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Electrostatic Risk Assessment for Chemical

Plants: Fire and Explosion Prevention

Sumitomo Chemical Co., Ltd.
Production & Safety Fundamental Technology Center

Kiyoshi Ota

An electrostatic discharge is one of the most concerning ignition sources for combustible substances. In order

to carry out appropriate safety measures to prevent from ignition, it is necessary to understand correct fundamental

phenomena of charging and discharging and to master the technology by considerable training. And next step,

application of a risk assessment technology of static electricity is desired. Sumitomo Chemical Co., Ltd. has

developed one of these technologies. This paper introduces one practical case study from it.
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Gas/Vapor | | Liquid

Powder

Yes

Isits

concentration
25% LEL or less or is its

A A

handling area Does its
Zone 2 ? temperature satisfy )
flammable safety Does its >\ *2 Yes
margin ? temperature satisfy

flammable safety
margin ?

Y

Does it

consist of only large™~._Yes

Y
*3 Yes consist of only large e (05 1
Is it applied particle (0.5 mm or larger partic ed§ S

inerting ? diameter) ? iameter) ?
No

2 4
Further \ Further

assessment is required. »  assessment
Go to step 2. is not required.

BB Flow diagram for electrostatic risk assessment (Step 1)
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From step 1
Further risk assessment conducted
by manufacturing/research divisions.

Is risk level
either Cor D ?

No

Can risk be reduced
to C or D with additional
measures ?

A

End of Ask in-house expert’s
assessment consultation.

Professional review
and final judgment

BB Flow diagram for electrostatic risk
assessment (Step 2)
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EERKEDRZ D5 X3, Fig. 3128 MREED3
PRIZBWTHEKE#FFEXICIRE L2 LT, B
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Bt kv, YtoHERY) A2 72 X £ Vb
Tid, FTRRBEOIERD 5 b ulki & XIRMI DAF
FEATHEVE A2 IR I Z 2 5 Z 212 X - TRRFIR D
R X B Btk (2 % K5 R I SO R T REME &
WATWD) ZFHiid 5,

BEFEM The Fire Triangle

TR L Ty 2 1878 55 PR U AT REME o0 44 Wy it
HE Dl A Table 11277 ¢, Zone & (XIEC ([EBRE &%
HEDHR) DEWD IRERITFI RO FHIUET B 51919,
Zone 0 & i35# i LT, £-3EMMIZH=D, $LL
AHBICH 2 - BRI REFRIR E 25 CTh 0.,
GUKHERAR A - 72 FARZRONE A HIE LTHITS
N3, Zone 1 IHHAEEIZEWTH A - BXERME
TS L 5 2 BeER T b 250 Th D . 51w
B A5 T B ZHPIENEIR O FFRFA RS 235 &
LCEIFS5N 5, Zone 23 BHAEFEIZENTH X - 7%
SURFEMETRPR & 2 2 TEEMEAMK VA, o722 LT
LB OATH BT TH D, Zone 1L EH X -
R RBLEWF» S HIZHEN BT Td 5. Zone 20,
Zone 21. Zone 22130 U ASRIEF X A BR L. B
THEDHE % Jiid. ZhZhZone 0. Zone 1. Zone 212
HEU %, L TIERE T SUR K M HEME % Table 112
RUL7ZHBERANC G, 2, K TR CARE &
KEFE FRRFIRE & ORI A 5 HEFE SR I XU R T e %
KH/IND3 T v 2158 2 FIlT EHE A 3% T B,

LELIENM  Likelihood of formation of explosive
atmospheres based on the Zone

Classification
likelihood for formation of Zoneld1
explosive atmosphere
High Zone 0/Zone 20
Moderate Zone 1/Zone 21
Low Zone 2/Zone 22
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LEIEWA  Likelihood of occurring incendive discharge (gas/vapor)

Types of discharges

Likelihood of occurring incendive discharges

(maximum energy ranges) High

Moderate Low

Corona discharge

H2,C2Hz2
(0.1mJ)

— General gases/vapors

Brush discharge
(5m])

General gases/vapors

Cone discharge
(hundreds of m])
Spark discharge
(thousands of mJ)
Propagating brush discharge
(tens of thousands of mJ)

Some gases/vapors

Almost all of gases/vapors

I ERE  Likelihood of occurring incendive discharge (dust cloud)

Types of discharges

Likelihood of occurring incendive discharges

(maximum energy ranges) High

Moderate Low

Corona discharge

(0.1mJ)

— All

Brush discharge

MIE £3
(5m)) = 3m

3m] < MIE £ 10m]J 10mJ < MIE

Cone discharge

MIE £ 100
(hundreds of m]) < 100mJ

100m]J < MIE < 1000m] 1000m] < MIE

Spark discharge
(thousands of mJ)
Propagating brush discharge
(tens of thousands of mJ)

All

WIZ, HKBETID & % FfE B HE T 5 b
P (LT, BHAMERERAEATRIELIES) Tdh 558,
ZHI3EE SN2 EXMEORKT XL F — % f
EL, IhzaaBRmoR/NgEkz 2 Lx— (BT,
MIE: Fi$) &H#$2 2 ok > THIRT 5. i
BI XX —OHE ATV HikE LTE
MEXMEOMEA R ETMEHE T AL X - D
KRS B DT, ZhER/NFHKT I X —
AL CE RV, BERMIZE, 720820
TidTable 2. HULAZER I X FEIZOWTIiZTable 3
75 L BB KRB R AT S,
BHAMERERETREM ., FLSMc e B AR
EIZPEICHUTRAEATZILFE —EIZIE T 72
WHEEOBEZORIRAZMEAIZHRT THWE, ORI
IXINIOSHO M EE DGR 2 2EI1ZL T\ 5,
R U 72 R FE TR SO R T e & 5 K i R R
AREVE A ZRE§ 5 2 12 X > TRBEDIB R A% 72 X
N2 uMREME. 34 b b ERE KUEE A ol REE & TR
BT LENTE D, Yt TldTable 412789 FKH 5 i
BRI AUE L T 5,

2. REE O
WHEOKE SIEANPE, Mg, Bk

{FRIEE 2018

LELIEYS  Likelihood of occurring electrostatic

accident
likelihood for formation of
explosive atmosphere

(obtained from Table 1)

Low Moderate High
Likelihood of occurring Low < < ¢
incendive discharge = Moderate ® b b
(obtained from Table 2/3)  Hjgh c b a

LELICYN  Severity of damages
Criteria for judgment

Personnel  Facilites =~ Monetary
Low no damage small small

Severity  Moderate slight moderate  maderate
High heavy large large

EEATHELCHIBT 5, St TIEFESY 2212
B B B 3 Table 5CTHIM L T\ 5,

3. BEXXKEVRY

Table 4- Table 5OfER A ¢ L2, FFEXIZE S
KE) 27 % Table 6 L DRTE L T\ 5, sk RIZ
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EETSMDBERIV AV T7EAA L b —RE, BREOBLEHEHT—

LGNS Fire/Explosion risk caused by
electrostatic discharge

Likelihood of occurring
electrostatic accident
(obtained from Table 4)
G b a
Severity Low D C B
(obtained from
Table 5) Moderate/High C B A

Fig. 2iftWvy. U 22 MNCEIEIDITA 6 Bh - 72858
FFHELRAREMKLTY) 22 7E 2 A Y b E&H#ED
Bd . RAKINZ ) 22 BRCE7IEDIZE B A h - 7256
A O FFE R LD HMFIHAT 5.

JNIOSHOBERU X IV 7EAXA L N (KEE)

KIEEDIZ20084F- 70 52011412217 TRAF X .
20114F9HIZ T4 R 54 VA E hrz,

Table 7123 kAL ik L KEEEDERZR T, £7.
A 22 OHEETH B2, UthiEE~ ) v o 2
HERHLTO20DIZ3 L, KL TIIEREXULEIC
KBE KDY 55 & OFHlIZ FIRZ E N TWE T &
ME, IG5 EWHEOREIIMAADLETIZZO
FEL LT3, flZiE, Table 6 THMTL7=&k 512,
— R Ny 2 ZAETIIR I D B E5E S T
EORZXOBREIZLDFEUY 2225 fHE W 254
b DA, KEBETIIME LIS,

KIBETIE, T 05X OFMIikIE, nTAESR
SIEENF = F LR, HENY— F L2
FFERENY - F L L, HFESBENF— F LN
AD3IODEEFRETZZEIZE->TRO B, ZOME
EHEREIF - FL AL LIRS, ZHidN%tto
[EFFE XU R TREME ] IS § %, 2055, 1
RVEFZ I RIE RN — F LRI OPE S EIZDONT
b RIBIEICRE IR AV, HENYF — F LA

IELI WA Outline of each method

U F 7S ERE AN — R L AL & ERE BN
— FLNLEREL 728 D2 Y1k #5 M kS 7%
AETTREMEICH Y T 5, KIBETIREFEXKFORZ
DT ENELOREE L THAZ6NBDT, ab,c,
dD4F R THEE XU E IR AE T REME % ST 3 5 X thik
EIEST 2 L REM A S S T REIC 25 5 T B,
Zhid, EREFHRASHTHEAL T 2 EER Y
AT RAAY MEAZY) ==V Y= LELTOD
MERTTHD, 7THZ XV FERIZIB L TKRA T
v 7 e U CHBER LR EDNEMFRIZK 23K — b
2T BB S TWBDIZH LT (Fig. 22H) .
KEETEZOFHEAIEMICEAT 52 12k - T
PR & L. MERREHBT WS BLHD
HEOVNZLDEDLMBRTEILENTE S,

1. BV S SOFHE (KiEH)

KELETIE, BFEXE Y — FL L %ETable 8.
Table 9. Table 104513523 DDfE %R T2 Z
LiZk->TRD B,

Table 8% 6 Yo & M At wRME SR IH KU
P—FLNLTH5B, ZhidTable 1 THEHDIREIREE
[ 5 D Zonelk & & Explosion Group”» 5RE XN 5,
Table 81, /" 7V w F & IZA[BRMEH 2 - RS F5H
B CAENIAET 2 F KR E BT 5,

Table 97 6 P78 SN B fE L. WENY— FL XL
FIIHERE N - FLNLTH S, Table 9T4D
& 2 2PEEIEE TR T H 5, IEPEHERIT
MEh3ZLIZk-oTHREINSDOTIHIX0IZ A S,
HERE R L C & 8T & BB IR sk &
WiRd 2 &bk, BRHEOAIZ XL > CTE
F2E3IC I E NG, ThEFINCHEWEE)
K BERPEEES MEE S H S L0 A AT O B
1213 bR ofE A 2653 5.

Table 107 5 P 7E S 2 i3, HFESNE NV —
FLRNLTH DB, £P, ifFEXKENF— FL XL
OOz, TR L 2-Sitr ot h

Sumitomo Chemical Method

OHSAWA Method

Matrix method
Risk determination

combination)

Severity and likelihood are not considered in

(Likelihood and Severity are taken into account in

combination.

Likelihood determination Matrix method

Multiplication method

1)Hazard level of explosion atmosphere

1) Likelihood for formation of explosive atmosphere

Parameters for likelihood (3 ranks)

(12 kinds of numerical values)

2)Hazard level of electrification and electrostatic

determination

2)Likelihood of occurring incendive discharge

(3 ranks)

induction (7 kinds of numerical values)

3)Hazard Level of electrostatic discharge
(4 kinds of numerical values)
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LGN Hazard level of explosion atmosphere®

IIC/1IC 1IB/IIB IIA/TIA I
hybrid hybrid hybrid
Zone 0/Zone 20 20 15 10 5
Zone 1/Zone 21 12 9 3
Zone 2/Zone 22 4 3 2 1
No formation 0 0 0
Hazard level of electrification and
electrostatic induction®
Charging level based on  With charge Without With charge
conductivity/resistivity leakage  charge leakage promotion
High 2 3 x 2
Moderate 1 3 x 2
Low 0 4 x 2

IELIER N Hazard level of electrostatic discharge

Types of discharge Hazard level for electrostatic

discharge
Spark discharge 5
Brush discharge 3
Propagating brush discharge 3
Cone discharge 2
Corona discharge (IIC) 1

EERICL B EK N T TSR A S KRN T
U CHEBTE BB 2 i W IRE NI E AR 217 5 72
FERIZHOSNTN S,

2. WEE (KEZH)

AWBEE X 2 ERFNHEL LR L0256, A
B, COIEIZ3T ¥ 723§ 5 Z & 2l & LU TRIT
LTW3,

3. BESFEAUZY (KBE)
HEEK Y 2 2 BIHEREKNF = F LA
BHISWHEORE EDT LT 7y b AL 5. Bl

Case 1 Case 2

ICZT5 FOBEBERY AV T7EAA b

—RK. BREOPIIERHT—

Z13. 60B,360AD K H Itk Eh B,

BERURITEAA NERRH

FhEfle LT MLy &2 ERS LT DWERNA -
KR a Y 2 DR ED» 6Ny F &2 TNER %
Fig. 4 C/R T HETH Y 7Y v 5450 207
Y2 AV MZOWTHENTT 3,

Fig. 4R SEEEFM L 255 1C e X h 5 58
SN RS % Fig. 5128 L 72,

1. UZRIT7EAXA D MER (EXRILER)

Table 11(ZFig. 412/ L 724 v 7)) Y 2 EED Y 2
OT XA XA Y MERERT, DUT. Table 11D FCHL
WEIZ DWW TEEIZ ST 5.

(1) r—=z1
© TR IR T BE

1-1, 1-2, 14 : BSR4 v 2 N0 %, K]
I L 7=,

13 ZENRELTERERZ AL T —ZXTh b
2. REBBEBAEOL Y Y 7Y v ST
HBIENOBRRZABNRE TN BLIh
NdbdEFEL, ] LA -,

Sampling

<Conditions>
Hatch

Temp.; 10 degree C
Humidity; 25%
Flash point (as pure toluene); 4degree C

Conductivity (as pure toluene);
<1pS/m (Insulative)
\) MIE (as pure toluene); 0.24m]J
Inside tank atmosphere; Air
Volume of sampling container; 1L

Material of sampling container; metal

Toluene solution ™

B llustration of sampling from top of a tank
containing flammable liquid

Case 4 i
| il

Case 3

I Cases of each geometry where electrostatic discharge is concerned
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1-1, 13 : JEFEH O FY VI RBIZ LT b
DEBRERIIASTZHFBELTWE ML Y260
EFECTEMN EF L bR sD, 202
WE D& IEIR 75 & O TE KM KTERE L RRET 5
EEMER S B 720, TRl L7z,

4: LU REI NI — 2 Th %0,
ZhiE, Case2d®EIZ X2 H K EIET 520K TH
0. CaselDE ZPHIET & 2 RAFIE Ay, eV, 141,
13&fpkic K] & L7

12 =y v 7Y v REE 2V 2N
EEEB I HIZEBAAOVIE Rx S h, MEDEK Z
N7z [/ LHErL 7z,
® FFECERAE TREE

Table 4L D, 1-1»5)EIZ, a, ¢, bak k5,
® wEE

a2y o NETOHEKZE Y 2 KRR ESOEERIC
BEREHEERTTEARS S EH5 2. [A] &Hll
L7 (REXBROAIMEEE Z 1T 2),
® 92z

Table6k V. 1-125JHIZA,C, B, AL k3,

— KK, BRFEOBHILEHT—

PLEED, =210 TE, B %R4E% 5 E
LT 22 BERBTE WD, &E#yY 7Y v
TREGEHET I EIZK 5T 22 IXERHE
TR TE AR E L7, Kb, 7 — ZA1-3DMH
MR, = 2UIRLZZREICE B ) 207 B4)EE
BB EFEROHEXS R E LB IDIZLT
RIEPEA A S D AR U 72335 1 I3 A el Hi e & Cff
WTELENWZEERL TS,

2 r—2z2
@ REFIF SR T REME

2-1,22,24: r — A1&[lkk, RBHL B2 v
I NED&. [R] LHITL 7=,

23 BRENRE L TEREREAD T -2 ThH 5
A, BEKZALRS Y — 21L D g H LTV
L&A N LHlkrL 7=,

@  HAVERE R T REME

21,2223 #EMTHB LTy EERTH B Y
VIV IRBEDBOMRETH B2, AT
T VMBORENMEEZI NS, Lz, [K] L
WrL7=, &k, 2212 O0WTIE, v ) VRN

LEIEREN  Risk analysis result (Sumitomo Chemical Method)

Likelihood
formation of Incendive Fire or Severity . .
Case Sub Safety combustible atmosphere  discharge explosion (personnel) . Risk reduct.lon
No. measures H: High H: High caused by H: High risk  level by taking
M: Moderarte M: Moderate static M: Moderate countermeasures
L: Low L: Low discharge
1-1 None H(Zone 0) H(Spark) a H A -
G di
1-2 rounding . H(Zone 0) L(No discharge) c H C Effective
(personnel/container)
1 Effective but
1-3 Inerting with nitrogen M (Zone 1) H(Spark) b H B . e 1ve "
insufficient
Ch: ]axati
1-4 arge refaxation H(Zone 0) H(Spark) a H A None
(toluene)
2-1 None H(Zone 0) H(Brush) a H A -
G di
2-2 roundmg . H(Zone 0) H(Brush) a H A None
9 (personnel/container)
2-3 Inerting with nitrogen L(Zone 2) H(Brush) c H C Effective
Ch: laxati L(No i di
24 aree refaxation H(Zone 0) (No incendive c H C Effective
(toluene) discharg)
31 None M (Zone 1) H(Spark) b H B -
G di
32 roundmg M (Zone 1) L(No discharge) c H C Effective
3 (personnel)
33 Inerting with nitrogen M(Zone 1) H(Spark) b H B None
Ch: laxati
34 aree refaxation M (Zone 1) H(Spark) b H B None
(toluene)
4-1 None M (Zone 1) H(Spark) b M-H B -
Grounding . .
4-2 . M (Zone 1) L(No discharge) c M-H C Effective
A (personnel/container)
4-3 Inerting with nitrogen M (Zone 1) H(Spark) b M-H B None
Ch laxati
44 are reraation M (Zone 1) H(Spark) b MH B None

(toluene)

54

FRiLE 2018



D70, BELEZPLI YO ERES
S TCEMEALTILT Y EDBEMNENNEL &
STHET RILF —=h225k 0 /&< & 5 REMED
HBH, BHETEALZ ) —= v Y =)Lk LT
BT TWE 720, ZOEIEHFEFELHWD,

24 BAENFEELE LT ML Y N REBLANILET
FREINTHWAIHEETHD., 77 VRBEBREL
ELTEEAMERENE LT, [N L 72,
® HFE X SE TR TR
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FAREMALEZE VLT YO ABE GEHI
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TR DOPBEHIR O AR U 22 355100%. A adHilH
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THDHZZ LT, WEBEDLS BEEIZHLTH flie O BESIES 4+ WENISBAT 213 TR
R A I o B R R N AP S N N EVWDT. 22 TCRARTHEN L-HER) 22 7
PAECTHEOERIEE 4 A -2 L < kb, Z B2 A Y b O PR R PR T s KRR T O T
TUIMERERER & L TR L 220, B FEME DB 5.
LTEWHTE S,
1. B (7—R) ERZTF12T
2. URITEAAL MER (KEE) Fig. 612789 & 912, BEHIERS 2 O TR AK
WIZE CHFRl A2 REETT Y 2 4V F LR % s )RR PEWE A kB & T A S s LT A
Table 1212789, FFMlIZHEIZE$ 2 28, HAPEEE GHATIZV]) % AHb & A CO[VIIZIRD 2 & A ik & 7=
N5 7 — 2 TGO IS U CRFE SUE N BT — 2 LR, KV F 4 V2R OBk &

LGN PA  Risk analysis result (OHSAWA Method)

Hazard Level Risk
Sub Safety . Electrification and . Ignition caused ~ Severity .. (Sumitomo
Case No. measures }éflplosﬁon electrostatic Eifimﬁ)smm by electrostatic (personnel) Chemical
atmosphere induction ischarge discharge Method)
1-1 None 10(Zone 0) 4(Container) 5(Spark) 200 A 200A A
Grounding .
1-2 . 10(Zone 0) 0(Container) not expected 0 A 0A C
1 (personnel/container)
1-3  Inerting with nitrogen 6(Zone 1) 4(Container) 5(Spark) 120 A 120A B
Ch: laxati
14 arge reralion - 10(Zone 0) 4(Container) 5(Spark) 200 A 2004 A
(toluene)
2-1 None 10(Zone 0) 2 (liquid) 3(Blush) 60 A 60A A
G di
2.2 roundis 10(Zone 0) 2(liquid) 3(Blush) 60 A 60A A
9 (personnel/container)
2-3  Inerting with nitrogen  2(Zone 2) 2 (liquid) 3(Blush) 12 A 12A C
Ch: laxati
24 arge reaxalion 44 Zone 0) 0(liquid) not expected 0 A 0A C
(toluene)
31 None 6(Zone 1) 4 (personnel) 5(Spark) 120 A 120A B
G di
3-2 rounding . 6(Zone 1) 0(personnel) not expected 0 0 0A C
3 (personnel/container)
3-3  Inerting with nitrogen  6(Zone 1) 4 (personnel) 5(Spark) 120 A 120A B
Ch: laxati
34 arge reaxation g 7 one 1) 4(personnel) 5(Spark) 120 A 1200 B
(toluene)
. 120A
41 None 6(Zone 1)  4(personnel/container) 5(Spark) 120 A~B 190B B
G di 0A
4-2 roundmg . 6(Zone 1)  O(personnel/container) not expected 0 A~B C
(personnel/container) 0B
4 120A
4-3  Inerting with nitrogen 6(Zone 1)  4(personnel/container) 5(Spark) 120 A~B 1208 B
Ch laxati 120A
4-4 arge refaxation 6(Zone 1)  4(personnel/container) 5(Spark) 120 A~B B
(toluene) 120B
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