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Abstract — Chlorine is one of the most produced and most used non-flammable chemical substances in the world even
though its toxicity and high reactivity cause the ozone layer depletion. However, in modern life, it is impossible to live a
good life without using Chlorine and its derivatives since they are being used as an typical ingredient in more than
40 percent of the manufactured goods including medicines, detergents, deodorant, fungicides, herbicides, insecticides,
and plastic, etc. Even if Chlorine has been handled and distributed in various business (small and medium-sized busi-
nesses, water purification plants, distribution company, etc.), there have been few researches about its possible health
hazard and transportation risks. Accordingly, the purpose of this paper is to make a detailed assessment of Chlorine-
related risks and to model an index of chemicals transportation risks that is adequate for domestic circumstances. The
assessment of possible health hazard and transportation risks was made on 13 kinds of hazardous chemicals, including
liquid chlorine. This research may be contributed to standardizing the risk assessment of Chlorine and other hazardous
chemicals by using an index of transportation risks.
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Table 1. Physical properties of chlorine

Field Description

Name Chlorine

CAS No. 7782-50-5

Color Clear Amber Liquid Yellow-Green Gas
Boiling Point -34.05°C

Critical Temperature 144.0 °C

Water Solubility 0.7 g/100 g H,O

Density 3.2 g/1(0°C, 101.325 kPa)
Molecular Formula Cl,

Melting Point -100.98 °C

Critical Pressure 76.1 atm

Gas Density 2.5 (air=1)

Expansion Rate 457.6

Table 2. Human effects of chlorine exposure [12]

Concentration in Air (ppm) Degree of the Human Effect

0.03~0.4 Odor Threshold (Decrease in odor
perception occurs over time)

1~3 Mild Nose (Mucous Membrane) Irritation

5~15 Throat Irritation upper respiratory tract

30 Immediate Chest Pain, Vomiting, Changes in
Breathing Rate, and Cough

40~60 Lung Injury (Toxic Pneumonitis) and
Pulmonary Edema (Fluid in the Lungs)

430 Lethal after 30 minute Exposure

1,000 Death after a few minute Exposure
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Table 3. Chlorine usage rate in 2005 [13]

Chlorine Usage Product Sectors (%)
Vinyl (EDC/VCM) 36
Chlorinated Intermediates 9
HCI 8
Propylene Oxide 7
Chloroethane Solvents 6
Water Treatment 5
Allylics 4
Pulp & Paper 4
Other Organics 7
Other Inorganics 14
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Fig. 1. The process diagrams of chlorine derivative [1].
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Table 4. Chlorine cylinders, containers and tank car specifications in USA [18]

Type of Device (Cl, Capacity) Weight Size Relief & Safety Devices
Cylinders
45-68 ke 72.5~131.5 kg 254cmx 1.5m Fusible Plug: 1

(100~150 Ibs) (160~290 Ibs)

(Dia x Length)

Ton Container

1633 kg 762 cm x 2.0 m .
907 kg . Fusible Plug: 6
(2000 Ibs) (3600 Ibs) (Dia x Length)
Rail Container Length 9~15 m
(Rail Tank Car) 37~132 Ton Width 3.25 m Safety Valve: 1
(16~20 Ton) Height 4.7 m
. Length 13.7~18 m
Tank Trailer .
(16~20 Ton) 30~38 Ton Width 3 m Safety Valve: 6

Height 3.65 m
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Table 5. Chlorine registration facilities in Korea [21]
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Registration and Permission Facilities for High Pressure Gas in 2008 (Korea Gas Safety Corporation)

Product Manufacturing Facilities 13 EA General Manufacturing Facilities 8 EA
Filling/Storage Facilities 4EA Storage Tank 75 EA
Liquefied Chlorine Consuming Facilities 255 EA Small Vessel 467 EA
Distribution 13 EA Gas Cylinder 4,305 EA
Marketing Facilities 68 EA
The Quantity Consumed of Chlorine Handling Facilities (Korea Gas Safety Corporation)
. . . Consuming Facilies
Area (City) Handling Quantity (ton/yr) Water Intake Plant Filtration Plant Sum of Plant

Seoul 5,184 3 6 9
Incheon 1,038 - 4 4
Suwon 54 1 2 3
Deajeon 405 1 3 4
Deagu 1,925 6 7 13
Ulsan 233 1 5 6
Busan 342 1 4 5
Kwangju 259 3 4 7
Jeonju 29 4 3 7
Jeju - - 10 10
Total 9,469 20 48 68
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Table 6. Chlorine accidents in Korea (1967~2009) [2]

Date Descript of Chlorine Accidents Accident Causes

1985/10/25 Gas release Miss Operation (Valve Connection)
1985/05/08 Valve Disassemble Miss Operation (Disassemble Cylinder)
1983/10/02 Poisoning Accident Pipe Connection (Reaction)
1983/04/15 Valve Rupture Poor Driving (Distribution)
1978/06/29 Gas release (Welded Connection Pipe Connection (Reaction)
1978/03/20 Cylinder Rupture Careless Handling (Distribution)
1975/07/13 Gas release (Welded Connection) Decrepit Cylinder (Reaction)
1974/08/15 Gas release Pipe Connection (Reaction)
1974/01/06 Gas release (Cylinder fall) Careless Handling (Distribution)
1971/11/23 Gas release (Cylinder fall) Bad Product (Valve)

1970/06/02 Gas release Bad Product (Valve)

1968/04/16 Gas release Bad Product (Valve)

1967/11/03 Poisoning Accident Bad Product (Valve)

2009/04/23 Gas release of Scrap-metal Dealer Careless Handling(Cylinder)
2006/08/17 Poisoning Accident Careless Handling(Wrong filling)
2006/02/06 Gas release Careless Handling(Cylinder)
2004/04/16 Gas release of Scrap-metal Dealer Decrepit Cylinder (Reaction)
2003/05/10 Gas release Miss Operation (Wrong filling)
1998/09/17 Gas release Miss Operation (Valve)
1998/08/23 Gas release Miss Operation (Replacement)
1997/07/13 Gas release Decrepit Cylinder (Reaction)
1996/06/03 Gas release of Valve Neck-connection Decrepit Cylinder (Reaction)
1996/02/15 Gas release of Miss-tighten Wrong Connection

1995/05/09 Gas release of Traffic Accidents Traffic Accidents

1993/07/25 Gas release Decrepit Cylinder (Reaction)
1993/06/17 Gas release of Relief Valve Overcharge (Tank Lorry)
1990/10/29 Gas release External Impact

1985/10/25 Gas release Miss Operation (Valve Connection)
1985/05/08 Valve Disassemble Miss Operation (Disassemble Cylinder)
1983/10/02 Poisoning Accident Pipe Connection (Reaction)
1983/04/15 Valve Rupture Poor Driving (Distribution)
1978/06/29 Gas release (Welded Connection Pipe Connection (Reaction)
1978/03/20 Cylinder Rupture Careless Handling (Distribution)
1975/07/13 Gas release (Welded Connection) Decrepit Cylinder (Reaction)
1974/08/15 Gas release Pipe Connection (Reaction)
1974/01/06 Gas release (Cylinder fall) Careless Handling (Distribution)
1971/11/23 Gas release (Cylinder fall) Bad Product (Valve)

1970/06/02 Gas release Bad Product (Valve)

1968/04/16 Gas release Bad Product (Valve)

1967/11/03 Poisoning Accident Bad Product (Valve)
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Table 7. Chlorine accidents in Japan (2000~2008) [2]

%32~ (Chlorine) 5 <3ld 37} 761

Date Descript of Chlorine Accidents Accident Causes

Jan/2000 Valve leakage of underground Storage Decrepit Storage (Reaction)
Mar/2000 Cracked Hose Connection Degradation (Hose Connection)
Oct/2000 Over-tighten Connection Careless Handling

Apr/2000 Wrong Charging of Tank Lorry Miss Operation (Valve, Distribution)
Jun/2000 Out of Control (Instrument Failure) Miss Operation (Malfunction)
Nov/2000 Flange leakage Degradation (Corrosion, Reaction)
Mar/2001 High Temperature (Relief Valve) Miss Operation

Sep/2001 Hose leakage of Tank Lorry Degradation (Corrosion, Reaction)
Nov?2001 Valve Corrosion Degradation (Corrosion, Reaction)
Dec/2001 Not Used Cylinder Careless Handling

May/2002 Charge of Tank Lorry Miss Operation

Jul/2002 Valve leakage Careless Handling (Miss Operation)
Jul/2002 Internal Corrosion of Evaporator Degradation (Corrosion, Reaction)
Oct/2002 Excess charge of Filtration Plant Overcharge (Miss Operation)
Oct/2002 Sewage Treatment Plant Careless Handling (falling)
Feb/2003 Not Used Cylinder Careless Handling

Jun/2003 Contact to Not-removal-Resin for New Instrument Careless Handling (Reaction)
Jun/2003 External Corrosion (Cylinder) Degradation (Corrosion, Reaction)
Sep/2003 External Corrosion (Pipe) Degradation (Corrosion, Reaction; Loading Area)
Jul/2004 Careless Handling (Scrap Cylinder) Cleaning Error (Dregs)

Nov/2005 Miss Cutting (Pipe) Construction Error (Missing Work)
Jun/2006 Corrosion (Valve Connection) Miss Connection

Aug/2006 External Impact (Changed Cylinders) Construction Error (Missing Work)
Oct/2006 Remain Gas Leak (Piping Work) Construction Error (Missing Work)
Oct/2006 Gas Release (Filling Plants) Careless Handling (Unloading)
Jun/2007 Filtration Plant (Damaged Pipe Connection) Degradation (Corrosion, Reaction)
Dec/2007 Excess Charge of Filling Facilities Careless Handling

Jan/2008 Snapping Failure of Tank Lorry Charging Miss Operation

May/2008 Miss Operation (Valve) Miss Operation

Sep/2008 Gas Release (Scrap Cylinder) Degradation (Corrosion, Reaction)
Nov/2008 Construction Error (Missing Work) Degradation (Corrosion, Reaction

Table 691 LFERASITE. ©] 7128 196737E] 20087H4] $H=171~
QPAFARY] ] QAL AL E, AFILE A S lAARAL T
o] FEAIAL, 94 HH F TR 108 AFekaL QlrH2].
Ha R SEARP AT ] A Alae 21710 % gERl
O, Alan A E A4 Fo) oo Ao FAA Tl
Aelatdct. A4 F 404%F 27712) Abarst WAkl cha st
7)ol mln)st o] wrkar ®elck ek FUNE Alars d4 FHe
37} ol FEa g Atusis 8] HF Alas &
THEITh 2kES] ool stk ARk FHF B e] AfalE, Alal
AT FHehd &7 ¥ 9 BEHEES) TO% I3k iR
AR} 277 S 127 (44.4%) S ZA sk the o2 9 22t A
T A 2l gt Akt 2740 F 971(33.3%) A3, 871 A
o] et gk e g} 91 5ol 28t Al s osy] Sle) ww
S 4 Fdo] H ok 7107 YeRtt & F2 7 22 da v
O % FHEE AT 44.4%= AASkL QLo 5 B Ak
T 5A0= 7} 18.5%% AAIskAL 9lo] B4 5ol thsh ek

(¢}

A BRAYSE A4 Akl TR Y Yl F 5] Alar) F 264710 =,
3EAR] AR 31718 2)ehA Table 79 2TH11]. 53] P4

A
Fo7t 452%01m, 2222 2 HFHT2 52 107102 323%, 94
SETE AFLE 471 0F 129%%2 24511 QJrH2].

264719 Al AFRE A e yy|Es AFY 61, 4 251,
737 1,649 F APEASTT 1,6800 02 oJERS] 31Q17)A~of ns]
=0 22 e 3 9o, AKre] FElE AFgaas) Akl 917,
Ak, At 9l Aol B s7bA R rREle] BAIE
AfaL i 0] 9 A28 7) oF 40%0]51, BA R B o
gl 7]e} ApargasellA] 18% B=E AFakaL Sl

ofy

3-2-3. 157 S5 G4 FEALL

Table 82] W= AATE AlE ARl RAF oA 734
A7) 558 T A S 23 o F2) o= Ql
Bk A4 WA A7) 1271(57.1%)0) 2L, +5A 7T 671(28.6%), 71
E} sHAl ARalrt 37 (14.3%) 02 BFEIATh Fard o & v)=r g)sh
Qb T} 213 2AF9] 23] (Chemical Safety and Hazard Investigation
Board: CSB)’2] 9172182 “The 600K Report’ol] 2J3hd A4 H-%
Al 3,80071 0% A Al WSS 1.47%0 A9 &5 £
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Table 8. Chlorine accidents in America and China

1) Chlorine Accidents in America

Dec/1975 Explosion of Niagara Jan/1989 Gas Release of Los Angeles

Dec/1976 Explosion of Baton Rouge (Plants) May/1995 Gas Release

Oct/1977 Gas Release of Michigan Feb/1995 Warehouse Fire (Included Chlorine Cylinders)
Feb/1978 Gas Release of Youngstown (Railroad) Sep/1997 Explode of Unloading Tank Lorry

Jun/1978 Gas Release (Storage) Jul/2001 Warehouse Fire (Included Chlorine Cylinders)
May/1981 Gas Release of Puerto Rico Jul/2002 Abnormal reaction (Explode Pipe)

Jun/1981 Gas Release Aug/2001 Hose Failure during Railroad Charging
Jul/1987 Gas Release of Railroad Jul/2003 Louisiana, Corrosion of Management Failure
Jun/1988 Gas Release of Springfield Jun/2006 Texas (Train to Train)

Sep/1988 Gas Release of Los Angeles Jan/2005 South Carolina (Tank Lorry to Train)
Sep/1988 Gas Release of Los Angeles (2"%)

2) Chlorine Accidents in China

Dec/2003 Explode of Chorine Storage Chlorine Leak: 234 dead, over 10,000 evacuated

Apr/2004 Leak of Chorine Storage Chlorine Leak 9 dead, over 150,000 evacuated

Mar/2004 Highway Traffic Accidents Chlorine Leak: 27 dead, over 10,000 evacuated

Al =913 9912 A Q). 2011 % V]=F Environmental health
News®] Jane Kay 5'87]|332¢] £]51 200015 147152114 100
o] 719] AAFER Qslo] 1450] AldetaL 8200] slE 1o
T gkl FRlo] 9§k A 0 = vERd T, B3t 1996~2001
W74 40,000719] SFEHEA Alarr) Qlglew o] F 1993~20001
Alolell 86579 A & Al WAEl] 1 F 275¢10] AdelE
dozlom 1,07170] F3IE AUt 2005~2009 1= Ha %
AFILE 48719) 2FgE AaAaLE 9 o] AFgElglar 831 ] AdellE
=t o) T 717 7 5 S1EEA 1,306719) 2 W
A} FSARLE Q13) 30 0] AbdStaL 19780] Fd-e Q1 A7 v
Wb 47tet 913s Rt
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7} FEE 0] I 71 2780 Abgstal = v io] tigjshs Ak
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7TeF 71l A E 17719 da Akl AR A e v BT
9] WR3/3 Akt 731, e ALat 471 0 = 747 41%9) 23.5%
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o] AL 715 wlashd, =iule] 3 30471 27
O}, o] 9 9t 264719] ARz} Wl T QI
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. ‘/ . | Chlorine Accidents in Korea (1967~2009)
3Wo 2

M Decrepit Cylinder (Reaction): 12
M Careless Handling : 9
L Distribution : 5

Metc.:1

B | Chlorine Accidents in Japan (2000~2008) |

M Decrepit Cylinder (Reaction): 14

M Careless Handling : 10

ld Distribution : 4

M etc.:3

Chlorine Accidents in America (1975~2005)

M Corrosion : 12

H Distribution : 6

etc.: 3

Fig. 3. Analysis of chlorine accidents for Korea, Japan and U.S.A.
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Table 9. Compared with consequence and frequency index
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Consequence Index: Level 1~5

Frequency Index: Level 1~4

Fire & Chemical Inhalation Skin Skin/Eye Aquatic “Other
DOW Explosion Exposure  Toxicity = Absorption Corrosive Toxicity Index Effects” Ton Miles Per Year - Log Scale
Index: F&EI Index: CEI  Index  Toxicity Index  Index Index
Sugge-stion  NFPA NFPA Inha!agon Acute Toxicity: Aqvuatw. . Transport. Transport.  Transport.
Model  Index: Nf Index: Nr Toxicity: TEEL Toxicity: Fish - Regulation  Traffic Frequency  Distance Road
’ ’ IDLH Toxicity Volume
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Table 10. Consequence index of chemical transportation risk evaluation

g

Consequence In

dex: £C

Fire & Explosion Reactivity Inhalation Toxicity Acute Toxicity —Aquatic Toxicity Regulation (International & Local)

Environmental Laws/ Dangerous Goods (Safety Control

Guide NFPI?\I]?deX: NFP/?\Ilrndex: ;DI;IIS 2;5]5/;-32) Flsa}i E(g(lczw 316) hr of Dangerous Substances Act)/Occupational Safety and
PP & 50 (HE Health Act etc. - Law and Regulations

Level 5 4 4 10 10 bellow 10 Sub§tanc.es. requiring preparation for accidents, Terror or
Radioactivity
Substances requiring preparation for accidents or

Level 4 3 3 11~50 10~5 bellow 11~500 Dangerous Substances (Risk 1) or International
Environmental Conventions (CWC, PIC, POPs)

Level 3 2 2 51100 50100 bellow 501~10,000 Dangerous Substances (Risk 2) or Toxic Chemicals,
Malodor Substances

Level 2 | | 101~200 100~500 bellow  10,001~100,000 Dangerous Sul?stances (Risk 3) or Special Pollution
Substances (Air/Water)

Level 1 0 0 Great Than 201  Great Than 500 Great Than 100,001 Environmental Pollution Substances (Soil/Air/Water etc.)

Table 11. Frequency index of chemical transportation risk evaluation

Frequency Index: XF

Volume
Guide Ton per Time
Level 4 Great Than 20 Ton
Level 3 11~20 Ton
Level 2 1~10 Ton
Level 1 Less Than 1 Ton

Frequency Distance

Time per Month km

Great Than 200 201 km~
101~200 101~200 km
10~100 20~100 km

Less Than 10 Less Than 20 km

Main Route

Road Identification”

2 Traffic Lanes (per Each Way)

4 Traffic Lanes (per Each Way: National Highway)

4 Traffic Lanes (per Each Way: National Expressway)
Over 4 Traffic Lanes (per Each Way)

Grade of Road identification in Korea: National Expressway, National Highway, Special/City Metropolitan City Road, Provincial Road, Si/Gun Road

Table 12. Consequence data of chemical transportation

Consequence Index Data

(T : Toxicity) F&E React. Inhalation T. Acute T. Aquatic T. Regulation
Guide NFPA Index NFPA Index IDLH (ppm) TEEL-2 (mg/m®)  Fish T. LCs, (ug/l) Local Regulation
. 0 0 10 7.5 390 Preparation for Accidents
Chlorine
Level 1 Level 1 Level 5 Level 5 Level 4 Level 5
HCl 0 0 50 30 21,900 Accidents, Toxic
Level 1 Level 1 Level 4 Level 4 Level 2 Level 4
) 0 1 3.5 (10 mg/m®) 5 240 Toxic
Caustic
Level 1 Level 2 Level 5 Level 5 Level 4 Level 3
H.S0 0 2 10 10 2.8 Accidents, Toxic
7 Level 1 Level 3 Level 5 Level 4 Level 5 Level 4
0 0 - 500 95 Environmental Pollutant
HypoChlo
Level 1 Level 1 Level 1 Level 1 Level 4 Level 1
EDC 3 0 50 810 150,000 Toxic, CWC, PIC
Level 4 Level 1 Level 4 Level 1 Level 1 Level 4
VCM 4 2 - 12.5 3,880,000 Accidents, Toxic, CWC
Level 5 Level 3 Level 1 Level 4 Level 1 Level 4
ECH 3 2 75 75 13,200 Toxic, CWC
Level 4 Level 3 Level 3 Level 3 Level 2 Level 4
DCP 3 0 400 500 280,000 Toxic, Risk 2
a
Level 4 Level 1 Level 1 Level 1 Level 1 Level 3
> FH 2 0 - 100 28,200 Risk 3
Level 3 Level 1 Level 1 Level 3 Level 2 Level 2
2 0 - 75 16,000 Risk 2, Odor
n-BAL
Level 3 Level 1 Level 1 Level 3 Level 2 Level 3
- BuOH 3 0 1,600 750 1,000,000~3,000,000 Risk 2, CWC
1_
" Level 4 Level 1 Level 1 Level 1 Level 1 Level 4
3 0 1,400 150 2,250,000 Risk 2, Ordor, CWC
n-BuOH
Level 4 Level 1 Level 1 Level 2 Level 1 Level 4
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AN AR 7 Al 371E| 9} =20 AHE vt # o]l SF(Level)S &3 o=, B4 AlF S53-3 Table 1291
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AL 104,236 kmE TEEE (3,447 km, TS 100%), & 7} 47019] 0] SF(Level)S &3k gho] Eiv}, HALSE glataa &
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ofr, T FehEAle Hishe EAME eI (1,682 km, EAES A29] A9, A3t 2EAFE0P] Agshs o o) S
96.5%)2} B (10,181 km, FEFE-2 69.9%)% FAFE ITH26). &2 v A
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3-4. SEIEE °*°I°4XI O| DA}

Aokg F}eHEA 24218 X4 (CTIy B2 22AS Bl R $132)4>(Frequency Index: F)el| 3ldshe= 471 3ho] &=
L1al =uellA ﬂﬁ_ e sletEds 7 wol AAksk= Hit S R
o b s REE AR Folo] s REIUEE SF=3+3+4+3=13 ©)

BheIslel £ Ban wit] 21 @S A9

T ol Al tisk Aoz A A F SR /LTl & o, W Aol Sy B2 Ego] L sekEd e o
o}-% slerEA 13%0] U3t AhZoltl, 94 Aba WIEs) 7R = TR Aol Level 3~40]] st =& A kS @]l
20 021917 SI THeIsh LPGING A8 SRS W, & SUEH Sl b el 1L PN skt 4
%9]8l0] =& BEAo|gly B Q). B3] ol 7 we 5 AEA e WAR 3F dEoR vk ? = v el 5
SAES Ak o4 ola S| olelNe] Sred FakdE RIS FHHCR ALk 5, A3t 9B AF (Frequency
5 ol MEEEAEo} BARG0) JNE gz o) £ Index) TF = 102 4] (1% A1g3ka chgs} 2k
22 AAele] WohwE wale] Aeaieltt. s AL ol CTI @824 9644 Chlorine) = XC x IF = 21 x 10=210 (4)
& T, AL /M Ak, FAL, Shol E(RHoFG &AL, EDC,

VCM, $EFS(2-EH) 5 13205 85 240 tjal #|528 3= Table 14+= 1371 %1‘011 e S HATE e 3 7
ZHIE Al SHOR A8 dolER A 2545 % 7 o) T REAT NI SEATE Fom Bhs TR EgInt o
Table 13. Frequency data of chemical transportation
Frequency Index Data Level 4 Level 3
Guide Volume Frequency Distance Main Route
(Ton per Time) (Time per Month) (km) (Type of Road)
Chlorine 19 110 201 Four lanes
Level 3 Level 3 Level 4 Level 3
Hel 26 240 201 Four lanes
Level 4 Level 4 Level 4 Level 3
Caustic 26 210 400 Four lanes
Level 4 Level 4 Level 4 Level 3
H,S0, 25 20 380 Four lanes
Level 4 Level 2 Level 4 Level 3
15 16 100 Four lanes
HypoChlo Level 3 Level 2 Level 2 Level 3
EDC 14 6 380 Four lanes (Highway)
Level 3 Level 1 Level 4 Level 2
VCM less than 1 3 280 Four lanes (Highway)
Level 1 Level 1 Level 4 Level 2
ECH 17 50 370 Four lanes
Level 3 Level 2 Level 4 Level 3
DCPa 9 3 260 Four lanes
Level 2 Level 1 Level 4 Level 3
26 41 380 Four lanes
2-EH
Level 4 Level 2 Level 4 Level 3
n-BAL Land Shipping: No data during investigation period
i-BuOH 18 5
Four lanes Level 3 Level 1
Level 3 n-BuOH 25 11
Level 4
Four lanes Level 4 Level 2
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Table 14. Chemical transportation risk with CTI’s consequence and frequency level

Chemical Transportation Risk Chart

Materials Consequence Index(2C) Frequency Index (XF) Chemical Transportation Index (CTI)
Chlorine 21 10 210
HCl 16 11 176
Caustic 20 11 220
H,S0, 22 9 198
Hypochlo. 9 7 63
EDC 15 7 105
VCM 18 7 126
ECH 19 9 171
DCPa 11 8 99
2-EH 12 9 117
n-BAL 13 0 0
i-BuOH 12 8 184
n-BuOH 13 9 117
Chemical Transportation Risk Chart
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I'(:SO_. 'Y ClL h N
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] ~ ~
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