb AWIZUITVMLEICE E STV,
FRlZ, WIEFRIET N U LOFRIET A NI OFRIE T A 0 HKI184 F (KJ46cm) DEREEIC
Hotz (X9) 8, WHEHRET b v A LHRBRNMEEESTHD Z LI, Mod BIZHIA ST
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49 ccps [Guidelines for Process Safety in Batch Reaction Systems--Table 3: Equipment Configuration and Layout./ (19994F, #4> Z 1Y)

p 11, 15, 33. http://app.knovel.com/hotlink/pdf/id:kt003JMGR1/guidelines-process-safety/equipment--configuration (B H : 2017459 12H)

w%ﬁ%%ﬁ(meWMM)ﬁ\%ﬁwﬁﬁ%@%%¢kﬁwﬁﬁ%2§kﬁf 7 a2 KOG & U C R A S
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DY L DR S T2 WE OB Z PERR E 73K 5. &
HEEOF TH S (X10) .

FHEELLIDDAT Y v N VT DBEEHLTH A MY v TEFMT A 20y 7 T HFEFFELRN MR L (B
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52 ccps [inherently Safer Chemical Processes-- A Life Cycle Approach: 4.5.10 Limitation of Available Energy/ #i2ki (4> 51 v) k%7
ot AEEE X —/AIChE: =2 —3— 7 J==2—=—2 (20094) http://app.knovel.com/hotlink/pdf/id:kt0068GQQ3/inherently-safer-
chemical/limitation-available (F% H : 20174:9H 12H)

CSB MGPI Procceeing Case Study 19



20

CORRECT FIT
2inch fitting

- INCOMPATIBLE SIZE
3inch fitting

‘\a .

! - INCOMPATIBLE SHASE
| 2-inch round recepticle

S — INCOMPATIBLE SHAPE INCOMPATIBLE SHAPE
e | Hexagon fitting ¢ Square fitting
| ——

10 : T T A  DIIR & F A ADOMAGDOEIT LY, BT OBz Bk 5 (L : CSB)

CSBIE, % 72— A A=D1 =t 2 kT 0O BRI 2 #78 L7-f 5. Mod BTHH I TW5
FHETA DOV A XL XX, —BOREREITE L TWD I ENRghoTz, {LEWEITEFE
ANOOERICED E, ZOROY—ERATIE, 24 0 FBIO3S VF ORI v TV T
EHRETA UZITOOMAEDOENRRL —RTH DL, KETA UNRE VA ATHLHZ LIZLD,
s | T DL EB S DL FEME OMLEZ T D5 2 E N TE D0, BBERO TR LA T
Do HtE, N—27 v RIMGPIE W) L, mEERICMEF Rk OB EREELREL, DT A I
BIDOFIE R — A TERNEIIC L (B7 v a 9.08M1) , HEOLEWE 2% A5 i
BT, RS EM LT, EOLI YA XRETBIROKR—2D v 7V o 7N EEAREN & W L,
ZHUISE TR A L a g+ R&ETh 5,

WY 7B A R T D E TSI b AR TFEE D, ALFEME DA T T AIZEEMT b a%,
BlE~—h—, oV 7, BETA L, BEREIERT 20N TE 5%, Fl 20, gk k;
WMemitimatlt, BIZA L PO RNAIEOD v ) T ERET A U0 A, B

S kEMMES (ASME) HiHAL3.1 [Scheme for the Identification of Pipes./ (@Em?&%ljxﬂe L) A2, 60DLFEME AT Y —
MCEEDOFTEERTIN T —F v — L, ZOMDIEMENIA—Y—ERDLA>DH T —FT v a v BHESh TN,
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S SmEr . o HEER, BoTHOANICLY . P BTN BANIAEEZTT D Z E BBEIC RN D,

57 Crowl, D. /Human Factors Methods for Improving Performance in the Process Industries - 11. Labeling/ (4> 74 V) (L% 7 rtk =2
T H—IAIChE: =2 — 3 — 7 l==2—3—7% (20074E) http://app.knovel.com/hotlink/pdf/id:kt004MI1B3/human-factors-
methods/labeling (B% H : 20174F9H 12 H)
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—i%, BEICIH - T, fhR (BERA v b d) holkm (o r7ed) £T. BHEOMAICE
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?4V@%ﬁ$4/b@1%5ﬂ%0ﬁ< m£v~w EHOE L CWRho o Z & ERER LT,
Mod BOTRTOFRIET A L OF < FHROBEF X, 90O /LR —THAfEHE L T (K12,
) o WRHHEHERRT N U UL LHBORE~—T—1Z, TAR—LFET A L7 4 — b Fif
DONLEICERE STV (K12, £) o ERICB T 28RN 3 2 HELHEI T T, & ~—7
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58 K EMEh22. [A13.1 Scheme for the Identification of Pipes] ASME: = = —=—2 (20074F)
5 7{6.1%%1‘;32%/\ [A13.1 Scheme for the Identification of Pipes] ASME: = = —3—2 (20074)
60 sk [E#ts 4. [AL3.1 Scheme for the Identification of Pipes] ASME: = = —=—2 (20074F)
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hazardous materials) HURIEEEICH T2 E A HE L TW5b, ZOHAITIE, GRS IZ

83 ccps Jinherently Safer Chemical Processes--A Life Cycle Approach: 6.4 Error Prevention (415 A ) (k%7 nt 2%t 4 —
JAIChE: =2 —3— 7 fl==—3—7 (20094) http://app.knovel.com/hotlink/pdf/id:kt0068GRV3/inherently-safer-chemical/error-
prevention (F%H : 20074F9H 12H)

64 ccps Jinherently Safer Chemical Processes--A Life Cycle Approach: 6.4 Error Prevention) (415 A ) (k%7 nt 2%t 4 —
JAIChE: == —3— 7 fl==—3—7 (20094) http://app.knovel.com/hotlink/pdf/id:kt0068GRV3/inherently-safer-chemical/error-
prevention (B%H : 20074F9H 12H)
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85 49C.F.R. § 172.704(a) (2017).

86 49C.F.R. § 172.704(c)(2) (2017)
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88 Wilkinson, P. [The role of “Active Monitoring” in Preventing Major Accidents.] (74> A >*) Noetic Group (Risk): Z2M{ 3 v L= %
FOKED v k> DC. http://www.csh.gov/assets/1/7/Wilkinson_Active_Monitoring.pdf (B B : 20174£9H 12H)

89 Wilkinson, P. [The role of “Active Monitoring” in Preventing Major Accidents.] (74> A >*) Noetic Group (Risk): Z2M{ % v L= %
FOKED v k> DC. http://www.csh.gov/assets/1/7/Wilkinson_Active_Monitoring.pdf (B B : 20174£9H 12H)

70 Wilkinson, P. [The role of “Active Monitoring” in Preventing Major Accidents (4> 74 >*) Noetic Group (Risk): ZZ/ % ¥ XT3
JUSKET > b DC. hitp://www.csh.gov/assets/1/7/Wilkinson_Active_Monitoring.pdf (B%H : 20174F9H 12H)
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38.The Modified Starch Operator directs the supplier to the chemical unioading station 3. Unlock gate by chemical unioading area

Verified: Time: _ __Date: =
RIFY Il of i livefi 4. Have DOT-approved driver hook unioading hose to Bulk Tank Unlcading staton. Do
39.VE the vendor Bill of Lading and that the vendor is delivering Sodium Hypochiorite Hovaliow drleer 4o * this 1 ity olher o Conted 4 A
Verified: ___________ Time: Date: i tion from this: possibility of heavy reaction with any trace chemical in the wrong line

Heat reaction will occur, which may cause very hazardous situation in rest of tank

40.VERIFY that the supplier is \weass yard

41, Have supplier CONNECT vehicle transter nose o

¢ 5. Make sure vaive #202 (Drain Vaive) is closed
Verified Time: Date

§ 6. When driver is ready, and hose is connected, then open vaive #203. Driver will send
! 5
42 OPEN the NaOCI Fill Line valve 176 to the Sodium Hypochlorite Bulk Tank NaOCI -BT. Sulluric Add s Voive 10 the tenk
Verified: Time: ____ Date:
43.Have supplier SLOWLY OPEN vehicle transfer valve. 7. Confirm hquid is transferring from the unioading truck 10 the tank, by observing level
tank
Verified: _..Time: ____ Date -

44 Have supplier BEGIN to nansler of Sodium Hypochlonle from the chemical truck to the | 8 wWhen unioading is finished, ciose vaive 203 at the unioading station
Sodium Hypochlorite Bulk Tank NaOCI -BT.

Verified Time: Date: 9. Have driver unhook Sulfuric Acid hose from station connection
45 Have supplier MONITOR for leaks while unioading Sodium Hypochlorite.
) % &
Verified Time: __ Date: 10.Lock up gate at chemical unicading station, and complete paperwork for verfication.
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Sodium Hypochlorite Tank

Unloading Area
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BT D Z LITA[EEED, AR —F =D AT AOFHITEAD < ANZ, Mod BE/LOW KA 2@ U TH
AZEMRALTLE -T2, MGPIIZ, Mod B¥ > 7 ¥ — Rir< 2, Bt 7 v L U RBEDL &K
HT BN ERE=F—2REL TV, BT o L U RENENICSHRE SN BEEICE L2
Ay HIESICERNEY | BEISFHEICHE S E AN — 4 — IR AT LB BT HDHER S
572, HVACOW SR Y AT AZiX, HAPRKK O Zi@ U THRAT D RN AR b — & — | T e
BOHEEPEETEXDBMEN AT 7 — LT 2o Tz,

20034F, CSBiX., /LA 7 TN N ko b— 212 % D Honeywell International, Inc. (/N7 = /L) D1k
ST NCHEBT AN L FERE Lz, ZOFEKTIE, TADIEXENAE L, 0.5~
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A NVPNOERIZH L CTRNIBREEN S NSRS S8, \RITKE L7-mHA AT LBk L,
MGPID Fig & [AERIC, #KR T AT 2% U CHREOW S HIFEIENICIEA LTz, CSBOFHAETIL,
XU =)L COHRFRHAISHERF W ZHEO—>L LT, AL —2—NlEE2HE L, REEE
W D RN HSG ) DR X5 250 ho o a2 T\ b,

MGPI L [AllE, ™R T = VOFIEIE L HENDADORAZ B THEZRGF STz, 72720,
MGPIDMod BE LB AEFET Y TIZxE L CORBGIEEZHERF L T eDIZxt L, ~NAR T = VO
ARIEL Y bEWENEHERFT 2 X OGS T\, NFR T = LT, AMROZER D HIEEITR
AT DO T80, FiffeZZR a0 iAte L9 IR AT LOWR N %77 FOxt @)L
BIZHE LT\, LML, CSBORAEIZE D&, 2003FFD I Fi TIix, Z OBEHI#E > AT A
DANBRHME T TIRETE R Do ZERNHA LT, AR U VO TIE, BRICRE I
TZHVACIK R X 7 MMZRRBRE A o000 . Znii i OENEYNIZSI A ENDIRIA & 7
ST, IHIT, NRY = VORIHIE HRE S AT LAOWR DI, Bkl A O AL E < H B
HENFRBINTELT., H20IFFIENEES T TH o7,

531 HAA4 T REHRE

fER 7 bFE 2 0 ) fEik OBYN OB 2 RiET 57200, Bk LUK T AT LA ORE!
FESER T A X ZFTR BTN D, KEATHZ (API @ American Petroleum Institute) (37 kS
RIPATOFAEL R E LT Y. APl Recommended Practice 550, 551, 752i%, LOERTHLHRNLOTH
A9 BIERIE=EICBE T 2 CTh 5, £, HEFEW= (Cl: Chlorine Institute) 1%, WHLMEFEEET k
U L&D M OB X UMK S AT AOEG A X AL T D, MGPIICIDS
BTE2WD (B2 v a U7128) | CIA%ITT HPamphlet 641X #i5 > A7 LAREEHIRET 2 0 A #
VAL TEY  WHESZER T P U AEZRO ) ERCHERICESTHEHATHLIEEZ LN
Do

Pamphlet 64 (&7 v = V715 M8) 13, WHHEERET NV 7 AT 5 BRARHEFHE 2 0 - T8
D, BB LUK AT L ARG O, RHREOBEMNORE ~DRE L F/NRICImA 52 &
AT AL OBELTNAEE, FlziE, HEF RFTZLR LV EL BROBFTICHE Lo 02,
W A @ TSR E T D 2 LB HERE LT 587, Mod BE LD AT & - 7272, {LFRRS
BALAIE ., T AEFOERRENEHVZELREEYNICIR Y AR E oot B2 6D, IHIT,
Pamphlet 64 Tid, HERIEHFFICEDNICND NBOREZHRT D720, WRE=F—%2T F7— L4
LB SEHR T AT LAk HENE IR T DA, RN O EREZRET DD T 4V F —
HEEAIRETDOIIEEZHEL TS, 29 LIZflEEEEN 2 WIEE . 4L — & — IR AR #E R
WHE D 8228720, MGPID 7 — A Tld, HAENEIERICES 2 LITEA LD, FER R
HEEOHANKNEECTH 72 (87> a L B54BK)

HilH =8 O BARAY 23 G FITE TR0y KES 2 2R (OSHA : Occupational Safety
and Health Administration) @ [&EEEALFEME DO 7 ot 2228  (PSM : Process Safety
Management of Highly Hazardous Chemicals) JYETIE, xtf 7 ot XTxtd 5 7 vt A — R4
(PHA : process hazard analysis) Sz g (2 KD TV AH8, PSMIZ/NT 4 —~ 2 AN— R D FLE
ThO ., mlE. BOGYE, FTEE, E7IBERMELZ R (LT WE O, BRI 2Bk E 7 1T
i/MET DT DENE G (B2 v a 815 M) 8, PSMEHEZL, FrEDLFMELTRE SN
TeBEHMELL EOBTHENT 2 7 m e 2@ & 59, PSMIFEM EITH L, 657 vt 2250 T

85 CsB Honeywell Chemical Incidents] (20054E8H8H) http://www.csh.gov/investigations/completed-
investigations/?F_Investigationld=54 (B% H : 20174£10H3H)

86 st 34,2, Pamphlet 64 /Emergency Response Plans for Chlor-Alkali, Sodium Hypochlorite and Hydrogen Chlorite Facilities./ 257 4%, 3%
W "= =TT —V b (20144E11H)

87 st 3% H2>, Pamphlet 64 /Emergency Response Plans for Chlor-Alkali, Sodium Hypochlorite and Hydrogen Chlorite Facilities./ £574%, #i3%
W A= =TT —V b (20144E11H)

8 29C.F.R. §1910.119(e) (2017)

89 29C.F.R. §1910.119 (2017)

90 19C.F.R. §1910.119(a)(1) (2017)
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WIOPHAZ i L, 7' av ACEHET LV — RERE, i, EHET 52 L 2RO TWNDN, FFIC,
PHAIZ IR O SEHIIC B9 2 3l & E 2T AT 728 B 722002 ik O SEH 2 §Eh -4 2 58, Wi L7
FEMET AT A NHIH IR AT D a0 FEEZ et 20N B 5,

20084F, OSHAIFPSMEHEIZH S| =2 — Uy —V— MY U A —=—ITHLEET V) 7T
kT % Kuehne Chemical#t:R1Z%f LT, HFET A 0D OEERAI 2 I X - THIE=EMNIZIEA L
ToHE R AT UGN RS Loz & LCHEEM S 2 Lz, HEX, — & ERRE X
NTWDEE, PSMEHEDRISR L R Db FWETH D, MGPIOHEHY H, RN ASZ OO ENE
LA 73Mod BE VTR A L7223, HEEIT, WTE PSMEEHERI G4 b 72 2 Bl & R i R E T b
U o LADRSEIERD T -T2,

L7 L. Mod BIZE i Ao 7 1 2L EIIPSMEED # A% TH VY . ZhiZiIMod BIZE
&L EARE STV 2BEOEWE, T 2bbibrre Ly (RFALT Y 7 TEEIN
%) EAFIHULY v (WAL U T TRHEINRY) BDEENTWD, MGPIOF AT T,
OSHAIZ Y FIMGPUZ %} L Tl D& & L TEE L7=%, 2O D1-o1%, #tE TrlBAEDZR K AN
JEZEFR R 28 U CHIBSRIR AT 20— REBE L2 72PHAZ FEME L TV R/ 2 & T
Hote, Fio, MGPNIHERE DN HIZBIET 20— K& +3I2BE L TR0 & L TRICHER S
72o OSHAIZ IMEEB I, B CORERLIETICORMNDHIEIE, kK, BLOREAEL L2514
RMEAEEY (VOC : volatile organic compounds) D K& H~DIEHIZ S S STz & kst
F72%, b LHEEANCHEEAKDHIEERIEBAT 20— RO S L T0iuiX, Mod BOHLAR > A
T ANZEDRAZS S L DT B TR SN TOW NS L,

— BRI D CERTIE, BBEREER 0K AT

LIZOW T EIZfiIL T\ 5,  [Lees’ Loss Prevention in the {EFZPEDFTFT AL T
Process Industries] (H4i) 13, XUERGEHOLENE, BIEE  —2 3 D EYD R
R, 3 L OB HE R O RAE 2 W9~ DA A 2 72 il = P - =7
HS P OB AR RE T 5 — LR A © e 2 X A EHF
WTHB L TWLWAS, F7- . (b2 T%BS (3 . L., BHPIEEREHE

i ° NI s = (kE) (CIA: A e A

Chemical Industry Association) (Z & % [Process Plant Hazard ELEBEICBRRVESE
and Control Building Design] (19794%) Tif, #tEH 20k [CHRESASLIICTS
HHZ KT 2 Hil = O RERFHI DWW T Ham LTV 5%, KR,

Y S 2% FIREMED & 2 3@ OAMBHK, « feKEEBEIXEA R TR T TR LRy (S 512)
RARFICIEL, fIEERMANOIREICIE, BRFROMELILT 7 v M2 E 1T 572 OB 72 RFRH]
DR, TEHRZEL[PAE SN2 TR R0 IR T8, X512, CIAIL, #mzobo
DIERICEL SND K REOEET TS . BN ST X7 Fad L THERES L TW
RNWER BT D ENARETH D ERDTNDY, Ky —ARXZT 4Ok v a 3185054
THHL TS EEBY ., Mod BOA L —Z—|X, 7Y — FNICBHES 285K 0 2@ CTEMA
WCEMETABRBALIZZ & @R MiE~ A7 ZWMO AT T ehrofzZ &Ik o7 rEex%
{EIETERWEEF@Y ) DY X5 25 o7,

91 29C.F.R. §1910.119(¢)(1) (2017)

92 29C.F.R. §1910. 119(e)(3)(v) (2017)

93 Kuehne#t. hitp://www.kuehnecompany.com/history/ (& A : 20174£11 27H)

% OSHA & MGPII3:20174E5 A 10 A (Z A ARIAR G BT IE L, R IEGES KOS eI Stz it 2 & a v 81223 MoO = b,

% OSHAM % 51186824, JERITIAT, — OERIZIEARTFEAE CEE S, —BINRPHAER Cb 2 BRI H6~ & it Sh

7

96 Mannan, S. Lees [Loss Prevention in the Process Industries] Vols. 1-3, 545K (4> 51 >) Elsevier: =% F = —+& v VI &7 4 /L4 A
(20124) http://app.knovel.com/hotlink/toc/id:kpLLPPIVH2/lees-loss-prevention/lees-loss-prevention (% H : 20174£9H 13H)

97 Chemical Industry Association (19794) ['An approach to the categorization of process plant hazard and control building design] = > K

v omE (19794)

%8 Chemical Industry Association (19794) ['An approach to the categorization of process plant hazard and control building design] = > K

. BE (19794) Appendix I11.6.

99 Chemical Industry Association (19794%) [An approach to the categorization of process plant hazard and control building design) = > K
. BE (19794) Appendix I11.6.
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b7 v & 2% 4% % — (CCPS : Center for Chemical Process Safety) (Z X % [Guidelines for
Facility Siting and Layout] (2003%4) TiX, HIfHBROBLE S L OEH DHVACHK KA DR E IOV T
BEfLTW5, CCPSIZ, D~ M KUBRKA Y b IS LR, R OHVACH S H 7
O ICEEN - R A BRREIC R E SN D RE THDH EHLEL T 50, X 5|2, CCPSIX, API RP
T521Z A BT A Tl L, S E R DR R BT IS T RETH D L IREL
TW5, OHTORER, HIEEEMNEELZ T D ERINTZHAITIE, ZR O, HVACDINE,
FET vy MU E WS T ERIREZE LD NE Th H10,

5.3.2 ASHRAEIZXT A LAETDOEE

Mod BE L LR S AT LD, BAHD X 7 v — KD ORI L D2BN~DRAEZBLGIET % D,
FTABNICHIET DL IORFFEIN TR D, ARV —F =37 b AZ2RE2IEEL, BA
e APER B2 L, BT 27200 L0 2 ORMAMRRTE 2 THAH, KETIE, Hx
PRFEATRI B HU S 4L D ZARTR SR E N DIEEB 2 F 57200 BRI Y AT LD BARI 72
FREHTIEICET D RUESC T A XV ANRRE L TN DT, 20054123 7 = VERE O iR & 5% 1) .
CSBI3f)2003-13-1-LA-R22'2 2 K [El% B 25 72> (ASHRAE : the American Society of Heating,
Refrigeration, and Air Conditioning Engineers) (2%} L CH47 L7z, CSBIZASHRAEIZXf L, [fGlRi'E
OFRHBFAE LT GEICEER R E2RET 570D, HVACY AT A8 L O OO B 722
HEaA L R—F2 2 ORI L AL T F U AT AHA XL L AERERTH L) LEEL
7oo 2015%F, CSBIXZ OENIED AT —& X% [RMED:— 52T NIV RE 72 kP F 72 1RO %fIs ) I8
Fri7-18, Mg, ASHRAEIXZ OEVEZ XFFT 2 EEZERH L, ASHRAENY R7 v 7 O—8, J
W, FTFFRETA RELTRESN EREKIBEORERE, #ixds L OZEH#H] L0 Ao Ly
HA X ALEORE 2 CSBIZHEH L7z, £7-. ASHRAEIZ20165F2 I Z DB A X v ALEDOEE
VERR Z BT 23l CH D Z L 2R LT,

ASHRAE(X, HVACERMITICAEE INT- B EFHRELRE - ARTH AN ZRIEEFIFAKRTH 5104,
IS OREETHRATRERMREOKIKMEEZ EHEL TWVWD — T, ZOMOXETIIMERED M AR
HLTUWWAH5 ASHRAE I KEHIF 2 (ANSI : American National Standards Institute) (2 & - TERE
SINTEY . ANSIOMHIE T X Bk L OGAER E B4 85 LT\ 5108 OSHAIL, §Rik =T
WAHNAYP— REEET 2 BIICE W THEE DOSHAELYE D 722 vi= . ANSIE L TNASHRAE A& 4 [E]
FEBRMEL L RO TEY, ZTNOORMET RBEHEREONR LD o TWNDHO X5z, &
LB IO X 2T 5T VBRI —HMOASHRAELMEN T A STy | FiEXIKIZ X
o TUITEHE 72 F T T AT 5108,

100 ccps [Guidelines for Facility Siting and Layout] (427 A ») {37 mt 2% 4+t % —/AIChE: =2 —3 —/ fll=a—3—2

(20034F) http://app.knovel.com/hotlink/toc/id:kpGFSL0005/quidelines-facility-siting/guidelines-facility-siting (B H : 201749 H 13H)
101 ccps FGuidelines for Facility Siting and Layout] (4> 7 A ») (b7 0k 2 %4+ # —/AIChE: =2 —3 — 7 fll=a—=a—2
(20034F) http://app.knovel.com/hotlink/toc/id:kpGFSLO005/quidelines-facility-siting/guidelines-facility-siting (B H : 20174F9H 13H)
102 FRecommendation Status Change Summary, 2003-13-I-LA-R22] http://www.csb.gov/assets/recommendation/Status_Change_Summary
ASHRAE_(Honeywell_R22) O-ARARL.pdf (% H : 2017459H 13H)
103 oAU — I AAURTREZR SIS E 72 RG] ~OIEIL, T ETORY Va— AL HEEED, £ SBEI3@E o
HiZ R TTEE RO ENZEE N Db -T2 L2 BWT 5,
104 ASHRAE [About ASHRAE] https://www.ashrae.org/about-ashrae (% H : 20174294 13H)

105 ASHRAE [Standards and Guidelines) https://www.ashrae.org/standards-research--technology/standards--guidelines (R H : 201749 7
13H)

106 ASHRAE [Standards and Guidelines] https://www.ashrae.org/standards-research--technology/standards--quidelines (F'& H : 20174E9 H

13A)

107 setfhze 44 (the Occupational Safety and Health Act) Section 5(A)(1)Tid. JEMEIL. FET % 7= 12l B ki fE s % 5 &

ZF, FESIERITERESE WV EEIH STV AT — FEbw, BR EREST AT 5 2 ERJ|EMNT o Tn

Do ZOBEIZE Y OSHAIZIR DA DM T2 SN TG AIGEREMEFRITTE 5, 1) ERAENTSG O AT — FE2HEBR L 72

Motz 2) TOLHRMN, EXERMINZEAEMAC, FREEMAEOERTHRIC TR ShTwk, 3) @Bi#snhiny

— RO E T IFRA e RfEEZ B Z R LTz, 38R T rEERD o7, 4) T O ZE PR E 721X RIgIZHIE T

X LFATAMRE R FER B o 72,

108 ASHRAE#%#£90.1 ['Energy Standard for Buildings Except Low-Rise Residential Buildings] . ASHRAE: ¥ 3 — Y7 M7 F 5 v 4
(2016%F)
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http://www.csb.gov/assets/recommendation/Status_Change_Summary__ASHRAE_(Honeywell_R22)__O-ARAR1.pdf
http://www.csb.gov/assets/recommendation/Status_Change_Summary__ASHRAE_(Honeywell_R22)__O-ARAR1.pdf
http://www.csb.gov/assets/recommendation/Status_Change_Summary__ASHRAE_(Honeywell_R22)__O-ARAR1.pdf
http://www.csb.gov/assets/recommendation/Status_Change_Summary__ASHRAE_(Honeywell_R22)__O-ARAR1.pdf
https://www.ashrae.org/about-ashrae
https://www.ashrae.org/standards-research--technology/standards--guidelines
https://www.ashrae.org/standards-research--technology/standards--guidelines
https://www.ashrae.org/standards-research--technology/standards--guidelines
https://www.ashrae.org/standards-research--technology/standards--guidelines

20144F, ASHRAEIXCSBIZXI L., [faRKIKOEE, K L O L L —EE 2T E%ED
ERMEAEN L, ZOMEIZILO® 7 > a ISR TEY . BP0 Dot s g T
IXHA, ®PH, T, BLXOEAEEZH > TEBY, IEHO® Y v a o TESE A4 L T
W5, ot va Tk, BET AERWE, (FEEARX—RCEET 2 Y — NOFRAER, (R#
DJFAI, BRIEOBIREBRBERED NE Y ZIZOWTHA X U AL TS, HEHT_RE AL L
T, EEAR—RICEE#ET 2 Y — FORERIZET 5227 v a > CTld, ASHRAEIZAMFE AT,
WERR AR, B OBEERAERZ XA L TW\Wb, MGPIIZMod BE/LD 't 2 7IZH > T=NES
A SMod BELNORRE Z21%7# L T 72725, Mod BELINIZIEA LIZEMEE IR AR, &
D HARMIIIEARERICE Db DO TH o7z, BT, "P—KRICBET D87 v a Tk, @ik
RER L OVEFREE (B 21E, B LAV EEISIC L 2 HORER E L) ICBWTFEET HEk
TRRFEIZOWTHY BIFTun 5,

FAFORIICET 27 g Tl oA LEE L o, #5G W, NERH., BLOAE
EtekEx BNEZRD EiIFTnd, #KIconTiL, R#EDFHIO® 72 9 v TEHICELLH
BHENTED, BERR EAERKOENEZHMEIC L TWD, iz, IE, B CiAD., Rl ERE,
Aila7e EOMOEEFANIZOWTHEIY EFTnWs, ZoOREEIT—FEOEKY O Tk, ftik
DIEB 2 RET DO O e 2 IR L, BRET D2 DIENLHONENGTENTND,

ASHRAE (X, HEUEF /I —FDOHEELTDREMRE TDO AT V2 — /L &ECSBIZE ML L Ty,
MGPITO L, ASHRAEN 2014 IZCSBIZIRE LT L H 10, EHTA ¥ U ADEEZ M 5 2
B AZEDICL TV D, CSBI. (LEMiaRICH T 2@ OMK 2 5 BEFDOFEESR T A &0 R
WX, ZREAL M E R AN L DY — REEHT 572 DICHERHVACY AT AOKG B &
OHERFE BRI B3 2 BARBY 72 fE S R IT T D LT L7, ASHRAEIS Z DO H A X2 A& HITT 1
X, MERRIZENZIEHA L CTEEEO VW@ T 0 AOFGHHE, £ IWNE S L <14t
R AEIR D & DI YE 2 AVER S 25 720 O T2HE R O A MEZ T35 2 L A AREIC 72 D,

54 RIARHARRE~DODT7ItER

MGPID B2t GG TlE, 2230 v RE CHAVTW IR A MW L, Y%=V 7 DHbtEd 5 2 &
EROTWD, B3 b2THHLIEEBY, HHSENICEEENMRA LD, X —%—
X RGN D OBEEIEBMEC X DM OEIENRTE RN oTz, TOME, A —%—|3H
BIZEEY ) HREEE L7228, CSBOFHAIZ LE, Mod BO AL L— & — I i I FE Bz BIEE 2 7 7
TATERNS7219, Mod BiZld, AERKTERE CORCM CHrFER T Z L2 BE L,
MR FH 285 2 7 LT BB O B AR S STV, 2 DIX R AR IR S ZF A
AR THSTb DD, FFREIZEY 1T THED 7 = A4 A =X BFH TR TIX o 7o,
Mod BO AR L —Z — |2 KL, AR —Z =753y 7 METHHIZ 7 = A —2 2B AH o »
T —I UG L ChagE L, o7 FBRLGRRICH Y T EHIE N H o7, AEIOHFKILS 7 FARRFFIHAE
L7=72d, BiLEBICAD BEA R L —F —OMR BTt hE SnizEEF Thovz, I HICHM
FEEBEMECLT-DIX, 2hbpa vy h—0n2 A PLROMEEEE K2 TV, BAakciine vy s
ERRERTHDIZX W RV 2835 8 Th D,

MGPID M- B 7" 7 7 A OFEERIC KL, FfRIEERICX LT, AL Thiewn & E I
W B2 NS L. BEEZC L 28 L T a0, Bhi#EE 0GB < T2 Oy 2 g 0
HECTHD 5T, MRE~OIEOT 72 ART 6 b L9 728 HIETET 5 & Th D,
OSHA D IR AR HILHE I, BB EIIEET Y 727 7 B A A[ge /o RAE CRE S, Ba
FAFE B 20U LTV D 2 & BRI E R SN A SN — A £ 7213 N—NIRE T2 Z L &2k
HTNDHI, MGPIOFHH TIL, BN TOILFWER NN O B b2 Ri#ET D7D —F — [T

109 gy o Bl L IR I Z2 S O BHATEIC 7 — RET21E 7 =4 A E—ZREY fHF B b 0T, BRAROBEO Z T 5 = &
ZHWBE LTS,
0 s B ISR P oA~ L— 2 — 1, B CIE20164E4 ISR IR L O A A 15 T LTz,

111 9SHA [Respiratory Protection Standard)] 29 C.F.R. §1910.134(h)(2)(ii) (2017)
MGPIIL, Hilgt:, Mod BTOREMH M B DO AF/RettE a2 k325 2 & T, ZOMBEICEDICHL LTz, FiEOETNFIT
SONTIE, BZ Y a 90230 L,
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WHRERLIZH D S5 2GR ThH o 727280, BT 7 AR CEECThH -7, AilOE
V. Mod B= U 72T OB EEZ E HITEIE L2 8BRS AT LaEIE L= Y 425 |
MEEE N SN TV R o T2, D7), MGPIAMod BOA XL —4 —|Z, 7 = A AE—AH
OB R RE G B0 BEHIZT 7 & AA[RERRE LT 2 #2t L TWiliX, Mod B
AR —Z — TR P AR R 2SR L, TOMRAGEOEEEZRE X200 L,

CSBOFREIZ LAuX, b7 v 7 #HIET & FHOSAERF ISR ARER 2RI T e otc, N—7 1
AR D ER LA WGSBS T IO R 2 T 2 BB A L T o3, M 232t
LTWenofz2) Z 0=, N—7 v AOEIRTILEE, WA REEERECES L2 2T
TR, N—7 B A LIE, MGPHUZ XM B EER 72 < [AlfE & DB CRIEE R &%
FEBRICLFDO L 5 RBHRIRENR -T2, DD, ~N—7 1 AT, MGPUIALFWE % il ik
LECIE, EEETAMNR BAEFHT 20BN D D XD A BERORRE O N — i &0 ) Rl
O FTEMAEIT> Tz, LL, CSBIE, N—7 B ADMEKR LTZRife D% 27T — 4 > — bk (SDS)
W2, EAREOT-DICEBMEAKHAI — R v U ERH T = A A — A& 2 AL FEiE~ A7
EERTHZENFEHEIN TS Z AL, 207D, MGPHUIN—7 B ZDETN N7 >
IR B2 G2 TWD EWHEIHETEHA L T\, &5, CSBiX, "n—2 B ADX 7 T
v 7 WHERLERIZIE, Bk S DL FME OSDSIZHEV Y, I < Co AHAREER (PPE) 3 H
THVENRNDH D LRRHINTWDZ & LR L7z, CSBiX, FHH H., Z OO E )P EIR T
kI W o 7z W Lz, AEARSHAI— RN v UV ERE T = A AV — R &2 TALF
B~ A7 1%, B FICIER N ER AR T 5 2 LT olahnd L, il &
HLHOLFREORELIRMT LN TETHAH, TOME, HIET L0 RE Tl c X 7=
H LitZewy,

CTMV T DR FARGE B ORI BT DM 2 fEs8 L7= & 2 A, CSBIE. KENSA 7T A - fal@y
245 (PHMSA : Pipeline and Hazardous Materials Safety Administration) O faR#H# (HMR :
Hazardous Materials Regulation) (235 T, $FE DL E OBk e 2 FE A R B D F2 h s I H A
ToNTWDZ 2R LI, T2 21X, WHELZHET HCTMVICIE, BEHFEHE LTES @24
FEAEMFZERT (NIOSH : National Institute of Occupational Safety and Health) 23AREL7=% A 7D H A~
A7 PEAF SN TOWRIT T B 7018, Fo | — R b RFIRIRIRIA 2 ik 5 s i,
NIOSH7KEE D H #5222 IR B 2 T A F TR 2 B3 & 21, it Dk IZ SV CTUERIBR DO
FINIFAE LWy, 2 b oL, RIS U T B R 2 4 A3 E S T (2 MR F R L & Fe i
THZEOEEMARLTNWD, LT, fbaiidattid, @2 EmAMki#ER (PPE) 0%
M&. WFALEERICBIT 2 FWE ORI ~O IS BT 28 21T 5 WERH DL E
IIMEFITRETH D, FHOBIEEN TEXZ 5 RGEICIE, TREFEHET 720, L5k
WEAICTMVIZIE U Z2PPE A fiff 2 TR RETH D, FHOEMB A RERSG AL, TR
ICERIHHETE 5 X5 (bFmitE S, EEFNCTMVICH 2 & 7 BELH A RER B~7
7EATH L, ERFRBEUICEEIHZZ T VWL 2L, ZEEICTRETHD, IHIT, 1k
FRMFBSENCTMVICH B~ A 7 & 2 5 Z S22 T, fsfll b FA L= U 7 AT IC B A
DR ARER 2 A 5 Z LN ARETh D, WU A2 T BRI, W FES A LTI
BlZiE. INHORBHB~AZIZT 7R A L, BEICHET L ENAEEL 2D,

CSBIX., n—7 a0 ZDEMETFICX T HMRAREDO F#H A A+ TH D LB Lz, ToBBO—
DL LT, BROBEY, N—7 v ANREE O Y — F2 R 2 BRI R D D OEREIKAF LTV
LZENFETFOEND, LML, YEENaI 2= —v a3 rOEEEBEBIICHMEL LW a,
ZO XD IRFRERIIEEVOITL L 2D, DFED ., —HOYEEEORIELD, T O HIXFRE
ELTHRENTWDREESERH D, DX 912, {bFEMitESth & sk EHE O/ <, {b¥WE
BRI FA LT DO ELEHETILNERND S, LN -> T, CSBIL, N—7 o ANKEH
ORI T DIEEME O T A UIZBEET 2 FER R DY — K2 HFNIZFHMEiT 52 7 et 2 %

N2 a2 g, [FAHOBEED 5 b2, R ROREREIENA U5 RN 5 7210, ~—2 1 A O TN 4% O
FTHGERAT O BTIL, MR ARER LT IR TE A L HICLTHEL 2L 2RO TV Lk, ~—r a R, —HORE
(CIREEE 2 M ORI Y — & L ) AR LTS, TR & b S EII FE#E E O 2 RD TV S,
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115 OnSolve CodeRED ™ L i 2 B2, hitps://www.onsolve.com/solutions/products/ codered/ ([ H : 2017410430 )

116 A=y RS~ 2 25 2 [Chemical Spill in Kansas: Importance of Sharing Information across Sites]] CDC (20174E2/)
https%3A%2F%2Fwww.cdc. gov%2Fnssp%2Fdocuments%2Fsuccess-story-chemical-spill-
20170201.pdf&usg=A0vVaw2QLzSqIBWPITpKez3akXCqg (M%& H : 20174104 30H)

17 https://www.cdc.gov/nssp/overview.html

118 A mESEfERLEEAR 7 2 25 2 [Chemical Spill in Kansas: Importance of Sharing Information across Sites] CDC (20174£28)
https%3A%2F%2Fwww.cdc. gov%2Fnssp%2Fdocuments¥%2Fsuccess-story-chemical-spill-
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19 EpA [The Emergency Planning and Community Right-to-Know Act] https://www.epa.govi/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (% H : 20174117 2H)
120 EpA [The Emergency Planning and Community Right-to-Know ActJ https://www.epa.govi/sites/production/files/2015-

05/documents/epcra_fact_sheet.pdf (Bi% H : 20174E11H2H)
121

EPA [The Emergency Planning and Community Right-to-Know Act https://www.epa.gov/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (F% A : 201747104 31H)

122 45u.5.C. §11001 (1986)
123 42u.5.C. §11001 (19864F)

124 £pA [The Emergency Planning and Community Right-to-Know ActJl https://www.epa.gov/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (F%H : 2017411H2H)

125 £pA [The Emergency Planning and Community Right-to-Know ActJl https://www.epa.gov/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (B% H : 20174114 2H)

126 Epa g3 23 HE 2 B2, https://www.epa.qov/epcra/local-emergency-planning-committees (B H : 20174E11H 2H)
127 Epa. i3 23 Z B 2. https://www.epa.qov/epcra/local-emergency-planning-committees (B H : 20174F11H 2H)
128 £pA [The Emergency Planning and Community Right-to-Know ActJl https://www.epa.gov/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (B4 H : 20174104 31H)

129 EpA ['The Emergency Planning and Community Right-to-Know Act] https:/www.epa.govi/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (F%iH : 20174-10A31H)

130 EpA ['The Emergency Planning and Community Right-to-Know Act] https:/www.epa.gov/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (FA% H : 20174104 31H)
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131 EpA [The Emergency Planning and Community Right-to-Know ActJ https://www.epa.govi/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (% H : 20174104 31H)

132 EpA [The Emergency Planning and Community Right-to-Know Act] https://www.epa.govi/sites/production/files/2015-
05/documents/epcra_fact_sheet.pdf (% H : 20174104 31H)

133 gpa [2008 Nationwide Survey of Local Emergency Planning Committees (LEPCs): Final Report.
https://www.epa.govi/sites/production/files/2013-08/documents/2008_lepcsurv.pdf (BIE H : 20174:12H5H)

134 EpA 2008 Nationwide Survey of Local Emergency Planning Committees (LEPCs): Final Report ]
https://www.epa.govi/sites/production/files/2013-08/documents/2008_lepcsurv.pdf (% H : 2017412 5H)

135 oy o P 2N B RE A PR . BRA IR - X2 B2, hitp://www.kansastag.gov/KDEM.asp?PagelD=408 (B H : 20174E12/1 4
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138 gy L 2N R A S RERS B [Kansas LEPC Handbook

http://kansastag.gov/AdvHTML _doc_upload/2014%20L EPC%20Handbook%209%20apr%2014.pdf (F% H : 20174510 H 30H)
139 7 5 v U FROLEPCIZACDEMIC & - TR ST 5,

Ty

] - %A 2. http://www.kansastag.gov/KDEM.asp?PagelD=408 (% H : 20174F12H 4
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Ideas for ensuring proper connections

and use of transfer equipment include
color-coding components and/or receiving
containers or introducing specially designed
connections/couplings that only link

with other components intended for use

in the transfer of a specific material.
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FHRA - 15 RES

Chlorine gas Ventilation
entered control design &siting
room via intakes
Operators were
[ | overwhelmed with
toxic gas

Operators could not
access respirators

Respirators locked in
lockers

Respirators

Ne automated or
remaotely operated contral
valves at facility

The reaction

was not immediately
tigat
AL Driver was in cab Pracedures
|| Supply on truck not
turned off
Driver was
overwhelmed with Respirators
toxic gas
Emergency shutoff
—1 ontrucknot

activated

Operator was distracted Delwe_ry occurred at Delivery schedules
shift change
Operator did not
observe connection
Unloading procedures
did not align with operator Procedures
practice
~140 individuals
exposed to chlorine
gas and 1,000
evacuated/SIP
Workers
inadvertently mixed
sulfuric acid & Procedures
sodium
hypochlorie Unloading procedures
did not align with operator
practice
Driver attached

| hose incorrectly but [
KEY unlocked fill line

Same size fill line
connections

Event
Two fill lines were
~18"
apart
Causal
Factors

No pipe markers at fill
lines cannections

Pipe Markings
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FIT A LEEFDORESDEE
BYs 7 BEEE (CTMV) TLSEWE 2% BLD e )T

U.S. Chemical Safety and

Hazard Investigation Board b:%;ﬁ% é j/l/ z) ij_ﬁ%‘

MERRIX, [EEWEOREFICAEORIBSEFRORAEF L FET 2. AT FEHER
Z DM T A LM, £iMeFERMBRALICERPECHERIT, UTOF =2y ZEHBIZOWT
BRETT 52 L 2R 5

e
o i FA LRI LT vk AEEHOMEE{L (hierarchy of controls) %A 5546, IRE%
%

i
[FEES 5720, K0 RERRED MWL eI (B 213, AERILZ 2B aH )
St S 7o IR E AT RED) > 2
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— DRIEEN RIS D RIHEME R @D A 2
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o HpleDfiFkIE. AbFiitBatt & o LT ESHESMAT 2B FMEOR KA LIC
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BHEORERE{L (hierarchy of controls)

Substitution

Administrative,
Controls

L@t 51 - fElii 4" (PHMSA : Pipeline and Hazardous Materials Safety Administration) 12 & % CTMVICEIS % 4 A 4+
A, https://www.phmsa.dot.gov/staticfilessPHMSA/DownloadableFiles/Files/ctmv_pocket guide_short_09212015.pdf.
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