
 
 
 
 

 
Risk area estimation and consequence based analysis 

using 3D terrain modeling!
!
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Abstract 
! 5.$R!#4%#!%$&.7#&.2,$!#4%!#,!.7024&#,&!&22/!@24!&1%!#'&124.&.%$!4%$02,$.</%!S.&1!
.,&%4>%,&.2,!.,!-#$%!2@!#!7#C24!-1%7.-#/!#--.(%,&9!#.(.,3!.,!&1%.4!A7%43%,-)!5%$02,$%!
H/#,$!<)!042>.(.,3!#--'4#&%!#,(!(%&#./%(!.,@247#&.2,!2,!&1%!$.&%9!S%#&1%4!-2,(.&.2,$9!
1#T#4(2'$!-1%7.-#/$!.,>2/>%(9!#,(!&1%.4!(.$0%4$.2,!0#&&%4,$E!;)!'$.,3!BA8AU!8.%S9!
#! -270/%Q! &14%%! (.7%,$.2,#/! (.$0%4$.2,! 72(%/! -#,! <%! (%>%/20%(9! #,(! .&$! %@@%-&$!
#,#/)T%(!#,(!-270#4%(!.,!(%&#./E!
! H12$3%,%! .$! 2,%! 2@! &1%$%! &2Q.-! $'<$&#,-%$9! #,(! 1#$! $%>%4%! %@@%-&$! 2,! 1'7#,!
1%#/&1! #,(! &1%! %,>.42,7%,&E! V'4! 042C%-&! (%$-4.<%$! #! WS24$&+-#$%! $-%,#4.2:! &)0%!
4%/%#$%! 2@! 012$3%,%! #,(! ! #,#/)$%$! .&$! -2,$%X'%,-%$! <)! /22R.,3! #&! &1%! ,'7<%4! 2@!
0%4$2,$!#@@%-&%(E!!

Y!724%!4%/%>#,&!2>%4>.%S!2@! &1%!%@@%-&$!2@!$'-1!#,!#--.(%,&!S.//!<%!02$$.</%!
<)! -244%/#&.,3! &1%! (.$0%4$.2,! 0#&&%4,$! S.&1! (%7234#01.-#/! (#&#! -2//%-&%(! @427! &1%!
567,.-'+86/-%#!#4%#E!!
!
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!
Introduction 
 H12$3%,%!Z"/L"V[!3#.,%(!.&$!,2&24.%&)!.,!\24/(!\#4!]!#$!#!-1%7.-#/!S%#02,9!
.&^$! -'44%,&/)! '$%(! #$! #! -1%7.-#/! 4%#3%,&! #,(! .$! #! <#$.-! -2702,%,&! .,! 243#,.-!
$),&1%$.$E!!!

],('$&4.#//)9!012$3%,%!.$!042('-%(!<)!0#$$.,3!-1/24.,%!3#$!#,(!0'4.@.%(!-#4<2,!
72,2Q.(%!&142'31!#!<%(!2@!0242'$!#-&.>#&%(!-#4<2,9!S1.-1!$%4>%$!#$!#!-#&#/)$&E!M1%!
%X'#&.2,!.$!(%$-4.<%(!#$!@2//2S$*!

"V!N!"/L!"!"V"/L!#_4Q,!`!$JGPEORab72/!
H12$3%,%! .$! -2442$.>%! &2! %Q02$%(! &.$$'%$c! .,1#/#&.2,! 2@! >#024$!7#)! 4%$'/&! .,!

0'/72,#4)! %(%7#! #,(! -1%7.-#/! 0,%'72,.#E! D2,@/#77#</%9! <'&! 2,! -2,&#-&! S.&1!
72.$&'4%! 4%#-&$! >.2/%,&/)! #,(! (%-2702$%$! &2! &2Q.-! -2702',($9! .,-/'(.,3!
-1/24.,%EZ\.R.0%(.#9!LGGK[!

H12$3%,%! .$!I! &.7%$!(%,$%4! &1#,!#.49! &1%4%@24%! .&! &%,($! &2! 4%7#.,!-/2$%! &2! &1%!
342',(!#,(!&2!-2//%-&!.,!/2S!#4%#$E!!
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Y/&12'31!('%!&2!.&$!1.31!&2Q.-.&)9!$&24#3%!.$!>%4)!$&4.-&/)!-2,&42//%(9!'$'#//)!.,!
-2,@.,%(! #4%#$! S.&1! >%,&./#&.2,! &2S#4($! #! ,%'&4#/.T#&.2,! $)$&%7E! ],! $0.&%! 2@! &1%$%!
$#@%&)!7%#$'4%$!#--.(%,&$!(2!2--'49!@24!%Q#70/%!#!012$3%,%+-2,&#.,.,3!0.0%!4'0&'4%!
2,! B%0&%7<%4! d9! JKKI9! .,! e%2-12,9! f24%#9! 4%$'/&%(! .,! 7'/&.0/%! .,C'4.%$! #,(! F!
(%#&1$EZ"55DA9!g',3+h#7#3.,3!Y3%,&$9!H12$3%,%9!LGGK[!

=$'#//)9! #4%! -2,$.(%4%(! &2! <%! $&4#&%3.-! 2<C%-&.>%$! .,! -#$%! 2@!S#4! 24! &%4424.$&!
#&&#-R$!&1%!@#-./.&.%$!S1.-1!$&24%!#,(!042-%$$!1.31/)!(#,3%42'$!$'<$&#,-%$E!
 
Implementing Seveso III in Romania 

527#,.#9! #$! #! 4%-%,&! 7%7<%4! 2@! &1%! A'420%#,! =,.2,! 1#$! $0%-.@.-! 32#/$! &2!
#-1.%>%! .,! 24(%4! &2! 7%%&! &1%! A=! $&#,(#4($E! Y! 7#C24! 32#/! .$! 4%04%$%,&%(! <)! &1%!
%,>.42,7%,&#/!#,(!.,('$&4.#/!$%-&24^$!#<./.&)!&2!#-1.%>%!$0%-.@.-!$&#,(#4($E!!

Y! 7#C24! 3'.(%/.,%! .$! 4%04%$%,&%(! <)! &1%! B%>%$2! h.4%-&.>%E! M1%! h.4%-&.>%i$!
$-20%!S#$!<2&1!<42#(%,%(!#,(!$.70/.@.%(E!]&!.$!#00/.-#</%!&2!#,)!%$&#</.$17%,&!S1%4%!
(#,3%42'$!$'<$&#,-%$!#4%!04%$%,&!24!/.R%/)!&2!<%!042('-%(!#$!#!4%$'/&!2@!#,!#--.(%,&9!.,!
X'#,&.&.%$!%X'#/!&2!24!.,!%Q-%$$!2@!&1%!X'#,&.&.%$!/.$&%(!.,!&1%!Y,,%QE!M1%!/.$&!2@!,#7%(!
$'<$&#,-%$!.,!&1%!Y,,%Q!S#$!4%('-%(!@427!JdG!&2!jG9!<'&!.$!#--270#,.%(!<)!#!/.$&!2@!
-#&%324.%$!2@!$'<$&#,-%$9!S1.-1!.,!04#-&.-%!<42#(%,$!&1%!$-20%E!
! h.4%-&.>%! LGGFbJGjbA"! ZB%>%$2! ]]][! %Q&%,(%(! &1%! $-20%! #,(! #00/.-#<./.&)! 2@!
&1%! B%>%$2! ]]! h.4%-&.>%! &2! -2>%4! &1%! 042-%$$.,3! #,(! $&24#3%! 2@!7.,%4#/$! -2,&#.,.,3!
(#,3%42'$!$'<$&#,-%$E!?24!%$&#</.$17%,&$!S1.-1!$'<$%X'%,&/)!@#//!S.&1.,!&1%!$-20%!2@!
h.4%-&.>%!KObdLbA"9!.&!1#$!<%%,!$12S,!,%-%$$#4)!.,!B>%$2!]]]!&2!.,&42('-%!7.,.7'7!
0%4.2($!@24!,2&.@.-#&.2,$!#,(!&1%!%$&#</.$17%,&!2@!7#C24!#--.(%,&!04%>%,&.2,!02/.-.%$9!
$#@%&)! 4%024&$! #,(! %7%43%,-)! 0/#,$E! ZB"Yh! H/'$9! k#C24! Y--.(%,&$! .,>2/>.,3!
h#,3%42'$!B'<$&#,-%$9!LGGK[!
! M1.$!#0042#-1!#/$2!@#-./.&#&%$!&1%!0'</.-^$!#--%$$!&2!.,@247#&.2,9!#,(!3.>%$!&1%!
0'</.-! #!724%! .7024&#,&! 42/%! .,! &1%! (%-.$.2,+7#R.,3! 042-%$$E! M1%! 20%4#&24! #,(! &1%!
#'&124.&.%$!7'$&!#-&.>%/)! 4#.$%!#S#4%,%$$! 4%3#4(.,3!02&%,&.#/!1#T#4($!-2,-%4,.,3! &1%!
$.&%! #,(! $'442',(.,3$! &142'31! -#70#.3,$! #,(! $.7./#4! (.$$%7.,#&.2,! 7%&12($E!
527#,.#!1#$!#!&2&#/!2@!LdJ!B%>%$2!@#-./.&.%$EZVT','!#,(!Y,31%/9!LGGP[! !
! M1%4%@24%! 4%/.#</%! (#&#!7'$&! <%! 2<&#.,%(! .,! 24(%4! &2! %>#/'#&%! &1%! 4.$R! @#-&24!
S.&1! 1.31! #--'4#-)E! M1%! 7%&12(! 04%$%,&%(! .$! &142'31! #! $.7'/#&.2,! 2@! #! 012$3%,%!
4%/%#$%!#,(!(.$0%4$.2,E!
! V'4!$.&%!7%%&$! &1%!X'#/.@).,3!012$3%,%!X'#,&.&.%$!4%X'.4%(! .,!#4&EO9!#4&EP!ZGEF!
&2,$[! #,(! #4&EK! ZGEPj! &2,$[! 2@! &1%! B%>%$2!h.4%-&.>%9! &1%4%@24%! .$! -2,$.(%4%(! &2! <%! #!
B%>%$2! 2<C%-&.>%E! ZB"Yh! H/'$9! k#C24! Y--.(%,&$! .,>2/>.,3! h#,3%42'$! B'<$&#,-%$9!
LGGK[!
!
Consequence based risk analysis 
 l%,%4#//)9 4.$R!#$$%$$7%,&!7%&12($!<%3.,!S.&1!&1%!.(%,&.@.-#&.2,!
2@!1#T#4($! #,(!>'/,%4#<./.&.%$9! @4%X'%,-)!#,(!-2,$%X'%,-%!#,#/)$.$!2@! %#-1!2@! &1%$%!
>'/,%4#<./.&.%$! #,(! 1#T#4($E! "2,$%X'%,-%! <#$%(! 4.$R! #,#/)$.$! 1#$! #,! #0042#-1! &1#&!
$&#4&$! S.&1! &1%! .(%,&.@.-#&.2,! 2@! &1%! 7#C24! -2,$%X'%,-%$! <)! #,#/)T.,3! &1%! 02&%,&.#/!
#--.(%,&! $-%,#4.2$! #,(! &1%! %@@%-&$! 2@! &1%! #--.(%,&$! '02,! &1%! %,>.42,7%,&9! 1'7#,!
@#-&24! #,(! $&4'-&'4%$E! M1%! 042-%$$! &1%,! $%#4-1%$! @24! -27<.,#&.2,$! 2@! 1#T#4(! #,(!
>'/,%4#<./.&)!&1#&!-2'/(!4%$'/&!.,!&1%!72$&!$%4.2'$!-2,$%X'%,-%$EZMDV!mH'40/%!;22R9!
JKKK[!
M1%! #(>#,&#3%! 2@! &1%! -2,$%X'%,-%! <#$%(! 4.$R! #,#/)$.$! .$! &1#&! .&! S.//! $12S! 12S!
X'#/.&#&.>%! &14%#&9! >'/,%4#<./.&)! #,(! -2,$%X'%,-%! .,@247#&.2,! -#,! <%! -27<.,%(! &2!
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(%4.>%! #! X'#/.&#&.>%! >#/'%! @24! 4.$R! #,(! 2@@%4! #,! %#$)+&2+',(%4$&#,(! 34#01.-#/!S#)! &2!
04%$%,&!4.$R!#$$%$$7%,&!4%$'/&$E!ZY7%4.-#,!],$&.&'&%!2@!"1%7.-#/!A,3.,%%4$9!JKdK[!
!
Simulation 

M1%! 72(%/! '$%(! .,! &1%! $.7'/#&.2,! 2@! &1%! -1%7.-#/! #--.(%,&! S.&1! 012$3%,%!
4%/%#$%!#,(!(.$0%4$.2,!.$!&1%!BA8AU!ZBA8%$2!AU0%4&[!-270/%Q!Fh!&%44#.,!(.$0%4$.2,!
72(%/E!

],!BA8AU!#4%!.,-/'(%(!&14%%!72('/%$*!
M1%!SEVEX-Meso!.$!#!-270/%Q!Fh!&%44#.,!#,(!7%&%242/23.-#/!72(%/!S1.-1!$2/>%$!&1%!
D#>.%4+B&2R%$! %X'#&.2,$9! -2,$.(%4.,3! &1%! &%44#.,! 42'31,%$$! Z&1%! &20234#01)! 2@! &1%!
&%44#.,[9! &1%! /#,(! '$%! 2@! &1%! &%44#.,! Z@.>%! -#&%324.%$*!S#&%49! @24%$&9! '4<#,9! 34#$$+/#,(!
#,(!&1%!7.Q&'4%!2@!&1%!04%>.2'$!@2'4[!#,(!&1%!$2/#4!4#(.#&.2,!#,(!1%#&!&4#,$@%4!<%&S%%,!
&1%!342',(!#,(!&1%!#&72$01%4%E!
M1%! SEVEX-Toxic! 72('/%! .$! #! g#34#,3.#,! Fh! (.$0%4$.2,!72(%/! &1#&! $.7'/#&%$! &1%!
0#$$.>%!&4#,$024&!#,(!(.$0%4$.2,!2@!&2Q.-!#,(!@/#77#</%!7#&%4.#/E!
M1%! SEVEX-Source! 72('/%! $.7'/#&%$! (.@@%4%,&! &)0%$! 2@! 4%/%#$%$9! %@@%-&$! #,(!
-2,$%X'%,-%$!2@!#--.(%,&$E!ZYMk!H5V9!LGGK[!
M1%$%! &14%%! 72('/%$! -27<.,%(! .,! BA8AU! 8.%S! $2@&S#4%! -270'&%! &1%! S24$&+-#$%!
4%#/.$&.-!-2,(.&.2,$!2@!#,!#--.(%,&E!BA8AU!8.%S!.$! &1%!2,/)!$2@&S#4%! &1#&!-2,$.(%4$!
<2&1!&1%!BA8ABV!(.4%-&.>%$!2@!&1%!A'420%#,!"277.$$.2,9!#,(!=EBE!AHY!3'.(%/.,%$E!
M1%! $2@&S#4%! S#$! <'./&! &2! $.7'/#&%! 7#C24! .,('$&4.#/! #--.(%,&$9! $2! &1%! 72(%/! .$!
(%$.3,%(!@24!.70#-&!T2,%$!@427!J!&2!Jd!R7EZVT','!%&!#/9!LGGP[!
 
Case study!

M1%!$.&%!.$!/2-#&%(!#&!#!1%.31&!2@!JjG!7!#<2>%!$%#!/%>%/9!#&!JG!R7!@427!&1%!-.&)!
2@!5#7,.-'+8#/-%#!2,!&1%!4.31&!<#,R!2@! &1%!V/&!5.>%4!2,!#!#//'>.#/! &%44#-%!P!7%&%4$!
#<2>%!l2>24#!g#R%E!M1%!@#-./.&)!.$!L!R7!/2,3!#,(!J9j!S.(%9!-2>%4.,3!LEJIFEdjL9F!7L9!
S.&1!<'./(.,3$!-2>%4.,3!OIjEjPF9d!7LE!

M1%! $.&%! .$! $'442',(%(! <)! 1.//$!S.&1! #!7#Q.7'7! #/&.&'(%! 2@! IjG!79! #,(! &1%!
7%#,!#<$2/'&%!#/&.&'(%!.$!JjG!7E!

\.&1!&1%!<'./(.,3!2@!&1%!(#7$!2,!&1%!V/&!>#//%)9!&1%!$'4@#-%!-2>%4%(!<)!S#&%4!
.,-4%#$%(9! 4%$'/&.,3! .,! #,! .,-4%#$%!2@! &1%! 4%/#&.>%!1'7.(.&)! .,! &1%! $.&%^$! #4%#9!S.&1! #!
7%#,!2@!!POnE!M1%!&2&#/!#,'#/!04%-.0.&#&.2,!.,!&1%!#4%#!.$!PJG9j!77E!

!!M1%!S.,(!-.4-'/#&.2,9!<2&1!(.4%-&.2,!#,(!$0%%(9!!#4%!.,@/'%,-%(!<)!&1%!#4%#^$!
/#,($-#0%E! M1%! V/&! 8#//%)! 1#$! #,! 2<>.2'$! @',,%/.,3! %@@%-&9! &1%! 1.31%$&! S.,(!
@4%X'%,-.%$!2--'4.,3! @427! &1%!,24&1ZJG9Ln[!#,(!$2'&1ZJFn[E!M1%!#&72$01%4.-!-#/7!
$.&'#&.2,!1#$!!&1%!1.31%$&!2--'4#-%!4#&%ZFP9In[E!M1%!7%#,!S.,(!$0%%(!>#4.%$!<%&S%%,!
GEd! #,(! L! 7b$E! V,! &1%! 04%(27.,#,&! S.,(! (.4%-&.2,! S%! @.,(! g#R%! l2>24#! #,(!
B&2/,.-%,.! #,(! B&'0%4%.! >.//#3%$E! M1%! (27.,#,&! #&72$01%4.-! $&#<./.&)! -2,(.&.2,$! #4%!
-/#$$!h!Z,%'&4#/[9!A!Z$/.31&/)!$&#</%[!#,(!?!Z$&#</%[E!
 
Technical specifications: 

M1%!$&24#3%!>%$$%/!1#$!&1%!@2//2S.,3!&%-1,.-#/!-1#4#-&%4.$&.-$*!/%,3&19!g!`!O!79!
(.#7%&%4!(!`!LEO!79!7#Q.7'7!-#0#-.&)!2@!$&24#3%!%X'#/!&2!FPEOI!&2,$!2@!012$3%,%!#&!
LG2"!$&24#3%!&%70%4#&'4%9!!djn!@.//.,3!/%>%/!#,(!#&!F!<#4!$%4>.-%!04%$$'4%E!M1%!$&24#3%!
&#,R!.$!/2-#&%(!',(%4342',(9!.,!#,!%,-/2$%(!-2,-4%&%!4227!S.&1!>%,&./#&.2,!/%#(.,3!&2!
,%'&4#/.T#&.2,!$)$&%7E!

\%!1#>%!&S2!02$$.</%!4%/%#$%!$-%,#4.2$*!
M1%! @.4$&! 4%/%#$%! $-%,#4.2! &#R%$! .,&2!-2,$.(%4#&.2,!-#&#$&4201.-! 4'0&'4%!2@! &1%!

$&24#3%!>%$$%/9!@2//2S%(!<)!&1%!4%/%#$%!2@!&1%!%,&.4%!X'#,&.&)!2@!/.X'%@.%(!012$3%,%E!
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M1%! $%-2,(! $-%,#4.2!-2,$.$&$! .,! #!JG!7.,'&%! -2,&.,'2'$! 4%/%#$%!2@!012$3%,%!
S.&1!#!&4#,$.%,&!4%/%#$%!2@!GEK!&2,$!2@!012$3%,%!@427!#!4'0&'4%(!0.0%E!

E!

!
?.3E!J!

FPQFP!R7!Fh!4%04%$%,&#&.2,!2@!&1%!#4%#!
!
Results and discussions 

B.7'/#&.2,$! 2@! &1%! #--.(%,&! S%4%! 0%4@247%(! -2,$.(%4.,3! &1%! 7%&%242/23.-#/!
WS24$&! -#$%! $-%,#4.2$:! @24! &1%! &S2! &)0%$! 2@! 4%/%#$%9! @24! (#)&.7%! Z-270/%&%! -/2'(!
-2>%49!#!PGn!4%/#&.>%!1'7.(.&)9!$&#<./.&)!-/#$$!h9!#!342',(!&%70%4#&'4%!2@!JK2"!S#$!
-#/-'/#&%(9!#.4!&%70%4#&'4%!2@!LG2"[!#,(!@24!,.31&&.7%!Z,2!-/2'(!-2>%49!#!KGn!4%/#&.>%!
1'7.(.&)9! $&#<./.&)! -/#$$! ?9! #! -#/-'/#&%(! 342',(! &%70%4#&'4%! 2@! JGEJF2"9! #.4!
&%70%4#&'4%!2@!JG2"[E!MS2!S24$&!-#$%!$-%,#4.2$!S%4%!-12$%,9!%#-1!S.&1!#!$0%-.@.-!$%&!
2@!7%&%242/23.-#/!(#&#,!<%-#'$%!&1%!>'/,%4#<./.&)!2@!&1%!020'/#&.2,!02&%,&.#//)!#@@%-&%(!
>#4.%$!@427!(#)!&2!,.31&E!

],! #//! $.7'/#&.2,! -#$%$! #! 7#0! S.&1! FP! R7! Q! FP! R7! #4%#! S#$! '$%(E! M1%!
$.7'/#&.2,! -2,$.(%4$! &1%! -270/%Q! &20234#01)! #,(! &1%! /#,(! '$%! 2@! &1%! &%44#.,9!
-#/-'/#&.,3!&1%!S.,(!(.4%-&.2,!#,(!>%/2-.&)!@24!%>%4)!J!R7!Q!J!R7!$X'#4%E!
M1%!S.,(!$0%%($!@24!FO!(.4%-&.2,$!S%4%!-270'&%(9!.,!%>%4)!JG29!@427!G2!&2!FjG2E!?24!
&1.$!4%#$2,9!&1%!2>%4#//!#4%#!2@!(#,3%4!.$!%$&.7#&%(!<#$%(!2,!#!(.$-4%&%!$%&!2@!4%$'/&9!$2!
-#//%(!0/'7%!@.,3%4$E!

M14%%! (.@@%4%,&! -2,-%,&4#&.2,! /%>%/$! S%4%! $%/%-&%(9! JP! 007! @24! g"jG! Z/%&1#/!
-2,-%,&4#&.2,!jG!n!R.//[!(#,3%42'$!-2,-%,&4#&.2,!.,(224!Z%>#-'#&.2,!2@!020'/#&.2,!.$!
,%-%$$#4)[9!j!007!@24!]hg_!Z.77%(.#&%/)!(#,3%42'$!@24!/.@%!#,(!1%#/&1[!#,(!GEL!007!
-#'$.,3!&%7024#4)!#@@%-&.2,$!Z#>2.(.,3!%Q02$'4%!.$!#(>.$%([E!!

M1%!34#01.-#/! 4%04%$%,&#&.2,$! $12S! &1%!-2,-%,&4#&.2,! /%>%/$! .,(.-#&%(!#<2>%9!
S1.-1!-2'/(!2--'4!('4.,3!OG!7.,'&%$!.,!/2S!S.,(!-2,(.&.2,!-#/-'/#&%(!'$.,3!#!L!7b$!
$),20&.-! S.,(E! M1%! 7#0$! (2,i&! 4%04%$%,&! %Q02$'4%! &.7%! #,(! &2Q.-! (2$%E! M1%$%!
-2,-%,&4#&.2,! /%>%/$! ZJP! 0079! j! 0079! GEL! 007[! S%4%! -12$%,! .,! 24(%4! &2! $%0#4#&%!
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(.@@%4%,&! %7%43%,-)! #-&.2,$! Z%>#-'#&.2,9! $%/@+-2,@.,%7%,&9! #>2.(.,3! %Q02$'4%[9! &1#&!
,%%(!&2!<%!.70/%7%,&%(!@24!%#-1!&)0%!2@!1%#/&1!%@@%-&EZD]VB_9!LGGK[!

M1%! 7%&%242/23.-#/! $.7'/#&.2,! 4%$'/&$! 4%3#4(.,3! &1%! S.,(! (.4%-&.2,$! #4%!
-2,@.47%(!<)!&1%!/2-#/!7%#$'4%(!(#&#!Z$%%!?.3!L+K[E!!
!

Catastrophic release of phosgene 
!

 

?.3E!L!
!

?.3E!F!

?.3E!I!
!

?.3E!j!
Fig. 2 - Low wind daytime dispersion 
Fig. 3 - Low wind nighttime dispersion 
Fig. 4 - 2 m/s synoptic wind from S, 
daytime 
Fig. 5 - 2 m/s synoptic wind from N, 
nighttime! !
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10 min transient release of phosgene 

 

?.3E!O!
!

?.3E!P!

?.3E!d! ?.3E!K!
Fig. 6 - Low wind daytime dispersion 
Fig. 7 - Low wind nighttime dispersion 
Fig. 8 - 2 m/s synoptic wind from S, daytime 
Fig. 9- 2 m/s synoptic wind from N, nighttime!

!
!
M1%!(#)&.7%!$.7'/#&.2,!@24!-#&#$&4201.-!4%/%#$%!Z?.3E!L[!$12S$!&1#&!&1%!>.//#3%$!

2@! D%34%,.! #,(! ;'/%&#! S.//! <%! &1%! 72$&! #@@%-&%(9! <%.,3! -2>%4%(! <)! &1%! 1.31!
-2,-%,&4#&.2,!-/2'(!S.&1!-2,-%,&4#&.2,$!%Q-%%(.,3!JP!007Zg"jG[E!M1%!$%-2,(!(#,3%4!
T2,%!-244%$02,($! &2!-2,-%,&4#&.2,! /%>%/$!<%&S%%,!j007!Z]hg_[!#,(!JP007!Zg"jG[9!
-2>%4.,3! l2>24#9! ;#4$%$&.9! 8'/0%$&.9! B-#4.$2#4#! >.//#3%$! S.&1! #! &2&#/! 020'/#&.2,! 2@!
OLKP! .,1#<.&#,&$! #,(! #/$2! 4%#-1%$! V-,%/%! k#4.! -.&)! S.&1! #! 020'/#&.2,! 2@! FEjPd!
.,1#<.&#,&$E!M1%! &1.4(!-2,-%,&4#&.2,!T2,%!S.&1!-2,-%,&4#&.2,$!',(%4!j!007!-2>%4$!#!
/#43%!#4%#!4%#-1.,3!5#7,.-'+8#/-%#!S.&1!#!020'/#&.2,!2@!JLGEFOF!.,1#<.&#,&$E!Z"#$#!
(%!Y$.3'4#4.!(%!B#,#&#&%!8#/-%#9!H20'/#&.%9!LGGK[!
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],! &1%! ,.31&&.7%! $.7'/#&.2,! @24! -#&#$&4201.-! 4%/%#$%! Z?.3EF[! &1%! 1.31!
-2,-%,&4#&.2,! -/2'(! -2>%4$! #!7'-1! /#43%4! #4%#! #,(! (%>%/20$! &2! &1%!S%$&! #,(! $2'&1+
S%$&!#@@%-&.,3!D%34%,.9!;'/%&#9!k.1#%$&.9!Y4$#,-#9!k#3'4#9!5'3%&'9!8..$2#4#9!"2$#,.!
S.&1!#!&2&#/!020'/#&.2,!%Q-%%(.,3!JG!GGG!.,1#<.&#&,$E!M1%!(#,3%4!T2,%!-244%$02,(.,3!
&2! &1%! $%-2,(! -2,-%,&4#&.2,! /%>%/! -2>%4$! "#0'! h%#/'/'.9! M#&#4#,.9! k',&%,.9!
k#,#./%$&.9! ?.4.C#<#E! M1%! T2,%! S.&1! -2,-%,&4#&.2,$! ',(%4! j! 007! .$! -2,$.(%4#</)!
$7#//%4! &1#,! .,!(#)&.7%!-2,(.&.2,$E!h'%! &2! &1%! @#-&! &1#&! &1%!1.31!-2,-%,&4#&.2,!#4%#!
-2>%4$! #! 7'-1! /#43%4! #4%#9! &1%! ,.31&&.7%! $-%,#4.2! .$! -2,$.(%4#</)!724%! (#,3%42'$E!
Z"#$#!(%!Y$.3'4#4.!(%!B#,#&#&%!8#/-%#9!H20'/#&.%9!LGGK[!
! "2,$.(%4.,3! &1%! JG! 7.,! &4#,$.%,&! 4%/%#$%! $-%,#4.29! &1%! 2,/)! 02&%,&.#//)!
(#,3%42'$! $.&'#&.2,! @24! &1%! $'442',(.,3! 020'/#&.2,! 7.31&! 2--'4! ('4.,3! /2S! S.,(!
-2,(.&.2,$!#&!,.31&&.7%Z?.3E!P[E!M1%!2&1%4!&14%%!$-%,#4.2$!Z?.3E!O9!?.3E!d9!?.3E!K[9!2,/)!
02$%$!(#,3%4!&2!&1%!S24R%4$!.,$.(%!&1%!@#-./.&)^$!<2',(#4.%$E!
! 5%3#4(.,3!&1%!@#-&!&1#&!&1%!72$&!-2772,!7%&%242/23.-#/!-2,(.&.2,$!04%$%,&!.,!
&1%!#4%#9!.,>2/>%!#!L7b$!S.,(!@427!&1%!,24&1!#&!,.31&&.7%!#,(!@427!$2'&1!#&!(#)&.7%9!
$.7'/#&.2,$!4%04%$%,&.,3!&1%$%!$.&'#&.2,$!S%4%!#/$2!&#R%,!.,&2!-2,$.(%4#&.2,E!M1%!72$&!
(#,3%42'$!$.&'#&.2,!.$!-#&#$&4201.-!4%/%#$%!',(%4!&1%$%!-2,(.&.2,$!Z?.3E!j[E!
 
Conclusions 

M1%! BA8AU! -2,-%0&! .$! &2! 4%04%$%,&! &1%! (#,3%4! T2,%$! S1%4%! &1%$%!
-2,-%,&4#&.2,$!7.31&!2--'4!('4.,3!&1%!(.$0%4$.2,!0%4.2(9!&1%4%@24%!&1%!%Q02$'4%!&.7%!
.$! ,2&! $2! 4%/%>#,&9! &1%! @2-'$! $12'/(! <%! 2,! &1%! (#,3%42'$! -2,-%,&4#&.2,! /%>%/$! &1#&!
7.31&!2--'4!.,!#!WS24$&!-#$%!$-%,#4.2:!$.&'#&.2,E!!

=$.,3!Fh!&20234#01.-9!/#,(!'$%!#,(!7%&%242/23.-#/!(#&#!&23%&1%49!&1%!BA8AU!
$2@&S#4%! -270'&%$! .,(.>.('#/!S.,(! $0%%($! .,! %#-1!JQJ!R7!$X'#4%!2@! &1%!FPQFP!R7!
7#09!3.>.,3!724%!#--'4#&%!S.,(!(.4%-&.2,!@24!&1%!(.$0%4$.2,!$.7'/#&.2,E!M1.$!S#)!&1%!
02&%,&.#//)! #@@%-&%(! #4%#! .$! $.3,.@.-#,&/)! 4%('-%(9! #,(! &1%! #--'4#-)! 2@! &1%! 72(%/!
.,-4%#$%$E! ],! 72$&! -#$%$! 2@! &1%! Lh! 72(%/.,3! S.&12'&! &#R.,3! &20234#01)! .,&2!
-2,$.(%4#&.2,!&1%!#@@%-&%(!#4%#$!2@!&1%!0/'7%$!#4%!2>%4%$&.7#&%(E!M1.$!(2%$,^&!4%('-%!
&1%! -2,$%X'%,-%$! (.4%-&/)9! &1%! 0'402$%! .$! &2! .,-4%#$%! &1%! #--'4#-)! 2@! &1%! %$&.7#&%(!
#4%#9!#,(!042>.(%!<%&&%4!X'#/.&)!(#&#!@24!&1%!%7%43%,-)!4%$02,$%!%@@24&$9!.,!24(%4!@24!
&1%7!&2!<%&&%4!-2,-%,&4#&%!&1%.4!4%$2'4-%$E!

M1%!$.7'/#&.2,$!$12S!&1#&!&1%!$.&'#&.2,!-2'/(!<%-27%!%Q&4%7%/)!(#,3%42'$!&2!
&1%! ,%#4<)! .,1#<.&#,&$9! &1%4%@24%! #,! %@@.-.%,&! %Q&%4,#/! %7%43%,-)! 0/#,! 7'$&! <%!
(%>%/20%(! #,(! #--24(.,3! 2! &1%! B%>%$2! ]]]! h.4%-&.>%9! &1%! 020'/#&.2,! $12'/(! <%!
.,@247%(!#<2'&!&1%!1#T#4($!.,>2/>%(9!%7%43%,-)!.,(.>.('#/!#,(!-2//%-&.>%!7%#$'4%$9!
S#4,.,3!#,(!%>#-'#&.2,!0/#,$E!
],!24(%4!&2!#-1.%>%!&1.$9!1.31!X'#/.&)!(#&#!.$!4%X'.4%(9!@2//2S.,3!&1%!04.,-.0/%*!W322(!
X'#/.&)!(#&#!/%#($!&2!322(!(%-.$.2,$:E!\.&1!&1%!'$%!2@!1.31!0%4@247#,-%!$2@&S#4%!/.R%!
BA8AU9!S%!-#,!#.(!&1%!527#,.#,!$&#R%12/(%4$!#,(!(%-.$.2,!7#R%4$!S.&1!.,@247#&.2,!
&1%)!,%%(!.,!24(%4!&2!(%>%/20!%@@.-.%,&!0/#,$!#,(!02/.-.%$E!
!
!
!
!
!
!
!
!
 

Best practise paper Proceedings of TIEMS 2009 Annual Conference
 Istanbul, June, 9th – 11th

247



References: 
 
Y7%4.-#,! ],$&.&'&%!2@!"1%7.-#/!A,3.,%%4$9! ZJKdK[E!l'.(%/.,%$! @24!"1%7.-#/!H42-%$$!
o'#,&.&#&.>%!5.$R!Y,#/)$.$9!D%S!e24R 
!
YMk!H5V9!SSSE#&7042E<%!
!
"#$#!(%!Y$.3'4#4.!(%!B#,#&#&%!8#/-%#9!H20'/#&.%!
1&&0*bbSSSE-#$>/E42bH#3%$bJGpLGpFGpH20'/#&.%E1&7!
!
"55DA9!g',3+h#7#3.,3!Y3%,&$9!H12$3%,%9!
1&&0*bbSSSE%7%(.-.,%E-27bAkA5lb&20.-KGjE1&7!
!
D]VB_9! ZLGGK[E! h2-'7%,&#&.2,! @24! ]77%(.#&%/)! h#,3%42'$! &2! g.@%! #,(! _%#/&1!
"2,-%,&4#&.2,$9!H12$3%,%9!1&&0*bbSSSE-(-E32>b,.2$1b.(/1bPjIIjE1&7/!
!
VT','9!YE9!Y,31%/9!"E9!ZLGGP[E!A>#/'#4%#!4.$-'/'.!&%1,2/23.-!!.!$%-'4.&#&%#!7%(.'/'.9!
A(E!Y--%,&9!"/'C+D#02-#!
!
VT','9! Y9! Mq4qR9! rE9! "2!#4#9! 8E9! "24(2!9! AE9! h'&4.%'Q9! YE9ZLGGP[E! 8'/,%4#<./.&)!
k.&.3#&.2,!#,(!5.$R!Y$$%$$7%,&!2@!M%-1,2/23.-#/!h.$#$&%49!DYMV!B%-'4.&)! &142'31!
B-.%,-%!B%4.%$9!"1.$.,#'!
!
B"Yh!H/'$9!k#C24!Y--.(%,&$!.,>2/>.,3!h#,3%42'$!B'<$&#,-%$!!
1&&0*bb%'420#E%'b$-#(0/'$b/%3b%,b/><b/LJLJjE1&7!
!
MDV! mH'40/%! ;22R:9! ZJKKK[E! l'.(%/.,%$! @24! o'#,&.&#&.>%! 5.$R! Y$$%$$7%,&9! ?.4$&!
%(.&.2,9!"277.&&%%!@24!&1%!H4%>%,&.2,!2@!h.$#$&%4$9!_#3'%!
!
\.R.0%(.#9!M1%!@4%%!%,-)-/20%(.#9!H12$3%,%9!1&&0*bb%,ES.R.0%(.#E243bS.R.bH12$3%,%!!

Best practise paper Proceedings of TIEMS 2009 Annual Conference
 Istanbul, June, 9th – 11th

248


