ANEXO.VI- RESUMO EFEITOS FISICOS
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RELATORIO DE SIMULACAO

Project : UN 01 - CSPecem

-------------- START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON) == --=---ecmemmenmn-

Model . .
or pipe (133)

Case desCription. . ... ...
Chemical nNamB. . ... ...
Type of release. ... ... ..
vessel

Vessel volume. ... ... ... .. . . . .
Initial pressuUre. . ... ...
Initial tenmperature. . ... ... ...
Discharge coefficient......... ... .. . . . .
Hole diameter. ...... ... . e
Time t after start release........ ... .. ... .. ..
X-coordinate of release (for nmapping purposes)..............
Y-coordinate of release (for mapping purposes)..............

RESULTS

Mass flowrate at tinme t......... .. .. . . . . . . .
Pressure at time t....... ... e
Tenperature at time t...... ...
Di ameter expanded jet at time t........... . ... .. ... .. ...
Total mass released. .......... . e
Average mass flowrate. ... ...
.oBased upon time. ..
Maxi mum mass flowrate........ ... .. . .

Adm nistrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Gas rel ease fromvesse

UN_01- CSPecem
Met hane
Rel ease through hole in

4550. 3 nB
100 Bar
1500 °C
0.62 -

250 mMm

600 s
5.1527E5 m
9. 6044E6 m

17.15 kg/s
7.507 Bar
1120.2 °C
0.32 m
46448 kg
45.568 kg/s
1019.3 s
199.8 kg/s



Mai n program (production date)
Mbdel nane

Date of this calculation

Cal cul ati on performed by
Software library version

Model driver version(s)

Model driver |ast nodification

Model executabl e version(s)
Session nr.

Ref erences

[1997], sections

Project file nanme

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
08: 45: 34)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion dat abase directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Effects@ S (08 Sep 2003 16:19:16)
Gas rel ease fromvessel or pipe (133)

03 Jul 2009 18:28:02
AVPLA Engenhari a

5.5.0.0293
3.04
20 Apr 2000

MFGASVES. EXE 19 Mar 2002 12:08:46 (CRC=BCOF17F3)

1

This nodel is described in the Yellow Book 3rd edition

2.5.2.1to 2.5.2.4.
"UN_O1 - CSPecem ald

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env" (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_01 - CSPecem gbhd" (last nodified: 02 jul 2009

" C:\ AMPLA\ GESTAOQ 2009\ PRQOJETCS EM

"C:\Program Fil es\TNO I ndustri al
"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi | es\TNO | ndustri al

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of admi nistrative & version data:

—————————————— START OF SESSI ON 1 MODEL 2 ( SCENARI O CALCULATI ON)

Model ...

nodel (125)

Case description................

Mul ti energy expl osion

UN_01- CSPecem

Chemical name. . ... ... Met hane

Ambi ent tenmperature. .. ... e 26.6 °C

Total mass in explosive range. . .........uuunnnn. : 1009.4 kg
Fraction of flammable cloud confined........................ 120 %

CUIVE NUITDET . . . e e e e e e e e : 8 (Very strong

def | agrati on)

Distance fromrelease (Xd)......... ... .. .. . .. 100 m

O fset between rel ease centre and cloud centre.............. :0m

O fset between cloud centre and explosion centre............ :0m
X-coordinate of release (for mapping purposes).............. : 5.1527E5 m
Y-coordinate of release (for mapping purposes).............. 9. 6044E6 m
Predefined wind direction................ ... ... ... ... ....... :

Wnd cones from (West = 180 degrees)..............cun... : 0 deg

Calculate all contours for....... ... ... .. . i, . Physical effects
Overpressure level (lowest) for first contour plot.......... : 30 nBar
Overpressure level for second contour plot.................. : 700 nBar
Overpressure |level (highest) for third contour plot......... : 2000 nBar
RESULTS

Confined nass in explosive range.................iiiinn. . 201. 88 kg

Peak overpressure at Xd............. .. ... 0. 1643 Bar
Positive phase duration at Xd............. ... . ... ... .. ... : 47 ns

Damage (general description) at Xd.......................... : Mnor damage (Zone D: 3.5

- 17 kPa).

Danmage to brick houses at Xd....

............................ : Not habitable w thout

maj or repair works. Partial roof failures, 25%of all brick walls have failed, serious

danage to the renmmining carrying el enents.

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Damage to wi ndowf ranes and doors (7-15 kPa).
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Danmage to typical
Def ormed wal I s and doors;

Anerican-style houses at Xd...............
failure of joints.

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Moderate to minor danmage.
Doors and wi ndow frames have failed. Wall

covering has fallen down (15 kPa).

Damage to structures (enmpirical) at Xd......................
M nor damage to steel
or al um nium ondul ated pl ates have failed 7-14 kPa).

bl ocks have col | apsed (15-20).
bet ween st eel
tank has col | apsed (7 kPa).

Mai n program (production date)
Mbdel nane

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s)

Model driver | ast
Model executabl e version(s)
Session nr.

Ref erences

Project file nanme

Cheni cal database used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

08: 45: 34)

Project file directory
EXECUCAQ 136_ClI PP\ Mbdel agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

nodi fication :

: Walls made of concrete
(8-10 kPa). Connections
The roof of a storage

franes

Effects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 18:28:04

AMPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 Oct 2001 17:10: 54 ( CRC=34CC91F0)

1

No reference avail abl e

"UN_O01 - CSPecem ald

" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002
"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_01 - CSPecem ghd" (last nodified: 02 jul 2009

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber| ai n nodel (127)
Case desCriptiON. ...t e e UN_01- CSPecem
Chemical name.......... ... . . . . . . . Met hane

Mass flow rate of the source........ ... ... ... . ... ... . . ... 199.8 kg/s

Hei ght | eak above ground level....... ... ... ... ... ... ... .. ..... 1.5 m

Initial pressure. .. ... ... 100 Bar

Initial tenmperature. . ... ... ... . 1500 °C
Qutflow angle in XZ plane (0°=horizontal 90°=vertical).... 90 deg

Wnd speed at 10 mheight....... ... . ... . . . . ... .. ... ... 3.8 ms

Arbi ent temperature. .. ... .. 26.6 °C
Anbient relative humdity...... ... ... . . ... . . . .. . . . 70 %

Fraction CO2 in atnosphere......... ... ... ... ... .. ... ... ..... 0.03 %
Distance fromrelease (X)........ . 100 m

Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for mapping purposes).............. : 5.1527E5 m
Y-coordinate of release (for mapping purposes).............. 9. 6044E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg

RESULTS

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS
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Heat radiation level at X ....... ... .. .. . . . . .. 4.72 kKW nR
Fraction of nortality at X ......... .. ... . . . .. 0 %

Safe distance (Q =1 KWnR). ... ... . i 250.04 m
Heat emission fromsurface of the flare..................... 444,32 kKW nR
Angl e between hole and flame axis........................... 4.15 deg
Frustumlift off height....... ... ... . . ... . . . . ... ... .. ... .... 12.68 m
Wdth of frustumbase. ... ... ... .. . . 2.44 m
Wdth of frustumtip........ .. 17.44 m
Length of frustum (flame)....... ... ... .. . . . .. . . . .. . ... 71.07 m
Tilt central axis flare........... ... 4. 15 deg
VieW fact Or. .. 1%
Atnmospheric transm sSivity.. ... 71 %
-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) =-----------cmmmmmmm-
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mbdel name Chanberl ai n nmodel (127)

Date of this calculation 03 Jul 2009 18:28:06

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Model executabl e version(s) FLARE. EXE 05 Cct 2001 17:10:52 (CRC=7625AEFB)

Session nr. 1

Project file nanme "UN_O1 - CSPecem ald

Cheni cal database used " Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

16: 08: 52)

Envi ronnent dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used "UN_01 - CSPecem gbhd" (last nodified: 02 jul 2009

08: 45: 34)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

End of administrative & version data:

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

| NPUT
Model . . Neutral gas; continuous
rel ease; expl osive mass

(108)
Case desCription. ... ... UN_01- CSPecem
Chemical name............. .. . . . . . Met hane
Mass flow rate of the source............. ... .. ... ... ........ 45.568 kg/s
Length source in wind direction............ ... ... ... .. .... 0m
Source Width. ... ... ... .. . . 0.32 m
Length source in z-direction............. . . ... . . ... 0.32 m
Hei ght | eak above ground level........... ... ... ... .......... 1.5 m
Arbi ent temperature. .. ... .. 26.6 °C
Pasquill stability class......... .. ... ... ... ... ... ... ... . ... C (Lightly Unstable)
Wnd speed at 10 mheight....... .. ... ... . . . . ... . . .. 3.8 nls
Roughness length description......... ... . ... ... . .. ... Flat | and
X-coordinate of release (for mapping purposes).............. 5.1527E5 m
Y-coordinate of release (for mapping purposes).............. : 9.6044E6 m
Predefined wind direction............... ... ... .. ... ......... . E
Wnd cones from (West = 180 degrees)..............couno... : 180 deg

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS \V
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RESULTS

Maxi mum expl 0Si Ve MBSS. . .. ... 1113.1 kg
Maxi mum di stance of source to LEL........................... 170.28 m
Maxi mumwi dth between LEL......... ... ... ... . . . . . ... 17.43 m
Maxi mum height to LEL....... ... .. . . . . . . . 8.09 m
Maxi mum di stance of source to UEL........................... 28.33 m
Maxi mumwi dth between UEL............ ... .. .. ... 2.85 m
Maxi mum height to UEL........ ... .. ... 1.52 m
—————————————— END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) -----------mmmmmmm-
Adm nistrative & version data:

Mai n program (producti on date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane

Date of this calculation
Cal cul ation performed by
Software library version
Model driver version(s)
Model driver
Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3
Project file name

Chemi cal dat abase used

16: 08: 52)

Envi ronnment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

08: 45: 34)

Project file directory
EXECUCAQ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases”
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

|l ast nodification :

Neutral gas; continuous rel ease; explosive mass (108)
03 Jul 2009 18:28:08

AVPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)

1

This nodel is described in the Yell ow Book 3rd edition
"UN_O1 - CSPecem ald

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002
"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_01 - CSPecem gbd" (last nodified: 02 jul 2009

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM

End of administrative & version data:

Pr oj ect UN_02 A) UTE ENGUI A GEN CE

-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmmmnnn-

| NPUT

Model . . Liquid rel ease from
vessel or pipe (131)

Case desCription. ... ... UN_02_A) ENGU A GEN CE
Chemical NMAaMB. .. ...ttt e d eo Conbustive

Type of release. ... ... .. Rel ease through hole in
vessel

Vessel volume. ... ... ... .. . . 500 nB

VeSSel L YPe. Hori zontal cylinder
Length cylinder. . ... ... 15 m

Filling degree. . ... e 80 %

Overpressure above liquid........ ... ... . . i 1.1 Bar

Hole diameter. ... ... .. . . . i 100 mMm

Hei ght | eak above tank bottom............ ... ... ........... 1.5 m

Initial tenmperature. .. ... ... 45 °C

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

\
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Di scharge coefficient..... ... .. . . . . . . . . .. 0.62 -

Time t after start release.......... .. ... ... .. ... . . ... 600 s
X-coordinate of release (for mapping purposes).............. 5.1663E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 6035E6 m
RESULTS

Mass flowrate at time t......... . . ... .. 65.76 kg/s
Total mass released at time t.......... ... .. i, 40590 kg
Filling degree at time t........... ... ... ... 69 %
Height of liquid at time t........ .. ... . . . . .. 4.22 m
Total mass released. .. ... ... ... 2. 163E5 kg
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) --------mmmmmmmmammo -
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model nane
Date of this calculation
Cal cul ation performed by

Li quid rel ease from vessel
04 Jul 2009 09:18:45
AMPLA Engenhari a

Software library version 5.5.0.0293
Model driver version(s) : 3.03

Model driver last nodification : 11 Apr 2000
Model executabl e version(s)

Session nr.

Ref er ences No reference avail able

Project file nane

Chenmi cal dat abase used " Pur pl e_Book. Rdb" (I ast

16: 08: 52)

Envi ronment dat abase used "Standard. Env' (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

Map background file used

2009 09:11:14)

Project file directory
EXECUCAQ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

"UN_02 a) UTE ENGU A

Model
rel ease;

expl osi ve nass

Case desCription. . ... ...
Chemical name.......... . ... . .. . .. .
Mass flow rate of the source............ .. ... ... ...........
Length source in wind direction........... ... ... .. ..........
Source Width. ... ... ... . . .
Length source in z-direction............ ... ... ... ... ........
Hei ght | eak above ground | evel
Anbient tenmperature. . ... ... ...
Pasquill stability class........ ... ... .. . . i
Wnd speed at 10 mheight.. ... ... ... .
Roughness length description............. ... ... ... ..........
X-coordinate of release (for mapping purposes)..............
Y-coordi nate of release (for nmapping purposes)..............

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fil es\TNO I ndustri al

"C:\Program Fi | es\TNO | ndustri al

START OF SESSI ON 1 MODEL 2 ( SCENARI O CALCULATI ON)

or pipe (131)

MFLI QVES. EXE 19 Mar 2002 11:04: 36 (CRC=46EE8472)
1

"UN_02 a) UTE ENGUI A GEN CE. ald
nodi fied: 25 out 2002

10 out 1997 13:40:48)
14 jan 1999 17:38:14)
10 out 1997 13:40:48)

GEN CE. ghd" (last nodified: 04 jul

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

Neutral gas; continuous
(108)

UN 02_A) ENGUI A GEN CE
A eo Conbustivel

65.76 kg/s

100 m

0m

0m

0m

26.6 °C

C (Lightly Unstable)
3.8 ni's

I and

5. 1663E5 m

9. 6035E6 m

\i
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Predefined wind direction......... ... .. . . . .. E

Wnd cones from (West = 180 degrees)...........covuneon.. 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . ...t 1442.9 kg
Maxi mum di stance of source to LEL........................... 142.8 m
Maxi mum wi dth between LEL......... ... ... ... .. . . . ... 15.23 m
Maxi mum height to LEL.......... ... . .. . . 8.13 m
Maxi mum di stance of source to UEL........................... 16.15 m
Maxi mum wi dth between UEL. ... ..... ... ... ... .. . .. ... 1.8 m
Maxi mum height to UEL........ ... . . ... . . 0.96 m
-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ----=-----------------
Admi nistrative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model name Neutral gas; continuous rel ease; explosive mass (108)
Date of this calcul ation 04 Jul 2009 09:18:51

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Mbdel execut abl e version(s) : EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)
Session nr. 1

Ref erences This nodel is described in the Yellow Book 3rd edition
(1997), section 4.5.3

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 09:11:14)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases”

Envi ronnment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

"UN_02 a) UTE ENGUI A GEN CE. ald
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 a) UTE ENGUI A CEN CE. gbd" (last nodified: 04 jul
" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETOS EM

End of administrative & version data:

Mdel ....... .. ...

nodel (125)

START OF SESSI ON 1 MODEL 3 ( SCENARI O CALCULATI ON)

Mil ti energy expl osion

Case desCription. . ... ...
Chemical name.......... . ... . .. . .. .
Anbient tenmperature. . ... ... .
Total mass in explosive range. . ....... ...,
Fraction of flammable cloud confined........................
CUrVE NUITDET . L e e e e e e
def | agration)

Distance fromrelease (Xd)....... ...
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordinate of release (for mapping purposes)..............
Y-coordinate of release (for mapping purposes)..............
Predefined wind direction............. ... . . ...,

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

UN 02_A) ENGUI A GEN CE
A eo Conbust i vel

26.6 °C

1442.9 kg

20 %

8 (Very strong

100 m

0m

Om
5.1663E5 m
9. 6035E6 m
E

VIl
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Wnd cones from (West =
Cal cul ate all contours for
Overpressure |evel
Overpressure |evel

Overpressure |evel (highest) for

RESULTS

Confined mass in expl osive range

Peak overpressure at Xd..........
Posi tive phase duration at Xd....
description) at Xd............... ... . .....

Darmage (general
17 - 35 kPa).

Danmage to brick houses at Xd.....

maj or repair works. Partial roof
danmge to the remaining carrying
Darmage to typical Anmerican-style
Deforned wal | s and doors;

180 degrees)

(lowest) for first contour plot
for second contour

failure of joints.

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

........................ of fect s

pl ot
third contour plot

288.58 kg

0.184 Bar

49 s

Moder at e danage (Zone C:

........................... : Not habitable without
failures, 25%of all brick walls have failed, serious
el enents. Damage to w ndowfranes and doors (7-15 kPa).
houses at Xd............... Moderate to minor damage.
Doors and wi ndow franes have failed. Wall

covering has fallen down (15 kPa).

Damage to structures (enpirical)
bl ocks have col | apsed (15-20).
bet ween st eel
tank has col | apsed (7 kPa).

Mai n program (production date)
Mobdel name

Date of this calculation

Cal cul ation performed by

Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used

Map background file used

2009 09:11:14)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

M nor damage to steel
or al um nium ondul ated pl ates have failed 7-14 kPa).

at Xd......... ... ...
franes

: Walls made of concrete
(8-10 kPa). Connections
The roof of a storage

Ef fects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

04 Jul 2009 09:18:56

AMVPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 QOct 2001 17:10: 54 ( CRC=34CC91F0)
1

No reference avail abl e
"UN_02 a) UTE ENGUI A GEN CE. ald
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 a) UTE ENGUI A CGEN CE. gbd" (last nodified: 04 jul
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustri al Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber | ai n nodel (127)
Case desCription. ... ... UN_02_A) ENGU A GEN CE
Chemical NMAMB. .. ..ottt e A eo Conbustivel

Mass flow rate of the source........ .. ... .. .. . ... ... ... .... 65.76 kg/s

Hei ght | eak above ground level...... ... ... ... ... ... .......... 0m

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Initial pressure. . ..... ... 1.1 Bar
Initial tenmperature. ... ... e 45 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical) 90 deg
Wnd speed at 10 mheight....... .. ... . ... . . . . ... . . .. 3.8 nls
Anbient tenmperature. . ... ... 26.6 °C
Ambient relative humdity............ . ... . .. . i 82 %
Fraction CO2 in atnosphere........... ... ... ... ... ... . ... 0.03 %
Distance fromrelease (X)........o . 100 m
Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for mapping purposes).............. : 5.1663E5 m
Y-coordi nate of release (for mapping purposes).............. 9. 6035E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg
RESULTS

Heat radiation level at X ....... ... ... . . . . .. 5.61 kW ne
Fraction of nortality at X ......... .. ... . . .. 0 %

Safe distance (Q =1 KWnR)...... ... i 225.59 m
Heat emission fromsurface of the flare..................... 165. 59 kW n2
Angl e between hole and flame axis........................... 30. 23 deg
Frustumlift off height.......... ... .. ... . . . . ... . . ... ... .... 4.81 m
Wdth of frustumbase........... ... ... ... ... 9.67 m
Wdth of frustumtip........ .. 29.86 m
Length of frustum (flame)...... ... ... .. . . . . . . . . . . . ... 68.03 m
Tilt central axis flare........... ... 30. 23 deg
VieW faCt Or. .. 5%
Atnmospheric transm sSiVity. . ... 71 %
-------------- END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) ----------mmmmnmmmo
Admi nistrative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mobdel name

Date of this calculation
Cal cul ation performed by
Software |ibrary version
Model driver version(s)
Model driver
Model executabl e version(s)
Session nr.

Project file nane

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 09:11:14)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

| ast nodification :

Chanberl ai n nodel (127)

04 Jul 2009 09:19:01

AMPLA Engenhari a

5.5.0.0293

3.08

18 Aug 2003

FLARE. EXE 05 Cct 2001 17:10:52 (CRC=7625AEFB)
1

"UN_02 a) UTE ENGUI A GEN CE. ald
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN 02 a) UTE ENGUI A GEN CE. gbhd" (last nodified: 04 ju
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fi |l es\ TNO | ndustri al Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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Project : UN 02 B) GENPOWER
-------------- START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON) <= ---c-smcmmmmanmn-

| NPUT

Model . . : Liquid rel ease from
vessel or pipe (131)

Case desCription. .. ... : UN_O2_B) CENPOVER
Chemical name...... ... .. : A eo Combustivel
Type of release. .. ... . Rel ease through hole in
vessel

Vessel VOl UMEB. . ... : 500 nB

VeSSl LYPe. . : Horizontal cylinder
Length cylinder. ... ... ... i ;15 m

Filling degree. . ... .. i 80 %

Overpressure above liquid............ .. ... ;1.1 Bar

Hole diameter. ... ... . ... : 100 nmm

Hei ght | eak above tank bottom.............................. ;1.5 m

Initial temperature. . ....... ... 45 °C

Di scharge coefficient..... ... ... . . . . . . . . .. : 0.62 -

Time t after start release........ ... ... . . .. : 600 s

X-coordinate of release (for mapping purposes).............. : 5.121E5 m
Y-coordinate of release (for mapping purposes).............. : 9.6034E6 m

RESULTS

Mass flowrate at time t..... ... ... ... . : 65.76 kg/s

Total mass released at time t............ . ... ... i, : 40590 kg

Filling degree at time t....... ... ... 69 %

Height of liquid at time t......... ... .. . . . D 4.22 m

Total mass released. .. ... ... . : 2.163E5 kg

Mai n program (production date) : Effects@S (08 Sep 2003 16:19:16)

Mobdel name : Liquid release fromvessel or pipe (131)

Date of this calculation : 04 Jul 2009 09:24:44

Cal cul ation performed by : AWPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.03

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) : MFLI QVES. EXE 19 Mar 2002 11:04: 36 (CRC=46EE8472)
Session nr. 1

Ref erences : No reference avail abl e

Project file name : "UN_02 b) GENPOWER. al d

Chemi cal database used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_02 b) GENPOWER. ghd" (last nodified: 04 jul 2009
09: 22: 00)

Project file directory : " C:\ AMPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory : "C:\Program Fil es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : "C: \ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS X|



Model
rel ease;

expl osi ve mass

Case description.................

Cheni cal

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

........................... Neutral gas; continuous
(108)
UN_02_B) GENPOVER

A eo Conbust i vel

Mass flow rate of the source............. .. .. ... ... 65.76 kg/s
Length source in wind direction............ ... .. ... ... .... ;100 m
Source Wi dth. . ... :0m

Length source in z-direction.......... ... .. ... ... :0m

Hei ght | eak above ground level ........... ... ... .. ... ... .... :0m

Ambi ent tenmperature. . ... e : 26.6 °C
Pasquill stability class......... .. ... ... ... . . .. ... ... ... ... : C (Lightly Unstable)
Wnd speed at 10 mheight....... ... ... . ... . . . ... . . .. : 3.8 ns
Roughness length description............. . ... ... oo, Fl at | and
X-coordinate of release (for mapping purposes).............. 5.121E5 m
Y-coordinate of release (for mapping purposes).............. : 9.6034E6 m
Predefined wind direction....... ... ... ... . . . .. .. . E

Wnd cones from (West = 180 degrees)..............ouunn... : 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . . ...ttt e 1442.9 kg
Maxi mum di stance of source to LEL........................... 142.8 m
Maxi mum wi dth between LEL. ... ... ... ... ... . . ... . . ... 15.23 m
Maxi mum height to LEL........ ... ... . . . . . . .. 8.13 m
Maxi mum di stance of source to UEL........................... 16.15 m
Maxi mum wi dth between UEL............... .. ... ... ... ... .... 1.8 m

Maxi mum height to UEL....... ... .. ... 0.96 m
-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ------------=--------
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mobdel name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

09: 22: 00)

Project file directory

EXECUCAQ\ 136_Cl PP\ Model agent
Chemi cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ 136_Cl PP\ Model agent

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Neutral gas; continuous rel ease; expl osive mass (108)
04 Jul 2009 09:24:49

AMPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Oct 2001 17:10:52 ( CRC=34F7BDAC)

1

This nodel is described in the Yell ow Book 3rd edition

“UN_02 b) GENPOWER. al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 b) GENPOAER ghd" (last nodified: 04 jul 2009
" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

Xl
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End of administrative & version data:

Model . .
nodel (125)

Case desCription. ... ...
Chemical name. ... ...
Ambi ent tenmperature. ... ..
Total mass in explosive range. . .........uuuinnnn.
Fraction of flammable cloud confined........................
CUPVE NUITDET . . . e e e e e e e e e e s
def | agrati on)

Distance fromrelease (Xd)...... ..o,
O fset between rel ease centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordinate of release (for nmapping purposes)..............
Y-coordinate of release (for mapping purposes)..............
Predefined wind direction........... .. .. . . ...
Wnd cones from (West = 180 degrees)...........couiiinn...
Calculate all contours for........... .. ... ..
Overpressure level (lowest) for first contour plot..........
Overpressure |level for second contour plot..................
Overpressure |level (highest) for third contour plot.........

RESULTS

Confined nass in explosive range.................iiiinn. .
Peak overpressure at Xd.............. i
Positive phase duration at Xd............. ... .. . . .
Darmage (general description) at Xd..........................
17 - 35 kPa).

Danmage to brick houses at Xd............... ... .. ... ... :
maj or repair works. Partial roof failures, 25%of all
danage to the renmining carrying el enents.
Darmage to typical Anerican-style houses at Xd...............
Def orned wal Il s and doors; failure of joints.
covering has fallen down (15 kPa).

Danmage to structures (enpirical) at Xd......................
bl ocks have col |l apsed (15-20). M nor damage to steel frames
bet ween st eel
tank has coll apsed (7 kPa).

START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON)

brick walls have failed,
Damage to wi ndowfranes and doors (7-15 kPa).

(8-10 kPa).
or al um nium ondul ated pl ates have failed 7-14 kPa).

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Mul ti energy expl osion
UN_02_B) GENPOVER

A eo Conbust i vel

26.6 °C

1442.9 kg

20 %

8 (Very strong

100 m
0Om

0Om
5.121E5 m
9. 6034E6 m
E

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

effects

288. 58 kg

0. 184 Bar

49 ns

Mbder at e danage (Zone C:
Not habi tabl e wi thout
serious

Moderate to mi nor danmage.

Doors and w ndow franmes have failed. Wall

Wal s made of concrete
Connecti ons
The roof of a storage

Mai n program (production date)
Model nane

Date of this calculation

Cal cul ati on performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

Project file name

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

09: 22: 00)

Project file directory

EXECUCAQ 136_Cl PP\ Model agent

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

EffectsG S (08 Sep 2003 16:19: 16)

Mil ti energy expl osion nodel (125)

04 Jul 2009 09:24:57

AVPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 Cct 2001 17:10:54 (CRC=34CC91F0)
1

No reference avail able
"UN_02 b) GENPOWAER. al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 b) GENPOVER gbd" (last nodified: 04 jul 2009

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

XMl
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Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ 136_Cl PP\ Model agent

| NPUT

Model . . Chanber | ai n nodel
Case desCription. .. ... UN_02_B) GENPOVER
Chemical NAMB. ... ...t A eo Conbust i vel
Mass flow rate of the source............ ... ... ... .. ... ...... : 65.76 kgl/s

Hei ght | eak above ground level...... ... ... ... ... ... ... ... .... :0m

Initial pressure. .. ... ... ;1.1 Bar

Initial tenmperature. ... ... 45 °C

Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... 90 deg

Wnd speed at 10 mheight....... ... ... ... . . . .. . . . 3.8 nls

Anbient tenmperature. . ... ... 26.6 °C

Ambient relative humdity............ . ... . . . . i 82 %

Fraction CO2 in atnosphere........... ... .. ... ... ... ... ... ... 0.03 %
Distance fromrelease (X)........o . 100 m

Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... : No

X-coordinate of release (for mapping purposes).............. : 5.121E5 m
Y-coordi nate of release (for mapping purposes).............. 9. 6034E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg

RESULTS

Heat radiation level at X ....... ... .. .. . . . . .. : 5.61 kWne
Fraction of nortality at X ......... .. ... . .. 0%

Safe distance (Q =1 KWnR). ... .. i : 225.59 m

Heat emission fromsurface of the flare..................... 165. 59 kW n2
Angl e between hole and flame axis........................... 30. 23 deg
Frustumlift off height.......... .. ... ... . . . . ... .. ... ... .... 4.81 m

Wdth of frustumbase......... ... ... ... ... .. i 9.67 m

Wdth of frustumtip........ .. 29.86 m

Length of frustum (flame)...... ... ... ... . . .. . . . . ... . ... 68.03 m

Tilt central axis flare........ ... ... : 30.23 deg

VieWw fact Or. .. 5%

Atnmospheric transm sSiVity. . ... 71 %
-------------- END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) -----------omonnnn-
Admi nistrative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Chanberl ai n nodel (127)
04 Jul 2009 09:25:02
AVPLA Engenhari a
5.5.0.0293

3.08

18 Aug 2003

FLARE. EXE 05 Oct 2001
1

"UN_02 b) CGENPOVER. al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

17:10: 52 ( CRC=7625AEFB)

"Standard. Env' (last nodified: 10 out 1997
"Standard. CPF" (last nodified: 14 jan 1999
"Standard. dpf" (last nodified: 10 out 1997

13: 40: 48)
17: 38: 14)
13: 40: 48)

XV



ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Secretaria da Infraestrutura

Map background file used 2009
09: 22: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

"UN_02 b) GENPOVER gbd" (last nodified: 04 jul
" C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version

Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on database directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ 136_Cl PP\ Model agent

End of administrative & version data:

"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Proj ect UN_02 C) UTE JOSE DE ALENCAR

—————————————— START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) -----------ooonn-n-
| NPUT

Model . . Liquid rel ease from
vessel or pipe (131)

Case desCription. .. ... UN_02_C) UTE JOSE DE
ALENCAR

Chemical MAMB. . ...ttt et e A eo Conbustivel

Type of release. ... ... Rel ease through hole in
vessel

Vessel volume. ... ... .. 500 nB

VeSSl LY e Hori zontal cylinder
Length cylinder. ... ... ... 15 m

Filling degree. .. ... e 80 %

Overpressure above liquid............ . . ... .. 1.1 Bar

Hole diameter. . ... . 100 mMm

Hei ght | eak above tank bottom.............................. 1.5 m

Initial tenmperature. . ... ... . 45 °C

Di scharge coefficient.......... . . . . . . . . . . . 0.62 -

Time t after start release.......... .. ... ... ... . . ... 600 s

X-coordinate of release (for mapping purposes).............. 5.1624E5 m

Y-coordi nate of release (for mapping purposes).............. 9. 5944E6 m

RESULTS

Mass flowrate at time t......... .. ... . . . 65.76 kg/s

Total mass released at time t......... ... .o, 40590 kg

Filling degree at time t..... ... .. ... 69 %

Height of liquid at time t...... ... ... . . . . . . .. 4.22 m

Total mass released. .. ... ... ... 2. 163E5 kg
—————————————— END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmmmmmmma
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model nane
Date of this calculation

Li quid rel ease fromvessel or pipe (131)

Cal cul ation performed by
Software library version

Model driver version(s) :
Model driver |ast nodification :
Model executabl e version(s)
Session nr.

Ref erences

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

04 Jul 2009 09:27:05

AMPLA Engenhari a

5.5.0.0293

3.03

11 Apr 2000

MFLI QVES. EXE 19 Mar 2002 11:04:36 (CRC=46EE8472)
1

No reference avail able

XV
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Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used

Map background file used

jul 2009 09:26:22)

Project file directory
EXECUCAQ 136_Cl PP\ Model agent
Chenmi cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion dat abase directory
5. 5\ Shar ed dat a\ Dat abases”
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version d

START OF SESSI ON 1

Model
rel ease;

expl osi ve mass

Case description.................
ALENCAR

Chenmical name....................
Mass flow rate of the source.....
Length source in wind direction..

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

"UN_02 c) UTE JOSE DE ALENCAR. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env" (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 c¢) UTE JOSE DE ALENCAR gbd" (last nodified: 04
" C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version

"C:\Program Fi |l es\TNO I ndustrial Safety\Version

"C:\Program Fi |l es\TNO I ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

at a:

MODEL 2 ( SCENARI O CALCULATI ON)

........................... Neutral gas; continuous

(108)

UN 02_C) UTE JOSE DE

A eo Conbust i vel
65.76 kg/s
100 m

Source Width. ... ...
Length source in z-direction............ .. ... .. ... ... .. .....
Hei ght | eak above ground | evel
Anbient tenmperature. . ... ... ...

0Om
m
m

0
0
26.6 °C

Pasquill stability class........ ... ... . . . C (Lightly Unstable)
Wnd speed at 10 mheight............ .. ... .. . .. . .. ... 3.8 nm's

Roughness length description.............. ... .. . i, Flat |and
X-coordinate of release (for nmapping purposes).............. 5.1624E5 m
Y-coordinate of release (for nmapping purposes).............. 9. 5944E6 m
Predefined wind direction.............. .. ... ... ... ... .. ... E

Wnd comes from (West = 180 degrees)..........c.ouuuiunnnnnn. 180 deg

RESULTS

Maxi mum expl 0Si Ve MBSS. . .. ... 1442.9 kg

Maxi mum di stance of source to LEL........................... 142.8 m

Maxi mum wi dth between LEL........... ... ... ... ... ... .. .... 15.23 m

Maxi mum height to LEL........ ... .. . . . . . . . 8.13 m

Maxi mum di stance of source to UEL........................... 16.15 m

Maxi mumwi dth between UEL........ ... .. ... . ... ... . ... .. ..... 1.8 m

Maxi mum height to UEL.............. .. . . .. 0.96 m
-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ---------------------
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane
Date of this calculation
Cal cul ation performed by

Neutral gas;
04 Jul 2009 09:27:09
AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) EXPLOCYZ. EXE 05 Cct 2001
Session nr. 1

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

conti nuous rel ease;

expl osi ve mass (108)

17:10: 52 ( CRC=34F7BDAC)
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Ref er ences Thi s nodel
(1997), section 4.5.3

Project file name

Cheni cal dat abase used " Pur pl e_Book. Rdb" (I ast

16: 08: 52)

Envi ronnment dat abase used "Standard. Env"' (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

Map background file used

jul 2009 09:26:22)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5.5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory
5. 5\ Shared dat a\ Dat abases”
Map background directory
EXECUCAQ 136_ClI PP\ Mbdel agent

End of administrative & version data:

I NPUT

Model . .
nodel (125)

Case desCriptiOn. . ...t
ALENCAR

Chemi cal nNamB. . ... ...

Anbient tenmperature. . ... ...
Total mass in explosive range. .. ........viiiiiinennnnenn.
Fraction of flammable cloud confined........................
CUIVE NUITDET . . . e e e e e e e e
def | agrati on)

Di stance fromrel ease (Xd)
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordi nate of release (for nappi ng purposes)
Y-coordi nate of release (for mapping purposes)
Predefined wind direction.............. .. ... ... ... ... .. ...
Wnd cones from (West = 180 degrees)
Calculate all contours for....... ... . . ...,
Overpressure level (lowest) for first contour plot
Overpressure |level for second contour plot
Overpressure |level (highest) for third contour plot

RESULTS

Confined nass in explosive range................iiiin. .
Peak overpressure at Xd.......... ... ...
Positive phase duration at Xd.............. ... .. ... ... .. ...
Darmage (general description) at
17 - 35 kPa).

Darmage to brick houses at Xd.............. ... ... .. ... ... .... :
maj or repair works. Partial roof failures, 25%of all
damage to the remaining carrying el ements.
Darmage to typical Anerican-style houses at
Def orned wal Il s and doors; failure of joints.
covering has fallen down (15 kPa).

Danmage to structures (enpirical) at Xd......................
bl ocks have col |l apsed (15-20). M nor danmage to steel frames
bet ween st eel
tank has col |l apsed (7 kPa).

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi |l es\TNO I ndustri al

START OF SESSI ON 1 MODEL 3 ( SCENARI O CALCULATI ON)

brick walls have failed,
Danage to wi ndowfranes and doors (7-15 kPa).

(8-10 kPa).
or al um nium ondul ated pl ates have failed 7-14 kPa).

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

is described in the Yell ow Book 3rd edition

"UN_02 c¢) UTE JOSE DE ALENCAR. al d
nodi fied: 25 out 2002

10 out 1997 13:40:48)
14 jan 1999 17:38:14)
10 out 1997 13:40:48)

"UN_02 c) UTE JOSE DE ALENCAR. gbd" (last nodified: 04

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Mul ti energy expl osion

UN 02_C) UTE JCSE DE
A eo Conbust i vel

26.6 °C

1442.9 kg

20 %

8 (Very strong

100 m
0Om

0Om
5.1624E5 m
9. 5944E6 m
E

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

effects

288. 58 kg

0. 184 Bar

49 ns

Mbder at e danage (Zone C:
Not habi tabl e wi t hout
serious

Moderate to m nor danage.

Doors and wi ndow franes have failed. Wall

Wal I's made of concrete
Connecti ons
The roof of a storage

XVII
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Administrative & version data:

Mai n program (production date)
Model name

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s)

Model driver
Model executabl e version(s)
Session nr.

Ref er ences

Project file nanme

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

jul 2009 09:26:22)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion dat abase directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent

| ast nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Effects@ S (08 Sep 2003 16:19: 16)

Mil ti energy expl osion nodel (125)

04 Jul 2009 09:27:13

AMPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M ENERGY. EXE 05 Oct 2001 17:10:54 (CRC=34CC91F0)
1

No reference avail able
"UN_02 c) UTE JOSE DE ALENCAR al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env" (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 c) UTE JOSE DE ALENCAR gbd" (last nodified: 04
“ C:\ AMPLA\ GESTAQO 2009\ PRQJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of admi nistrative & version data:

START OF SESSI ON 1 MODEL 4 ( SCENARI O CALCULATI ON)

| NPUT

Model . .o Chanberl ain nodel (127)
Case desCription. ... ... e UN_02_C) UTE JOSE DE
ALENCAR

Chemical NAMB. ... ....... ..t A eo Conbust i vel
Mass flow rate of the source............. .. .. ... i, 65.76 kg/s
Hei ght | eak above ground level........... .. ... .. ... ... .... 0m

Initial pPressure. .. ... ... 1.1 Bar
Initial tenmperature. . ... ... ... 45 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical) 90 deg

Wnd speed at 10 mheight. ... ... ... . . . . 3.8 nl's
Anbient tenmperature. . ... ... .. 26.6 °C
Anbient relative humidity....... ... . . ... . . . . 82 %
Fraction CO2 in atnosphere............ ... 0.03 %
Distance fromrelease (X)............ ... 100 m
Exposure duration to heat radiation......................... : 20 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for mapping purposes).............. : 5.1624E5 m
Y-coordinate of release (for mapping purposes).............. 9.5944E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg
RESULTS

Heat radiation level at X ....... ... . ... . . . . 5.61 kW nR
Fraction of nortality at X ...... ... ... . . . . . . . . 0 %

Safe distance (Q =1 kWnR). ... i 225.59 m
Heat enmission fromsurface of the flare..................... 165. 59 kwng
Angl e between hole and flame axis........................... 30. 23 deg
Frustum lift off height...... ... ... ... ... . . .. . .. . .. ... . .... 4.81 m
Wdth of frustumbase.. ... ... ... ... ... ... . . 9.67 m
Wdth of frustumtip........ .. 29.86 m
Length of frustum (flame)....... ... .. .. .. . . . .. . . . . . ... 68.03 m

Tilt central axis flare..... ... ... . . .. 30. 23 deg

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS
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Mai n program (producti on date)

Mbdel nane

Date of this calculation
Cal cul ati on performed by
Software library version
Model driver version(s)
Model driver
Model executabl e version(s)
Session nr.

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

jul 2009 09:26:22)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases”

Envi ronnment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

last nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Effects@S (08 Sep 2003
Chanber | ai n nodel (127)

16:19: 16)

04 Jul 2009 09:27:17

AVPLA Engenhari a

5.5.0.0293

3.08

18 Aug 2003

FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
1

"UN_02 c) UTE JOSE DE ALENCAR al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 c) UTE JOSE DE ALENCAR gbd" (last nodified: 04
" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

End of administrative & version data:

Pr oj ect UN 02 D) UTE TERMOCEARA

-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmomnnnn-
| NPUT

Model . .o Liquid rel ease from
vessel or pipe (131)

Case desCription. ... ... UN_02_D) UTE TERMOCEARA
Chemical NAMB. . ......... ..o A eo Conbustivel

Type of release. .. ... Rel ease through hole in
vessel

Vessel VOl UMEB. . ... 500 nB

VeSSl LYPe. . Horizontal cylinder
Length cylinder. ... ... .. . . 15 m

Filling degree. .. ... i 80 %

Overpressure above liquid............ . . ... .. 1.1 Bar

Hole diameter. ... ... ... 100 mMm

Hei ght | eak above tank bottom.............................. 1.5 m

Initial tenmperature. . ... ... 45 °C

Di scharge coefficient....... ... ... ... .. . . . .. . . . ... ... .. .. ... 0.62 -

Time t after start release...... ... ... . . ... . . .. 600 s

X-coordinate of release (for nmapping purposes).............. 5.1429E5 m

Y-coordi nate of release (for mapping purposes).............. 9.5918E6 m

RESULTS

Mass flowrate at time t........... ... ... ... . . . . . . .. .. 65.76 kg/s

Total mass released at time t......... ... ... . ... .. ... 40590 kg

Filling degree at time t......... . . ... . . .. 69 %

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

XIX



ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Secretaria da Infraestrutura

Height of liquid at time t...... ... ... . . . . . . ... 4.22 m

Total mass released. . .......... i 2. 163E5 kg
-------------- END OF SESSION 1 MODEL 1 ( SCENARI O CALCULATION) --------cmmmmmmmmmnan
Admini strative & version data:

Mai n program (producti on date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane Liquid rel ease fromvessel or pipe (131)

Date of this calculation 03 Jul 2009 18:14:30
Cal cul ati on performed by AVPLA Engenhari a
Software library version 5.5.0.0293

Model driver version(s) : 3.03

Model driver last nodification : 11 Apr 2000

MFLI QVES. EXE 19 Mar 2002

Model executabl e version(s) 11: 04: 36 ( CRC=46EE8472)

Session nr. o1

Ref erences No reference avail abl e
Project file name
Chemi cal dat abase used
16: 08: 52)

"UN_02 d) UTE TERMOCEARA. al d
" Pur pl e_Book. Rdb" (last nodified: 25 out 2002

Envi ronnent dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used

2009 15:17:14)

Project file directory
EXECUCAQ 136_Cl PP\ Mbdel agent
Cheni cal database directory
5. 5\ Shared dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_ClI PP\ Model agent

End of administrative & version data:

"UN_02 d) UTE TERMOCEARA. gbd" (last nodified: 01 jul
" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

-------------- START OF SESSI ON 1 MODEL 2 (SCENARI O CALCULATI ON) -=-=-=-c-cocmmnmn--

Model . ..
rel ease; expl osive mass

Case desCription. ... ...
Chemi cal namB. . ... ...

Neutral gas; continuous

(108) '
UN_02_D) UTE TERMOCEARA
A eo Conbust i vel

Mass flow rate of the source............. . ... . ... ... .. ... 65.76 kg/s
Length source in wind direction............................. 100 m
Source Width. ... ... ... . . . . 0m
Length source in z-direction............. .. ... . . ... 0m

Hei ght | eak above ground level....... ... ... ... ... ... ... .. ..... 0m

Arbi ent temperature. .. ... .. 26.6 °C

Pasquill stability class......... ... ... ... ... ... .. ... .. .. ...
Wnd speed at 10 mheight....... .. ... ... . . . . ... . ..

C (Lightly Unstable)
3.8 nls

Roughness length description.......... ... . ... ... . ..., Flat | and
X-coordinate of release (for mapping purposes).............. 5.1429E5 m
Y-coordinate of release (for mapping purposes).............. 9.5918E6 m
Predefined wind direction....... ... .. . . . .. . . .. SE

Wnd cones from (West = 180 degrees)......... ..., 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . . ...« 1442.9 kg
Maxi mum di stance of source to LEL........................... 142.8 m
Maxi mumwi dth between LEL. ... ... ... . ... . . .. . . . . .. ... 15.23 m
Maxi mum height to LEL........ ... .. . . . . . . . . 8.13 m
Maxi mum di stance of source to UEL........................... 16.15 m

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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Maxi mum wi dth between UEL......... ... ... ... . . . . . . ... 1.8 m

Maxi mum height to UEL.......... ... . . . 0 . : 0.96 m
-------------- END OF SESSION 1 MODEL 2 ( SCENARI O CALCULATION) --------cmmmmmmmmmnan
Adm nistrative & version data:

Mai n program (producti on date) Effects@ S (08 Sep 2003 16:19:16)

Model name Neutral gas; continuous rel ease; explosive mass (108)

Date of this calculation 03 Jul 2009 18:14:32
Cal cul ati on performed by AVPLA Engenhari a
Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) EXPLOCYZ. EXE 05 Oct 2001 17:10:52 ( CRC=34F7BDAC)
Session nr. o1
Ref erences : This nmodel is described in the Yell ow Book 3rd edition
(1997), section 4.5.3
Project file nanme

Cheni cal dat abase used

16: 08: 52)

"UN_02 d) UTE TERMOCEARA al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used
2009 15:17:14)
Project file directory

"UN_02 d) UTE TERMOCEARA. gbd" (last nodified: 01 ju

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

EXECUCAQ\ 136_ClI PP\ Mbdel agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"
Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases”
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

End of adnministrative & version data:

"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

-------------- START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON) - ----=--nmmmcmmumn-

Model . .
nodel (125)

Case desCription. ... ...
Chemi cal namB. . ... ...
Anbient tenmperature. . ... ...
Total mass in explosive range. . ....... ...
Fraction of flammble cloud confined........................
CUIVE NUITDET . L . e e e e e e
def | agrati on)

Distance fromrelease (Xd)......... ... .. ...
O fset between rel ease centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordinate of release (for nmapping purposes)..............
Y-coordinate of release (for mapping purposes)..............
Predefined wind direction....... ... ... . . . . . . . . . .
Wnd comes from (West = 180 degrees)...........ouuuinnnnnnn.
Calculate all contours for.......... .. . .. ..
Overpressure level (lowest) for first contour plot..........
Overpressure |level for second contour plot..................
Overpressure |level (highest) for third contour plot.........

RESULTS

Confined nass in explosive range................iiiin. .
Peak overpressure at Xd.......... ... ...

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Mil ti energy expl osion

UN_02_D) UTE TERMOCEARA
A eo Conbustive

26.6 °C

1442.9 kg

20 %

8 (Very strong

315 deg

Physi cal effects
30 nBar

700 nBar

2000 nBar

288. 58 kg
0. 184 Bar

XXI
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Posi tive phase duration at Xd...
description) at Xd..........................

Danage (general
17 - 35 kPa).

Damage to brick houses at Xd....
roof failures,
damage to the remaining carrying el enents.
Anerican-style houses at Xd...............
failure of joints.

maj or repair works. Partial
Danmage to typical

Def orned wal | s and doors;

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

49 ns
Moder at e danmage (Zone C:

Not habi t abl e wit hout
25% of all brick walls have failed, serious
Danmage to wi ndowfranes and doors (7-15 kPa).
Mbderate to minor danage.
Doors and w ndow franes have failed. Wall

covering has fallen down (15 kPa).

Danmage to structures (enpirical) at Xd......................
M nor damage to steel
or al um nium ondul ated pl ates have failed 7-14 kPa).

bl ocks have col | apsed (15-20).
bet ween st eel
tank has coll apsed (7 kPa).

Mai n program (production date)
Model name

Date of this calcul ation

Cal cul ation performed by
Software library version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s) :
Session nr.

Ref erences

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 15:17:14)

Project file directory
EXECUCAQ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

: Walls nade of concrete
(8-10 kPa). Connections
The roof of a storage

frames

Effects@ S (08 Sep 2003 16:19: 16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 18:14:34

AMPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M ENERGY. EXE 05 Oct 2001 17:10:54 (CRC=34CC91F0)
1

No reference available
"UN_02 d) UTE TERMOCEARA. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_02 d) UTE TERMOCEARA. gbd" (last nodified: 01 jul
“ C:\ AMPLA\ GESTAQO 2009\ PRQJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

START OF SESSI ON 1 MODEL 4 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber | ai n nodel (127)
Case desCription. ... ... UN_02_D) UTE TERMOCEARA
Chemi Cal MamMB. . ...ttt e e A eo Conbustivel

Mass flow rate of the source............. ... .. ... ... ........ 65. 76 kg/s

Hei ght | eak above ground level ........... ... ... ... ... ....... 0m

Initial Pressure. . ... ... 1.1 Bar

Initial tenmperature. . ... ... .. 45 °C

Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... 90 deg

Wnd speed at 10 mheight....... ... ... ... .. ... ... ... . ... 3.8 m's

Ambi ent temperature. .. ... .. 26.6 °C

Anbient relative humidity...... ... ... ... . . . . ... . 82 %

Fraction CO2 in atnosphere......... ... ... .. 0.03 %

Distance fromrelease (X).......... ... 100 m

Exposure duration to heat radiation......................... : 600 s

Take protective effects of clothing into account?........... : No

X-coordinate of release (for nmapping purposes).............. : 5.1429E5 m

COMPLEXO INDUSTRIAL DO PECEM - CIP
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Y-coordi nate of release (for nmapping purposes).............. : 9.5918E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axisS)............. : 0 deg
RESULTS
Heat radiation level at X ......... ... ... ... ... . . .. . .. . . ... : 5.61 kWne
Fraction of nortality at X ...... ... ... . . . i : 100 %
Safe distance (Q =1 KWnR). ... ... i :225.59 m
Heat emi ssion fromsurface of the flare..................... : 165.59 kwng
Angl e between hole and flame axis...........ooinnn.. : 30.23 deg
Frustumlift off height...... ... ... .. . . . . . .. . . . . ... : 4.8l m
Wdth of frustumbase....... ... ... . . :9.67 m
Wdth of frustumtip.. ... ... .. e :29.86 m
Length of frustum (flame).......... .. ... . . . . ... : 68.03 m
Tilt central axis flare..... .. ... : 30.23 deg
View fact Or. .. 5%
Atnospheric transm sSSiVity. ... ... 71 %

Mai n program (production date) : Effects@S (08 Sep 2003 16:19: 16)

Model name : Chanberl ain nmodel (127)

Date of this calculation : 03 Jul 2009 18:14:36

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Model executabl e version(s) : FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
Session nr. o1

Project file name : "UN_02 d) UTE TERMOCEARA. al d

Chenmi cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_02 d) UTE TERMOCEARA. gbd" (last nodified: 01 jul
2009 15:17:14)

Project file directory : " C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory : "C:\Program Fi |l es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Map background directory : "C:\ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUGAQ: 136_Cl PP\ Model agent

End of administrative & version data:

Project : UN_03 A) GENPOAER
-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmmmnnn-

I NPUT

MOdel . . . Gas rel ease from vessel
or pipe (133)

Case desCription. ... ... : UN_03 A) GENPOVER
Chemical name. ... ... ... . Carvao Mneral e Gases
Conbustiveis

COMPLEXO INDUSTRIAL DO PECEM - CIP
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Type of release. ... ... .. . Rel ease through hole in
vessel
Vessel volume. ... ... ... .. . . . . . : 10 nB
Initial pressuUre. . ... ... : 50 Bar
Initial tenmperature. . ... ... .. : 2000 °C
Discharge coefficient........ .. ... . . . . : 0.62 -
Hole diameter. ... ... .. : 100 nm
Time t after start release....... ... . . .. .. .. : 600 s
X-coordinate of release (for nmapping purposes).............. : 5.121E5 m
Y-coordi nate of release (for mapping purposes).............. : 9.6034E6 m
RESULTS
Mass flowrate at time t.......... .. i, : 0 kg/s
Pressure at time t..... ... ... .. . : 1 Bar
Tenperature at time t..... ... :1044.1 °C
Di ameter expanded jet at time t........... . ... . ... ... . ... :0m
Total mass released. . ... ... e : 39.48 kg
Average mass flowrate. ... ... : 3.4378 kgl/s
LooBased upon time. .. :11.484 s
Maxi mum mass flow rate. . ... ... .. . . : 14.12 kg/s

Mai n program (production date) : Effects@S (08 Sep 2003 16:19: 16)

Model name : Gas rel ease fromvessel or pipe (133)

Date of this calculation : 03 Jul 2009 18:16:37

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Model executabl e version(s) : MFGASVES. EXE 19 Mar 2002 12:08:46 (CRC=BCOF17F3)
Session nr. 01

Ref erences : This nmodel is described in the Yell ow Book 3rd edition

[1997], sections
2.5.2.1to 2.5.2.4.

Project file nanme : "UN_03 A) GENPOWER. al d

Cheni cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_03 A) GENPOWER. ghd" (Il ast nodified: 02 jul 2009
16: 41: 44)

Project file directory : "C:\ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_ClI PP\ Model agent

Chemi cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory : "C:\Program Fil es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : "C: \ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_ClI PP\ Model agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 2 ( SCENARI O CALCULATI ON) == --=---n-memmemn-

I NPUT

Model . . : Chanberl ain nodel (127)
Case desCription. ... ... : UN_O3 A) GENPOVER
Chemical name......... ... ... . .. . . : Carvdo Mneral e Gases
Conbustiveis

Mass flow rate of the source........ ... ... . ... ... . ... ... .... : 14.12 kg/s

COMPLEXO INDUSTRIAL DO PECEM - CIP
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Hei ght | eak above ground level...... ... ... ... ... ... ... .... 1.5 m
Initial PressuUre. . ... e e e : 50 Bar
Initial temperature. . ....... ... : 2000 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... : 90 deg
Wnd speed at 10 mheight....... ... .. ... . . . . ... . . .. 0 3.8 nms
Ambi ent tenmperature. .. ... : 26.6 °C
Ambient relative humidity. ... ... 82 %
Fraction CO2 in atnosphere....... ... .. .. : 0.03 %
Distance fromrelease (X)........o . 10 m
Exposure duration to heat radiation......................... : 600 s
Take protective effects of clothing into account?........... : No
X-coordinate of release (for mapping purposes).............. : 5.121E5 m
Y-coordi nate of release (for nmapping purposes).............. : 9.6034E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. : 0 deg
RESULTS
Heat radiation level at X ......... ... .. ... ... .. . .. .. .. . . ... : 12.68 kwWne
Fraction of nortality at X .......... ... ... ... . . . . . ... : 100 %
Safe distance (Q =1 KWnR). ... ... i : 69.68 m
Heat emission fromsurface of the flare..................... : 482.75 kW nR
Angl e between hole and flame axis........................... : 5.66 deg
Frustumlift off height....... ... ... ... . . . . .. . . . . . ... 3.7 m
Wdth of frustumbase....... ... .. . . : 0.51m
Wdth of frustumtip.. ... ... .. e : 5.08 m
Length of frustum (flame)......... .. ... . . . . ... : 15.87 m
Tilt central axis flare..... ... . . 5.66 deg
View fact Oor. .. 3%
Atnospheric transm sSSiVity. . ... D81 %

Mai n program (production date) : Effects@ S (08 Sep 2003 16:19: 16)

Model name : Chanberl ain nodel (127)

Date of this calculation : 03 Jul 2009 18:16:39

Cal cul ation performed by : AVPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Mbdel execut abl e version(s) . FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
Session nr. 01

Project file name : "UN_03 A) GENPONER. al d

Chemi cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_03 A) GENPOWER. ghd" (last nodified: 02 jul 2009
16: 41: 44)

Project file directory : " C:\ AMPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ\ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory : "C \Program Fi |l es\TNO | ndustrial Safety\Version

5.5\ Shared dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : "C: \ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON) == --=c-smcmmmmenmn-

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS XXV



Model .

conti nuous rel ease;

expl osi ve

Case desCription. ... ...

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Neutral gas; sem -
mass (104)

UN 03 A) GENPOWER

Chemical name. . ... ... Carvdo M neral e Gases

Conbustiveis

Mass flow rate of the source............ ... .. ... ... ......... 3.4378 kg/s

Duration of the release....... ... .. . . . . . . .. 11.484 s

Source Wi dth. . ... 0 m

Length source in z-direction.............. . ... . ... 0 m

Hei ght | eak above ground level ............ ... ... ... ......... 1.5 m

Anbient tenmperature. . ... ... 26.6 °C

Pasquill stability class........ ... ... . . . i, C (Lightly Unstable)

Wnd speed at 10 mheight....... .. ... . ... . . . . ... . . ... 3.8 nms

Concentration averaging time.......... .o 600 s

Roughness length description.............. . ... . . i, Flat | and

Time t after start release....... ... . . .. .. .. 600 s

X-coordinate of release (for nmapping purposes).............. 5.121E5 m

Y-coordinate of release (for mapping purposes).............. 9. 6034E6 m

Predefined wind direction........... .. .. . . ... E

Wnd cones from (West = 180 degrees)...........couiiinn... 180 deg

RESULTS

Total explosive mass at time t........ ... ... ... ... i, 0 kg

Maxi mum di st ance of source to LEL at tinme t................. 0 m

M ni num di stance of source to LEL at tinme t................. 0 m

Wdth between LEL at time t........ ... ... .. .. 0m

Maxi mum height to LEL at time t........... ... ... . ........... 0m

Maxi mum di st ance of source to UEL at tinme t................. 0m

M ni num di st ance of source to UEL at tinme t................. 0 m

Wdth between UEL at time t........ ... ... .. 0m

Maxi mum height to UEL at time t........... . ... ............ 0 m

Maxi mum expl 0Si Ve MBSS. . .. ...t e 11.58 kg
LAt LI MB. 11.48 s

Maxi mum di stance of source to LEL........................... 24.27 m

-------------- END OF SESSION 1 MODEL 3 ( SCENARI O CALCULATION) -----------ommmmmm--

Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mode
(104)
Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s) :
Model driver |ast nodification
Model executabl e version(s)
Session nr.

Ref er ences

(1997), section 4.5.3

Project file name

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

16: 41: 44)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

name

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Neutral gas; sem -continuous rel ease; expl osive nmass
03 Jul 2009 18:16:42

AMPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOTYZ. EXE 05 Oct 2001 17:10:52 (CRC=5D4DO3FE)

1

This nodel is described in the Yell ow Book 3rd edition

"UN_03 A) GENPOER al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_03 A) GENPOWER. gbd" (last nodified: 02 jul 2009

" C:\ AMPLA\ GESTAQO 2009\ PRQJETCS EM
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

XXVI
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Di spersion database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

Model . .
nmodel (125)

Case desCription. .. ...
Cheni ca
Conbustiveis

Ambi ent temperature. .. ... ..
Total mass in explosive range. . ....... ...,
Fraction of flammable cloud confined........................
Curve nunber
def | agration)

Di stance fromrel ease (Xd)
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordi nate of release (for nappi ng purposes)
Y-coordi nate of release (for nmappi ng purposes)
Predefined wind direction............. .. . . . ...
Wnd cones from (West = 180 degrees)
Cal cul ate all contours for
Overpressure level (lowest) for first contour plot
Overpressure |level for second contour plot
Overpressure |evel (highest) for third contour plot

RESULTS

Confined mass in explosive range. ...
Peak overpressure at Xd.......... ... ...
Positive phase duration at Xd............. ... .. . ..
Damage (general description) at Xd..........................

- 83 kPa).

Damage to brick houses at Xd............. .. ... ... ... ...
repairable; 50%to 75% of the outer brick walls are lightly to
remai ning brick walls are unreliable (35 kPa).

Danmage to typical Anerican-style houses at Xd...............

of some walls (30 kPa)

Damage to structures (enmpirical) at Xd......................
cm) have col |l apsed (50 kPa). Displacenent of a cylindrica
connecting pi pes (50-100 kPa).
a pipe-bridge (40-55 kPa). Displacenent of a pipe-bridge
Damage to a fractioning colum (35-80 kPa).
(35 kPa). Breakage of wooden tel ephone poles (35 kPa).
buil ding ripped-off (30 kPa). Collapse of stee

Mai n program (production date) Effects@ S (08 Sep 2003

"C:\Program Fil es\TNO I ndustri a

storage t ank,
Loaded train carriages turned over (50 kPa).
rupture of piping (35-40 kPa)
Pl ating of cars and trucks pressed inwards

Cl addi ng of
frames and di spl ac

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Mil ti energy expl osion
UN_03 A) GENPOVER
Carvdo M neral e Gases

26.6 °C

11.58 kg

20 %

8 (Very strong

10 m

0m

0Om
5.121E5 m
9. 6034E6 m
E

0 deg
Physi ca
30 nBar
700 nBar
2000 nBar

effects

2.32 kg

0. 5892 Bar

8. 007 ns

Heavy damage (Zone B: 35
The damage i s not
heavi | y damaged. The
Seri ous damage. Col | apse
Bri ckstone walls (20-30
failure of
Col | apse of

light industry

16:19: 16)

Model nane Mil ti energy expl osion nodel (125)

Date of this calculation 03 Jul 2009 18:16:44

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) M _ENERGY. EXE 05 COct 2001 17:10:54 (CRC=34CC91F0)
Session nr. 1

Ref er ences No reference avail abl e

Project file name
Cheni cal dat abase used
16: 08: 52)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used

Map background file used

16: 41: 44)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent

End of administrative & version

START OF SESSI ON

Model
rel ease;

expl osi ve nass

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 A) GENPOWER. ghd" (last nodified: 02 jul 2009

" C:\ AMPLA\ GESTAO 2009\ PRQJETOS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fi |l es\TNO I ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

dat a:

1 MODEL 5 ( SCENARI O CALCULATI ON)

Neutral gas; continuous

(108)

Case desCriptiON. . ...t e e UN_03 A) GENPOVER

Chemical name........ ... .. ... . . Carvéo M neral e Gases
Conbustiveis

Mass flow rate of the source............. . ... ... . ... .. ... 3.4378 kg/s

Length source in wind direction............................. 0Om

Source Width. ... ... .. . 0m

Length source in z-direction........ ... ... . ... . ... 0m

Hei ght | eak above ground level........... ... ... .. ... ... .... 1.5 m

Ambi ent tenmperature. . ... .. 26.6 °C

Pasquill stability class......... .. ... ... ... . . . . ... ... ... ... C (Lightly Unstable)
Wnd speed at 10 mheight....... ... ... ... . . . . ... . . .. 3.8 nls

Roughness length description......... ... ... ... . . ... Flat | and
X-coordinate of release (for nmapping purposes).............. 5.121E5 m

Y-coordi nate of release (for mapping purposes).............. 9. 6034E6 m
Predefined wind direction........... . ... . . . .. E

Wnd cones from (West = 180 degrees)......... ..., 180 deg

RESULTS

Maxi mum expl 0Si Ve MBSS. ... ... 19. 38 kg

Maxi mum di stance of source to LEL........................... 38.77 m

Maxi mum wi dth between LEL. ... ....... . ... .. . ... . ... 3.72 m

Maxi mum height to LEL........ ... . . . . . . . . . 1.87 m

Maxi mum di stance of source to UEL........................... 6.99 m

Maxi mum wi dth between UEL.......... ... ... .. ... ... ... ... .... 0.78 m

Maxi mum height to UEL...... ... .. ... .. . 0.42 m
-------------- END OF SESSION 1 MODEL 5 (SCENARI O CALCULATION) --------mmmmmmmmamo -
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model narme

Date of this calculation

Cal cul ati on performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3

Project file nanme

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Neutral gas; continuous rel ease; expl osive mass (108)
03 Jul 2009 18:16:46

AVPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Cct 2001 17:10:52 ( CRC=34F7BDAC)

1

This nodel is described in the Yell ow Book 3rd edition

"UN_03 A) GENPOWAER. al d
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Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
16: 41: 44)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_03 A) GENPOWER. ghd" (Il ast nodified: 02 jul 2009

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al

"C:\Program Fil es\TNO I ndustri al

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of adnministrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
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Project : UN_ 03 B) UTE MPX PECEM
-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ------mcmmmmmmaaaan

| NPUT

Model . . . Gas rel ease fromvesse
or pipe (133)

Case desCription. ... ... : UN_O3 B) UTE MPX PECEM
Chemical name. .. ... ... . Carvdo M neral e Gases
Conbustiveis

Type of release. .. ... . Rel ease through hole in
vessel

Vessel VOl UMEB. . ... : 10 nB

Initial PressuUre. .. ... e e : 50 Bar

Initial temperature. .. ...... ... : 2000 °C

Discharge coefficient..... ... ... .. . . . . . . . . . : 0.62 -

Hole diameter. ... ... ... : 100 nm

Time t after start release............ .. : 600 s

X-coordinate of release (for mapping purposes).............. : 5.137E5 m

Y-coordi nate of release (for nmapping purposes).............. : 9.6039E6 m

RESULTS

Mass flowrate at time t..... ... . . ... . : 0 kgl/s

Pressure at time t.... ... .. : 1 Bar
Tenperature at time t...... ... e :1044.1 °C

Di ameter expanded jet at time t.......... .. ... ... ... .. ... :0m

Total mass released. .. ... ... ... : 39.48 kg

Average mass flowrate. . ... ... .. . . . : 3.4378 kg/s

.. Based upon timE. ... :11.484 s

Maximum mass flow rate. ... ... : 14.12 kgl/s

Mai n program (production date) : Effects@S (08 Sep 2003 16:19:16)

Model nane : Gas rel ease fromvessel or pipe (133)

Date of this calculation : 03 Jul 2009 18:18:23

Cal cul ati on performed by : AVPLA Engenhari a

Software |ibrary version : 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Model executabl e version(s) : MFGASVES. EXE 19 Mar 2002 12:08:46 (CRC=BCOF17F3)
Session nr. 1

Ref erences : This nodel is described in the Yellow Book 3rd edition

[1997], sections
2.5.2.1to 2.5.2.4.

Project file nane : "UN_03 B) UTE MPX PECEM al d

Chenmi cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env' (last nodified: 10 out 1997 13:40:48)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS XXX
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Syst em dat abase used

Di spersi on dat abase used

Map background file used

2009 09:13:06)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Chenmi cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

" Standard. CPF" (I ast

nodi fi ed:
"Standard. dpf" (last nodified:
"UN_03 B) UTE MPX PECEM ghd" (last nodified: 02 jul

"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi |l es\TNO | ndustri al

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

14 jan 1999
10 out 1997

17:38: 14)
13: 40: 48)

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

| NPUT

Model . .o Chanberl ain nodel (127)
Case desCription. ... ... UN_03 B) UTE MPX PECEM
Chemical namB. . ... ... Carvdo M neral e Gases
Conbustiveis

Mass flow rate of the source............. .. ... . . ... 14.12 kg/s

Hei ght | eak above ground level .............. ... ... .......... 1.5 m

Initial pressuUre. . ... ... 50 Bar

Initial tenmperature. . ... ... 2000 °C

Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... 90 deg

Wnd speed at 10 mheight........... .. ... ... ... ... ... .... 3.8 m's

Anbient tenmperature. . ... ... .. 26.6 °C

Anbient relative humidity...... ... ... ... . . . . . 82 %

Fraction CO2 in atnosphere............ ... 0.03 %

Distance fromrelease (X)........... .. 10 m

Exposure duration to heat radiation......................... 600 s

Take protective effects of clothing into account?........... No

X-coordinate of release (for nmapping purposes).............. 5.137E5 m

Y-coordi nate of release (for mapping purposes).............. 9. 6039E6 m

Qutflow angle in XY plane (0=X axis; 90=Y axis)............. 0 deg

RESULTS

Heat radiation level at X ....... ... . . . . . . .. 12. 68 kW n2

Fraction of nortality at X ...... ... ... . . . . . . . . 100 %

Safe distance (Q = 1 KWNR)....... ... 69.68 m

Heat emission fromsurface of the flare..................... 482.75 kW n2

Angl e between hole and flame axis............ ... . ......... 5. 66 deg

Frustum lift off height....... ... .. ... .. . . . . . . .. .. . . . .. ... 3.7 m

Wdth of frustumbase........ ... ... .. . ... . . 0.51 m

Wdth of frustumtip........ .. 5.08 m

Length of frustum (flame)....... ... ... .. . . . . . . . . ... 15.87 m

Tilt central axis flare........ ... .. . .. 5. 66 deg

View factor. . ... ... 3 %

Atnospheric transm sSivity.. ... 81 %

-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ---------mmmmmmmmam o -
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane Chanber | ai n nodel (127)
Date of this calculation 03 Jul 2009 18:18:25
Cal cul ati on performed by AVPLA Engenhari a
Software library version 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Model execut abl e version(s) FLARE. EXE 05 Cct 2001

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

17:10: 52 ( CRC=7625AEFB)

XXXI



Secretaria da Infraestrutura

Session nr.

Project file nane

Chemi cal dat abase used
16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 09:13:06)

Project file directory

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

1
"UN_03 B) UTE MPX PECEM al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 B) UTE MPX PECEM gbd" (last nodified: 02 jul

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent

Model .
continuous rel ease; expl osive

Case desCriptiOn. . ...t
Chemical name......... ... .. . .. . .
Conbustivei s

Mass flow rate of the source........ ... ... .. ... ... ... . . ...
Duration of the release.......... ... ... .. ... . . . . . . . ...
Source Width. ... ... . .
Length source in z-direction........ ... ... . ... . . ...
Hei ght | eak above ground level...... ... ... ... ... .. ... ... ....
Anbient tenmperature. . ... ... .
Pasquill stability class........... ... .. . . ..
Wnd speed at 10 mheight..... ... ... . . .
Concentration averaging time........... ... .
Roughness length description............... ... .. oo,
Time t after start release...........iiinn.
X-coordinate of release (for mapping purposes)..............
Y-coordi nate of release (for mapping purposes)..............
Predefined wind direction............. .. . . . ...
Wnd cones from (West = 180 degrees)...........ouvuinon..

RESULTS

Total explosive mass at time t........ ... . ... ... iiiioo..
Maxi mum di stance of source to LEL at tinme t.................
M ni mum di stance of source to LEL at tinme t.................
Wdth between LEL at time t....... ... ... .. ..
Maxi mum height to LEL at time t........... ... ... .. ... .. ....
Maxi mum di stance of source to UEL at tinme t.................
M ni mum di stance of source to UEL at time t.................
Wdth between UEL at time t....... ... ... .. ..
Maxi mum height to UEL at time t....... ... . ... ... ... .. ....

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

Neutral gas; sem -

mass (104)
UN_03 B) UTE MPX PECEM
Carvdo M neral e Gases

3.4378 kg/s

9. 6039E6 m
E
180 deg

Oococoococooo
333333333

Maxi mum expl 0Si Ve MBSS. . ... 11.58 kg

Al LM . 11.48 s
Maxi mum di stance of source to LEL........................... 24.27 m
—————————————— END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ----------mmmmmmammo
Admi ni strative & version data:
Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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Mode
(104)
Date of this calculation
Cal cul ation performed by
Software library version
Model driver version(s)
Model driver
Mobdel executabl e version(s)
Session nr.

Ref er ences

(1997), section 4.5.3
Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 09:13:06)

Project file directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent
Cheni cal database directory
5. 5\ Shared dat a\ Dat abases"

name

Envi ronment dat abase directory

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

| ast nodification

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Neutral gas; sem -continuous rel ease; expl osive nmass
03 Jul 2009 18:18:29

AVPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOTYZ. EXE 05 Oct 2001 17:10: 52 ( CRC=5D4DO3FE)

1

This nodel is described in the Yellow Book 3rd edition

"UN_03 B) UTE MPX PECEM al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 B) UTE MPX PECEM gbd" (last nodified: 02 ju
" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of administrative & version data:

Mdel . ...... ... . ..

nodel (125)

Case description................
(97 Uy =T

Chemi ca
Conbustiveis

Anbi ent temperature.............
mass in expl osive range..
Fraction of flammable cloud confined........................
Curve nunber....................

Tot al

def | agrati on)

Di stance fromrelease (Xd)......
O fset between rel ease centre and cloud centre..............
O fset between cloud centre and explosion centre............
mappi Ng purposes)..............
Mappi Ng puUrposes)..............
Predefined wind direction.......
180 degrees) . ... .o
contours for......
(lowest) for first contour plot..........
for second contour
(highest) for third contour plot.........

X-coordi nate of
Y- coordi nate of

rel ease (for
rel ease (for

Wnd cones from (West =
Cal cul ate al
Overpressure | eve
Overpressure | eve
Overpressure | eve

RESULTS

Confined nmass in expl osive range
Peak overpressure at Xd.........
Posi tive phase duration at Xd...

Damage (genera
- 83 kPa).

description) at

Darmage to brick houses at Xd...
50%to 75% of the outer

repairabl e;

START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

............................ Mul ti energy expl osion
............................ UN_03 B) UTE MPX PECEM
............................ Carvéo M neral e Gases
............................ 26.6 °C
............................ 11.58 kg

20 %

8 (Very strong

10 m

0Om

0Om
5.137E5 m
9. 6039E6 m
E

0 deg
Physi ca
30 nBar
700 nBar
2000 nBar

effects

plot..................

2.32 kg

0. 5892 Bar

8. 007 ns

Heavy damage (Zone B: 35

: The damage is not
brick walls are lightly to heavily danaged. The

remaining brick walls are unreliable (35 kPa).

Darmage to typica
of some walls (30 kPa).

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Anerican-style houses at Xd...............

Serious danmage. Col | apse

XXX
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Damage to structures (enpirical) at Xd......................
Di spl acenent of a cylindrical
Loaded train carriages turned over (50 kPa).
Di spl acenment of a pipe-bridge,
Damage to a fractioning colum (35-80 kPa).
Br eakage of wooden tel ephone poles (35 kPa).
Col | apse of steel

cm have col |l apsed (50 kPa).
connecting pi pes (50-100 kPa).
a pi pe-bridge (40-55 kPa).

(35 kPa).
buil ding ripped-off (30 kPa).

Mai n program (production date)
Mbdel nane

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s)

Model driver
Model executabl e version(s)
Session nr.

Ref erences

Project file nanme

Cheni cal database used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 09:13:06)

Project file directory
EXECUCAQ 136_ClI PP\ Mbdel agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

|l ast nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Bri ckstone walls (20-30
storage tank, failure of
Col | apse of
rupture of piping (35-40 kPa)
Plating of cars and trucks pressed inwards
Cl addi ng of light industry
frames and di spl ac

Effects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 18:18:31

AMPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 Cct 2001 17:10:54 (CRC=34CC91F0)
1

No reference avail abl e
"UN_03 B) UTE MPX PECEM al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 B) UTE MPX PECEM gbd" (last nodified: 02 jul
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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Project : UN 03 C) UTE PORTO DO PECEM I |

-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmonnnn-
I NPUT

1 0o = . Gas rel ease fromvessel
or pipe (133)

Case desCription. ... ... : UN.O3 ©) UTE PORTO DO
PECEM 11

Chemical name. . ........ ... : Carvdo Mneral e Gases
Conbustiveis

Type of release. ... ... . Rel ease through hole in
vessel

Vessel volume. ... ... ... ;10 nB

Initial pressure. ... ... ... : 50 Bar

Initial temperature. ... ... ... ... : 2000 °C

Di scharge coefficient..... ... ... . . . . . . . . . .. : 0.62 -

Hole diameter. . ... ... . : 100 nm

Time t after start release............ ... ... ... ... ........ : 600 s

X-coordinate of release (for mapping purposes).............. : 5.1368E5 m

Y-coordi nate of release (for nmapping purposes).............. : 9.6038E6 m

RESULTS

Mass flowrate at time t......... .. ... . . . . : 0 kgl/s

Pressure at time t.... ... ... .. . . .. . : 1 Bar

Tenperature at time t... ... . :1044.1 °C

Di ameter expanded jet at time t........ ... . ... .. ... . . . . ... :0m

Total mass released. .. ... ... ... : 39.48 kg

Average mass flowrate. . ... : 3.4378 kg/s

.. Based upon time. .. :11.484 s

Maxi mum mass flow rate.......... .. . .. : 14.12 kgl/s

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS XXXV



Mai n program (production date)

Mobdel name

Date of this calculation
Cal cul ati on performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

[1997], sections

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
jul 2009 09:15:20)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases”

Envi ronnment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Effects@ S (08 Sep 2003
Gas rel ease from vessel

16:19: 16)
or pipe (133)

03 Jul 2009 18:20:01
AVPLA Engenhari a
5.5.0.0293

3.04

20 Apr 2000

MFGASVES. EXE 19 Mar 2002 12:08: 46 (CRC=BCOF17F3)
1

This nodel is described in the Yell ow Book 3rd edition
2.5.2.1to 2.5.2.4. )

"UN_03 C) UTE PORTO DO PECEM I I.ald

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 C) UTE PORTO DO PECEM I 1. gbd" (last nodified: 02
" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

End of administrative & version data:

START OF SESSI ON 1 MODEL 2 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber | ai n nodel (127)
Case desCription. ... ... UN_03 C) UTE PORTO DO
PECEM 11

Chemical name. . ........ ... Carvéo M neral e Gases
Conbustiveis

Mass flow rate of the source........ ... ... ... . ... . ... ... 14.12 kg/s

Hei ght | eak above ground level........... ... ... ... ... ... .... 1.5 m

Initial PressuUre. .. ... e e e 50 Bar

Initial tenmperature. . ... ... 2000 °C

Qutflow angle in XZ plane (0°=horizontal 90°=vertical) 90 deg

Wnd speed at 10 mheight........ ... . ... .. . . ... .. ... ... 3.8 ms

Arbi ent temperature. .. ... .. 26.6 °C

Anbient relative humdity. ... ... ... .. ... . . . . .. . 82 %

Fraction CO2 in atnosphere....... ... ... . ... 0.03 %

Distance fromrelease (X)......... .. 10 m

Exposure duration to heat radiation......................... : 600 s

Take protective effects of clothing into account?........... : No

X-coordinate of release (for mapping purposes).............. : 5.1368E5 m
Y-coordinate of release (for mapping purposes).............. 9. 6038E6 m

Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg

RESULTS

Heat radiation level at X ......... ... ... ... ... .. .. ... .. .... 12. 68 kWne

Fraction of nortality at X ...... ... ... . . . . . i 100 %

Safe distance (Q =1 KWnR). ... ... i 69.68 m

Heat emission fromsurface of the flare..................... 482.75 kW n2

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS
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Angl e between hole and flane axis
Frustumlift off height.........
Wdth of frustumbase...........
Wdth of frustumtip............
Length of frustum (flame).......
axis flare.........
Viewfactor.....................
At nospheric transmssivity......

Tilt central

Mai n program (production date)
Model name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s)

Model driver
Model executabl e version(s)
Session nr.

Project file nanme

Cheni cal database used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

jul 2009 09:15:20)

Project file directory
EXECUCAQ 136_ClI PP\ Mbdel agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

| ast nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

5. 66 deg
3.7 m
0.51 m
5.08 m
15.87 m
5. 66 deg
3%

81 %

Ef fects@ S (08 Sep 2003 16:19:16)

Chanberl ai n nodel (127)

03 Jul 2009 18:20:03

AMPLA Engenhari a

5.5.0.0293

3.08

18 Aug 2003

FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
1

"UN_03 C) UTE PORTO DO PECEM I 1. ald
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 C) UTE PORTO DO PECEM I |.gbd" (last nodified: 02
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON)

| NPUT
Model . . Neutral gas; sem -
continuous rel ease; explosive

mass (104)
Case desCription. ... ... UN_03 C) UTE PORTO DO
PECEM 11
Chemical name.......... . .. . Carvéo M neral e Gases
Conbustiveis
Mass flow rate of the source........ .. ... .. .. . ... ... . .. .... : 3.4378 kg/s
Duration of the release....... ... .. ... .. . . . . . . .. :11.484 s
Source Width. ... .. .. :0m
Length source in z-direction.............. ... ... . . ... :0m
Hei ght | eak above ground level ............ ... ... ... ......... 1.5 m
Anbient tenmperature. . ... ... . : 26.6 °C
Pasquill stability class....... ... ... ... . . . : C (Lightly Unstable)
Wnd speed at 10 mheight....... ... ... ... .. ... ... ... . ... : 3.8 s
Concentration averaging time............... . : 600 s
Roughness length description......... ... . ... . . ... : Flat land
Time t after start release........ ... ... . . . . ... 600 s
X-coordinate of release (for mapping purposes).............. 5.1368E5 m
Y-coordinate of release (for mapping purposes).............. : 9.6038E6 m
Predefined wind direction....... ... ... ... . . . . . . .. . E
Wnd cones from (West = 180 degrees)..............couno... : 180 deg

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

RESULTS

Total explosive mass at time t........ ... ... . ... oo, 0 kg

Maxi mum di stance of source to LEL at tinme t................. 0m

M ni mum di stance of source to LEL at time t................. 0 m

Wdth between LEL at time t......... ... ... . . . . . .. 0m

Maxi mum height to LEL at time t........... . ... .. ........... 0m

Maxi mum di stance of source to UEL at tinme t................. 0Om

M ni mum di stance of source to UEL at tinme t................. 0 m

Wdth between UEL at time t........ ... ... .. . . ... 0m

Maxi mum height to UEL at time t........... . ... . ............ 0 m

Maxi mum expl 0Si Ve MBSS. . .. ... e 11.58 kg
At LM, . 11.48 s

Maxi mum di stance of source to LEL........................... 24.27 m

-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ----=-----mmmmmmmmammn

Admi nistrative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mobdel name

(104)

Date of this calculation 03 Jul 2009 18:20:07
Cal cul ation performed by AVPLA Engenhari a
Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) : EXPLOTYZ. EXE 05 Cct 2001
Session nr. 01

Ref erences Thi s node
(1997), section 4.5.3

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronment dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

jul 2009 09:15:20)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shared dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

End of administrative & version data:

"Standard. Env' (last nodified
"Standard. CPF" (last nodified
"Standard. dpf" (last nodified
"UN_03 C) UTE PORTO DO PECEM I |.ghd" (last nodified: 02

Neutral gas; sem -continuous rel ease; expl osive nmass

17:10: 52 ( CRC=5D4DO0O3FE)
is described in the Yell ow Book 3rd edition

"UN_03 ©) UTE PORTO DO PECEM I I.ald
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

10 out 1997 13:40:48)
14 jan 1999 17:38:14)
10 out 1997 13:40:48)

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

-------------- START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON) - ----=-sn-emcmmumn-

| NPUT

Model . .
nmodel (125)

Case desCription. .. ...
PECEM 11

Chemical name.......... . ... . ... . . .

Conbustiveis
Anbient tenmperature. . ... ...
Total mass in exploSive range. . ..........uuunnnnnnn.
Fraction of flammble cloud confined........................
CUIVE NUITDET . . . e e e e e e e
def | agrati on)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Mil ti energy expl osion

UN_03 C) UTE PORTO DO
Carvdo M neral e Gases
26.6 °C
11.58 kg

20 %
8 (Very strong

XXXV
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Di stance fromrelease (Xd)...... 1
O fset between rel ease centre and cloud centre.............. 0
O fset between cloud centre and explosion centre............ 00
5

9

X-coordi nate of
Y- coordi nate of

rel ease (for
rel ease (for

W nd cones from (West
Cal cul ate all
Overpressure |evel
Overpressure |evel
Overpressure |evel

RESULTS

Confined nmass in expl osive range
Peak overpressure at Xd.........
Posi tive phase duration at Xd...
description) at Xd..........................

Danmage (general
- 83 kPa).

Darmage to brick houses at Xd....
50% to 75% of the outer

repairabl e;

Mappi Ng purposes)..............
Mmappi Ng purposes)..............
Predefined wind direction.......
= 180 degrees) . ...
contours for......
(lowest) for first contour plot..........
for second contour plot..................
(highest) for third contour plot.........

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

0m

m

m
.1368E5 m
. 6038E6 m
E

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

effects

2.32 kg

0. 5892 Bar

8. 007 ns

Heavy damage (Zone B: 35

: The damage is not
brick walls are lightly to heavily danaged. The

remaining brick walls are unreliable (35 kPa).

Danmage to typical
of some walls (30 kPa).

Damage to structures (enpirical) at Xd...................... :
Di spl acenent of a cylindrical
Loaded train carriages turned over (50 kPa).
Di spl acenent of a pipe-bridge,

cm have col |l apsed (50 kPa).
connecting pi pes (50-100 kPa).
a pi pe-bridge (40-55 kPa).

Darmage to a fractioning colum (35-80 kPa).
Br eakage of wooden tel ephone poles (35 kPa).
Col | apse of steel

(35 kPa).
buil ding ripped-off (30 kPa).

Mai n program (producti on date)
Mbdel nane

Date of this calculation

Cal cul ati on performed by
Software library version

Model driver version(s)

Model driver | ast
Model executabl e version(s)
Session nr.

Ref erences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

jul 2009 09:15:20)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronnent dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory
5.5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

Anerican-style houses at Xd...............

nodi fication :

Serious danage. Col |l apse
Bri ckstone walls (20-30
storage tank, failure of

Col | apse of
rupture of piping (35-40 kPa).
Pl ating of cars and trucks pressed inwards
Cl addi ng of light industry
frames and di spl ac

Effects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 18:20:10

AVPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 Cct 2001 17:10:54 (CRC=34CC91F0)
1

No reference avail abl e .
"UN_03 C) UTE PORTO DO PECEM || . ald
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40: 48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_03 C) UTE PORTO DO PECEM I |.gbd" (last nodified: 02
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fi |l es\ TNO | ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS

XXXIX
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Project : UN 04 a) UTE JOSE DE ALENCAR
-------------- START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON) - ----=-cnmemcmmumn-

| NPUT

MOdel . . . Gas rel ease from vessel
or pipe (133)

Case desCripti ONn. ... .. : UN_04 A) UTE JOSE DE
ALECAR

Chemi cal NamB. . ... .. : Gas Natural

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS XL



Secretaria da Infraestrutura

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Type of release. ... ... .. Rel ease through hole in
vessel

Vessel volume. ... ... ... .. . . . . . 35 nB
Initial pressuUre. . ... ... 50 Bar
Initial tenmperature. . ... ... .. 35 °C
Discharge coefficient........ .. ... . . . . 0.62 -

Hole diameter. ... ... .. 250 mm
Time t after start release....... ... . . .. .. .. 600 s
X-coordinate of release (for nmapping purposes).............. 5. 1545E5 m
Y-coordi nate of release (for mapping purposes).............. 9. 5944E6 m
RESULTS

Mass flowrate at time t.......... .. i, 0 kg/s
Pressure at time t..... ... ... .. . 1 Bar
Tenperature at time t..... ... 24.85 °C

Di ameter expanded jet at time t........... . ... . ... ... . ... 0 m

Total mass released. . ... ... e 998. 6 kg
Average mass flowrate. ... ... 62.009 kg/s
LooBased upon time. .. 16.104 s
Maxi mum mass flow rate. . ... ... .. . . 254.1 kg/s
—————————————— END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmmnmmma
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name Gas rel ease fromvesse

or pipe (133)

Date of this calculation 03 Jul 2009 18:05:49

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Model executabl e version(s) MFGASVES. EXE 19 Mar 2002 12:08:46 ( CRC=BCOF17F3)
Session nr. 01

Ref erences : This nmodel is described in the Yell ow Book 3rd edition
[1997], sections

2.5.2.1to 2.5.2.4.
Project file nanme

"UN_04 a) UTE JOSE DE ALENCAR al d

Cheni cal dat abase used " Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used

jul 2009 16:42:50)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"
Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

"UN_04 a) UTE JOSE DE ALENCAR. gbd" (last nodified: 02
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustri al Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

I NPUT

Mdel ... ..
nodel (125)

Case description.................
ALECAR

Chemical name....................

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

START OF SESSION 1 MODEL 2 ( SCENARI O CALCULATI ON)

........................... Ml ti

ener gy expl osion
UN 04 A) UTE JOSE DE

Gas Natural

XLI
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Anbi ent temperature..............
mass in expl osive range....
Fraction of flammable cloud confined........................

Tot al

Curve nunber
def | agrati on)
Di stance fromrel ease (Xd)

O fset between rel ease centre and cloud centre..............
O fset between cloud centre and explosion centre............
mappi ng pur poses)
mappi ng pur poses)
Predefined wind direction........
= 180 degrees)

X-coordi nate of
Y- coordi nate of

rel ease (for
rel ease (for

W nd cones from (West
Cal cul ate all contours for
Overpressure |evel
Overpressure |evel

Overpressure |evel (highest) for

RESULTS

Confined mass in expl osive range

Peak overpressure at Xd..........
Posi tive phase duration at Xd....
description) at Xd.............. ... ... ...

Danmage (general
17 - 35 kPa).

Darmage to brick houses at Xd.....

maj or repair works. Partial roof
damage to the remaining carrying
Darmage to typical Anmerican-style
Def orned wal | s and doors;

(lowest) for first contour plot
for second contour plot

failure of joints.

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

26.6 °C
1584. 2 kg

20 %
........................... : 8 (Very strong

........................... 00 m
m
m
. 1545E5 m
.5944E6 m

1

0

.0
.............. . 5
9

E

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

........................... ef fects

third contour plot

316. 84 kg

0. 1947 Bar

51 ns

Mbder at e danage (Zone C:

........................... : Not habitabl e wthout
failures, 25%of all brick walls have failed, serious
el ements. Damage to w ndowfranmes and doors (7-15 kPa).
houses at Xd............... Moderate to minor danmage.
Doors and wi ndow franmes have failed. Wall

covering has fallen down (15 kPa).

Danage to structures (enpirical)
bl ocks have col | apsed (15-20).
bet ween st eel
tank has coll apsed (7 kPa).

Mai n program (production date)
Mbdel nane

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s) :
Model driver |ast nodification :
Mbdel executabl e version(s)
Session nr.

Ref erences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

jul 2009 16:42:50)

Project file directory

EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :
5. 5\ Shared dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory

5. 5\ Shared dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

M nor damage to steel
or al um nium ondul ated pl ates have failed 7-14 kPa).

at Xd......... i
franes

: Walls nade of concrete
(8-10 kPa). Connections
The roof of a storage

Effects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 18:05:51

AVPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 COct 2001 17:10:54 (CRC=34CC91F0)
1

No reference avail abl e
"UN_04 a) UTE JOSE DE ALENCAR. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_04 a) UTE JOSE DE ALENCAR gbd" (last nodified: 02
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustri al Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

XLI



ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

End of administrative & version data:

START OF SESSI ON 1 MODEL 3 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber | ai n nodel (127)
Case desCripti On. ... ... . UN 04 A) UTE JOSE DE
ALECAR

Chemical name...... ... .. Gas Natural
Mass flow rate of the source............. ... ... ... ... ....... 254.1 kg/s
Hei ght | eak above ground level...... ... .. .. ... .. ... ... .... 1.5 m
Initial pressure. . ... ... 50 Bar
Initial tenmperature. . ... ... .. 35 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... 90 deg

Wnd speed at 10 mheight........... ... ... .. ... ... ... . ... 3.8 m's
Anbient tenmperature. . ... ... .. 26.6 °C
Anbient relative humidity....... ... . ... . . . . . . . 82 %
Fraction CO2 in atnmosphere............ ... 0.03 %
Distance fromrelease (X)........... .. 100 m
Exposure duration to heat radiation......................... 600 s

Take protective effects of clothing into account?........... No
X-coordinate of release (for mapping purposes).............. 5.1545E5 m
Y-coordinate of release (for mapping purposes).............. 9.5944E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg
RESULTS

Heat radiation level at X ....... ... ... . . . . . 5.94 kW n2
Fraction of nortality at X ......... .. ... . . .. 100 %

Safe distance (Q =1 KWnR). ... ... i 287.48 m
Heat emission fromsurface of the flare..................... 342.76 kW nR
Angl e between hole and flame axis........................... 6. 06 deg
Frustum lift off height........... ... ... .. . . .. .. .. . .. ... .... 16.91 m
Wdth of frustumbase........... ... ... ... ... i 7.31'm
Wdth of frustumtip........ .. 25.34 m
Length of frustum (flame)...... ... ... ... . . . . . . . . ... 74.03 m

Tilt central axis flare..... ... ... . . 6. 06 deg
VieW faCt Or. .. 2 %
Atrmospheric transm SSiVity. . ... 70 %
-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ---------------------
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mobdel name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

jul 2009 16:42:50)

Project file directory

EXECUCAQ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shared dat a\ Dat abases"

Envi ronnent dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Chanberl ai n nodel (127)

03 Jul 2009 18:05:54

AMPLA Engenhari a

5.5.0.0293

3.08

18 Aug 2003

FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
1

"UN_04 a) UTE JOSE DE ALENCAR al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_04 a) UTE JOSE DE ALENCAR gbd" (last nodified: 02
" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM
"C:\Program Fi |l es\TNO I ndustrial Safety\Version

"C:\Program Fi | es\ TNO | ndustrial Safety\Version

XL
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Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

I NPUT

Model . ...
rel ease; expl osive mass

Case desCription. ... ... e
ALECAR

Chemical name............. .. . . .

Mass flow rate of the source............ .. ... ... ... .........
Length source in wind direction.............................
Source Wi dth. . ...
Length source in z-direction.......... ... ... ...
Hei ght | eak above ground | evel
Armbi ent temperature. ... ...
Pasquill stability class...... ... .. .. i
W nd speed at 10 m hei ght

"C:\Program Fi |l es\TNO | ndustri al

"C:\Program Fi |l es\TNO I ndustri al

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Neutral gas; continuous
(108)

UN 04 A) UTE JOSE DE

Gas Nat ural
62. 009 kg/s

0333

.5m
6.6 °C
C (Lightly Unstable)
3.8 m's

NP, OOO

Roughness length description.............. ... ... i, Flat | and
X-coordinate of release (for mapping purposes).............. 5. 1545E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 5944E6 m
Predefined wind direction............. ... . . ... E

Wnd cones from (West = 180 degrees)...........ouvuinon.. 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . ... ..ot 1584. 2 kg
Maxi mum di stance of source to LEL........................... 204.32 m
Maxi mum wi dth between LEL. ... ... ... ... ... . .. . . . ... 20.65 m
Maxi mum height to LEL........ ... ... . . . . . . . 9.76 m
Maxi mum di stance of source to UEL........................... 36.26 m
Maxi mum wi dth between UEL. ... ... ... . ... . . .. .. ... 3.47 m
Maxi mum height to UEL........ ... . ... ... 1.77 m
-------------- END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) ---------------------
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model name Neutral gas; continuous rel ease; explosive mass (108)
Date of this calculation 03 Jul 2009 18:05:56

Cal cul ation performed by AMPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Mbdel execut abl e version(s) EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)
Session nr. 1

Ref er ences This nodel is described in the Yell ow Book 3rd edition
(1997), section 4.5.3

Project file name

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
jul 2009 16:42:50)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_04 a) UTE JOSE DE ALENCAR al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40: 48)

"UN_04 a) UTE JOSE DE ALENCAR gbd" (last nodified: 02
" C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version

XLIV



Secretaria da Infraestrutura

Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi | es\TNO | ndustri al

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Proj ect UN_04 B) UTE TERMOCEARA

—————————————— START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) -------------------

| NPUT

Model . Gas rel ease from vessel
or pipe (133)

Case desCripti ON. ... ... UN_04 B) UTE TERMOCEARA
Chemical name...... ... ... Gas Natural

Type of release. .. ... Rel ease through hole in
vessel

Vessel VOl UMEB. . ... 35 nB

Initial PressuUre. .. ... e e e 50 Bar

Initial temperature. . ....... ... 35 °C

Di scharge coefficient..... ... ... .. . . . . . . . . . 0.62 -

Hole diameter. ... ... ... e 250 mm

Time t after start release.. ..., 600 s

X-coordinate of release (for mapping purposes).............. 5.1429E5 m

Y-coordi nate of release (for nmapping purposes).............. 9.5918E6 m

RESULTS

Mass flowrate at time t........ .. . ... .. 0 kg/s

Pressure at time t........ ... 1 Bar

Tenmperature at time t. ... ... 24.85 °C

Di ameter expanded jet at time t........... ... . ... ... .. ... 0m

Total mass released. .. ... ... ... . 998.6 kg

Average mass flowrate. . ... ... . ... . . 62. 009 kg/s

.. Based upon time. ... 16.104 s

Maxi mum mass flow rate........... ... . . . . . . 254.1 kg/s
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ---------------------
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Model nane Gas rel ease from vessel

or pipe (133)

is described in the Yell ow Book 3rd edition

Date of this calculation 03 Jul 2009 18:06:33

Cal cul ation performed by AMPLA Engenhari a

Software |ibrary version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Model executabl e version(s) MFGASVES. EXE 19 Mar 2002 12:08:46 ( CRC=BCOF17F3)
Session nr. 1

Ref erences Thi s node

[1997], sections

2.5.2.1to 2.5.2. 4.

Project file nanme "UN_04 B) UTE TERMOCEARA. al d

Chemi cal dat abase used "Pur pl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used "UN_04 B) UTE TERMOCEARA. gbhd"
2009 09: 24: 14)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"C:\Program Fi |l es\TNO I ndustri al

(last nodified: 02 jul

" C:\ AMPLA\ GESTAQO 2009\ PRQJETCS EM

Saf et y\ Ver si on

XLV
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Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi | es\TNO | ndustri al

START OF SESSI ON 1 MODEL 2 ( SCENARI O CALCULATI ON)

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

I NPUT

MOdel . .o Mul ti energy expl osion
nodel (125)

Case desCription. ... ... UN_04 B) UTE TERMOCEARA
Chemical name. . ... ... .. Gas Nat ural

Ambi ent tenmperature. .. ... 26.6 °C

Total mass in explosive range. . .........uuuinnnn. 1584. 2 kg

Fraction of flammable cloud confined........................ 20 %

CUPVE NUITDET . . . e e e e e e e
def | agrati on)

Distance fromrelease (Xd)......... ... ... . . ...
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordi nate of release (for
Y-coordi nate of release (for
Predefined wind direction........ ... .. . . ... . ..
Wnd cones from (West =
Cal cul ate all
Overpressure |evel
Overpressure |evel
Overpressure |evel

for second contour

RESULTS

Confined nass in explosive range.................iiiiiunn. .
Peak overpressure at Xd............. .
Positive phase duration at Xd............. ... ... .
Damage (general description) at Xd..........................
17 - 35 kPa).

Danmage to brick houses at Xd............... ... .. ... ... :
maj or repair works. Partial roof failures, 25%of all
danage to the renmining carrying el enents.
Darmage to typical Anerican-style houses at Xd...............
Def ormed wal s and doors; failure of joints.
covering has fallen down (15 kPa).

Damage to structures (enmpirical) at Xd......................
bl ocks have col | apsed (15-20). M nor damage to steel frames
bet ween st eel
tank has coll apsed (7 kPa).

Mai n program (production date) Ef fects@ S (08 Sep 2003

(8-10 kPa).
or al um nium ondul ated pl ates have failed 7-14 kPa).

8 (Very strong

100 m
0Om
0m
Mappi Ng puUrposes).............. 5.1429E5 m
Meppi Ng purposes).............. 9.5918E6 m
E
180 degrees) . .. ... . 0 deg
contours for.. ... ... Physi cal effects
(lowest) for first contour plot.......... 30 nBar
plot.................. 700 nBar
(highest) for third contour plot......... 2000 nBar
316. 84 kg
0.1947 Bar
51 ns

Mbder at e danage (Zone C:

Not

Wal | s nmade of concrete
Connecti ons
The roof of a storage

16:19: 16)

habi t abl e wi t hout
brick walls have failed,
Damage to wi ndowfranes and doors (7-15 kPa).
Moderate to minor damage.
Doors and w ndow franes have failed. Wall

Model nane Mil ti energy expl osion nodel (125)

Date of this calculation 03 Jul 2009 18:06:36

Cal cul ati on performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) M _ENERGY. EXE 05 Cct 2001 17:10:54 (CRC=34CC91F0)
Session nr. 1

Ref erences No reference avail abl e

Project file nanme

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_04 B) UTE TERMOCEARA. al d
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Cheni cal dat abase used " Pur pl e_Book. Rdb" (| ast

16: 08: 52)

Envi ronnment dat abase used "Standard. Env"' (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

Map background file used

2009 09: 24: 14)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

"UN_04 B) UTE TERMOCEARA. gbd"

"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al

"C:\Program Fil es\TNO I ndustri al

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

nodi fied: 25 out 2002

10 out 1997 13:40:48)
14 jan 1999 17:38:14)
10 out 1997 13:40:48)

(last nodified: 02 jul

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

I NPUT

Model . . Chanber| ai n nodel (127)
Case deSCriPti ON. ...ttt e e UN 04 B) UTE TERMOCEARA
Chemical name........ ... .. ... . . Gas Natural
Mass flow rate of the source........ ... ... . ... ... . ... ... 254.1 kg/s
Hei ght | eak above ground level........ ... ... ... ... ... .... 1.5 m
Initial PressuUre. .. ... e e 50 Bar
Initial temperature. .. ...... ... 35 °C
Qutflow angle in XZ plane (0°=horizontal 90°=vertical).... 90 deg

Wnd speed at 10 mheight....... ... . ... . . . . ... . . ... 3.8 nms

Ambi ent tenmperature. . ... .. 26.6 °C
Ambient relative humdity. ... ... ... 82 %
Fraction CO2 in atnosphere....... ... ... . .. 0.03 %
Distance fromrelease (X)........o . 100 m
Exposure duration to heat radiation......................... 600 s

Take protective effects of clothing into account?........... No
X-coordinate of release (for mapping purposes).............. 5.1429E5 m
Y-coordi nate of release (for nmapping purposes).............. 9.5918E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg
RESULTS

Heat radiation level at X ......... ... ... . . . ... . . 5.94 kW n2
Fraction of nortality at X ...... ... .. .. . . i 100 %

Safe distance (Q =1 KWnR). ... ... 287.48 m
Heat emission fromsurface of the flare..................... 342.76 kW nR
Angl e between hole and flame axis........................... 6. 06 deg
Frustumlift off height....... ... ... ... . . . . .. . . . . .. . . . .. ... 16.91 m
Wdth of frustumbase.... ... ... ... . . . . . 7.31 m
Wdth of frustumtip.. ... ... .. 25.34 m
Length of frustum (flame).......... ... ... ... ... ... ... .. .. ... 74.03 m

Tilt central axis flare...... ... ... . .. 6. 06 deg
View factor. . ... 2 %
Atnospheric transm sSSiVity. . ... 70 %
-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ---------mmmmmmmamo
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model name Chanberl ai n nodel (127)

Date of this calculation 03 Jul 2009 18:06:38

Cal cul ation performed by AMPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) 3.08

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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Model driver |ast nodification :
Model executabl e version(s) :
Session nr.

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
2009 09:24:14)

Project file directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

18 Aug 2003
FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
1

"UN_04 B) UTE TERMOCEARA al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_04 B) UTE TERMOCEARA. gbd" (| ast nodified: 02 jul
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAOQ 2009\ PRQOJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

| NPUT
Model . . Neutral gas; continuous
rel ease; expl osive mass
(108)
Case desCription. ... ... UN_04 B) UTE TERMOCEARA
Chemical name. . ... ... ... Gas Nat ural
Mass flow rate of the source............. ... ... . ... 62. 009 kg/s
Length source in wind direction............ ... .. ... .. ... 0Om
Source Width. . ... 0m
Length source in z-direction........ ... ... . ... . ... 0m
Hei ght | eak above ground level........... ... ... .. ... ... .... 1.5 m
Ambi ent tenmperature. . ... 26.6 °C
Pasquill stability class......... .. ... ... ... .. . . ... ... ... ... C (Lightly Unstable)
Wnd speed at 10 mheight........ ... .. ... . . . ... . . .. 3.8 nls
Roughness length description............... ... .. oo, Fl at | and
X-coordinate of release (for mapping purposes).............. 5.1429E5 m
Y-coordinate of release (for mapping purposes).............. 9.5918E6 m
Predefined wind direction....... ... ... ... . . .. . .. E
Wnd cones from (West = 180 degrees)..............uvunn... 180 deg
RESULTS
Maxi mum expl 0Si Ve MBSS. . .. ..ottt 1584.2 kg
Maxi mum di stance of source to LEL........................... 204.32 m
Maxi mum wi dth between LEL........ ... ... ... . .. . . . . . ... 20.65 m
Maxi mum height to LEL........ ... ... . . . . . . .. 9.76 m
Maxi mum di stance of source to UEL........................... 36.26 m
Maxi mumwi dth between UEL. ... ... ... ... ... . ... . . . . ... 3.47 m
Maxi mum height to UEL....... ... .. ... . . . . 1.77 m
-------------- END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) -------------mmmmm---
Admi ni strative & version data:
Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mobdel nane
Date of this calculation
Cal cul ation performed by
Software |ibrary version
Model driver version(s)

Model driver

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

| ast nodification :

Neutral gas; continuous rel ease; explosive mass (108)
03 Jul 2009 18:06:41

AMPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

XLV
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Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3

Project file name

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

EXPLOCYZ. EXE 05 Cct 2001
1
Thi s nodel

17:10: 52 ( CRC=34F7BDAC)
is described in the Yell ow Book 3rd edition

"UN_04 B) UTE TERMOCEARA al d

Chemi cal database used " Pur pl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used "UN_04 B) UTE TERMOCEARA. ghd"
2009 09: 24:14)

Project file directory

EXECUCAQ 136_ClI PP\ Model agent
Chemi cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases”

Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on database directory

5. 5\ Shar ed dat a\ Dat abases”

Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

Pr oj ect UN 04 C) UTE TERMOFORTALEZA

—————————————— START OF SESSI ON 1 MODEL 1 ( SCENARI O CALCULATI ON)
I NPUT

MOdel . .

or pipe (133)

"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi |l es\TNO I ndustri al

(last nodified: 02 jul

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

Gas rel ease from vessel

Case desCription. .. ... UN 04 C) UTE
TERMOFORTALEZA

Chemical name......... ... .. .. . . Gas Natural
Type of release. ... ... . Rel ease through hole in
vessel

Vessel volume. ... ... .. 35 nB
Initial pressure. .. ... .. 50 Bar
Initial tenmperature. . ... ... . 35 °C

Di scharge coefficient.......... .. . . . . . . . . .. 0.62 -

Hole diameter. . ... . 250 mm

Time t after start release............ ... ... ... ... ... .... 600 s
X-coordinate of release (for nmapping purposes).............. 5.1491E5 m
Y-coordinate of release (for nmapping purposes).............. 9. 5931E6 m
RESULTS

Mass flowrate at time t........... .. . .. 0 kg/s
Pressure at time t......... .. . . . . . 1 Bar
Tenperature at time t... ... ... . 24.85 °C

Di ameter expanded jet at time t........... . ... .. ... .. ..... 0m

Total mass released. .. ... 998. 6 kg
Average mass flowrate. ... ... .. 62. 009 kg/s
...Based upon tinme. ... 16. 104 s

Maxi mum mass flow rate. ... ... . . .. 254.1 kg/s
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ---------mmmmmammmo
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model nane Gas rel ease from vessel

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

or pipe (133)
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Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLGGICO'
Date of this calculation : 03 Jul 2009 18:08:36
Cal cul ation performed by : AWPLA Engenhari a
Software library version : 5.5.0.0293
Model driver version(s) : 3.04
Model driver last nodification : 20 Apr 2000
Model executabl e version(s) : MFGASVES. EXE 19 Mar 2002 12:08:46 (CRC=BCOF17F3)
Session nr. 1
Ref erences : This nmodel is described in the Yell ow Book 3rd edition

[1997], sections
2.5.2.1to 2.5.2.4.

Project file name : "UN_04 C) UTE TERMOFORTALEZA. al d

Cheni cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_04 C) UTE TERMOFORTALEZA. gbd" (last nodified: 02
jul 2009 09:25:20)

Project file directory : "C: \ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases”

Envi ronment database directory : "C \Program Fi |l es\TNO I ndustri al Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Map background directory : " C:\ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_ClI PP\ Mbdel agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 2 ( SCENARI O CALCULATI ON) - ----=----zmcmmum--

| NPUT

Model . . : Multi energy explosion
nmodel (125)

Case desCription. .. ... : UN.O4 ©) UTE
TERMOFORTALEZA

Chemical name......... ... .. .. . . : Gas Natural

Anbient tenmperature. . ... ... ... : 26.6 °C

Total mass in explosive range......... ... ... : 1584.2 kg

Fraction of flammable cloud confined........................ 20 %

CUrve NUIMDEr. . ... : 8 (Very strong

def | agrati on)

Distance fromrelease (Xd)....... ..., 100 m

O fset between release centre and cloud centre.............. :0m

O fset between cloud centre and explosion centre............ :0m

X-coordinate of release (for nmapping purposes).............. : 5.1491E5 m
Y-coordinate of release (for nmapping purposes).............. 9. 5931E6 m
Predefined wind direction........ ... ... ... ... ... ... .. .... :

Wnd comes from (West = 180 degrees)...........o.uuunnnnnn. : 0 deg

Calculate all contours for....... ... .. . .. .. . Physical effects
Overpressure level (lowest) for first contour plot.......... : 30 nBar

Overpressure |level for second contour plot.................. : 700 nBar
Overpressure level (highest) for third contour plot......... : 2000 nBar

RESULTS

Confined mass in explosive range...............iiii.. : 316.84 kg

Peak overpressure at Xd.......... ... ... : 0.1947 Bar

Posi tive phase duration at Xd............. ... ... . .. ... : 51 ns

Danage (general description) at Xd.......................... . Moder ate danage (Zone C
17 - 35 kPa).

Damage to brick houses at Xd.............. ... . ... . ... . . ... : Not habitable w thout

maj or repair works. Partial roof failures, 25%of all brick walls have failed, serious
damage to the remaining carrying el enents. Damage to w ndowfranes and doors (7-15 kPa).
Damage to typical Anerican-style houses at Xd............... : Moderate to mnor danmge.
Def orned wal I s and doors; failure of joints. Doors and wi ndow franes have failed. Wall
covering has fallen down (15 kPa).

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS L
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Damage to structures (enpirical) at Xd......................
M nor damage to steel
or alum nium ondul ated plates have failed 7-14 kPa).

bl ocks have col | apsed (15-20).
bet ween st eel
tank has coll apsed (7 kPa).

Mai n program (production date)
Model name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s) :
Session nr.

Ref erences

Project file name

Chemi cal dat abase used

16: 08: 52)

Envi ronnment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
jul 2009 09:25:20)

Project file directory
EXECUCAQ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Wal | s nmade of concrete

frames .(8- 10 kPa). Connections

Effects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 18:08:38

AMPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 COct 2001 17:10: 54 ( CRC=34CC91F0)
1

No reference avail able
"UN_04 C) UTE TERMOFORTALEZA. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_04 C) UTE TERMOFORTALEZA. ghd" (last nodified: 02
“ C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON)

| NPUT

Model . .o Chanberl ain nodel (127)
Case desCription. ... ... UN 04 C) UTE
TERMOFORTALEZA

Chemical NamB. ... ... . Gas Natural
Mass flow rate of the source............. .. ... ... 254.1 kg/s
Hei ght | eak above ground level ........... ... ... ... ... ....... 1.5 m
Initial pressure. .. ... ... 50 Bar
Initial tenmperature. . ... ... 35 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical) 90 deg
Wnd speed at 10 mheight.. ... ... ... . . . . 3.8 n's
Anbient tenmperature. . ... ... .. 26.6 °C
Anbient relative humidity...... ... ... . ... . . . . .. . . . 82 %
Fraction CO2 in atnosphere............ ... ... ... ... . . . ... 0.03 %
Distance fromrelease (X)............ ... 100 m
Exposure duration to heat radiation......................... : 600 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for nmapping purposes).............. : 5.1491E5 m
Y-coordi nate of release (for mapping purposes).............. 9.5931E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axis)............. 0 deg
RESULTS

Heat radiation level at X ......... ... ... ... .. ... ... ... ..... 5.94 kW n2
Fraction of nortality at X ...... ... ... . . . . . . . 100 %

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS

The roof of a storage
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Safe distance (Q =1 KWnNR). ... ... : 287.48 m
Heat emission fromsurface of the flare..................... 1 342.76 kWne
Angl e between hole and flame axis...........coiiiiinn... : 6.06 deg
Frustum lift off height...... ... ... .. . . . . . .. . . . . ... :16.91 m
Wdth of frustumbase....... ... ... . . : 7.31'm
Wdth of frustumtip........ ... : 25.34 m
Length of frustum (flame).......... ... ... ... ... .. .. ... ... ... : 74.03 m
Tilt central axis flare...... ... . .. : 6.06 deg
VieW faCt Or. .. 2%
Atnospheric transm sSiVity. . ... 170 %

Mai n program (production date) : Effects@S (08 Sep 2003 16:19: 16)

Model name : Chanberl ain nmodel (127)

Date of this calculation : 03 Jul 2009 18:08:40

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Model executabl e version(s) : FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
Session nr. 1

Project file nane : "UN_04 O UTE TERMOFORTALEZA. al d

Chemi cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_04 C) UTE TERMOFORTALEZA. gbd" (last nodified: 02
jul 2009 09:25:20)

Project file directory : "C: \ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory : "C \Program Fil es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Map background directory : " C:\ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUGAQ\ 136_Cl PP\ Mbdel agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON) = -=--=-cc-zmcmmumn-

| NPUT
MOdel . . : Neutral gas; continuous
rel ease; expl osive mass

(108)
Case desCription. . ... ... : UN.O4 O UTE
TERMOFORTALEZA
Chemical NamB. ... .. .. : Gas Natural
Mass flow rate of the source........ ... ... . ... ... . ... ... ..... : 62.009 kg/s
Length source in wind direction............................. :0m
Source Width. ... ... ... . . . . :0m
Length source in z-direction.............. ... ... . .. ... :0m
Hei ght | eak above ground level...... ... ... ... ... ... ... .... 1.5 m
Anbient tenmperature. . ... ... ... : 26.6 °C
Pasquill stability class.......... ... ... ... .. ... ... ... ... ... : C (Lightly Unstable)
Wnd speed at 10 mheight.. ... ... ... . . . . 3.8 nms
Roughness length description......... ... . ... . . ... : Flat land
X-coordinate of release (for nmapping purposes).............. : 5.1491E5 m
Y-coordinate of release (for mapping purposes).............. : 9.5931E6 m
Predefined wind direction............ ... ... ... ... ... ... ..... . E
Wnd cones from (West = 180 degrees)............c.ouiinn... : 180 deg

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LI
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RESULTS

Maxi mum expl 0Si Ve MBSS. . . ... 1584.2 kg
Maxi mum di stance of source to LEL........................... 204.32 m
Maxi mum wi dth between LEL............ ... ... . . .. . ... 20.65 m
Maxi mum height to LEL........ ... .. . . . i 9.76 m
Maxi mum di stance of source to UEL........................... 36.26 m
Maxi mum wi dth between UEL......... ... ... ... .. . . . ... 3.47 m
Maxi mum height to UEL........... ... . .. 1.77 m
—————————————— END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) -----------mmmmmmmm-
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name Neutral gas; continuous rel ease;
Date of this calculation 03 Jul 2009 18:08:42

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) EXPLOCYZ. EXE 05 Cct 2001
Session nr. 1

Ref er ences : Thi s nodel

(1997), section 4.5.3

Project file nanme

expl osi ve mass (108)

17:10: 52 ( CRC=34F7BDAC)
is described in the Yell ow Book 3rd edition

"UN_04 C) UTE TERMOFORTALEZA. al d

Cheni cal database used " Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

16: 08: 52)

Envi ronnent dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used
jul 2009 09:25:20)
Project file directory

"UN_04 C) UTE TERMOFORTALEZA. gbd" (last nodified: 02

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

End of administrative & version data:

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi | es\TNO | ndustri al

"C:\Program Fil es\TNO I ndustri al

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Proj ect UN_05 A) TECEM

-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmomnnnn-
| NPUT

Model . .o Liquid rel ease from
vessel or pipe (131)

Case desCription. ... ... UN_05 - TECEM
Chemical name. . ... ... .. Conmbustivei s Liquidos
Type of release. .. ... Rel ease through hole in
vessel

Vessel volume. ... ... ... . .. . . . 1.1155E6 nB

VeSSl LYPe. .. Horizontal cylinder
Length cylinder. .. ... ... . . 15 m

Filling degree....... ... 80 %

Overpressure above liquid........ ... ... i, 1.1 Bar

Hole diameter..... ... ... .. . . . . . . 250 mMm

Hei ght | eak above tank bottom.............................. 1.5 m

Initial temperature. .. ....... ... 45 °C

Di scharge coefficient....... ... ... ... ... . .. . . .. ... ... .. .. ... 0.62 -

Time t after start release....... ... ... ... 600 s

X-coordinate of release (for nmapping purposes).............. 5.1823E5 m

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

LI
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Y-coordi nate of release (for nmapping purposes).............. : 9.6023E6 m
RESULTS
Mass flowrate at time t.......... .. i : 1488.5 kg/s
Total mass released at time t........... .. : 9.112E5 kg
Filling degree at time t..... ... .. ... . 80 %
Height of liquid at time t...... ... .. . . . . . ... 1229.21' m
Total mass released. .......... . i . 6.246E8 kg

Mai n program (production date) : Effects@S (08 Sep 2003 16:19: 16)

Model name : Liquid release fromvessel or pipe (131)

Date of this calculation : 04 Jul 2009 09:37:06

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.03

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) : MFLI QVES. EXE 19 Mar 2002 11:04: 36 (CRC=46EE8472)
Session nr. 1

Ref er ences : No reference avail abl e

Project file nane : "UN_O5 A) TECEM al d

Cheni cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_O5 A) TECEM gbd" (last nodified: 02 jul 2009

16: 43: 40)

Project file directory : " C:\ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ 136_Cl PP\ Mbdel agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment database directory : "C \Program Fi |l es\ TNO I ndustri al Safety\Version

5.5\ Shared dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases”

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Map background directory : " C:\ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_ClI PP\ Model agent

End of administrative & version data:

-------------- START OF SESSI ON 1 MODEL 2 (SCENARI O CALCULATI ON) -=-=-=-c-cocmcnmn--

| NPUT
Model . . : Neutral gas; continuous
rel ease; expl osive mass

(108)
Case desCription. ... ... : UN_O5 - TECEM
Chemical name. . ... ... ... : Conbustiveis Liquidos
Mass flow rate of the source........ ... ... . ... ... . ... ... ..... : 489.54 kg/s
Length source in wind direction............................. :0m
Source Width. ... ... ... . . . . :0m
Length source in z-direction.............. ... ... . .. ... :0m
Hei ght | eak above ground level...... ... ... ... ... ... ... .... 1.5 m
Anbient tenmperature. . ... ... ... : 26.6 °C
Pasquill stability class.......... ... ... ... .. ... ... ... ... ... : C (Lightly Unstable)
Wnd speed at 10 mheight.. ... ... ... . . . . 3.8 nms
Roughness length description......... ... . ... . . ... : Flat land
X-coordinate of release (for nmapping purposes).............. : 5.1823E5 m
Y-coordinate of release (for mapping purposes).............. : 9.6023E6 m
Predefined wind direction............ ... ... ... ... ... ... ..... . E
Wnd cones from (West = 180 degrees)............c.ouiinn... : 180 deg

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LIV
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RESULTS

Maxi mum expl 0Si Ve MBSS. . . ... 36900 kg
Maxi mum di stance of source to LEL........................... 452.12 m
Maxi mum wi dth between LEL............ ... ... . . .. . ... 42.35 m
Maxi mum height to LEL........ ... .. . . . i 20.23 m
Maxi mum di stance of source to UEL........................... 38.6 m
Maxi mum wi dth between UEL......... ... ... ... .. . . . ... 3.7 m
Maxi mum height to UEL........... ... . .. 1.86 m
—————————————— END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) -----------mmmmmmmmn-
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name
Date of this calculation
Cal cul ation performed by

Neutral gas;
04 Jul 2009 09:37:10
AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) EXPLOCYZ. EXE 05 Cct 2001
Session nr. 1

Ref er ences : This node

(1997), section 4.5.3

Project file nanme "UN_05 A) TECEM al d

Cheni cal database used " Pur pl e_Book. Rdb" (| ast

16: 08: 52)

Envi ronnent dat abase used "Standard. Env' (last nodified
Syst em dat abase used "Standard. CPF" (last nodified
Di spersi on dat abase used "Standard. dpf" (last nodified

Map background file used

16: 43: 40)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

End of administrative & version data:

Model . .
nodel (125)

Case desCription. ... ...
Chenmi ca
Anbient tenmperature. . ... ...
Total mass in explosSive range. . ..........uuunnnnnnn.
Fraction of flammble cloud confined........................
CUrVE NUITDET . L L e e e e e
def | agrati on)

Distance fromrelease (Xd)....... ...,
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordinate of release (for mapping purposes)..............
Y-coordi nate of release (for nmapping purposes)..............
Predefined wind direction........... . ... . . .. .. . ...
Wnd comes from (West = 180 degrees)..........c.ouuuuunnnnnn.
Calculate all contours for....... ... .. . ... ...
Overpressure level (lowest) for first contour plot..........

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

continuous rel ease

"UN_05 A) TECEM gbd" (last nodified: 02 ju

"C:\Program Fil es\TNO I ndustria
"C:\Program Fil es\TNO I ndustria
"C:\Program Fil es\TNO I ndustria

"C:\Program Fil es\TNO I ndustria

START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON)

expl osi ve mass (108)

17:10: 52 ( CRC=34F7BDAC)

is described in the Yell ow Book 3rd edition

nodi fied: 25 out 2002

10 out 1997 13:40:48)

14 jan 1999 17:38:14)

10 out 1997 13:40:48)
2009

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Mul ti energy expl osion
UN_05 - TECEM
Conbust i vei s Liqui dos
26.6 °C

36900 kg

20 %

8 (Very strong

m

823E5 m
023E6 m

[0 o

1
0
0
5
9
E

Physi cal effects

30 nBar

Lv
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Overpressure level for second contour plot.................. 700 nBar

Overpressure |evel (highest) for third contour plot......... 2000 nBar

RESULTS

Confined mass in explosive range. ...t 7380 kg

Peak overpressure at Xd.......... ... ... 1. 248 Bar

Positive phase duration at Xd............. ... ... .. 96 ns

Danmage (general description) at Xd.......................... Total destruction (Zone

A > 83 kPa).
Damage to brick houses at Xd.............. ... ... . ... ...
outer brick walls have

More than 75% of all

col | apsed (70 kPa).
Danage to typical Total coll apse of
bui Il ding (70 kPa).
Damage to structures (enpirical) at Xd...................... The supporting structur
of a round storage tank has col |l apsed (100 kPa). Brickstone walls (20-30 cm have
col l apsed (50 kPa). Displacenent of a cylindrical storage tank, failure of connecting
pi pes (50-100 kPa). Loaded train carriages turned over (50 kPa). Collapse of a pipe-
bridge (40-55 kPa). Displacenent of a pipe-bridge, rupture of piping (35-40 kPa).
to a fractioning colum (35-80 kPa). Plating of cars and trucks pressed inwards (35
kPa). Breakage of wooden tel ephone poles (35 kPa). d adding of light i

Anmerican-style houses at Xd...............

Mai n program (production date)
Mbdel nane

Date of this calculation

Cal cul ati on performed by

Effects@ S (08 Sep 2003
Mil ti energy expl osi on nodel
04 Jul 2009 09:37:15

AVPLA Engenhari a

16:19: 16)
(125)

Software library version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 11 Apr 2000

Mobdel executabl e version(s) M _ENERGY. EXE 05 COct 2001 17:10:54 (CRC=34CC91F0)
Session nr. 1

Ref er ences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
16: 43: 40)

Project file directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent
Cheni cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronnent dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory
5.5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory

No reference avail abl e
"UN_05 A) TECEM al d
" Pur pl e_Book. Rdb" (last nodified: 25 out 2002
10 out 1997
nodi fied: 14 jan 1999
nodi fied: 10 out 1997

(last nodified: 02 jul

"Standard. Env' (last nodified:
"Standard. CPF" (I ast
"Standard. dpf" (I ast

"UN_05 A) TECEM ghd"

13: 40: 48)
17:38: 14)
13: 40: 48)
2009
" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

START OF SESSI ON 1 MODEL 4 ( SCENARI O CALCULATI ON)

I NPUT

1 0o = BLEVE (136)

Case desCription. .. ... UN_05 - TECEM
Chemical name. . ... ... ... Conbustivei s Liquidos
Total mBSS in VesSel ... ... 2. 6982E7 kg

Initial tenmperature in vessel......... ... .. .. ... .. ... ... ... 45 °C

Burst pressure vessel.......... ... 10 Bar

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

e
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Anbient tenmperature. . ... ... . 26.6 °C
Ambient relative humdity............ .. ... .. . . . i 82 %

Amount of CO2 in atmosphere. .. ... 0.03 %

Di stance fromcentre of vessel (Xd)......................... 1000 m
Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... No
X-coordinate of release (for mapping purposes).............. 5.1823E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 6023E6 m
Calculate all contours for........... .. ... Physi cal effects
Heat radiation level (lowest) for first contour plot........ 9.8 kWn2
Heat radiation level for second contour plot................ 19. 45 kW ne
Heat radiation level (highest) for third contour plot....... 48.1 kW nR
RESULTS

Heat radiation at Xd............. . ..., 52.511 kW n®
Heat emission fromfire surface........... ... ... .. ........... 457. 45 kW nR
Duration of the fireball......... .. ... ... ... ... ... ... ....... 72.865 s
Radius of the fireball....... . ... .. . . . . . . . . . . . . . 842.64 m

Hei ght bottomof the fire ball.......... ... ... ... ........... 842.64 m
View faCt Or. .. 18.49 %
Atnospheric transm sSiVity. . ... 62.083 %
Flame tenperature. ..... ... 1412.6 °C
-------------- END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) ------------------
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mobdel name BLEVE (136)

Date of this calculation 04 Jul 2009 09:37:21

Cal cul ation performed by AMVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 5.08

Model driver last nodification : 16 Nov 2002

Model executabl e version(s) N A

Session nr. 1

Ref erences Yel | ow Book (CPR-14E), 3rd edition 1997, Paragraph
6.5.7

Project file name

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used

Map background file used

16: 43: 40)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

"UN_05 A) TECEM al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_05 A) TECEM ghd" (last nodified: 02 jul 2009

“ C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

Model

Case description.................

Chemi cal

Mass flow rate of the source.....

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

START OF SESSION 1 MODEL 5 ( SCENARI O CALCULATI ON)

Chanber | ai n nodel
UN_05 - TECEM

489. 54 kg/s

(127)

Conbust i vei s Liqui dos

LVl
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Hei ght | eak above ground level...... ... ... ... ... ... ... .... 1.5 m
Initial PressuUre. . ... e e e ;1.1 Bar
Initial temperature. . ....... ... 45 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... : 90 deg
Wnd speed at 10 mheight....... ... .. ... . . . . ... . . .. 0 3.8 nms
Ambi ent tenmperature. .. ... : 26.6 °C
Ambient relative humidity. ... ... 82 %
Fraction CO2 in atnosphere....... ... .. .. : 0.03 %
Distance fromrelease (X)........o . 100 m
Exposure duration to heat radiation......................... 0 20 s
Take protective effects of clothing into account?........... : No
X-coordinate of release (for mapping purposes).............. : 5.1823E5 m
Y-coordi nate of release (for nmapping purposes).............. : 9.6023E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. : 0 deg
RESULTS
Heat radiation level at X ......... ... .. ... ... .. . .. .. .. . . ... : 20.69 kwne
Fraction of nortality at X .......... ... ... ... . . . . . ... . 58.268 %
Safe distance (Q =1 KWnR). ... ... i : 580 m
Heat emission fromsurface of the flare..................... 1 222.8 kWnR
Angl e between hole and flame axis........................... : 25.57 deg
Frustumlift off height....... ... ... ... . . . . .. . . . . . ... 0 11.1 m
Wdth of frustumbase....... ... .. . . :29.05 m
Wdth of frustumtip.. ... ... .. e : 68.92 m
Length of frustum (flame)......... .. ... . . . . ... : 151.45 m
Tilt central axis flare......... ... . . : 25.57 deg
View fact Oor. .. 013 %
Atnospheric transm sSSiVity. . ... 69 %

Mai n program (production date) : Effects@ S (08 Sep 2003 16:19: 16)

Model name : Chanberl ain nodel (127)

Date of this calculation : 04 Jul 2009 09:37:27

Cal cul ation performed by : AVPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Mbdel execut abl e version(s) . FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
Session nr. 01

Project file name : "UN_O5 A) TECEM al d

Chemi cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_O5 A) TECEM gbd" (last nodified: 02 jul 2009

16: 43: 40)

Project file directory : " C:\ AMPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ\ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory : "C \Program Fi |l es\TNO | ndustrial Safety\Version

5.5\ Shared dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : "C: \ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LVIII
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Pr oj ect UN_05 B) NACI ONAL GAS

—————————————— START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) -------------------
| NPUT

Model . . Two- phase rel ease from
vessel or pipe (132)

Case deSCriPti ON. ...ttt e e e UN 05 B) NACI ONAL GAS
Chemical name......... ... .. . .. . . arP

Type of release. ... ... Rel ease through hole in
vessel

Vessel VOl UMEB. .. ... 1500 nB

VeSSl LY P .ot Spher e

Filling degree. . ... .. i 80 %

Hole diameter. ... ... ... 250 mm

Hei ght | eak above tank bottom.............................. 0m

Initial tenmperature. ... ... 26.6 °C

Discharge coefficient......... ... ... ... .. . . . . . . . . . . . ... 0.62 -

Anbient tenmperature. . ... ... 26.6 °C

Time t after start release........ ... ... . . .. 600 s

X-coordinate of release (for mapping purposes).............. 5.1895E5 m
Y-coordinate of release (for mapping purposes).............. 9. 6015E6 m

RESULTS

Mass flowrate at time t..... ... ... ... . 455. 16 kg/s

Exit vapour mass fraction at tinme t......................... 0 %

Tenperature at pipe exit at time t.......................... 25.85 °C

Pressure in vessel at tinme t.......... ... ... ... ... ... ... .... 2.579 Bar

Tenperature in vessel at tinme t....... ... .. .. ... .. ......... 25.85 °C

Total mass released at time t............ .. .. ... i, 2. 786E5 kg

Mass of liquid in vessel at time t.......................... 4.075E5 kg

Mass of vapour in vessel at time t.......................... 4751.9 kg

Filling degree at time t..... ... .. ... . 47 %

Height of liquid at time t...... ... ... . . . . .. .. 6.89 m

Average mass flowrate. . ... ... . ... . . 442.04 kg/s

.. Based upon time. ... 1537.1 s

Maxi mum mass flow rate........... ... . . . . . . 482.1 kg/s
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ---------------------
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mobdel name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

Project file name

Chemi cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

00: 00: 00)

Project file directory

EXECUCAQ 136_ClI PP\ Mbdel agent
Chemi cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Two- phase rel ease fromvessel or pipe (132)

03 Jul 2009 18:12:15
AMPLA Engenhari a
5.5.0.0293

3.03

11 Apr 2000

MFLI QVAV. EXE 05 QOct 2001 17:10: 54 ( CRC=35AF271B)
1

No reference avail abI,e
"UN_05 B) NACI ONAL GAS. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40: 48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_05 B) NACI ONAL GAS. gbd" (last nodified: 01 jan 0

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

LIX
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Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

Model
rel ease;

expl osi ve nass

Case desCription. ... ... e
Cheni cal
Mass flow rate of the source.......... ... ... . ... ... . ...
Length source in wind direction.............................
Source Width. ... ... . .
Length source in z-direction......... ... .. ... . . ...
Hei ght | eak above ground | evel
Ambi ent tenmperature. ... .. e
Pasquill stability class......... .. ... ... ... .. .. ... ... ... ...
Wnd speed at 10 mheight....... ... ... ... . . . .. . . .
Roughness length description.............. ... ... i,

"C:\Program Fi |l es\TNO | ndustri al

"C:\Program Fi |l es\TNO I ndustri al

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Neutral gas; continuous
(108)
UN_05 B)
aP
442.04 kg/s

0Om

NACI ONAL GAS

0Om
0Om
0m
26.6 °C

C (Lightly Unstable)

3.8 m's
Habi t at ed | and

X-coordinate of release (for mapping purposes).............. 5.1895E5 m
Y-coordinate of release (for mapping purposes).............. 9. 6015E6 m
Predefined wind direction........ ... .. . . ... . .. E

Wnd cones from (West = 180 degrees).............ouuuninn... 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . .. ...t e 25710 kg
Maxi mum di stance of source to LEL........................... 398.52 m
Maxi mum wi dth between LEL. ... ... ... ... .. . . . .. .. . ... 36.65 m
Maxi mum height to LEL....... ... .. . ... . .. 33.34 m
Maxi mum di stance of source to UEL........................... 42.04 m
Maxi mum wi dth between UEL................. ... ... ... 4.69 m
Maxi mum height to UEL........ ... . ... 4.92 m
-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) -----------mmmmmmmm-
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mobdel name Neutral gas; continuous rel ease; explosive mass (108)
Date of this calculation 03 Jul 2009 18:12:17

Cal cul ation performed by AMPLA Engenhari a

Software |ibrary version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Mbdel execut abl e version(s) EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)
Session nr. 1

Ref erences This nodel is described in the Yellow Book 3rd edition
(1997), section 4.5.3

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_05 B) NACI ONAL GAS. ald

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_05 B) NACI ONAL GAS.gbd" (last nodified: 01 jan 0
" C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version

LX
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Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory
5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

(125)

Case desCription. ... ...
Cheni ca
Ambi ent tenmperature. .. ...
Total mass in explosive range. . .........uuuinnnn.
Fraction of flammable cloud confined........................
CUPVE NUITDET . . . e e e e e e e
def | agrati on)

Distance fromrelease (Xd)......... ... ... . . ...
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordinate of release (for mapping purposes)..............
Y-coordinate of release (for mapping purposes)..............
Predefined wind direction........ ... .. . . ... . ..
Wnd cones from (West = 180 degrees).............ouuuninn...
Calculate all contours for....... ... ... ... ..
Overpressure level (lowest) for first contour plot..........
Overpressure level for second contour plot..................
Overpressure |evel (highest) for third contour plot.........

RESULTS

Confined nass in explosive range.................iiiiiunn. .
Peak overpressure at Xd............. .
Positive phase duration at Xd............. ... ... .
Damage (general description) at Xd..........................
A: > 83 kPa).

Danmage to brick houses at Xd............... ... .. ... ...
outer brick walls have collapsed (70 kPa).

Darmage to typical Anerican-style houses at Xd...............
building (70 kPa).

Danmage to structures (enpirical) at Xd...................... :
cm have coll apsed (50 kPa). Displacenent of a cylindrica
connecting pipes (50-100 kPa).
a pi pe-bridge (40-55 kPa). Displacenent of a pipe-bridge
Damage to a fractioning colum (35-80 kPa).
(35 kPa). Breakage of wooden tel ephone poles (35 kPa).
buil ding ripped-off (30 kPa). Collapse of stee

Mai n program (production date) Ef fects@ S (08 Sep 2003

Model name Mil ti energy expl osion node
Date of this calculation 03 Jul 2009 18:12:19

Cal cul ati on performed by AVPLA Engenhari a

Software |ibrary version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) M _ENERGY. EXE 05 Cct 2001
Session nr. 1

No reference availab[e
"UN_05 B) NACI ONAL GAS. al d

Ref er ences
Project file nanme

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"C:\Program Fil es\TNO I ndustri a
"C:\Program Fil es\TNO I ndustria

"C:\Program Fil es\TNO I ndustri a

START OF SESSI ON 1 MODEL 3 ( SCENARI O CALCULATI ON)

storage tank,
Loaded train carriages turned over (50 kPa).
rupture of piping (35-40 kPa)
Pl ating of cars and trucks pressed inwards

Cl addi ng of
frames and di spl ac

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Mul ti energy expl osion

UN 05 B) NACI ONAL GAS
GaP

26.6 °C

25710 kg

20 %

8 (Very strong

00 m
m

m

1895E5 m
6015E6 m

1
0
0
5
9
E
0 deg
Physi ca
30 nBar
700 nBar

2000 nBar

effects

5142 kg

0. 9764 Bar
91 ns
Total destruction (Zone
More than 75% of al

Total coll apse of

Bri ckstone walls (20-30

failure of
Col | apse of

light industry

16:19: 16)
(125)

17:10: 54 ( CRC=34CC91F0)
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Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
00: 00: 00)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

End of administrative & version

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)

"Standard. CPF" (last nodified: 14 jan 1999

17: 38: 14)

"Standard. dpf” (last nodified: 10 out 1997 13:40:48)
"UN_05 B) NACI ONAL GAS. ghd" (last nodified: 01 jan

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al

"C:\Program Fil es\TNO I ndustri al

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

dat a:

-------------- START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

I NPUT

1 0o = BLEVE (136)
Case deSCriPti ON. ...ttt e e UN 05 B) NACI ONAL GAS
Chemical name........ ... .. ... . . arP

Total masSsS in vessel .. ... ... . 4751.9 kg
Initial tenmperature in vessel......... ... ... ... .. ... . ... 26.6 °C
Burst pressure VesSel .. .........iiiii 10 Bar

Arbi ent temperature. .. ... .. 26.6 °C
Anbient relative humidity....... ... . ... . . . . . . . 82 %
Ampunt of CO2 in atmosphere........ ... . ... . . . .. : 0.03 %

Di stance fromcentre of vessel (Xd)......................... : 1000 m
Exposure duration to heat radiation......................... 0 20 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for nmapping purposes).............. : 5.1895E5 m
Y-coordi nate of release (for nmapping purposes).............. : 9.6015E6 m

Cal culate all contours for.....

Physi cal effects

Heat radiation level (lowest) for first contour plot........ : 9.85 kWne
Heat radiation level for second contour plot................ : 14.45 kW nR
Heat radiation |level (highest) for third contour plot....... © 48.1 kW ne
RESULTS

Heat radiation at Xd...........
Heat emission fromfire surface
Duration of the fireball.......
Radi us of the fireball.........
Hei ght bottom of the fire ball
View factor....................
At nospheric transm ssivity.....
Fl ame temperature..............

Mai n program (production date)

Model name

Date of this calculation
Cal cul ation performed by
Software library version
Model driver version(s)

Mbdel driver last nodification :

Model executabl e version(s)
Session nr.

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

0.27719 kW n2
212.06 kW nR
7.6988 s

50. 761 m

50. 761 m

0. 25504 %
51.253 %
1118.2 °C

Effects@ S (08 Sep 2003 16:19:16)

BLEVE (136)

03 Jul 2009 18:12:21
AMPLA Engenhari a
5.5.0.0293

5.08

16 Nov 2002

N A

1

0

LXIl
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Ref er ences

6.5.7

Project file name
Chemni cal dat abase used
16: 08: 52)

Yel | ow Book (CPR-14E),

"UN_05 B) NACI ONAL GAS. ald
" Pur pl e_Book. Rdb" (I ast

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

3rd edition 1997, Paragraph

nodi fied: 25 out 2002

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used "UN_05 B) NACI ONAL GAS. gbd" (last nodified: 01 jan 0

00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ 136_ClI PP\ Mbdel agent

End of administrative & version data:

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi |l es\TNO I ndustri al

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Proj ect UN_06 REFI NARI A PREM UM 2

-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) -------------------
| NPUT

Model . . Liquid rel ease from
vessel or pipe (131)

Case desCription. . ... UN_06- REFI NARI A PREM UM
2

Chemical name. .. ... .. Derivado de Petrol eo
Type of release. .. ... Rel ease through hole in
vessel

Vessel VOl UMEB. .. ... 70000 nB

VeSSl LYPe. . Vertical cylinder
Length cylinder. ... ... ... 15 m

Filling degree. . ... e e e 80 %

Overpressure above liquid........ ... . i, 10 Bar

Hol e diameter. ... ... .. 250 mm

Hei ght | eak above tank bottom.............................. 1.5 m

Initial tenmperature. ... ... 60 °C

Discharge coefficient......... ... .. ... . .. .. . . . . . . . . .. ... 0.62 -

Time t after start release........ ... . . .. .. .. 600 s

X-coordinate of release (for nmapping purposes).............. 5.182E5 m

Y-coordi nate of release (for mapping purposes).............. 9. 5928E6 m

RESULTS

Mass flowrate at time t......... ... ... . . . . . . . . 1185 kg/s

Total mass released at time t...... ... ... ... . ... ... 7.255E5 kg

Filling degree at time t......... .. ... .. 79 %

Height of liquid at time t......... ... .. ... ... ... ... .. ..... 11.78 m

Total mass released. .. ... 3. 4275E7 kg
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) --------mmmmmmmmam o -
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane Liquid rel ease from vessel

Date of this calculation 02 Jul 2009 11:46:11
Cal cul ati on performed by AVPLA Engenhari a
Software library version 5.5.0.0293

Model driver version(s) : 3.03

Model driver last nodification : 11 Apr 2000

Model execut abl e version(s) MFLI QVES. EXE 19 Mar 2002

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

or pipe (131)

11: 04: 36 ( CRC=46EE8472)
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Session nr. o1
Ref erences No reference avail abl e
Project file nane "UN_06 REFI NARI A PREM UM 2. al d

Cheni cal dat abase used "Pur pl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used

0 00: 00:00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5.5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory
5. 5\ Shared dat a\ Dat abases”
Map background directory
EXECUCAQ 136_ClI PP\ Mbdel agent

End of administrative & version data:

"UN_06 REFI NARI A PREM UM 2. gbd" (last nodified: 01 jan
" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

START OF SESSI ON 1 MODEL 2 ( SCENARI O CALCULATI ON)

Model . .
conbusti on products (124)
Case desCriptiOn. . ...t

Conbustion rate and

UN_06- REFI NARI A PREM UM

2

Chemi cal nNamB. . ... ... Derivado de Petrél eo
Total mass released. .. ... ... ... 3. 4275E7 kg

Fixed pool surface............. i 1500 n®

Tenmperature of the pool...... ... . . . . . 15 °C

Anbient tenmperature. . ... ... 26.6 °C
X-coordinate of release (for nmapping purposes).............. 5.182E5 m

Y-coordi nate of release (for nmapping purposes).............. 9. 5928E6 m

RESULTS

Combustion rate. ... .. 82.5 kg/s

Duration of the fire... ... ... . . . . . . i 4. 1545E5 s

Weight ratio of HCL/chemical.......... ... ... ... ... . ... ..... 0 %

Weight ratio of NO2/chemical.......... ... ... ... ... ......... 0 %

Weight ratio of S@2/chemcal................................ 0 %

Wei ght fraction of unburned chemcal........................ 10 %

-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ---------------------
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model nane

Date of this calculation

Cal cul ati on performed by
Software |ibrary version

Model driver version(s) :
Model driver last nodification :
Model executabl e version(s)
Session nr.

Ref erences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Conbustion rate and conbustion products (124)

03 Jul 2009 17:55:48
AMPLA Engenhari a
5.5.0.0293

3.04

11 Apr 2000

COMBUST. EXE 05 COct 2001 17:10:52 (CRC=484D4A9%4)
1

No reference avail abl e
"UN_06 REFI NARIA PREM UM 2. al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40: 48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
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Map background file used

0 00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent

"UN_06 REFI NARI A PREM UM 2. gb

"C:\Program Fi |l es\ TNO I ndustr
"C:\Program Fil es\ TNO I ndustr
"C:\Program Fi |l es\ TNO I ndustr

"C:\Program Fil es\ TNO I ndustr

Model . .
nodel (125)

Case desCriptiON. . ... e e
2

Cheni ca
Anbient tenmperature. . ... ...
Total mass in explosive range. . ....... ...
Fraction of flammble cloud confined........................
Curve nunber
def | agrati on)

Di stance fromrel ease (Xd)
O fset between rel ease centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordi nate of release (for mappi ng purposes)
Y-coordi nate of release (for mappi ng purposes)
Predefined wind direction........... .. .. . . ...
Wnd cones from (West = 180 degrees)
Cal cul ate all contours for
Overpressure level (lowest) for first contour plot
Overpressure |level for second contour plot
Overpressure |level (highest) for third contour plot

RESULTS

Confined nass in explosive range............... ...,
Peak overpressure at Xd.......... ... ...
Positive phase duration at Xd.............. ... ... ...
Danmage (general description) at
- 83 kPa).

Damage to brick houses at Xd.............. . ... ... ... .. ...
repairable; 50%to 75% of the outer brick walls are lightly to
remaining brick walls are unreliable (35 kPa).

Darmage to typical Anerican-style houses at Xd...............

of some walls (30 kPa).

Danmage to structures (enpirical) at Xd......................
bridge, rupture of piping (35-40 kPa). Danmmge to a fractlonlng
Plating of cars and trucks pressed i nwards (35 kPa).
(35 kPa). Cadding of light industry building ripped-off (30 k
frames and di spl acement of foundation (20 kPa). Industrial ste
col  apsed (20-30 kPa).

deformati on of a pipe-bridge (20-30 kPa). Large trees have fa

Mai n program (production date) Effects@ S (08 Sep 2003 16:1
Model name Mil ti energy expl osion node
Date of this calculation 03 Jul 2009 17:55:50

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Cracking in enpty oil-storage tanks (20-

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

d" (last nodified: 01 jan

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

ial Safety\Version
ial Safety\Version
ial Safety\Version
ial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Ml ti

ener gy expl osi on

UN_06- REFI NARI A PREM UM

Derivado de Petrdl eo
26.6 °C

6710 kg

20 %

8 (Very strong

100 m

0m

0Om

5.182E5 m

9.5928E6 m

0 deg

Physi cal effects

30 nBar

700 nBar

2000 nBar

1342 kg

0. 3666 Bar

68 ns

Heavy damage (Zone B: 35
The damage i s not
heavi | y damaged. The
Serious danmage. Col | apse

Di spl acenent of a pipe-

col um (35-80 kPa).

Pa) .
el
30 kPa). Slight
| en down (20

9: 16)
(125)

Breakage of wooden tel ephone pol es
Col | apse of steel
sel f-fram ng structure
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Cal cul ation performed by
Software library version
Model driver version(s)
Model driver
Model executabl e version(s)
Session nr.

Ref er ences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

0 00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_CI PP\ Model agent

last nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

AVPLA Engenhari a
5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 COct 2001
1

No reference avail abl e
"UN_06 REFI NARIA PREM UM 2. al d

" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

17:10: 54 ( CRC=34CC91FO0)

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_06 REFI NARI A PREM UM 2. gbd" (last nodified: Ol jan
" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

| NPUT

1 0o = BLEVE (136)

Case desCriptiON. . ...t e UN_06- REFI NARI A PREM UM
2

Chemical namB. . ... ... Derivado de Petrél eo
Total mass in vessel .. ... ... .. 1. 34E5 kg
Initial tenmperature in vessel......... ... ... ... .. ... ... 60 °C

Burst pressure vesSel .. ...... ... 10 Bar

Ambi ent temperature. .. ... 26.6 °C

Anbient relative humidity....... ... ... ... . . . .. 80 %

Ampunt of CO2 in atmosphere........ ... ... . . . . . 0.03 %

Di stance fromcentre of vessel (Xd)......................... 1000 m

Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... : No

X-coordinate of release (for nmapping purposes).............. : 5.182E5 m
Y-coordi nate of release (for mapping purposes).............. 9. 5928E6 m
Calculate all contours for....... ... ... .. . i, Physi cal effects
Heat radiation level (lowest) for first contour plot........ 9. 85 kW ne

Heat radiation |level for second contour plot................ 19. 45 kW n2

Heat radiation |level (highest) for third contour plot....... 48.1 kW ng
RESULTS

Heat radiation at Xd............. . .. .. i, 3.3014 kW np
Heat emission fromfire surface.......... ... ... . ... ... .... 283.36 kWnR
Duration of the fireball..... ... ... ... .. .. . ... . .. . ... ... ..... 18.344 s

Radius of the fireball..... ... ... ... ... ... ... ... . ... ...... 150.26 m

Hei ght bottomof the fire ball.......... ... ... ... ... ....... 150.26 m

View fact or. ..o 2.0709 %
Atmospheric transm sSivity. . ... 56.261 %

Flame tenmperature. .. ... ... 1222.6 °C
—————————————— END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) ----------mmmmmmmmm-
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS
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ESTADO po CEARA ENTEC
Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLGGICO'
Model name : BLEVE (136)
Date of this calculation : 03 Jul 2009 17:55:52
Cal cul ation performed by : AVPLA Engenhari a
Software library version : 5.5.0.0293
Model driver version(s) : 5.08
Model driver last nodification : 16 Nov 2002
Mbdel execut abl e version(s) : NA
Session nr. 01
Ref erences : Yel l ow Book (CPR-14E), 3rd edition 1997, Paragraph
6.5.7
Project file name : "UN_06 REFI NARIA PREM UM 2. al d
Cheni cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002
16: 08: 52)
Envi ronment dat abase used : "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_06 REFI NARI A PREM UM 2. gbd" (last nodified: 01 jan
0 00: 00: 00)
Project file directory : "C: \ AMPLA\ GESTAO 2009\ PROJETOS EM
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version
5. 5\ Shar ed dat a\ Dat abases”
Envi ronment database directory : "C \Program Fi |l es\TNO I ndustri al Safety\Version
5. 5\ Shared dat a\ Dat abases”
Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version
5. 5\ Shar ed dat a\ Dat abases”
Di spersi on database directory : "C \Program Files\TNO I ndustrial Safety\Version
5. 5\ Shared dat a\ Dat abases"
Map background directory : " C:\ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_ClI PP\ Mbdel agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 5 ( SCENARI O CALCULATI ON) - ----=----zmcmmum--

| NPUT
Model . . : Neutral gas; continuous
rel ease; expl osive mass
(108)
Case desCriptiON. . ... e e e : UN_06- REFI NARI A PREM UM
2
Chemical nNamB. ... ... : Derivado de Petrol eo
Mass flow rate of the source............. . ... . ... ... .. ... :1199.9 kg/s
Length source in wind direction............................. :0m
Source Width. ... ... .. . :0m
Length source in z-direction........ ... ... . ... . ... :0m
Hei ght | eak above ground level............ ... ... . ... ... .... 1.5 m
Ambi ent tenmperature. .. ... : 26.6 °C
Pasquill stability class......... .. ... ... ... .. .. ... ... ... ... : C (Lightly Unstable)
Wnd speed at 10 mheight....... ... .. ... . . . . ... . . .. : 3.8 ns
Roughness length description......... ... . ... ... i, : Flat |and
X-coordinate of release (for mapping purposes).............. : 5.182E5 m
Y-coordinate of release (for mapping purposes).............. : 9.5928E6 m
Predefined wind direction....... ... ... ... . . . . . . .. . E
Wnd cones from (West = 180 degrees)..............cun... : 180 deg
RESULTS
Maxi mum expl 0Si Ve MBSS. . .. ...t : 1.341E5 kg
Maxi mum di stance of source to LEL........................... : 759.71 m
Maxi mum wi dth between LEL. ... ... ... ... .. . . .. . . . . ... : 67.49 m
Maxi mum height to LEL........ ... .. . . . . . . . . 0 31.97 m
Maxi mum di stance of source to UEL........................... : 65.53 m
Maxi mum wi dth between UEL............ ... .. ... .. .. ........... : 6.75 m
Maxi mum height to UEL....... ... . . ... .. . . 3 m

Admi nistrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LXVII



Mai n program (production date)
Mbdel nane

Date of this calculation

Cal cul ati on performed by
Software library version

Model driver version(s)

Model driver
Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3
Project file name

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

0 00: 00: 00)

Project file directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases”
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases”
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

|l ast nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Effects@ S (08 Sep 2003 16:19:16)

Neutral gas; continuous rel ease; explosive mass (108)
03 Jul 2009 17:55:54

AVPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Cct 2001 17:10:52 ( CRC=34F7BDAC)

1

This nodel is described in the Yell ow Book 3rd edition

"UN_06 REFI NARIA PREM UM 2. al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_06 REFI NARI A PREM UM 2. gbd" (last modified: 01 jan
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

End of administrative & version data:

START OF SESSION 1 MODEL 6 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber | ai n nodel (127)
Case desCriptiON. . ... e e e UN_06- REFI NARI A PREM UM
2

Chemical name....... ... ... . Derivado de Petrdl eo
Mass flow rate of the source............. . ... . ... ... .. ... 1199.9 kg/s
Hei ght | eak above ground level............. ... ... ........... 1.5 m
Initial PressuUre. . ... e 10 Bar
Initial tenmperature. . ... ... . 60 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical) 90 deg

Wnd speed at 10 mheight............ .. ... ... .. . .. . ... 3.8 ns

Ambi ent temperature. .. ... 26.6 °C
Anbient relative humidity....... ... ... ... . . . . . 80 %
Fraction CO2 in atnosphere....... ... ... ... .. 0.03 %
Distance fromrelease (X).......ouuiiiin i 100 m
Exposure duration to heat radiation......................... 1 20 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for nmapping purposes).............. : 5.182E5 m
Y-coordinate of release (for mapping purposes).............. 9. 5928E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axis)............. 0 deg
RESULTS

Heat radiation level at X ......... .. ... .. ... ... ... ... ... ... 11.97 kWne
Fraction of nortality at X ...... ... .. .. . . . . . . i 4.8543 %
Safe distance (Q =1 KWnNR). ... ... .. 718.94 m
Heat emission fromsurface of the flare..................... 273.54 kW n2
Angl e between hole and flame axis............ooiinn... 9. 88 deg
Frustum lift off height...... ... ... . ... . . . . .. . . . . . . ... 32.09 m
Wdth of frustumbase....... ... ... .. .. . . . . . . 28.05 m
Wdth of frustumtip..... ... 62.68 m
Length of frustum (flame)...... ... ... .. . . . ... . . ... 226.82 m
Tilt central axis flare...... ... . .. 9. 88 deg
View factor. . ... .. 6 %

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS
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Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLOGICO
Atnospheric transm sSsSiVity. ... ... 68 %

Mai n program (production date) : Effects@S (08 Sep 2003 16:19: 16)

Model name : Chanberl ain nmodel (127)

Date of this calculation : 03 Jul 2009 17:55:56

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Mbdel execut abl e version(s) . FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
Session nr. o1

Project file nanme : "UN_06 REFI NARIA PREM UM 2. al d

Chemi cal database used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_06 REFI NARI A PREM UM 2. gbd" (last nodified: 01 jan
0 00: 00: 00)

Project file directory : " C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ\ 136_ClI PP\ Model agent

Chenmi cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment database directory : "C \Program Fil es\TNO | ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Syst em dat abase directory : "C:\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : " C:\ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUGAQ: 136_Cl PP\ Mbdel agent

End of administrative & version data:

Project : UN 07- PORTO DO PECEM
-------------- START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON) == --=c-smcmmmmenmn-

| NPUT

Model . . : Liquid rel ease from
vessel or pipe (131)

Case desCription. ... ... : UN_07- PORTO DO PECEM
Chemical name. . ... ... ... : Conbustivel Liquido
Type of release. ... ... . Rel ease through hole in
vessel

Vessel volume. ... ... ... . . . . . . . : 8.117E6 nB

VeSSl LYPe. . : Horizontal cylinder
Length cylinder. ... ... ... . . 15 m

Filling degree....... ... ;80 %

Overpressure above liquid........ ... ... . ;1.1 Bar

Hole diameter..... ... ... ... . . . : 250 nm

Hei ght | eak above tank bottom.............................. 1.5 m

COMPLEXO INDUSTRIAL DO PECEM - CIP
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Initial tenmperature. . ... ... .. 45 °C
Discharge coefficient......... ... . . . . 0 i, 0.62 -

Time t after start release.......... .. ... ... ... ... ........ 600 s
X-coordinate of release (for mapping purposes).............. 5.2042E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 6078E6 m
RESULTS

Mass flowrate at time t.......... ... 2400. 2 kg/s
Total mass released at time t.......... .. 1.461E6 kg
Filling degree at time t..... ... . ... .. 80 %
Height of liquid at time t...... ... ... . . . . . ... 618.97 m
Total mass released. .. ... ... .. .. 4.5569E9 kg
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmmaamm
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s) :
Model driver |ast nodification :
Model executabl e version(s)
Session nr.

Ref er ences

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

00: 00: 00)

Project file directory

EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases”

Envi ronnment dat abase directory :
5. 5\ Shared dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

Li quid rel ease fromvessel or pipe (131)

03 Jul 2009 17:57:58

AVPLA Engenhari a

5.5.0.0293

3.03

11 Apr 2000

MFLI QVES. EXE 19 Mar 2002 11:04: 36 ( CRC=46EE8472)
1

No reference avail abl e
"UN_07- PORTO DO PECEM al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_07- PORTO DO PECEM gbd" (last nodified: 01 jan

" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETOS EM

End of administrative & version data:

Model

rel ease; expl osive mass

Case description.................
NAME. . ..ot
Mass flow rate of the source.....
Length source in wind direction..

Cheni cal

Source width....................
Length source in z-direction....
Hei ght | eak above ground |evel..
Anbi ent tenmperature.............
Pasquill stability class........
Wnd speed at 10 mheight.......
Roughness | ength description....
X-coordi nate of release (for

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

START OF SESSI ON 1 MODEL 2 ( SCENARI O CALCULATI ON)

............................ ]
............................ ]
2

........................... Neutral gas;
(108)

UN_07- PORTO DO PECEM
Conbust i vel Liquido
2456. 2 kg/s

0m

1.
6 C

C (Lightly Unstable)
3.8 nls

Habi t at ed | and
5.2042E5 m

m
m
5m
.6 °

conti nuous



ESTADO po CEARA ENTEC
Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLGGICO'
Y-coordi nate of release (for nmapping purposes).............. : 9.6078E6 m
Predefined wind direction............... ... ... ... ... ... ..... o E
Wnd cormes from (West = 180 degrees)..........c.ouuuuunnnnnn. : 180 deg
RESULTS
Maxi mum expl 0Si Ve MBSS. . ... ... : 3.43E5 kg
Maxi mum di stance of source to LEL........................... : 904.57 m
Maxi mum wi dth between LEL................. ... ... . . .. ... .. : 76.72 m
Maxi mum height to LEL........ ... .. .. .. i : 59.09 m
Maxi mum di stance of source to UEL........................... : 69.57 m
Maxi mumwi dth between UEL. .. ..... ... ... .. ... .. . ... ... 7.6 m
Maxi mum height to UEL....... ... .. . ... . : 6.89 m

Mai n program (production date) : Effects@ S (08 Sep 2003 16:19: 16)

Model name : Neutral gas; continuous rel ease; explosive nass (108)
Date of this calculation : 03 Jul 2009 17:57:59

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) : EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)
Session nr. o1

Ref er ences : This nodel is described in the Yellow Book 3rd edition
(1997), section 4.5.3

Project file nanme : "UN_07- PORTO DO PECEM al d

Cheni cal database used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronnent dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_07- PORTO DO PECEM gbd" (last nodified: 01 jan 0
00: 00: 00)

Project file directory : "C:\ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Mbdel agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory : "C:\Program Fil es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : " C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ\ 136_CI PP\ Model agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 3 ( SCENARI O CALCULATI ON) == --=--=m-memmemnn-

| NPUT

Model . . : Multi energy explosion
nodel (125)

Case desCription. ... ... : UN_07- PORTO DO PECEM
Chemical name. . ... ... .. : Conbustivel Liquido
Anbient tenmperature. . ... ... . : 26.6 °C

Total mass in explosive range......... ..., : 3.43E5 kg

Fraction of flammable cloud confined........................ 120 %

Curve NUMber. . ... : 8 (Very strong

def | agrati on)

Distance fromrelease (Xd)....... ..., 100 m

O fset between release centre and cloud centre.............. :0m

O fset between cloud centre and explosion centre............ :0m

X-coordinate of release (for mapping purposes).............. : 5.2042E5 m

Y-coordi nate of release (for nmapping purposes).............. 9. 6078E6 m

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LXXI
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Predefined wind direction................... ... ... ... ....... T E

Wnd cones from (West = 180 degrees)...........covuneon.. : 0 deg

Calculate all contours for....... ... ... .. . i, Physi cal effects
Overpressure level (lowest) for first contour plot.......... 30 nBar
Overpressure level for second contour plot.................. 700 nBar
Overpressure |evel (highest) for third contour plot......... 2000 nBar
RESULTS

Confined mass in explosive range. ... 68600 kg

Peak overpressure at Xd.......... ... ... 2.027 Bar
Positive phase duration at Xd............. ... .. . ... 251 ns

Damage (general description) at Xd.......................... Total destruction (Zone

A. > 83 kPa).

Damage to brick houses at Xd.............. . ... .. ... ...
outer brick walls have collapsed (70 kPa).

Damage to typical Anerican-style houses at Xd...............
buil ding (70 kPa).

Damage to structures (enpirical) at Xd...................... The supporting structure
of a round storage tank has col |l apsed (100 kPa). Brickstone vvalls (20-30 cm have

col  apsed (50 kPa). Displacenent of a cylindrical storage tank, failure of connecting

pi pes (50-100 kPa). Loaded train carriages turned over (50 kPa). Collapse of a pipe-
bridge (40-55 kPa). Displacenent of a pipe-bridge, rupture of piping (35-40 kPa). Danmge
to a fractioning colum (35-80 kPa). Plating of cars and trucks pressed inwards (35

More than 75% of all

Total coll apse of

kPa). Breakage of wooden tel ephone poles (35 kPa). C adding of light i
—————————————— END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ----------mmmmmmmmmo
Admi nistrative & version data

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name Mil ti energy expl osion nodel (125)

Date of this calculation 03 Jul 2009 17:58:02

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) : M ENERGY. EXE 05 Oct 2001 17:10:54 (CRC=34CC91F0)
Session nr. 1

Ref erences

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

No reference avail abl e
"UN_07- PORTO DO PECEM al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40: 48)

"UN_07- PORTO DO PECEM gbd" (last nodified: 01 jan 0
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustri al Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

| NPUT

Model .. ..o
Case description................
Chemical name...................

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

START OF SESSI ON 1 MODEL 4 ( SCENARI O CALCULATI ON)

Chanberl ai n model (127)
UN_07- PORTO DO PECEM
Conbustivel Liquido

LXXII
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ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Mass flow rate of the source........ ... ... .. .. ... . ... ... ... 2456. 2 kg/s
Hei ght | eak above ground level............. ... ... ........... 1.5 m
Initial pPressure. . ..... .. 1.1 Bar
Initial tenmperature. . ... ... 45 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical) 90 deg

Wnd speed at 10 mheight............ ... ... . . .. . .. ... 3.8 nm's
Armbi ent temperature. ... ... 26.6 °C
Anbient relative humidity....... ... ... ... . . . . ... 82 %
Fraction CO2 in atnosphere....... ... ... .. 0.03 %
Distance fromrelease (X)......ouuiiin i 100 m
Exposure duration to heat radiation......................... 1 20 s

Take protective effects of clothing into account?........... : No
X-coordinate of release (for nmapping purposes).............. : 5.2042E5 m
Y-coordinate of release (for nmapping purposes).............. 9. 6078E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axisS)............. 0 deg
RESULTS

Heat radiation level at X ........... ... ... ... .. . ... .. ... 28.96 kW n2
Fraction of nortality at X ...... ... ... . . . . i 91.253 %
Safe distance (Q =1 KWnR). ... ... . 1245.1 m
Heat emi ssion fromsurface of the flare..................... 249. 33 kW n2
Angl e between hole and flame axis...........oinnn.. 22.42 deg
Frustum lift off height....... ... ... .. . . . . . .. . . . . ... 21.67 m
Wdth of frustumbase....... ... ... . . 68.24 m
Wdth of frustumtip......... .. 134.56 m
Length of frustum (flame).......... ... ... ... ... ... ... ... .... 334.97 m
Tilt central axis flare...... ... ... . .. 22.42 deg
VieW faCt Or. .. 18 %
Atnospheric transm sSiVity. . ... 66 %
—————————————— END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) --------------m------
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane

Date of this calculation
Cal cul ation performed by
Software library version
Model driver version(s)
Model driver
Mbdel executabl e version(s)
Session nr.

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

| ast nodification :

Chanberl ain nodel (127)

03 Jul 2009 17:58:04

AVPLA Engenhari a

5.5.0.0293

3.08

18 Aug 2003

FLARE. EXE 05 Cct 2001 17:10:52 (CRC=7625AEFB)

1

"UN_07- PORTO DO PECEM al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002
"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_07- PORTO DO PECEM gbd" (last nodified: 01 jan 0
" C:\ AMPLA\ GESTAQO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS
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Pr oj ect

Model
or pipe (133)

Case description.................

REGASEI FI CACAO

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

UN_08 USI NA DE REGASEI FI CAGAO
START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON)

Gas rel ease from vessel

UN_08- USI NA DE

Chemical name....... ... .. ... G\L

Type of release. ... ... . Rel ease through hole in
vessel

Vessel volume. ... ... ... . . 7E6 nB
Initial PressuUre. . ... 7 Bar
Initial tenmperature. . ... ... -85 °C

Di scharge coefficient....... ... .. . . . . . . . . .. 0.62 -

Hole diameter. .. ... .. . 250 mm
Time t after start release............ ... ... ... ... ... .... 600 s
X-coordinate of release (for mapping purposes).............. 5.182E5 m
Y-coordi nate of release (for napping purposes).............. 9. 5928E6 m
RESULTS

Mass flowrate at time t.......... .. i 45.58 kg/s
Pressure at time t..... ... . .. .. . 6. 904 Bar
Tenperature at time t... ... ... . 24.85 °C

Di ameter expanded jet at time t........... ... ... . ... ... ... 0.33 m
Total mass released. .......... . 3. 0967E6 kg
Average mass flow rate. ... ... 1720. 4 kgl s
ooBased upon time. .. 1800 s

Maxi mum mass flow rate. ... ... . . . ... 45. 61 kg/s
—————————————— END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ----------mmmmnmmm
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name

Date of this calculation
Cal cul ation performed by
Software library version

Model driver version(s) :
Mbdel driver |ast nodification :
Model executabl e version(s)
Session nr.

Ref er ences

[1997], sections

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used

Map background file used

jan 0 00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5.5\ Shared dat a\ Dat abases"
Envi ronnent dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Gas rel ease fromvessel or pipe (133)

03 Jul 2009 18:03:31

AMPLA Engenhari a

5.5.0.0293

3.04

20 Apr 2000

MFGASVES. EXE 19 Mar 2002 12:08:46 ( CRC=BCOF17F3)

1

This nodel is described in the Yellow Book 3rd edition

2.5.2.1to 2.5.2.4. B
"UN_08 USI NA DE REGASEI FI CACAQ. al d
" Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_08 USI NA DE REGASEI FI CAGAO. gbd" (I ast nodified: 01
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
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Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

I NPUT

Model . . Chanber | ai n nodel (127)
Case desCriptiON. . ...t e e UN_08- USI NA DE
REGASEI FI CACAO

Chemical namB. . ... ... GN\L

Mass flow rate of the source........ ... ... . ... ... ... . ... 45.61 kg/s

Hei ght | eak above ground level ........... ... ... .. ... ... .... 1.5 m

Initial PressuUre. .. ... e 7 Bar

Initial temperature. . ....... .. -85 °C

Qutflow angle in XZ plane (0°=horizontal 90°=vertical).... 90 deg

Wnd speed at 10 mheight....... .. ... . ... . . . . .. . . . ... 3.8 nms

Ambi ent tenmperature. .. ... 26.6 °C

Ambient relative humdity...... ... 82 %

Fraction CO2 in atnosphere....... ... ... . .. 0.03 %

Distance fromrelease (X)........o . 10 m

Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... No

X-coordinate of release (for nmapping purposes).............. 5.182E5 m

Y-coordi nate of release (for nmapping purposes).............. 9. 5928E6 m

Qutflow angle in XY plane (0=X axis; 90=Y axisS)............. 0 deg

RESULTS

Heat radiation level at X ........... ... .. ... ... . ... .. ... 8. 05 kW n2

Fraction of nortality at X ...... ... ... . . . . i 0 %

Safe distance (Q =1 KWnR). ... ... 138.51 m

Heat emi ssion fromsurface of the flare..................... 183. 69 kwWne

Angl e between hole and flame axis...........ooinnn.. 9. 43 deg

Frustum lift off height...... ... ... .. . . . . . . . . . . . ... 8.43 m

Wdth of frustumbase....... ... .. . . 4.17 m

Wdth of frustumtip.. ... ... .. 13.92 m

Length of frustum (flame).......... .. ... . . . . .. 55.9 m

Tilt central axis flare......... . : 9.43 deg

View fact or. ... : 6 %

Atnospheric transm sSSiVity. ... ... D77 %

—————————————— END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ----------mmmmnmmm
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name Chanberl ain nodel (127)

Date of this calculation 03 Jul 2009 18:03:33

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Model executabl e version(s) FLARE. EXE 05 Cct 2001 17:10:52 (CRC=7625AEFB)
Session nr. 1

Project file nane "UN_08 USI NA DE REGASEI FI CAGAQ. al d

Chemi cal dat abase used "Pur pl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used
jan 0 00:00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_08 USI NA DE REGASEI FI CACAQ. gbd" (last nodified: 01
" C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
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Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

MOdel . .o
Case desCription.. ... ... .. i
REGASEI FI CACAO

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi | es\TNO | ndustri al

START OF SESSI ON 1 MODEL 3 ( SCENARI O CALCULATI ON)

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

BLEVE (136)
UN_08- USI NA DE

Chemical namB. .. ... .. GN\L

Total mMBSS N VeSSel . ... 3. 0967E6 kg
Initial tenperature in vessel.......... ... i, -85 °C

Burst pressure vessel .. ...... ... 10 Bar
Anbient tenmperature. . ... ... 26.6 °C
Anbient relative humdity............ . ... . . . i 82 %

Amount of CO2 in atmosphere. . ... 0.03 %

Di stance fromcentre of vessel (Xd)......................... 1000 m
Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... No
X-coordinate of release (for mapping purposes).............. 5.182E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 5928E6 m
Calculate all contours for........... .. ... .. Physi cal effects
Heat radiation level (lowest) for first contour plot........ 9.85 kW ne
Heat radiation level for second contour plot................ 19. 45 kW ng
Heat radiation level (highest) for third contour plot....... 48.1 kW nR
RESULTS

Heat radiation at Xd............. ... .., 24.656 kW nR
Heat emission fromfire surface........... ... ... . ........... 391.76 kW nR
Duration of the fireball......... .. .. ... ... ... ... ... ... ..... 41.502 s
Radius of the fireball........... ... ... ... ... ... ... .. .... 416.95 m

Hei ght bottomof the fire ball.......... ... ... ... ........... 416.95 m
VieW faCt Or . .. 10. 254 %
Atnospheric transm sSiVity. . ... 61.377 %
Flame tenperature. ... ... . 1348.6 °C
-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ---------------------
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name BLEVE (136)

Date of this calculation 03 Jul 2009 18:03:35
Cal cul ation performed by AMPLA Engenhari a
Software |ibrary version 5.5.0.0293

Model driver version(s) : 5.08

Model driver last nodification : 16 Nov 2002

Mbdel execut abl e version(s) N A

Session nr. 1

Ref erences : Yel |l ow Book (CPR-14E),
6.5.7

3rd edition 1997, Paragraph

Project file name

Chemi cal dat abase used
16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used
jan 0 00:00: 00)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_08 USI NA DE REGASEI FI CA(;AQ ald
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_08 US| NA DE REGASEI FI CACAQ. gbd" (last modified: 01
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Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

End of administrative & version data:

Model

rel ease; expl osive mass

Case description.................

REGASEI FI CACAO

START OF SESSION 1 MODEL 4 ( SCENARI O CALCULATI ON)

Neutral gas; continuous

(108)
UN_08- USI NA DE

Chemical name......... ... .. ... . . GN\L

Mass flow rate of the source........ .. ... ... ... . . . . . ... 1720.4 kg/s
Length source in wind direction........... ... ... ........... :0m

Source Width. ... .. : 0.33 m

Length source in z-direction............. ... ... ... ... ....... :0.33 m

Hei ght | eak above ground level...... ... ... .. ... .. ... ... .... 1.5 m

Anbient tenmperature. . ... ... : 26.6 °C
Pasquill stability class.......... ... ... . . . C (Lightly Unstable)
Wnd speed at 10 mheight........... .. ... ... ... ... ... .... 3.8 m's
Roughness length description.......... ... . ... . . i, Habi t ated | and
X-coordinate of release (for nmapping purposes).............. 5.182E5 m
Y-coordinate of release (for mapping purposes).............. 9. 5928E6 m
Predefined wind direction........... .. .. . . ... E

Wnd cones from (West = 180 degrees)...........oouiiunn... 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . .. ... 2. 723E5 kg
Maxi mum di stance of source to LEL........................... 1113.6 m

Maxi mum wi dth between LEL............... ... ... ... . ..., 92.66 m

Maxi mum height to LEL........ ... ... . ... 69.1 m

Maxi mum di stance of source to UEL........................... 175.8 m

Maxi mum wi dth between UEL. ....... ... ... ... ... . .. . ..., 17.47 m

Maxi mum height to UEL.............. . . . 16.88 m
-------------- END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) ---------------------
Administrative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model nane Neutral gas; continuous rel ease;
Date of this calculation 03 Jul 2009 18:03:37

Cal cul ati on performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.05

Model driver last nodification : 31 Aug 2001

Model executabl e version(s) EXPLOCYZ. EXE 05 Cct 2001
Session nr. o1

Ref er ences : Thi s nodel

(1997), section 4.5.3

Project file nanme

Cheni cal dat abase used " Pur pl e_Book. Rdb" (I ast

16: 08: 52)

Envi ronnment dat abase used "Standard. Env"' (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

expl osi ve nass (108)

17:10: 52 ( CRC=34F7BDAC)
is described in the Yell ow Book 3rd edition

"UN_08 USI NA DE REGASEI FI CACAQ. al d
nodi fied: 25 out 2002

10 out 1997 13:40:48)
14 jan 1999 17:38:14)
10 out 1997 13:40:48)
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Map background file used

jan 0 00:00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent

Model . .
nodel (125)

Case desCriptiON. . ...t e
REGASEI FI CACAO

Cheni ca
Anbient tenmperature. . ... ...
Total mass in explosive range. . ....... ...
Fraction of flammble cloud confined........................
CUIVE NUITDET . . . e e e e e e e e
def | agrati on)

Distance fromrelease (Xd)........oi i,
O fset between rel ease centre and cloud centre..............
O fset between cloud centre and explosion centre............
X-coordinate of release (for nmapping purposes)..............
Y-coordinate of release (for mapping purposes)..............
Predefined wind direction........... .. .. . . ...
Wnd cones from (West = 180 degrees)...........oouiiunn...
Calculate all contours for.......... .. . ...
Overpressure level (lowest) for first contour plot..........
Overpressure level for second contour plot..................
Overpressure |level (highest) for third contour plot.........

RESULTS

Confined nass in explosive range............... ...,
Peak overpressure at Xd.......... ... ...
Positive phase duration at Xd.............. ... ... ...
Danmage (general description) at Xd..........................
A > 83 kPa).

Damage to brick houses at Xd.............. . ... ... ... .. ...
outer brick walls have

Darmage to typical
building (70 kPa).
Danmage to structures (enpirical) at Xd......................
of a round storage tank has col |l apsed (100 kPa).
col  apsed (50 kPa). Displacenment of a cylindrical
pi pes (50-100 kPa).
bri dge (40-55 kPa).
to a fractioning colum (35-80 kPa).
kPa). Breakage of wooden tel ephone poles (35 kPa).

Anerican-style houses at Xd...............

Di spl acenment of a pipe-bridge,

Mai n program (production date)
Model nane
Date of this calculation

Effects@ S (08 Sep 2003
Ml ti
03 Jul

2009 18:03:39

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_08 USI NA DE REGASEI FI CAGAQ. gbd"

"C:\Program Fi | es\TNO | ndustri al
"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi | es\TNO | ndustri al

"C:\Program Fi |l es\TNO I ndustri al

ener gy expl osi on nodel

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

(last nodified: 01

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Mul ti energy expl osion

UN_08- USI NA DE

GN\L

26.6 °C

2. 723E5 kg

70 %

8 (Very strong

10 m

0Om

0Om
5.182E5 m
9.5928E6 m
E

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

effects

1. 906E5 kg
2.027 Bar
405 ns

Total destruction (Zone

More than 75% of all

col | apsed (70 kPa).
Total coll apse of

The supporting structure

Bri ckst one vxalls (20-30 cm have
storage tank,

Loaded train carriages turned over (50 kPa).
rupture of piping (35-40 kPa).
Plating of cars and trucks pressed inwards (35
Cl addi ng of

failure of connecting
Col | apse of a pi pe-
Damage

light i

16:19: 16)

(125)
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Cal cul ation performed by
Software library version
Model driver version(s)
Model driver
Model executabl e version(s)
Session nr.

Ref erences

Project file nanme

last nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

AVPLA Engenhari a
5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 COct 2001
1

No reference avail abl e
"UN_08 USI NA DE REGASEI FI CA(;AO. ald

17:10: 54 ( CRC=34CC91FO0)

Cheni cal dat abase used " Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used "UN_08 USI NA DE REGASEI FI CAGAQ. gbd" (last nodified: 01
jan 0 00:00: 00)

Project file directory

EXECUCAQ\ 136_Cl PP\ Mbdel agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ 136_CI PP\ Model agent

End of administrative & version data:

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Pr oj ect UN_09 WOBBEN

—————————————— START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) -----------cconn---
| NPUT

Model . . Liquid rel ease from
vessel or pipe (131)

Case desCription. ... ... UN_09 WOBBEN

Chemical name. . ... ... Benzene

Type of release. ... ... Rel ease through hole in
vessel

Vessel VOl UMEB. .. ... 20 nB

VeSSl LYPe. . Vertical cylinder
Length cylinder. ... ... ... e 7 m

Filling degree. .. ... e 90 %

Overpressure above liquid............ . . ... 1.1 Bar

Hole diameter. ... ... ... 250 nmm

Hei ght | eak above tank bottom.............................. 1.5 m

Initial tenmperature. . ... ... 60 °C

Di scharge coefficient..... ... ... .. . . . . . . . . . 0.62 -

Time t after start release........ ... ... . . .. 600 s

X-coordinate of release (for mapping purposes).............. 5.1702E5 m
Y-coordinate of release (for mapping purposes).............. 9.5998E6 m

RESULTS

Mass flowrate at time t..... ... ... . . . . . . 0 kg/s

Total mass released at time t........... .. ... .. ... i, 15060 kg

Filling degree at time t........... ... .. ... 0 %

Height of liquid at time t...... ... .. ... . . . . . . . . .. 0m

Total mass released. .. ... 11212 kg
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) --------mmmmmmmmmam o -
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model nane
Date of this calculation

Li quid rel ease from vessel
03 Jul 2009 17:30:06

or pipe (131)

COMPLEXO INDUSTRIAL DO PECEM - CIP
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EsSTADO po CEARA ENTEC
Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLGGICO'
Cal cul ation performed by : AMPLA Engenhari a
Software library version : 5.5.0.0293
Model driver version(s) : 3.03
Model driver last nodification : 11 Apr 2000
Model executabl e version(s) : MFLI QVES. EXE 19 Mar 2002 11:04:36 (CRC=46EE8472)
Session nr. 1
Ref erences : No reference avail able
Project file nanme : "UN_09 WOBBEN. al d
Cheni cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002
16: 08: 52)
Envi ronnment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_09 WOBBEN. gbd" (last nodified: 01 jan 0
00: 00: 00)
Project file directory : "C:\ AMPLA\ GESTAO 2009\ PROJETOS EM
EXECUCAQ\ 136_Cl PP\ Mbdel agent
Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory : "C:\Program Fil es\TNO | ndustrial Safety\Version
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version
5. 5\ Shared dat a\ Dat abases"
Di spersion database directory : "C:\Program Files\TNO Industrial Safety\Version
5. 5\ Shar ed dat a\ Dat abases"
Map background directory : " C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ 136_CI PP\ Model agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 2 ( SCENARI O CALCULATI ON) - ----=--nmommmmumn-

| NPUT

Model . . : Conbustion rate and
conbustion products (124)

Case desCription. ... ... : UN_09 WOBBEN
Chemical namB. . ... ... . Benzene
Total mass released. .. ... ... ... . : 11212 kg
Fixed pool surface.......... ... : 1500 nR
Tenperature of the pool........ . ... ... . . . . . .. ;15 °C

Ambi ent temperature. .. ... : 26.6 °C
X-coordinate of release (for nmapping purposes).............. : 5.1702E5 m
Y-coordinate of release (for nmapping purposes).............. : 9.5998E6 m
RESULTS

Combustion rate. .. ... :127.5 kgl/'s
Duration of the fire... ... ... . . . . . i : 87.937 s
Weight ratio of HCL/chemical.......... . ... .. ... ... ........ 0%

Weight ratio of NO2/chemical.......... ... ... ... ... ......... 0%

Weight ratio of S@2/chemcal............... .. ... ... ......... 0%

Wei ght fraction of unburned chemcal........................ 010 %

Mai n program (production date) : Effects@S (08 Sep 2003 16:19:16)

Model nane : Conbustion rate and conbustion products (124)
Date of this calculation : 03 Jul 2009 17:30:07

Cal cul ati on performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 11 Apr 2000

Model executabl e version(s) : COMBUST. EXE 05 Cct 2001 17:10:52 (CRC=484D4A94)
Session nr. 1

Ref erences : No reference avail abl e

Project file nanme : "UN_09 WOBBEN. al d

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LXXX
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Cheni cal dat abase used " Pur pl e_Book. Rdb" (Il ast nodifi
16: 08: 52)

Envi ronnment dat abase used "Standard. Env"' (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

Map background file used

00: 00: 00)

Project file directory
EXECUCAQ\ 136_ClI PP\ Model agent
Chemi cal database directory
5. 5\ Shared dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Model agent

"C:\Program Fi |l es\ TNO I ndustri
"C:\Program Fil es\ TNO | ndustri
"C:\Program Fi | es\ TNO I ndustri

"C:\Program Fi |l es\ TNO I ndustri

Model . .
pool ; expl osive mass (76)

Case desCription. ... ...
Cheni cal
Mass flow rate of the source............. . ... ... . ... .. ...
Duration of the release.......... .. ... ... ... .. . . . . . . ...
Fixed pool surface.......... ... .. . . . . . .
Tenperature after release....... .. ... . . .. ..
Pasquill stability class........ ... ... .. . i
W nd speed at 10 m hei ght

"UN_09 WOBBEN. gbd" (last nmodified: 01 jan

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

ed: 25 out 2002

10 out 1997 13:40:48)

14 jan 1999 17:38:14)

10 out 1997 13:40:48)
0

" C.\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

al Safety\Version

al Safety\Version
al Safety\ Version

al Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Dense gas; evaporating
UN_09 WOBBEN

Benzene

0.01 kg/s

600 s

1500 n2

79.95 °C

C (Lightly Unstable)
3.8 nm's

Ambi ent temperature. .. ... 26.6 °C
Anbient relative humidity....... ... ... ... . . . . . 82 %
Roughness length description......... ... ... ... . . ... Habi t at ed | and
Time t after start release........ ... ... . . .. 600 s
Distance fromrelease (Xd)........ou .. 1000 m
Di stance perpendicular to wind direction (Yd)............... 0m
Hei ght (Zd) . ... 0m
Nurber of tine steps for conc - time diagram............... 0
Time faCt Or. . 3 -
X-coordinate of release (for mapping purposes).............. 5.1702E5 m
Y-coordi nate of release (for mapping purposes).............. 9. 5998E6 m
Predefined wind direction............. .. . . . ... E
Wnd cones from (West = 180 degrees)...........ouvuinon.. 180 deg
RESULTS
Total explosive mass at time t...........uinnnn. 0 kg
Maxi mum di stance of source to LEL at time t................. 0m
M ni mum di stance of source to LEL at tinme t................. 0m
Wdth between LEL at time t........ ..., 0m
Maxi mum height to LEL at time t........... ... ... .. ... .. .... 0m
Maxi mum expl 0Si Ve MBSS. . .. ... 0 kg

Al LI M. . 0s
Maxi mum di stance of source to LEL........................... 0m
—————————————— END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ----------mmmmmmammo
Admi ni strative & version data:
Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane Dense gas; evaporating pool;
Date of this calculation 03 Jul 2009 17:30:09

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

expl osi ve mass (76)
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Model driver version(s)

Model driver last nodification :
Model executabl e version(s) :
Session nr.

Ref er ences
Project file nane

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

3. 05

17 jan 2001

SLAB_RUN. EXE 05 Oct 2001
1

No reference avail able
"UN_09 WOBBEN. al d

17: 10: 54 ( CRC=FEC38EAF)

Cheni cal dat abase used "Pur pl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used "UN_09 WOBBEN. gbd" (last nodified: 01 jan 0

00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shared dat a\ Dat abases"
Map background directory
EXECUCAQ 136_Cl PP\ Mbdel agent

"C:\Program Fi |l es\ TNO I ndustri
"C:\Program Fi | es\ TNO I ndustri
"C:\Program Fil es\ TNO I ndustri

"C:\Program Fi |l es\ TNO I ndustri

Model
rel ease;

expl osi ve nass

Case description
Chemical name. ........ ..
Mass flow rate of the source
Length source in wind direction
Source w dth
Length source in z-direction
Hei ght | eak above ground | evel
Anbi ent tenperature
Pasquill stability class
W nd speed at 10 m hei ght
Roughness | ength description

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

al Safety\Version
al Safety\ Version
al Safety\Version
al Safety\ Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

Neutral gas; continuous
(108)

UN_09 WOBBEN
Benzene

0.01 kg/s

100 m

0m

0Om

0Om

26.6 °C

C (Lightly Unstable)
3.8 ni's

Habitated | and

X-coordi nate of release (for mapping purposes).............. 5.1702E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 5998E6 m
Predefined wind direction........ ... ... ... ... ... ... .. ... E

Wnd comes from (West = 180 degrees)..........c.ouuuunnnnnn. 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . .. ...t e 0. 002393 kg
Maxi mum di stance of source to LEL........................... 1.51 m

Maxi mum wi dth between LEL............... ... ... .. ... .. ....... 0.17 m

Maxi mum height to LEL....... ... ... . . . . . . . 0.18 m

Maxi mum di stance of source to UEL........................... 0.17 m

Maxi mum wi dth between UEL.................. ... ... ... ... ..... 0.0194 m
Maxi mum height to UEL.......... ... . . . . . . 0.02 m
—————————————— END OF SESSION 1 MODEL 4 (SCENARI O CALCULATION) ----------mmmmnmm
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name Neutral gas; continuous rel ease;
Date of this calculation 03 Jul 2009 17:30:11

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

expl osi ve mass (108)
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Model driver version(s)
Model driver
Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3
Project file name

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases”

Envi ronnment dat abase directory :

5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases”

Di spersi on database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent

| ast nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

3. 05

31 Aug 2001

EXPLOCYZ. EXE 05 COct 2001 17:10:52 ( CRC=34F7BDAC)

1

This nodel is described in the Yellow Book 3rd edition

"UN_09 WOBBEN. al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_09 WOBBEN. gbd" (last nodified: 01 jan 0
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

End of administrative & version data:

Mdel ... ... .. ... .

nodel (125)

Case description................
name. ..................
Anbi ent tenmperature.............
mass in expl osive range. ..
Fraction of flammable cloud confined........................
Curve nunber....................

Cheni cal

Tot al

def | agration)

Di stance fromrelease (Xd)......
O fset between release centre and cloud centre..............
O fset between cloud centre and explosion centre............
Mappi Ng purposes)..............
Mappi Ng purposes).............. :
............................  E

X-coordi nate of
Y- coordi nate of

rel ease (for
rel ease (for

Predefined wind direction.......
Wnd cones from (West = 180 degrees)...........ouvuinon..
contours for......
(lowest) for first contour plot..........
Overpressure |evel for second contour
(highest) for third contour plot.........

Cal cul ate all
Overpressure |evel

Overpressure |evel

RESULTS

Confined nmass in expl osive range
Peak overpressure at Xd.........
Posi tive phase duration at Xd...
description) at Xd.............. ... ... ... ...

Danmage (general

damage

Damage to brick houses at Xd....
damage

Danmage to typical

damage

Danmage to structures (enpirical) at Xd......................

damage

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS

START OF SESSI ON 1 MODEL 5 ( SCENARI O CALCULATI ON)

Anerican-style houses at Xd...............

Mil ti energy expl osion
UN_09 WOBBEN

Benzene

26.6 °C

0 kg

20 %

8 (Very strong

1000 m
0m

0Om
5.1702E5 m
9. 5998E6 m

0 deg
Physi cal
30 nBar
700 nBar
2000 nBar

effects

plot..................

0 kg
0 Bar
0 s
No danmge or very minor
No danmmge or very ninor
No danmge or very mi nor

No danmge or very ninor
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Administrative & version data:

Mai n program (production date)
Mobdel name

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s)

Model driver
Model executabl e version(s)
Session nr.

Ref erences

Project file name

| ast nodification :

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Effects@ S (08 Sep 2003 16:19:16)

Mil ti energy expl osion nodel (125)

03 Jul 2009 17:30:12

AMPLA Engenhari a

5.5.0.0293

3.04

11 Apr 2000

M _ENERGY. EXE 05 QOct 2001 17:10: 54 ( CRC=34CC91F0)
1

No reference avail able
"UN_09 WOBBEN. al d

Cheni cal dat abase used " Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used

00: 00: 00)

Project file directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent
Chemi cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases”
Syst em dat abase directory

5. 5\ Shared dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases”
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

"UN_09 WOBBEN. gbd" (last nodified: 01 jan 0
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

Project : UN 11 A) Cl TYGATE CEGAS

-------------- START OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) --------mmmmmammnnn

I NPUT

Model . . Gas rel ease from vessel

or pipe (133)

Case desCription. .. ... UN_11 A) ClI TYGATE CEGAS

Chemical name.......... ... . Gas Natural

Type of release. .. ... Rel ease through hole in
vessel

Vessel VOl UMEB. .. ... 1. 29E5 nB

Initial pressure. . ... ... 60 Bar

Initial tenmperature. . ... ... 35 °C

Di scharge coefficient. ... ... ... ... . . . . . . . . . i, 0.62 -

Hole diameter. ... ... ... 250 nmm

COMPLEXO INDUSTRIAL DO PECEM - CIP

ESTUDO DE ANALISE DE RISCO — ANEXOS LXXXIV
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Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLGGICO'
Time t after start release........ ... ... . . .. : 600 s
X-coordinate of release (for mapping purposes).............. : 5.1706E5 m
Y-coordinate of release (for mapping purposes).............. : 9.6039E6 m
RESULTS
Mass flowrate at time t..... ... .. ... : 292.18 kg/s
Pressure at time t...... ... : 56.38 Bar
Tenperature at time t...... ... e : 31.52 °C
Di ameter expanded jet at time t........... ... ... . . ... ... 0 0.87 m
Total mass released. .. ... ... ... : 4.4348E6 kg
Average mass flowrate...... ... ... .. . : 285.68 kg/s
ooBased upon time. .. : 1800 s
Maximum mass flow rate. . ........ i : 305 kg/s

Mai n program (production date) : Effects@S (08 Sep 2003 16:19:16)

Model name : Gas rel ease fromvessel or pipe (133)

Date of this calculation : 03 Jul 2009 17:31:15

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Model executabl e version(s) : MFGASVES. EXE 19 Mar 2002 12:08:46 (CRC=BCOF17F3)
Session nr. 1

Ref erences : This nodel is described in the Yellow Book 3rd edition

[1997], sections
2.5.2.1to 2.5.2.4.

Project file nane : "UN_11 A) CI TYGATE CEGAS. al d

Chenmi cal dat abase used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_11 A) ClI TYGATE CEGAS. ghd" (last nodified: 01 jan
0 00: 00: 00)

Project file directory : " C:\ AVPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory : "C:\Program Fi |l es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : "C:\ AMPLA\ GESTAO 2009\ PROJETOS EM

EXECUGAQ: 136_Cl PP\ Model agent

End of administrative & version data:

-------------- START OF SESSION 1 MODEL 2 ( SCENARI O CALCULATI ON) - -=--=--c-zmcmmumn-

I NPUT
Model . . : Neutral gas; continuous
rel ease; expl osive mass
(108)
Case desCription. .. ... : UN_11 A) CI TYGATE CEGAS
Chemical name.......... ... . : Gas Natural
Mass flow rate of the source........... ... ... ... ... ......... : 285.68 kg/s
Length source in wind direction........... ... ... ........... :0m
Source W dth. . ... 0 0.87 m
Length source in z-direction............... .. ... ... ......... : 0.87 m
Hei ght | eak above ground level .......... ... ... ... ... ....... 1.5 m
Anbient tenmperature. . ... ... ... : 26.6 °C
Pasquill stability class......... .. ... .. . . i : C (Lightly Unstable)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LXXXV
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Wnd speed at 10 mheight....... ... . ... . . . . ... . . ... 3.8 nms
Roughness length description.............. . ... .. ..., Habi t ated | and
X-coordinate of release (for mapping purposes).............. 5.1706E5 m
Y-coordi nate of release (for nmapping purposes).............. 9. 6039E6 m
Predefined wind direction........ ... .. . . ... .. E

Wnd cones from (West = 180 degrees)...........cuvuneon.. 180 deg
RESULTS

Maxi mum expl 0Si Ve MBSS. . ... ..o 12750 kg

Maxi mum di stance of source to LEL........................... 370.03 m

Maxi mum wi dth between LEL........ ... . ... . . .. . . . . ... . ... 34.21 m

Maxi mum height to LEL........ ... . .. . . . .. . . 29.78 m

Maxi mum di stance of source to UEL........................... 62.65 m

Maxi mum wi dth between UEL............... .. ... ... ... ... .... 6.73 m

Maxi mum height to UEL....... ... . .. ... . 5.87 m
-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) --------nmmmmmmmaamo -
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s) :
Model driver |ast nodification :
Model executabl e version(s) :
Session nr.

Ref erences

(1997), section 4.5.3

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronment dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

0 00: 00: 00)

Project file directory

EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory

5. 5\ Shared dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

End of adnministrative & version d

START OF SESSI ON 1

| NPUT

Model .. ..o
Case description.................
Chemical name....................

Mass flow rate of the source
Hei ght | eak above ground | evel
Initial pressure
Initial tenperature
Qutflow angle in XZ plane (0°=hor
Wnd speed at 10 m hei ght
Anbi ent tenperature
Anbi ent relative humdity

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Neutral gas; continuous rel ease; explosive mass (108)
03 Jul 2009 17:31:17

AMPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)

1

This nodel is described in the Yellow Book 3rd edition

"UN_11 A) Cl TYGATE CEGAS. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_11 A) ClI TYGATE CEGAS. ghd" (last nodified: 01 jan
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

"C:\Program Fil es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

at a:

MODEL 3 ( SCENARI O CALCULATI ON)

Chanber | ai n nodel (127)
UN_11 A) ClI TYGATE CEGAS
Gas Natural

305 kg/s

1.5 m

60 Bar

35 °C

90 deg

3.8 nl's

26.6 °C

82 %

i zont al
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Fraction CO2 in atnosphere....... ... ... ... 0.03 %
Distance fromrelease (X)......cuuiiin . 10 m
Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... No
X-coordinate of release (for nmapping purposes).............. 5.1706E5 m
Y-coordinate of release (for mapping purposes).............. 9. 6039E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axis)............. 0 deg
RESULTS

Heat radiation level at X ....... .. . . . . .. .. 15. 44 kW n2
Fraction of nortality at X ...... ... ... . . . . . . 21.468 %
Safe distance (Q =1 KWnR). ... ... 313.02 m
Heat emi ssion fromsurface of the flare..................... 348.7 kW n2
Angl e between hole and flame axis...........ooiinnn.. 5.89 deg
Frustum lift off height....... ... ... .. . . . . . . . . . . ... 18.28 m
Wdth of frustumbase. .. ... ... .. .. . 7.94 m
Wdth of frustumtip......... .. e 27.32 m
Length of frustum (flame).......... ... ... ... .. ... .. ... ... ... 80.68 m
Tilt central axis flare..... ... . .. 5.89 deg
View faCt Or. .. 6 %
Atnospheric transm sSiVity. . ... 74 %
—————————————— END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ------------mmmmmmn-
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane Chanber | ai n nodel (127)
Date of this calculation 03 Jul 2009 17:31:19
Cal cul ati on performed by AVPLA Engenhari a
Software library version 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Mobdel executabl e version(s) FLARE. EXE 05 Cct 2001
Session nr. 1

Project file nane "UN_11 A) ClI TYGATE CEGAS. al d

Chenmi cal dat abase used " Pur pl e_Book. Rdb" (I ast

16: 08: 52)

Envi ronment dat abase used "Standard. Env" (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

Map background file used

0 00: 00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shared dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_11 A) Cl TYGATE CEGAS. ghd"

"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi |l es\TNO I ndustri al
"C:\Program Fi |l es\TNO I ndustri al

"C:\Program Fi |l es\TNO I ndustri al

17:10: 52 ( CRC=7625AEFB)

nodi fied: 25 out 2002

10 out 1997 13:40:48)
14 jan 1999 17:38:14)
10 out 1997 13:40:48)

(last nodified: 01 jan

" C:\ AVPLA\ GESTAO 2009\ PRQJETCS EM

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM
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EstADO po CEARA ENTEC

Secretaria da Infraestrutura INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Project : UN_11 b)Cl TYGATE TERMOCEARA
-------------- START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON) - ----=--cmmmcmmumn-

| NPUT

Model . . . Gas rel ease from vessel
or pipe (133)

Case desCription. ... ... : UN_11B) C TYGATE
TERMOCEARA

Chemical name. . ... ... .. : Gas Natural

Type of release. ... ... . Rel ease through hole in
vessel

Vessel VOl UMEB. .. ... : 1.29E5 nB

Initial pressure. . ... ... : 60 Bar

Initial tenmperature. . ... ... .. : 35 °C

Discharge coefficient......... ... .. . : 0.62 -

Hole diameter. . ... ... ... : 250 mm

Time t after start release....... ... . . .. .. .. : 600 s
X-coordinate of release (for nmapping purposes).............. : 5.1478E5 m
Y-coordinate of release (for mapping purposes).............. : 9.5917E6 m
RESULTS

Mass flowrate at time t......... .. .. . . . . . . . : 292.18 kg/s
Pressure at time t.... ... . : 56.38 Bar
Tenperature at time t..... ... : 31.52 °C

Di ameter expanded jet at time t........... . ... .. ... .. ... ... : 0.87 m

Total mass released. .. ... © 4.4348E6 kg
Average mass flowrate. .. ... ... . . . : 285.68 kg/s
ooBased upon time. . : 1800 s

Maximum mass flow rate. ......... i : 305 kg/s

Mai n program (production date) : Effects@S (08 Sep 2003 16:19: 16)

Model name : Gas rel ease fromvessel or pipe (133)

Date of this calculation : 03 Jul 2009 17:33:56

Cal cul ation performed by : AMPLA Engenhari a

Software library version : 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Mbdel executabl e version(s) : MFGASVES. EXE 19 Mar 2002 12:08:46 (CRC=BCOF17F3)
Session nr. o1

Ref er ences : This nodel is described in the Yellow Book 3rd edition

[1997], sections
2.5.2.1to 2.5.2.4.

Project file name : "UN_11 b) Cl TYGATE TERMOCEARA. al d

Chemi cal database used : "Purpl e_Book. Rdb" (last nodified: 25 out 2002

16: 08: 52)

Envi ronment dat abase used : "Standard. Env" (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used : "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used : "Standard.dpf" (last nodified: 10 out 1997 13:40:48)
Map background file used : "UN_11 b) Cl TYGATE TERMOCEARA. gbd" (last nodified: 01
jan 0 00:00: 00)

Project file directory : " C:\ AMPLA\ GESTAO 2009\ PROJETCS EM

EXECUCAQ 136_Cl PP\ Model agent

Cheni cal database directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shared dat a\ Dat abases"

Envi ronment dat abase directory : "C:\Program Fil es\TNO | ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory : "C\Program Fil es\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory : "C \Program Files\TNO I ndustrial Safety\Version

5. 5\ Shar ed dat a\ Dat abases"

Map background directory : "C: \ AVPLA\ GESTAO 2009\ PROJETOS EM

EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS LXXXVIII



ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Model . . Neutral gas; continuous
rel ease; expl osive nmass
(108)
Case desCription. ... ... UN_11B) Cl TYGATE
TERMOCEARA
Chemical name...... ... .. Gas Natural
Mass flow rate of the source............. ... ... ... ... ....... 285.68 kg/s
Length source in wind direction........... ... ... .. ... ...... 0m
Source Wi dth. . ... 0 0.87 m
Length source in z-direction.......... ... . ... ... 0 0.87 m
Hei ght | eak above ground level............. ... ... ........... ;1.5 m
Ambi ent temperature. .. ... .. 26.6 °C
Pasquill stability class...... ... . .. . i C (Lightly Unstable)
Wnd speed at 10 mheight....... .. ... . ... . . . . .. . . . ... 3.8 nms
Roughness length description.............. ... ... oo, Habi t at ed | and
X-coordinate of release (for mapping purposes).............. 5.1478E5 m
Y-coordi nate of release (for nmapping purposes).............. : 9.5917E6 m
Predefined wind direction............. .. . . .. ... . E
Wnd cones from (West = 180 degrees)...........ouvunon.. : 180 deg
RESULTS
Maxi mum expl 0Si Ve MBSS. ... ...t 12750 kg
Maxi mum di stance of source to LEL........................... 370.03 m
Maxi mumwi dth between LEL........ ... ... .. ... .. ... . ... 34.21 m
Maxi mum height to LEL.......... ... . . . . 29.78 m
Maxi mum di stance of source to UEL........................... 62.65 m
Maxi mum wi dth between UEL. ... ... ... ... .. .. . ... . . ... 6.73 m
Maxi mum height to UEL....... ... ... . . . . i, 5.87 m
—————————————— END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ----------mmmmmmmm
Admi ni strative & version data:
Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Model name

Date of this calculation

Cal cul ation performed by
Software library version

Model driver version(s) :
Mbdel driver |ast nodification :
Model executabl e version(s)
Session nr.

Ref erences

(1997), section 4.5.3

Project file nanme

Cheni cal dat abase used

16: 08: 52)

Envi ronnent dat abase used

Syst em dat abase used

Di spersi on dat abase used

Map background file used

jan 0 00: 00: 00)

Project file directory

EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shar ed dat a\ Dat abases"

Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on database directory

5. 5\ Shar ed dat a\ Dat abases"

Map background directory
EXECUCAQ\ 136_ClI PP\ Model agent

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Neutral gas; continuous rel ease; explosive mass (108)
03 Jul 2009 17:33:58

AMPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)

1

This nodel is described in the Yell ow Book 3rd edition

"UN_11 b) Cl TYGATE TERMOCEARA. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)
"Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_11 b) Cl TYGATE TERMOCEARA. gbd" (I ast nodified: 01
" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustri al Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi |l es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

LXXXIX



ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

End of administrative & version data:

START OF SESSI ON 1 MODEL 3 ( SCENARI O CALCULATI ON)

| NPUT

Model . . Chanber| ai n nodel (127)
Case desCription. ... ... UN_11B) Cl TYGATE
TERMOCEARA

Chemical name...... ... .. Gas Natural

Mass flow rate of the source............. ... ... ... ... ....... 305 kg/s

Hei ght | eak above ground level...... ... .. .. ... .. ... ... .... 1.5 m

Initial pressure. . ... ... 60 Bar

Initial tenmperature. . ... ... .. 35 °C

Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... 90 deg

Wnd speed at 10 mheight........... ... ... .. ... ... ... . ... 3.8 m's

Anbient tenmperature. . ... ... .. 26.6 °C

Anbient relative humidity....... ... . ... . . . . . . . 82 %

Fraction CO2 in atnmosphere............ ... 0.03 %

Distance fromrelease (X)........... .. 10 m

Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... No

X-coordinate of release (for mapping purposes).............. 5.1478E5 m
Y-coordinate of release (for mapping purposes).............. 9.5917E6 m

Qutflow angle in XY plane (0=X axis; 90=Y axiS)............. 0 deg

RESULTS

Heat radiation level at X ....... ... ... . . . . . 15. 44 kW n2

Fraction of nortality at X ......... .. ... . . .. 21.468 %

Safe distance (Q' = 1 KWNR) ... ... i 313.02 m

Heat emission fromsurface of the flare..................... 348.7 kW nR

Angl e between hole and flame axis........................... 5.89 deg

Frustum lift off height........... ... ... .. . . .. .. .. . .. ... .... 18.28 m

Wdth of frustumbase........... ... ... ... ... i 7.94 m

Wdth of frustumtip........ .. 27.32 m

Length of frustum (flame)...... ... ... ... . . . . . . . . ... 80.68 m

Tilt central axis flare..... ... ... . . 5.89 deg

VieW faCt Or. .. 6 %

Atrmospheric transm SSiVity. . ... 74 %

-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) ---------------------
Admini strative & version data:

Mai n program (production date) Ef fects@ S (08 Sep 2003 16:19:16)

Mobdel name Chanberl ai n nodel (127)

Date of this calculation 03 Jul 2009 17:34:00

Cal cul ation performed by AMPLA Engenhari a

Software |ibrary version 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Mbdel execut abl e version(s) FLARE. EXE 05 Oct 2001 17:10:52 (CRC=7625AEFB)
Session nr. 1

Project file nanme "UN_11 b) Cl TYGATE TERMOCEARA. al d

Cheni cal dat abase used " Pur pl e_Book. Rdb" (Il ast nodified: 25 out 2002

16: 08: 52)

Envi ronnment dat abase used "Standard. Env' (last nodified: 10 out 1997 13:40:48)
Syst em dat abase used "Standard. CPF" (last nodified: 14 jan 1999 17:38:14)
Di spersi on dat abase used "Standard. dpf" (last nodified: 10 out 1997 13:40:48)

Map background file used

jan 0 00: 00: 00)

Project file directory

EXECUCAQ 136_Cl PP\ Model agent
Cheni cal database directory

5. 5\ Shared dat a\ Dat abases"

Envi ronnent dat abase directory :
5. 5\ Shared dat a\ Dat abases"

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_11 b) Cl TYGATE TERMOCEARA. gbd" (1 ast nodified: 01
" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM
"C:\Program Fi |l es\TNO I ndustrial Safety\Version

"C:\Program Fi | es\ TNO | ndustrial Safety\Version

XC



Secretaria da Infraestrutura

Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

End of administrative & version data:

Pr oj ect UN 11 C)Cl TYGATE TERMOFORTALEZA

-------------- START OF SESSION 1 MODEL 1 ( SCENARI O CALCULATI ON)
I NPUT

Model . .

or pipe (133)
Case desCription. .. ...

"C:\Program Fi |l es\TNO | ndustri al

"C:\Program Fi |l es\TNO I ndustri al

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

Gas rel ease from vessel

UN_11C) C TYGATE

TERMOFORTALEZA

Chemical name......... ... .. ... . . Gas Natural
Type of release. ... ... Rel ease through hole in
vessel

Vessel volume. . ... ... . 1.29E5 nB
Initial pressure. . ... ... 60 Bar
Initial tenmperature. . ... ... . 35 °C

Di scharge coefficient.......... . . . . . . . . . . .. 0.62 -

Hole diameter. . ... .. . 250 mm
Time t after start release............ ... ... ... ... ........ 600 s
X-coordi nate of release (for mapping purposes).............. 5.153E5 m
Y-coordi nate of release (for nmapping purposes).............. 9.593E6 m
RESULTS

Mass flowrate at time t......... . . ... . 292.18 kg/s
Pressure at time t.... ... ... . . . 56. 38 Bar
Tenperature at time t... ... . 31.52 °C

Di ameter expanded jet at time t........... ... . ... ... .. ... 0.87 m
Total mass released. .. ... ... ... 4. 4348E6 kg
Average mass flowrate......... . ... . . . 285.68 kg/s
L..Based upon time. .. 1800 s

Maxi mum mass flow rate. ... ... .. . . 305 kg/s
-------------- END OF SESSION 1 MODEL 1 (SCENARI O CALCULATION) ---------mmmmmmmmamo
Admi ni strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

12: 08: 46 ( CRC=BCOF17F3)

is described in the Yellow Book 3rd edition

Model name Gas rel ease fromvessel or pipe (133)
Date of this calculation 03 Jul 2009 17:36:58

Cal cul ation performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.04

Model driver last nodification : 20 Apr 2000

Model executabl e version(s) MFGASVES. EXE 19 Mar 2002

Session nr. 1

Ref erences : This node

[1997], sections

2.5.2.1to 2.5.2.4.
Project file name

Cheni cal dat abase used " Pur pl e_Book. Rdb" (I ast

16: 08: 52)

Envi ronnment dat abase used "Standard. Env"' (last nodified:
Syst em dat abase used "Standard. CPF" (last nodified:
Di spersi on dat abase used "Standard. dpf" (last nodified:

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

"UN_11 C) Cl TYGATE TERMOFORTALEZA. al d
nodi fied: 25 out 2002

10 out 1997 13:40: 48)
14 jan 1999 17:38:14)
10 out 1997 13:40: 48)

XClI
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Map background file used

01 jan 0 00:00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_ClI PP\ Mbdel agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

"UN_11 C) Cl TYGATE TERMOFORTALEZA. gbd" (1 ast nodifi ed:
" C:\ AMPLA\ GESTAQ 2009\ PRQJETOS EM

"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version

" C:\ AMPLA\ GESTAQ 2009\ PRQOJETCS EM

| NPUT
Model . . Neutral gas; continuous
rel ease; expl osive mass

(108)
Case desCription. ... ... UN_11C) C TYGATE
TERMOFORTALEZA
Chemical name. . ... ... .. Gas Nat ural
Mass flow rate of the source............. .. ... . . ... 285.68 kg/s
Length source in wind direction............ ... .. ... ... 0m
Source Wi dth. . ... 0.87 m
Length source in z-direction.......... ... . ... ... : 0.87 m
Hei ght | eak above ground level............. ... ... ........... ;1.5 m
Arbi ent temperature. .. ... .. : 26.6 °C
Pasquill stability class....... ... . . . . i C (Lightly Unstable)
Wnd speed at 10 mheight....... ... . ... . . . . ... . . ... 3.8 nms
Roughness length description.............. ... ... oo, Habi t ated | and
X-coordinate of release (for mapping purposes).............. 5.153E5 m
Y-coordi nate of release (for nmapping purposes).............. : 9.593E6 m
Predefined wind direction........ ... ... . . . . . . .. . E
Wnd cones from (West = 180 degrees).............oouunnn... : 180 deg
RESULTS
Maxi mum expl 0Si Ve MBSS. . .. ..ottt 12750 kg
Maxi mum di stance of source to LEL........................... 370.03 m
Maxi mum wi dth between LEL. ... ... ... ... .. . . . .. .. . ... 34.21 m
Maxi mum height to LEL........ ... .. . . . . . . . . 29.78 m
Maxi mum di stance of source to UEL........................... 62.65 m
Maxi mum wi dth between UEL. ... ... ... . ... .. . . . ... 6.73 m
Maxi mum height to UEL....... ... . .. .. 5.87 m
-------------- END OF SESSION 1 MODEL 2 (SCENARI O CALCULATION) ----------mmmmammmo
Admi nistrative & version data:
Mai n program (production date) Effects@ S (08 Sep 2003 16:19: 16)

Model nane

Date of this calculation

Cal cul ation performed by
Software |ibrary version

Model driver version(s) :
Model driver |ast nodification :
Model executabl e version(s)
Session nr.

Ref er ences

(1997), section 4.5.3

Project file nanme

Chenmi cal dat abase used

16: 08: 52)

Envi ronnment dat abase used

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

Neutral gas; continuous rel ease; explosive mass (108)
03 Jul 2009 17:37:00

AVPLA Engenhari a

5.5.0.0293

3.05

31 Aug 2001

EXPLOCYZ. EXE 05 Oct 2001 17:10:52 (CRC=34F7BDAC)

1

This nodel is described in the Yell ow Book 3rd edition

"UN_11 C)Cl TYGATE TERMOFORTALEZA. al d

"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)

XCll
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Syst em dat abase used

Di spersi on dat abase used

Map background file used

01 jan 0 00:00: 00)

Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Chenmi cal database directory
5. 5\ Shar ed dat a\ Dat abases"
Envi ronnment dat abase directory :
5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersion database directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Model agent

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

"Standard. CPF" (last nodified: 14 jan 1999 17:38: 14)
"Standard. dpf" (last nodified: 10 out 1997 13:40:48)
"UN_11 C) Cl TYGATE TERMOFORTALEZA. ghd" (1l ast nodifi ed:
“ C:\ AMPLA\ GESTAQO 2009\ PRQJETCS EM

"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fil es\TNO I ndustrial Safety\Version
"C:\Program Fi | es\ TNO | ndustrial Safety\Version
"C:\Program Fi |l es\TNO I ndustrial Safety\Version

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

| NPUT

Model . .o Chanberl ain nodel (127)
Case desCription. ... ... UN_11C) C TYGATE
TERMOFORTALEZA

Chemical name. . ... ... .. Gas Nat ural
Mass flow rate of the source............. .. ... . . ... 305 kg/s
Hei ght | eak above ground level .............. ... ... .......... 1.5 m
Initial pressuUre. . ... ... 60 Bar
Initial tenmperature. . ... ... 35 °C
Qutflow angle in XZ plane (0°=horizontal ; 90°=vertical).... 90 deg

Wnd speed at 10 mheight........... .. ... ... ... ... ... .... 3.8 m's
Anbient tenmperature. . ... ... .. 26.6 °C
Anbient relative humidity...... ... ... ... . . . . . 82 %
Fraction CO2 in atnosphere............ ... 0.03 %
Distance fromrelease (X)........... .. 10 m
Exposure duration to heat radiation......................... 20 s

Take protective effects of clothing into account?........... No
X-coordinate of release (for nmapping purposes).............. 5.153E5 m
Y-coordi nate of release (for mapping purposes).............. 9.593E6 m
Qutflow angle in XY plane (0=X axis; 90=Y axis)............. 0 deg
RESULTS

Heat radiation level at X ....... ... . . . . . . .. 15. 44 kW n2
Fraction of nortality at X ...... ... ... . . . . . . . . 21.468 %
Safe distance (Q = 1 KWNR)....... ... 313.02 m
Heat emission fromsurface of the flare..................... 348.7 kW n2
Angl e between hole and flame axis............ ... . ......... 5.89 deg
Frustum lift off height....... ... .. ... .. . . . . . . .. .. . . . .. ... 18.28 m
Wdth of frustumbase........ ... ... .. . ... . . 7.94 m
Wdth of frustumtip........ .. 27.32 m
Length of frustum (flame)....... ... ... .. . . . . . . . . ... 80.68 m
Tilt central axis flare........ ... .. . .. 5.89 deg
View factor. . ... ... 6 %
Atnospheric transm sSivity.. ... 74 %
-------------- END OF SESSION 1 MODEL 3 (SCENARI O CALCULATION) --------mmmmmmmmam o -
Admini strative & version data:

Mai n program (production date) Effects@ S (08 Sep 2003 16:19:16)

Mbdel nane Chanber | ai n nodel (127)

Date of this calculation 03 Jul 2009 17:37:02

Cal cul ati on performed by AVPLA Engenhari a

Software library version 5.5.0.0293

Model driver version(s) : 3.08

Model driver last nodification : 18 Aug 2003

Model execut abl e version(s) FLARE. EXE 05 Cct 2001 17:10:52 (CRC=7625AEFB)

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

XCl
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Session nr.

Project file nane

Chemi cal dat abase used

16: 08: 52)

Envi ronment dat abase used
Syst em dat abase used

Di spersi on dat abase used
Map background file used

01 jan 0 00:00: 00)
Project file directory
EXECUCAQ\ 136_Cl PP\ Model agent
Cheni cal database directory
5. 5\ Shar ed dat a\ Dat abases"

Envi ronment dat abase directory :

5. 5\ Shar ed dat a\ Dat abases"
Syst em dat abase directory

5. 5\ Shar ed dat a\ Dat abases"

Di spersi on dat abase directory
5. 5\ Shar ed dat a\ Dat abases"
Map background directory
EXECUCAQ\ 136_Cl PP\ Mbdel agent

End of administrative & version

COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS

1

ENTEC

INSTITUTO CENTRO DE ENSINO TECNOLOGICO

"UN_11 C) Cl TYGATE TERMOFORTALEZA. al d
"Pur pl e_Book. Rdb" (last nodified: 25 out 2002

"Standard. Env' (last nodified: 10 out 1997 13:40:48)

"Standard. CPF" (last nodified: 14 jan 1999

17: 38: 14)

"Standard. dpf" (last nodified: 10 out 1997 13:40:48)

"UN_11 C) Cl TYGATE TERMOFORTALEZA. gbd" (| ast

" C:\ AMPLA\ GESTAO 2009\ PRQJETCS EM

"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fi |l es\TNO | ndustri al
"C:\Program Fil es\TNO I ndustri al

"C:\Program Fi | es\TNO | ndustri al

Saf et y\ Ver si on
Saf et y\ Ver si on
Saf et y\ Ver si on

Saf et y\ Ver si on

" C:\ AMPLA\ GESTAQ 2009\ PRQJETCS EM

nodi fi ed:

XCIV



