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SUMARIO EXECUTIVO

Neste estudo foram estimados ¢ avaliados os riscos decorrentes da ado¢do do modelo de
enchimento fracionado de recipientes transportdveis de GLP em 4 diferentes cendrios
operacionais propostos. Foram ainda estimados e avaliados os riscos decorrentes do
modelo de enchimento de recipientes transportaveis de GLP atualmente adotado no
Brasil.

Os riscos foram estimados sob a forma de risco individual, representando a chance de 1
fatalidade no entorno da instalagdo, e risco social, representando o numero de fatalidades
pela chance de ocorréncia dos eventos acidentais, sendo estes avaliados segundo critérios
de avaliagdo de riscos tecnoldgicos amplamente adotados no Brasil.

Foi realizada a analise historica dos eventos acidentais ocorridos em paises que adotam o
modelo de enchimento fracionado de recipientes transportaveis de GLP, tendo sido
concluido que se trata de um modelo operacional reconhecidamente perigoso, adotado
em decorréncia da auséncia de unidades engarrafadoras nestes paises e que demanda
padrdes de seguranca rigidos por se tratar de atividades de risco em meio a populagao.

O modelo de enchimento de recipientes transportaveis de GLP atualmente adotado no
Brasil ¢ submetido a normas e padrdes técnicos de seguranca que contribuem de forma
direta na redugdo e controle dos riscos de acidentes durante as atividades. A adogao de
outros modelos de enchimento de recipientes transportdveis de GLP demandardo o
estabelecimento de padrdes de seguranga especificos, devendo ser observado a realizagao
das atividades com gas inflamavel em meio a comunidade.

Como resultado desta analise foi pontuado que somente o cenario operacional de
enchimento fracionado de recipientes transportaveis de GLP em revendas fora de areas
urbanas dos municipios (cenario operacional n°S) apresenta viabilidade em relagdo aos
riscos de acidentes tecnoldgicos. Isto porque estas revendas foram idealizadas com
locagdo afastada das areas de comunidade. No entanto, o crescimento populacional em
direcdo destas revendas tornara o risco intoleravel.

Desta forma o modelo de enchimento de recipientes transportaveis de GLP em bases
engarrafadoras, atualmente adotado pelo Brasil, ¢ a op¢ao mais segura em termos de
riscos de acidentes tecnologicos, sendo estas unidades submetidas a processos de

licenciamento nos quais ¢ avaliada a tolerabilidade destes riscos.
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1. INTRODUCAO

Neste relatorio de andlise de riscos esta apresentada a estimativa e avaliagdo dos riscos
decorrentes do modelo de enchimento fracionado de recipientes transportaveis de GLP
por parte de distribuidores e a comercializagdo de GLP em recipientes de outras marcas.
Este relatorio foi composto em um tnico volume contendo 10 capitulos, 3 anexos € um
sumario.

A Anotacdo de Responsabilidade Técnica (ART) esta apresentada apos o capitulo

contendo a equipe técnica.

1.1 Objetivo deste Relatorio

Este relatorio tem por objetivo principal avaliar os riscos decorrentes da adogdo do
modelo de enchimento fracionado de recipientes transportaveis de GLP por parte de
distribuidores e a comercializagdo de GLP em recipientes de outras marcas, conforme
Tomada Publica de Contribuicdes TPC N° 07/2018 realizada pela Agéncia Nacional de
Petroleo, Gas Natural e Biocombustiveis (ANP).

Para isto foram idealizados e avaliados os riscos decorrentes de cenarios operacionais
possiveis do modelo de enchimento fracionado de recipientes transportaveis de GLP por
parte de distribuidores e a comercializacdo de GLP em recipientes de outras marcas.

Os riscos decorrentes do cendrio operacional enchimento de recipientes transportaveis de
GLP atualmente adotado no Brasil também foram estimados para comparagdo com 0s
cenarios operacionais idealizados para esta proposta da Agéncia Nacional de Petréleo,

Gas Natural e Biocombustiveis (ANP).
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2. HISTORICO DE ACIDENTES DECORRENTES DA OPERACAO NA
MODALIDADE PRETENDIDA

A seguir estdo relacionados os 2 principais acidentes ocorridos nos paises Gana e Nigéria
em decorréncia da operacao de enchimento fracionado de recipientes transportaveis de
GLP por parte de distribuidores, bem como outros eventos acidentais que ocorreram

nestes paises em decorréncia desta atividade.

2.1 Eventos Acidentais

2.1.1 Kwame Nkrumah Avenue, Acra, Gana. Junho/2015. 130 fatalidades

Este acidente ocorreu quando o caminhdo-tanque estava descarregando gas na estagdo de
enchimento. O motorista percebeu que o gas estava vazando e avisou para as pessoas se
afastarem, mas mesmo assim continuou a operagao de descarga. A descarga estava sendo
realizada no periodo noturno, periodo este no qual nao era permitida a atividade. A nuvem
de gas inflaméavel formada pegou fogo ocasionando 130 fatalidades.

Além destes acidentes foram encontrados registros de outros eventos acidentais nestes
paises, tais como a explosao ocorrida na cidade de Kumasi em setembro de 2007, em uma
estacdo de enchimento da Engels, resultando em 3 fatalidades, ferimento de diversas
pessoas e destruicdo massiva de propriedades no entorno.

Nesta mesma cidade ha registro também da explosdo de um cilindro de gas no posto de
abastecimento de gas da Nnatony Gas Company, durante a atividade de limpeza de um
tanque de armazenamento de GLP, resultando na morte de 2 pessoas.

Em Gana, a troca de um cilindro vazio por um cheio foi a pratica nas décadas de 1960 e
1970. As poucas familias que usavam GLP para cozinhar compravam GLP levavam seus
cilindros vazios para postos como a British Petroleum (BP), AGIP e Mobil e trocavam
por cilindros ja cheios. Nao havia esta¢des de enchimento de GLP como ¢ a pratica atual.
A situacdo mudou quando muitas familias comecaram a usar o GLP como combustivel
alternativo e mais barato para cozinhar. Este foi o resultado da campanha do governo no
final dos anos 80 sobre o uso de fogdes de GLP. Uma medida destinada a reduzir o
esgotamento rapido da floresta devido ao corte de arvores para lenha e carvao.

A alta demanda de GLP por parte de residéncias e outros usudrios comerciais resultou na
instalagdo de estagdes de enchimento de GLP com a aprovagdo das institui¢des estaduais
apropriadas para vender o produto aos consumidores. Atualmente existem muitas
estacdes de enchimento de GLP nas cidades para que os consumidores ndo precisem

viajar longas distancias para comprar GLP.
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Fica claro que nao houve um plano a longo prazo sobre como os consumidores de GLP
conseguiriam comprar o produto sem criar condi¢cdes perigosas para eles e para o meio
ambiente quando a campanha foi lancada para as familias mudarem de carvdo e lenha
para fogdes de GLP.

O debate sobre o transporte seguro de GLP, bem como as operacdes das estacdes de
enchimento de GLP, continua porque atualmente em Gana ndo ha um sistema onde os
consumidores de GLP levam seus cilindros vazios para um ponto de venda / fornecedores
para trocarem por cilindros ja cheios, como praticado no Brasil atualmente.

A implantagdo desse sistema em Gana exigira a instalagdo de Bases de engarrafamento
de GLP, como as existentes no Brasil. Uma vez que este modelo de negdcios entre em
opera¢do no pais, com a venda de GLP em cilindros j& cheios, haverd uma redugdo
gradual do nimero de pessoas que vao para estas estagdes de enchimento de GLP para
abastecer seus botijoes.

Assim, em Gana, o Governo pretende, gradualmente que seja alterado o sistema de
enchimento de cilindros pelo sistema de troca de cilindros vazios por cilindros ja cheios,

pois considera-se este tltimo mais seguro para a populacao em geral.

2.1.2. Nnewi, Anambra, Nigéria. Dezembro/2015. Dezenas de fatalidades

No dia 24 de dezembro de 2015 uma explosdo de um tanque de butano presente em uma
estacdo de enchimento de botijoes matou dezenas de pessoas que estavam na fila para
reabastecer seus botijoes, assim como pessoas que estavam passando pelo local no
instante do acidente.

Uma outra explosdo ocorreu mais recentemente em 10 de setembro de 2018 na cidade de
Lafia, estado de Nassaraua, Nigéria. Esta explosao ocorreu por volta das 10h00’ da manha
no depodsito da Monaco Gas, dentro do posto de abastecimento Natson, préximo ao hotel
Sandaji. Como consequéncia da explosdo houve 35 mortes e centenas de pessoas ficaram
feridas. Grande parte das pessoas que morreram foram aquelas que correram em dire¢do
ao local da ocorréncia. Segundo informagdes a causa imediata da ocorréncia foi a colisdao
de uma motocicleta com triciclo que gerou uma faisca e provocou a explosao. O acidente
aconteceu no momento que o caminhao-tanque descarregava gas na estacao da cidade.
Nas cidades da Nigéria muitos comerciantes de gas operam pequenos depdsitos com
estacdes de enchimento de GLP e gés butano. Esta pratica ¢ comum em outras regides da

Africa Ocidental, na qual as pessoas dependem muito do géas engarrafado para cozinhar.
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Assim, s3o comuns as ocorréncias de acidentes causados pelas atividades relacionadas
com o enchimento de botijoes de GLP em instalagdes comerciais em meio a populagdo.

Em decorréncia do acidente ocorrido no dia 10 de setembro de 2018, e devido a frequente
ocorréncia de acidentes no setor, o secretario executivo da Associagdo Nigeriana de
Comercializadores de Gas Liquefeito de Petrdleo enfatizou a necessidade da aplicagao de
padroes de seguranca mais rigidos no setor de Gas Liquefeito de Petroleo (GLP),
afirmando que ndo ¢ possivel minimizar a seguranga, testemunhando a ocorréncia

frequente de explosdes.

2.2 Conclusiao da Analise Historica dos Eventos Acidentais
Frente ao exposto na analise historica dos eventos acidentais ocorridos em paises que
adotaram o modelo de enchimento fracionado de recipientes transportaveis de GLP
conclui-se que:
e cste ¢ um modelo de enchimento reconhecidamente perigoso pelas na¢des que o
fazem uso;
e ¢ adotado em decorréncia da auséncia de unidades engarrafadoras implantadas
nestes paises;
e ¢ um modelo que demanda a aplicacdo de padrdes de seguranca rigidos devido

as atividades ocorrerem em meio a populagao.
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3. NORMAS E REGULAMENTACOES APLICADAS AS ENGARRAFADORAS
DE GLP

No Brasil, a industria de engarrafamento de GLP ¢ submetida a normas e padrdes técnicos

definidos por 6rgdos governamentais, os quais contribuem de forma direta na reducgdo e

controle dos riscos de acidentes durante as atividades, além dos padrdes estabelecidos

internamente pelas proprias empresas.

Os padrdes definidos por 6rgdos governamentais sdo fiscalizados a partir da obten¢do de

licengas para a instalacdo e operacao, € mantidos a partir do processo de manutencgao e

renovacao das licengas aplicaveis a operacao. Exemplos destes sdo:

Auto de Vistoria do Corpo de Bombeiros (AVCB), com atendimento as instrugdes
técnicas e padroes de seguranga estabelecidos pelo Corpo de Bombeiros estadual,
com o objetivo de prover os recursos humanos e materiais necessarios para o
combate inicial ao incéndio e assegurar o abandono/remocao segura das pessoas
presentes na unidade;
Licenca Ambiental de Operacdo, com etapa de analise de riscos de acidentes
ampliados para avaliagdo da tolerabilidade dos riscos impostos a populagao
(comunidade) presente nas proximidades da unidade;
Normas Regulamentadoras do Ministério do Trabalho e Emprego, com defini¢ao
de 4areas classificadas como inflamaveis para determinacdo do uso de
equipamentos eletroeletronicos apropriados e controle de fontes de igni¢do para
operacao nestas areas, o estabelecimento de padrdes de seguranga para gestao dos
riscos na operagao com inflamaveis e combustiveis, além de outros requisitos
como atividades em espagos confinados, atividades em altura e controle de
exposi¢do a agentes ambientes com potencial danos a vida e a satde dos
colaboradores da unidade;
Normas técnicas voltadas a assegurar padrdes de seguranca para instalacdes
envolvendo engarrafamento de GLP, dentre outros tipos de instalagcdes industriais,
tais como:

v' NBR 15.186 - Base de armazenamento, envasamento e distribuicdo de

GLP - Projeto e construgao;
v NBR 15.514 - Area de armazenamento de recipientes transportaveis de
gas liquefeito de petroleo (GLP), destinados ou ndo a comercializagao -

Critérios de seguranca;
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v" NBR 5419 — Protegdo contra descargas atmosféricas;
v" Dentre outras.
Sendo assim, para que sejam mantidos os padrdes de seguranga atualmente exigidos as
operagdes com engarrafamento de GLP ¢ necessario que a atividade de enchimento de
cilindros transportaveis de GLP por parte de distribuidores seja submetida a normas e
padrdes técnicos equivalentes ou até mesmo superiores, uma vez que:
e haverda exposicdo direta de pessoas (comunidade) ndo envolvidas com a
atividade;
e as pessoas expostas ndo necessariamente terdo conhecimento dos riscos
relacionados;
e dependendo de onde for realizada a atividade ndo sera possivel o controle de
fontes de igni¢do no ambiente entorno desta, expondo eventuais vazamentos a
uma alta chance de igni¢do da nuvem inflaméavel, tal como os eventos acidentais

identificados na andlise historica de acidentes neste tipo de atividade.
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4. METODO APLICADO A ANALISE DOS RISCOS
Para esta analise de riscos foi adotado o método quantitativo de estimativa e avaliacdo
dos riscos.
Os riscos foram estimados e avaliados sob a forma de risco social e risco individual.
O risco social consiste no risco imposto a um determinado grupamento de pessoas, as
quais estdo expostas aos efeitos fisicos decorrentes das situagdes de risco identificadas,
levando-se em consideracdo a natureza dos danos que possam ser causados e o periodo
em que 0s mesmos possam ocorrer, ¢ representa o numero de fatalidades por chance de
ocorréncia dos eventos.
O risco individual consiste no risco inerente a instalagdo, imposto a um individuo em
fungao dos efeitos fisicos decorrentes das situagdes de risco identificadas, levando-se em
consideragdo a natureza dos danos que possam ser causados € o periodo em que os
mesmos possam ocorrer, € representa a chance de 1 fatalidade no entorno da instalacao.
O método de célculo para estimativa dos riscos social e individual adotado foi aquele
definido em normas e padrdes definidos por 6érgdos ambientais brasileiros, e que estdo
alinhados com o método aplicado nos paises em que os riscos social e individual sao
usados como ferramentas para avaliacao dos riscos impostos a sociedade, estando estes
disponiveis para acesso/consulta no site dos respectivos 6érgao ambientais, sendo:

e Norma CETESB P4.261 - Risco de Acidente de Origem Tecnologica - Método

para decisdo e termos de referéncia, 2011, Sao Paulo;
e Manual de Analise de Riscos Industriais da FEPAM, 2016, Rio Grande do Sul;
e Norma Técnica NT 01/2017 — Analise e Gerenciamento de Riscos Acidentais para
Substancias Perigosas, 2017, Bahia

Para possibilitar a estimativa dos riscos foram propostas hipoteses de acidentes em cada
cenario operacional analisado, estando estas listadas diretamente em cada cenario
acidental operacional analisado.
Foi estimada a amplitude das consequéncias para cada hipdtese de acidente considerada,
conforme as tipologias acidentais definidas nas arvores de eventos a seguir, segundo cada

tipo de vazamento analisado.
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Interferéncias

Ruptura dos vasos de Ignicao Ignicao Condigdes para
pressao ou cilindros Imediata Retardada Explosdo
Bola de Fogo
Condicdo VCE
Sim Incéndio em Nuvem
> (flashfire)
. Dispersdao Atmosférica
Nao

VCE - Explosdo de nuvem de vapor

Figura 4.1 — Ruptura Catastrofica de Gas Liquefeito de Petrdleo —

Interferéncias

Vazamento
(linhas, vasos
ou cilindros)

Ignicao Ignicao Condigdes para
Imediata Retardada Explosdo

GLP

Jato de Fogo

Condicao
Sim

=

VCE

Incéndio em Nuvem
(flashfire)

Nao

VCE - Explosdo de nuvem de vapor

Figura 4.2 — Vazamento Continuo de Gas Liquefeito de Petrdleo —

Dispersdao Atmosférica

GLP

Cada tipologia acidental estudada foi associada a um tipo de efeito fisico, sendo:

e radiagdo térmica, para ignicdo da substancia vazada nas tipologias acidentais de

jato de fogo, bola de fogo e ignicdo da nuvem inflamavel (flashfire ou incéndio

em nuvem);

e sobrepressdo, para a explosdo do vapor inflamavel na atmosfera.

Os niveis de fatalidade associados aos efeitos fisicos em estudo estdo apresentados na

tabela a seguir.
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Tabela 4.1 — Niveis de Fatalidade

Tipologia Acidental Nivel Adotado Descricio Referéncia
Reference Manual Bevi Risk
0 Assessments; Version 3.2; 2009;
f;?z?li{;a(iiz RIVM (National Institute of
Public Health and the
Jato de fogo (jetfire) Environment) — Tabela 18.
Niveis de fatalidade para exposi¢ao
por 20 segundos, definidos conforme
aplicacdo de equagdo de fatalidades
proposta por Tsao & Perry; 1979

35 kW/m?

Equacido de Tsao & Perry, 1979

Reference Manual Bevi Risk
Assessments; Version 3.2; 2009;

o
35 kW/m? f;?z?li{;a(iiz RIVM (National Institute of
Public Health and the
Bola de fogo Environment) — Tabela 18.
(fireball) Niveis de fatalidade para exposi¢do

no tempo de duragdo da bola de fogo,
definidos conforme aplicacao de Equacao de Tsao & Perry, 1979
equagao de fatalidades proposta por
Tsao & Perry; 1979

100% Limite
Incéndio em nuvem Inferior de . Delimitacao da area inflamavel
(flashfire) Inflamabilidade 10070 fatalidade da nuvem
(LII)
50% de Reference Manual Bevi Risk
0,3 bar fatalidade Assessments; Version 3.2; 2009;
Explosdo RIVM (National Institute of
0.1 bar 1% de Public Health and the
’ fatalidade Environment) — Tabela 14.

A seguir esta apresentada a equagdo de Tsao & Perry (1979) aplicada para determinagao
dos niveis de fatalidade para as tipologias acidentais de jato de fogo e bola de fogo:
Probit =-36,38 + 2,56 x In (q** x T)
Onde: q - Intensidade térmica
T — Tempo de duragdo da bola de fogo (s)

Probit — Valor referente a probabilidade de fatalidade de interesse conforme

tabela 5.2
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Tabela 4.2 — Probabilidades de Fatalidade em Funciao do Niumero de Probit

%

Fatalidade 1 2 3 4 > 6 7 8 9
0 - 2,67 295 3,12 325 336 345 3,52 3,59 3,66
10 3,72 377 3,82 387 392 396 401 405 408 4,12
20 416 4,19 423 426 429 433 436 439 442 445
30 448 450 453 456 459 461 464 4,67 4,69 4,72
40 475 4,77 480 482 485 487 490 492 495 497
50 500 503 405 508 510 513 5,15 518 520 523
60 525 528 531 533 536 539 541 544 547 5,50
70 552 555 558 561 564 567 571 574 577 581
80 584 588 592 595 599 6,04 6,08 6,13 6,18 6,23
90 6,28 634 641 648 6,55 6,64 6,775 688 705 7,33

Para possibilitar a determinacdo da amplitude das consequéncias foram utilizados os
dados meteorologicos da regido em que esta localizada a base de engarrafamento
modelada no Cenario Operacional n°l, regido esta de Uberlandia — MG, sendo estes
apresentados a seguir.

Os dados meteoroldgicos utilizados nesta analise foram determinados por um profissional
em meteorologia, estando o laudo meteorologico apresentado no Anexo 1 deste relatorio.

Tabela 4.3 — Dados Meteorologicos para o Estudo de Consequéncias

Parametro Periodo Diurno Periodo Noturno
Temperatura Ambiente (°C) 24,5°C 20,3°C
Temperatura do Solo (°C) 29,5°C 20,3°C
Umidade Relativa (%) 54,6% 68,8%
Velocidade dos Ventos (m/s) 4,3 m/s 3,5 m/s

Os dados de distribuicdo dos ventos por diregdo estdo apresentados a seguir para
conhecimento das dire¢cdes predominantes por periodo.

Tabela 4.4 — Frequéncia de Ocorréncia dos Ventos

Direcao Frequéncia (%)
De — Para Periodo Diurno Periodo Noturno

N—S 18,7 5,9
NE—-SO 36,1 22,0

E—O 20,7 42.4
SE—-NO 3,2 10,1

S—N 4,7 12,0
SO—NE 4,0 3,2

O—E 4.4 1,6
NO—SE 8,2 2,8
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Os dados meteorologicos fornecidos ndo possuem informagdes quanto a categorias de
estabilidade atmosférica (Pasquill), sendo desta forma utilizada a Tabela 4.5 abaixo para
a classificacdo destas, levando-se em consideracdo as velocidades do vento e as
caracteristicas de insolagao e nebulosidade da regido.

Tabela 4.5 — Categorias de Estabilidade em Func¢iao das Condi¢oes Atmosféricas

Velocidade Periodo diurno Periodo noturno
do vento Insolacio Nebulosidade

(V)(::l/ls()) m Forte Moderada Fraca Pi;ccl:ll::rigte Encoberto
<2 A A-B B E F
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

A — extremamente instavel; B — moderadamente instavel; C — levemente instavel; D — neutra;
E — levemente estavel; F — moderadamente estavel.

Referéncia: NOAA — National Oceanic and Atmospheric Administration
Com base na Tabela 4.5 foram adotadas as categorias B-C para o periodo diurno ¢ E para
o periodo noturno, sendo estas compativeis com as caracteristicas da regido em estudo.
Com base nestas definigdes, e a partir dos dados de entrada representativos para cada
hipoétese de acidente em analise, foram determinadas as amplitudes das consequéncias
com o uso do software Phast Risk versdo 8.22, comercializado pela empresa DNVGL e
amplamente empregado em analises de riscos de acidentes ampliados.
Os dados de entrada empregados nas modelagens das consequéncias estdo apresentados
no Anexo 2 deste relatorio. Ja os relatorios contendo os resultados de amplitude das
consequéncias estao apresentados no Anexo 3 deste relatorio.
A estas hipéteses de acidentes foram associadas frequéncias de ocorréncia oriundas do
manual de andlise de riscos empregado na Holanda para planejamento do uso e ocupagao
do solo, documento este denominado “Reference Manual Bevi Risk Assessments”,
publicado pelo RIVM (National Institute for Public Health and the Environment), e
amplamente utilizado para andlises quantitativas de riscos voltados ao licenciamento
ambiental no Brasil.
As frequéncias de ocorréncia foram associadas as consequéncias no proprio software
Phast Risk versdo 8.22.
A partir da amplitude das consequéncias e das frequéncias de ocorréncia associadas a
cada hipotese acidental foram estimados os riscos individual e social para cada cenario

operacional. Para isto foi considerada a distribui¢cao populacional apresentada pelo Censo
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2010 para o municipio usado nesta andlise (Uberlandia/MG). Para a area industrial do
municipio, na qual foi estudado o cendrio operacional n°l, foram levantadas junto as
industrias presentes na regido o nimero de colaboradores presentes em cada instalacdo,
em cada periodo do dia.

Os riscos individual e social obtidos foram avaliados segundo os critérios de avaliagao
definidos e apresentados no Capitulo 6 (Critérios Usados para Avaliacdo dos Riscos)
deste relatorio. Os resultados estdo apresentados diretamente no Capitulo 7 (Andlise dos

Riscos Cenarios Acidentais) deste relatorio.
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5. CENARIOS OPERACIONAIS AVALIADOS
Em fun¢do de nao ter sido estabelecido pela ANP o tipo de atividade ou instalacdo que
sera autorizada para o modelo proposto na Tomada Publica de Contribuicdes TPC N°
07/2018 para enchimento de cilindros transportaveis de GLP por parte de distribuidores,
para esta andlise de riscos foram idealizados e avaliados 4 diferentes cenarios
operacionais, acrescidos do cendrio operacional atualmente praticado no Brasil, com
enchimento de botijoes de GLP nas unidades engarrafadoras.
Para cada cenario operacional foram identificadas as principais hipdteses de acidentes
potenciais, alinhadas com as hipdteses de acidentes praticadas em estudos de analise
quantitativa de riscos tecnologicos. Estas hipoteses estdo listadas para cada cendrio
operacional juntamente com a descri¢do da instala¢do e/ou tipo de atividade considerada
em cada cenario.
A seguir estao apresentados os cendrios operacionais idealizados e analisados juntamente
com a descricdo das instalagdes e/ou tipo de atividades consideradas e a indicacdo das
hipoteses de acidentes consideradas na andlise dos riscos.
e Cenario Operacional n°1 — Cendrio atual com engarrafamento de botijoes P2,
PS5 e P13 somente nas bases de armazenamento e engarrafamento de GLP.
Este cenario operacional foi idealizado sobre 1 base de armazenamento e
engarrafamento de GLP atualmente em operagdo em um municipio do Brasil. Esta
base opera com armazenamento de GLP em 4 vasos de pressao com 60 toneladas
cada vaso. Esta unidade recebe GLP por carreta-tanque, realiza abastecimento de
veiculos do tipo autotanque e enchimento de botijoes do tipo P2, P5S e P13 ¢
cilindros do tipo P20 e P45, com enchimento diario de cerca de 10.000 unidades
de botijoes P13 e cerca de 620 unidades de cilindros P.20 e P.45 (somatorias de
ambos cilindros). O enchimento didrio de botijdes do tipo P2 e P5 ¢ muito baixo,
tendo sido considerado nesta andlise até 10 unidades de cada tipo destes botijdes.
Por ser uma area classificada (toda a area operacional de uma unidade
engarrafadora), as fontes de igni¢do foram dispostas somente em 4rea externa a
area operacional e de armazenamento de GLP na Unidade, sendo estas dispersas
uniformemente.
A seguir estdo listadas as hipoteses de acidentes consideradas para este cenario
operacional. Para este cendrio operacional além das hipdteses de acidentes

relacionadas as atividades e instalagdes voltadas ao engarrafamento de recipientes
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transportaveis de GLP foram consideradas também as hipoteses de acidentes

relacionadas com as demais instala¢des e atividades da Unidade.

v" Ruptura catastréfica dos vasos de pressio (vasos de armazenamento);

v" Furo no costado dos vasos de pressio (vasos de armazenamento);

v/ Vazamento de todo o inventdrio dos vasos de pressdo (vasos de
armazenamento) em 600 segundos;

v Ruptura catastrofica das linhas de GLP que alimentam as plataformas de
enchimento de recipientes transportaveis;

v' Furo/fissura nas linhas de GLP que alimentam as plataformas de enchimento
de recipientes transportaveis;

v Ruptura catastrofica das linhas de GLP que retornam das plataformas de
degasagem de recipientes transportaveis;

v' Furo/fissura nas linhas de GLP que retornam das plataformas de degasagem de
recipientes transportaveis;

v" Ruptura catastrofica dos recipientes transportaveis de GLP;

v" Furo no costado dos recipientes transportaveis de GLP;

v Vazamento de todo o inventario dos recipientes transportaveis de GLP em 600
segundos;

v Ruptura catastrofica das linhas de GLP que alimentam as plataformas de
carregamento de veiculos autotanque;

v' Furo/fissura nas linhas de GLP que alimentam as plataformas de carregamento
de veiculos autotanque;

v Ruptura catastréfica das linhas de retorno de GLP géas das plataformas de
carregamento de veiculos autotanque;

v' Furo/fissura nas linhas de retorno de GLP gas das plataformas de carregamento
de veiculos autotanque;

v" Ruptura catastrofica de veiculos autotanque;

v Vazamento por meio da maior conexdo de veiculos autotanque;

v' Ruptura catastréfica das linhas para recebimento de GLP por carretas tanque;

v' Furo/fissura nas linhas para recebimento de GLP por carretas tanque;

v' Ruptura catastréfica das linhas de retorno de GLP gés para as carretas tanque;

v" Furo/fissura nas linhas de retorno de GLP gas para as carretas tanque;

v’ Ruptura catastréfica de carretas tanque;

v Vazamento por meio da maior conexdo de carretas tanque.
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Cenario Operacional n°2 — Cenario com engarrafamento de botijoes P2, P5 e
P13 em postos de combustivel localizados no interior de areas urbanas dos
municipios;

Este cendrio operacional foi idealizado sobre 1 posto de combustivel instalado em
area urbana do mesmo municipio da base de armazenamento e engarrafamento de
GLP considerada no cendrio 1 (municipio de Uberlandia). Foi adotada como
premissa a instalacdo de uma central de GLP composta por um vaso de pressao
do tipo P4.000, com capacidade para armazenamento de 3,4 toneladas de GLP, na
area interna do posto de combustivel.

O enchimento de botijoes P2, P5 e P13 podera ocorrer em qualquer horério do dia.
O modelo de abastecimento de botijoes idealizado/considerado foi 0 mesmo usado
em instalagcdes industriais para enchimento de cilindros P20 (pit stop), com 1
estacdo de enchimento.

Foi idealizado um enchimento médio de 192 botijoes/dia a partir das seguintes
consideragoes:

e 3 horas de horario de alta demanda (horério de pico) de enchimento em
periodo diurno, dentre 07h01° ¢ 19h00’ e 3 horas de horario de alta demanda
de enchimento em periodo noturno, entre 19h01° e 07h00’:

o 1 botijao a cada 5 minutos, totalizando 20 botijoes/hora, nos horarios de
alta demanda.

e 9 horas de enchimento fora do horario de alta demanda, em cada periodo:

o 1 botijao a cada 15 minutos, totalizando 4 botijoes/hora, nos horarios de
baixa demanda.

Sabendo que esta demanda pode ser superior em finais de semana, o numero

médio de enchimentos/dia considerado foi de 200 botijoes/dia.

Como inventario médio considerado por botijao, sabendo que a maior demanda
de enchimentos de botijdes estard concentrada em botijdes do tipo P13, foi de 6,5
kg, relativo a 50% do inventario de um botijao P13.

Com base nesta premissa foi estimada a demanda média de inventario de 1,3

ton/dia, sendo necessario o abastecimento do vaso de pressao P4.000, em média,

a cada 2,5 dias, totalizando 12 operagdes de abastecimento do vaso de pressao

P4.000 por més. As fontes de igni¢do foram dispersas uniformemente em toda a

regido, com excecdo a area de armazenamento do GLP em vaso de pressao.
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A seguir estdo listadas as hipoteses de acidentes consideradas para este cenario

operacional. Para este cenario operacional ndo foram consideradas as instalagdes

ja presentes nos postos de combustivel, uma vez que foi avaliado somente o risco

adicional decorrente da introducao destas atividades nestas instalacoes.

v' Ruptura catastréfica do vaso de pressdo (vaso de armazenamento P4.000);

v" Furo no costado do vaso de pressdo (vaso de armazenamento P4.000);

v Vazamento de todo o inventario do vaso de pressdo (vaso de armazenamento
P4.000) em 600 segundos;

v Ruptura catastrofica da linha/sistema (pit stop) usado no enchimento de
recipientes transportaveis de GLP;

v" Furo/fissura na linha/sistema (pit stop) usado no enchimento de recipientes
transportaveis de GLP;

v' Ruptura catastréfica do recipiente transportavel de GLP presente no local;

v" Furo no costado do recipiente transportavel de GLP presente no local;

v Vazamento de todo o inventario do recipiente transportavel de GLP presente
no local em 600 segundos;

v’ Ruptura catastréfica do mangote de GLP usado para abastecimento do vaso de
pressdo P4.000 a partir do veiculo autotanque;

v" Furo/fissura no mangote de GLP usado para abastecimento do vaso de pressdo
P4.000 a partir do veiculo autotanque;

v’ Ruptura catastrofica do veiculo autotanque usado no abastecimento do vaso de
pressao P4.000;

v Vazamento por meio da maior conexdo do veiculo autotanque usado no

abastecimento do vaso de pressdao P4.000.

e Ceniario Operacional n°3 — Cendrio com engarrafamento de botijdes P2, P5 e
P13 em revendas de botijoes de GLP localizadas no interior de areas urbanas dos
municipios;

Este cenario operacional foi idealizado sobre 1 revenda de cilindros de GLP
instalada em &rea urbana do mesmo municipio da base de armazenamento e
engarrafamento de GLP considerada no cenario 1 (municipio de Uberlandia).
Foram adotadas 2 situa¢des distintas como premissa para analise deste cendrio,

sendo:
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e (Cenario 3A: Instalagdo de uma central de GLP composta por um vaso de
pressao do tipo P4.000, com capacidade para armazenamento de 3,4 toneladas
de GLP, na érea interna da revenda. O enchimento de botijdes P2, P5 e P13
ocorrerda predominantemente no periodo diurno, durante o horario de
funcionamento da revenda. O modelo de abastecimento de botijoes
idealizado/considerado foi o mesmo usado em instalagdes industriais para
enchimento de cilindros P20 (pit stop), com 1 estagdo de enchimento;

e Cenario 3B: Instalagdo de uma central de GLP composta por 2 cilindros do
tipo P190, com capacidade para armazenamento total de 380 kg de GLP
considerando os 2 cilindros interligados, na area interna da revenda. O
enchimento de botijoes P2, P5 e P13 ocorrerd predominantemente no periodo
diurno, durante o horario de funcionamento da revenda. O modelo de
abastecimento de botijdes idealizado/considerado foi o mesmo usado em
instalagdes industriais para enchimento de cilindros P20 (pit stop), com 1
estacdo de enchimento.

Nas duas situacdes analisadas foi idealizado um enchimento médio relativo a 50%
da quantidade de botijoes idealizada para o posto de combustivel somente no
periodo de funcionamento da revenda, considerado neste estudo como sendo o
periodo diurno (compreendido entre 07h01° ¢ 19h00’), resultando em um total de

50 botijoes/dia, uma vez que a revenda também armazena cilindros cheios os quais

continuardo a ser comercializados.

Como inventario médio considerado por botijdo, sabendo que a maior demanda

de enchimentos de botijdes estard concentrada em botijdes do tipo P13, foi de 6,5

kg, relativo a 50% do inventario de um botijao P13.
Com base nesta premissa foi estimada a demanda média de inventario de 325
kg/dia, sendo necessario:

e Cenario 3A: abastecimento do vaso de pressdo P4.000, em média, a cada 10
dias, totalizando 3 operagdes de abastecimento do vaso de pressao P4.000 por
més;

e Cenario 3B: abastecimento dos cilindros P.190 diariamente.

A seguir estdo listadas as hipoteses de acidentes consideradas para este cenario

operacional, em cada uma das variacdes analisadas. Para este cenario operacional

ndo foram consideradas as instalacdes j& presentes na revenda (cilindros de GLP
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cheios), uma vez que foi avaliado somente o risco adicional decorrente da

introducdo destas atividades nestas instalagdes. As fontes de igni¢do foram

dispersas uniformemente em toda a regido externa a area da revenda.

v Ruptura catastrofica do vaso de pressdo (cenario 3A: vaso de armazenamento
P4.000; cenario 3B: 2 cilindros do tipo P.190);

v Furo no costado do vaso de pressdo (cenario 3A: vaso de armazenamento
P4.000; cenario 3B: 2 cilindros do tipo P.190);

v Vazamento de todo o inventdrio do vaso de pressdo (cenario 3A: vaso de
armazenamento P4.000; cenario 3B: 2 cilindros do tipo P.190) em 600
segundos;

v Ruptura catastrofica da linha/sistema (pit stop) usado no enchimento de
recipientes transportaveis de GLP;

v' Furo/fissura na linha/sistema (pit stop) usado no enchimento de recipientes
transportaveis de GLP;

v" Ruptura catastrofica do recipiente transportavel de GLP presente no local;

v" Furo no costado do recipiente transportavel de GLP presente no local;

v Vazamento de todo o inventario do recipiente transportavel de GLP presente
no local em 600 segundos;

v" Ruptura catastrofica do mangote de GLP usado para abastecimento do sistema
de armazenamento (cenario 3A: vaso de armazenamento P4.000; cenario 3B:
2 cilindros do tipo P.190) a partir do veiculo autotanque;

v" Furo/fissura no mangote de GLP usado para abastecimento do sistema de
armazenamento (cendrio 3A: vaso de armazenamento P4.000; cendrio 3B: 2
cilindros do tipo P.190) a partir do veiculo autotanque;

v' Ruptura catastrofica do veiculo autotanque usado no abastecimento do sistema
de armazenamento (cenario 3A: vaso de armazenamento P4.000; cendrio 3B:
2 cilindros do tipo P.190);

v/ Vazamento por meio da maior conexdo do veiculo autotanque usado no
abastecimento do sistema de armazenamento (cenario 3A: vaso de

armazenamento P4.000; cenario 3B: 2 cilindros do tipo P.190).

e Cendrio Operacional n°4 — Cendrio com engarrafamento de botijdes P2, P5 e

P13 nas vias publicas, em areas urbanas dos municipios;
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Esta andlise foi realizada sobre 1 veiculo do tipo autotanque de GLP estacionado
em via publica (em vaga de estacionamento comum em via publica) em meio a
area urbana do mesmo municipio da base de armazenamento e engarrafamento de
GLP considerada no cenario 1 (municipio de Uberlandia).
Foi adotado como premissa o uso de veiculos do tipo autotanque com capacidade
para 3 toneladas de GLP cada veiculo. Nesta analise estes veiculos foram
espacados em 300 m, considerando o atendimento local a 90.000 m?, o que
equivale a 9 quadras com extensao de 100 m x 100 m.
Foi considerado ainda que estes veiculos permanecerdo parados em via publica
durante o periodo diurno, por um periodo total de 7 h, sendo 6 horas de operagao
de enchimento e 1 h de almogo dos colaboradores que realizardo as operagdes de
enchimento. As demais horas da jornada de trabalho foram consideradas como
deslocamento do veiculo interno no municipio (desde a Unidade até o ponto de
parada em via publica e o retorno deste a Unidade ao final da jornada).

Neste cenario foi idealizado um enchimento médio de 72 botijoes/dia por

autotanque, a partir das seguintes consideracoes:

e 3 horas de horario de alta demanda (horario de pico) de enchimento no
periodo em que o autotanque estd parado em via publica (em operacao),
dentre 07h01° e 19h00’:

o 1 botijao a cada 5 minutos, totalizando 20 botijdes/hora, nos horarios de
alta demanda.

e 3 horas de enchimento fora do horario de alta demanda:

o 1 botijao a cada 15 minutos, totalizando 4 botijdes/hora, nos horarios de
baixa demanda.

O modelo de abastecimento de botijoes idealizado/considerado foi o mesmo usado

em instalagcdes industriais para enchimento de cilindros P20 (pit stop), com 1

estacdo de enchimento. As fontes de igni¢do foram dispersas uniformemente em

toda a regido.

A seguir estdo listadas as hipoteses de acidentes consideradas para este cenario

operacional.

v Ruptura catastrofica da linha/sistema (pit stop) usado no enchimento de

recipientes transportaveis de GLP;

v' Furo/fissura na linha/sistema (pit stop) usado no enchimento de recipientes

transportaveis de GLP;
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v' Ruptura catastréfica do recipiente transportavel de GLP presente no local;

v" Furo no costado do recipiente transportavel de GLP presente no local;

v Vazamento de todo o inventario do recipiente transportavel de GLP presente
no local em 600 segundos;

v' Ruptura catastréfica do veiculo autotanque usado na atividade;

v Vazamento por meio da maior conexdo do veiculo autotanque usado na

atividade.

e Cenario Operacional n°5S — Cenario com engarrafamento de botijoes P2, P5 e
P13 em revendas de botijoes de GLP localizados fora de areas urbanas dos
municipios.

Esta andlise foi realizada sobre 1 revenda de cilindros de GLP instalada fora de

area urbana do mesmo municipio da base de armazenamento e engarrafamento de

GLP considerada no cenario 1 (municipio de Uberlandia). Para este caso foi

estudada a situacdo analoga ao cenario 3A, com um vaso de pressdao de maior

inventario, conforme descrito a seguir.

e Instalacdo de uma central de GLP composta por um vaso de pressao do tipo
P4.000, com capacidade para armazenamento de 3,4 toneladas de GLP, na
area interna da revenda. O enchimento de botijoes P2, P5 e P13 ocorrera
predominantemente no periodo diurno, durante o horario de funcionamento
da revenda. O modelo de abastecimento de botijdes idealizado/considerado
foi o mesmo usado em instalagdes industriais para enchimento de cilindros
P20 (pit stop), com 1 estacdo de enchimento.

Da mesma forma que no Cenario 3, para esta situagcdo analisada foi idealizado um

enchimento médio relativo a 50% da quantidade de botijdes idealizada para o

posto de combustivel somente no periodo de funcionamento da revenda,

considerado neste estudo como sendo o periodo diurno (compreendido entre

07h01° e 19h00’), resultando em um total de 50 botijoes/dia, uma vez que a

revenda também armazena cilindros cheios os quais continuardo a ser

comercializados.

Como inventario médio considerado por botijdo, sabendo que a maior demanda

de enchimentos de botijdes estara concentrada em botijoes do tipo P13, foi de 6,5

kg, relativo a 50% do inventario de um botijao P13.
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Com base nesta premissa foi estimada a demanda média de inventario de 325

kg/dia, sendo necessario o abastecimento do vaso de pressao P4.000, em média, a

cada 10 dias, totalizando 3 operag¢des de abastecimento do vaso de pressao P4.000

por més.

A seguir estdo listadas as hipoteses de acidentes consideradas para este cenario

operacional. Para este cenario operacional ndo foram consideradas as instalagdes

j& presentes na revenda, uma vez que foi avaliado somente o risco adicional

decorrente da introdugao destas atividades nestas instalagdes. As fontes de igni¢ao

foram dispersas uniformemente em toda a regido externa a area da revenda.

v" Ruptura catastrofica do vaso de pressdo (vaso de armazenamento P4.000);

v" Furo no costado do vaso de pressdo (vaso de armazenamento P4.000);

v Vazamento de todo o inventario do vaso de pressio (vaso de armazenamento
P4.000) em 600 segundos;

v Ruptura catastrofica da linha/sistema (pit stop) usado no enchimento de
recipientes transportaveis de GLP;

v' Furo/fissura na linha/sistema (pit stop) usado no enchimento de recipientes
transportaveis de GLP;

v" Ruptura catastrofica do recipiente transportavel de GLP presente no local;

v" Furo no costado do recipiente transportavel de GLP presente no local;

v Vazamento de todo o inventario do recipiente transportavel de GLP presente
no local em 600 segundos;

v" Ruptura catastrofica do mangote de GLP usado para abastecimento do vaso de
pressdo P4.000 a partir do veiculo autotanque;

v' Furo/fissura no mangote de GLP usado para abastecimento do vaso de pressdo
P4.000 a partir do veiculo autotanque;

v" Ruptura catastrofica do veiculo autotanque usado no abastecimento do vaso de
pressao P4.000;

v/ Vazamento por meio da maior conexdo do veiculo autotanque usado no

abastecimento do vaso de pressdao P4.000.
Os riscos de acidentes ampliados em decorréncia de vazamentos de GLP foram analisados

em cada um destes cendrios operacional, a partir da metodologia descrita neste relatorio,

estando estes apresentados no Capitulo 7.
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6. CRITERIOS USADOS PARA A AVALIACAO DOS RISCOS
Os riscos de acidentes ampliados, estimados sobre a forma de risco individual (risco
locacional) e risco social, foram avaliados segundo os critérios de avaliacdo de riscos de
acidentes tecnologicos definidos por 6rgdos ambientais brasileiros e amplamente
empregados em analises de riscos.
Exemplos de padrdes e normas publicados pelos 6rgdos ambientais brasileiros com a
definicao destes critérios sao:
e Norma CETESB P4.261 - Risco de Acidente de Origem Tecnologica - Método
para decisdo e termos de referéncia, 2011, Sao Paulo;
e Manual de Analise de Riscos Industriais da FEPAM, 2016, Rio Grande do Sul;
e Norma Técnica NT 01/2017 — Analise e Gerenciamento de Riscos Acidentais para
Substancias Perigosas, 2017, Bahia.
Esclarece-se que estes critérios estdo alinhados com critérios adotados em outros paises
que adotam a mesma técnica de avaliagdo de riscos de acidentes ampliados como
ferramenta de gestdo de riscos industriais em areas com presenga de populagao.
Para a presente andlise de riscos foi adotado o seguinte critério de avaliagdo dos riscos:
e Risco Social: curva de frequéncia de ocorréncia por numero de fatalidades (curva
F-N) com delimitagdo de 3 regides.
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Figura 6.1 - Critério de Avaliacio do Risco Social
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e Risco Individual: curvas de isorrisco com a chance de ocorréncia de 1 fatalidade

no entorno da instalacao analisada.

Risco Intoleravel

1x10-5/ano

Risco a ser Reduzido

1x10-%/ano

Risco Toleravel

Figura 6.2 - Critério de Avaliacio do Risco Individual
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7. ANALISE DOS RISCOS DECORRENTES DE CADA CENARIO PROPOSTO
PARA ANALISE
A seguir esta apresentada a estimativa e avaliacdo dos riscos realizada para cada um dos

cenarios operacionais propostos neste estudo.

7.1. Cenario 1 — Cenario atual com engarrafamento de botijoes P2, PS5 e P13 somente
nas bases de armazenamento e engarrafamento de GLP

A seguir estao apresentados os resultados para o risco locacional (risco individual) e risco
de fatalidade imposto a sociedade (risco social) para a operacdo de uma base de
armazenamento e engarrafamento GLP locada de acordo com o zoneamento municipal

(zona industrial).

E Risk Contours
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Figura 7.1 - Risco locacional (risco individual) resultante do cenario 1
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Figura 7.2 - Risco social resultante do cenario 1

Os riscos decorrentes deste cendrio operacional sdo considerados toleraveis quando
confrontados com critérios de avaliagdo de riscos individual e social empregados em
estudos de analise de riscos tecnologicos. Embora o risco individual tenha resultado em
curva com nivel de risco 1,00 x 10 ano™! fora dos limites da Unidade, esta ficou restrita
a area industrial. Ja o risco social se manteve em grande parte em regido inferior de risco
a ser reduzido, sem que fosse atingida a regido intoleravel.

E importante destacar que neste cendrio operacional ha controle de fontes de igni¢do nas
areas operacionais internas a Unidade, atendimento a normas e padrdes de seguranca
aplicados a industria engarrafadora de GLP e avaliagdo de todos os recipientes
transportaveis quanto ao padrdo de seguranca, necessidade de requalificacdo e/ou
descarte dos recipientes, além da reducdo da exposic¢ao da populagdo aos riscos por meio

de afastamento, por ndo haver acesso livre ao interior destas unidades.
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7.2. Cenario 2 — Cenario com engarrafamento de botijoes P2, PS e P13 em postos de
combustivel localizados no interior de areas urbanas dos municipios

A seguir estdo apresentados os resultados para o risco locacional (risco individual) e risco
de fatalidade imposto a sociedade (risco social) para a operagcdo de uma central de GLP
com operacao de enchimento de botijoes de GLP em um posto de combustivel presente

em area urbana do municipio.
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Figura 7.3 - Risco locacional (risco individual) resultante do cenario 2
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Figura 7.4 - Risco social resultante do cenario 2
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Os riscos decorrentes deste cenario operacional sao considerados intolerdveis quando
confrontados com critérios de avaliacdo de riscos individual e social empregados em
estudos de andlise de riscos tecnologicos, uma vez que o risco individual resultou em
curvas com nivel de risco de 1,00 x 10 ano™! a 1,00 x 107 ano’! fora dos limites da area
do posto de combustivel e o risco social se situou em grande parte na regiao de risco
intoleravel.

E importante destacar que neste cenario operacional o controle de fontes de ignicio
depende da conscientizagdao da populagdo que frequentara este tipo de estabelecimento,
seja para enchimento dos recipientes transportaveis de GLP, para abastecimento veicular
com combustiveis comercializados (4lcool, gasolina, 6leo diesel e gés natural) e/ou para
frequentar comércios locais (lojas de conveniéncia) cada vez mais presentes nestes
estabelecimentos.

Neste tipo de estabelecimento hd normas e padrdes de seguranca aplicados atualmente
para postos de combustiveis, os quais terdo que ser revisados para inclusdo dos sistemas
para enchimento dos recipientes transportaveis de GLP.

Neste tipo de atividade a avaliagdo dos recipientes transportaveis quanto ao padrao de
seguranca, necessidade de requalificacao e/ou descarte dos recipientes ficara a cargo do
funciondrio do estabelecimento e/ou do proprietario do recipiente transportavel, com
onerac¢ao de alguma das partes quando da necessidade de substitui¢do destes.

Além disto, ndo ha controle de exposi¢do da populagdo aos riscos por meio de

afastamento, uma vez que estes estabelecimentos sao de livre acesso a toda populacao.
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7.3. Cenario 3 — Cenario com engarrafamento de botijoes P2, P5 e P13 em revendas
de botijoes de GLP localizadas no interior de areas urbanas dos municipios

A seguir estdo apresentados os resultados para o risco locacional (risco individual) e risco
de fatalidade imposto a sociedade (risco social) para a operagcdo de uma central de GLP
com enchimento de botijdes em uma revenda de cilindros presente em area urbana. Os
riscos estdo apresentados para as 2 variagdes deste cendrio, com armazenamento de GLP
em vaso de pressdo estacionario do tipo P4000 (cendrio 3A) e com armazenamento de

GLP em 2 cilindros com capacidade para 190 kg (cenario 3B).
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Figura 7.5 - Risco locacional (risco individual) resultante do cenario 3A
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Figura 7.6 - Risco social resultante do cenario 3A
Os riscos decorrentes deste cendrio operacional sdo considerados intoleraveis quando
confrontados com critérios de avaliacdo de riscos individual e social empregados em
estudos de analise de riscos tecnologicos, uma vez que o risco individual resultou em
curvas com nivel de risco de 1,00 x 10 ano™! a 1,00 x 107 ano’! fora dos limites da area
da revenda de cilindros de GLP e o risco social se situou em grande parte na regido de

risco intoleravel.
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Figura 7.7 - Risco locacional (risco individual) resultante do cenario 3B
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Figura 7.8 - Risco social resultante do cenario 3B
Os riscos decorrentes deste cendrio operacional s3o considerados intoleraveis quando
confrontados com critérios de avaliagdo de riscos individual e social empregados em
estudos de analise de riscos tecnologicos, uma vez que o risco individual resultou em
curvas com nivel de risco de 1,00 x 1073 ano' a 1,00 x 10~ ano™' fora dos limites da area
da revenda de cilindros de GLP e o risco social se situou em grande parte na regido de
risco intoleravel.
E importante destacar que neste cenario operacional o controle de fontes de ignigdo é
possivel de ser realizado no interior da area da revenda, com adequacdo das instalagdes e
conscientizacdo dos colaboradores envolvidos na atividade. No entanto, ndo € possivel de
se realizar em area externa, por se tratar de area publica e/ou privada (vizinhos), estando
estes normalmente proximos destas instalagoes.
Neste tipo de estabelecimento ha normas e padrdes de seguranca aplicados atualmente
para revendas de cilindros de GLP, os quais terdo que ser revisados para inclusao dos
sistemas para enchimento dos recipientes transportaveis de GLP.
Neste tipo de atividade a avaliagdo dos recipientes transportaveis quanto ao padrao de
seguranga, necessidade de requalificacdo e/ou descarte dos recipientes ficard a cargo do
funciondrio do estabelecimento e/ou do proprietario do recipiente transportavel, com
oneracdo de alguma das partes quando da necessidade de substitui¢ao destes.
Além disto, o controle de exposi¢ao da populagdo aos riscos por meio de afastamento ¢
menor, uma vez que estes estabelecimentos estdo locados em meio a area urbana dos

municipios, com proximidade a vizinhanga e vias publicas.
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7.4. Cenario 4 — Cenario com engarrafamento de botijoes P2, PS e P13 nas vias
publicas, em areas urbanas dos municipios

A seguir estdo apresentados os resultados para o risco locacional (risco individual) e risco
de fatalidade imposto a sociedade (risco social) para a operacao de revenda de GLP com

enchimento de botijoes nas vias publicas em drea urbana do municipio.
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Figura 7.9 - Risco locacional (risco individual) resultante do cenario 4

FN Curve Plot (Raw)

— Combination 1
Minimum criterion line
= Maximum criterion line

Risco Intole;rzivel

0,0001

1e-05

1e-06 '\ ——

1e-07

1e-08

Frequency of N Fatalities [/AvgeYear]

Risco Toleravel

1e-09 |-

1e-10

Te-11|-

1 2 3 4 6 10 20 30 40 60 100 200 300 400 600 1000 2000 3000 4000 6000 1000
Number of fatalities

Figura 7.10 - Risco social resultante do cenario 4
Os riscos decorrentes deste cenario sdo considerados intoleraveis quando confrontados

com critérios de avaliacao de riscos individual e social empregados em estudos de anélise
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de riscos tecnologicos, uma vez que o risco individual resultou em curvas com nivel de
risco de 1,00 x 107 ano™! a 1,00 x 10” ano™' em meio a comunidade e o risco social se
situou em parte na regido de risco intoleravel.

E importante destacar que neste cenario operacional ndo ha controle de fontes de ignicio,
uma vez que as operacdes ocorrerao em meio a via publica, com passagem de veiculos e
pedestres proximos ao ponto de enchimento dos cilindros transportaveis de GLP.

Para este tipo de cendrio operacional atualmente nao ha normas e/ou padrdes de seguranca
aplicados, sendo necessario a criacao destes para possibilitar o enchimento dos recipientes
transportaveis de GLP em vias publicas. Um ponto importante a ser considerado na
criacdo destas normas e/ou padrdes de seguranga ¢ a impossibilidade de se ter um sistema
fixo para combate a incéndios e uma equipe de brigada de emergéncia no local para
combate aos cendrios acidentais envolvendo vazamento de GLP.

Neste tipo de atividade a avaliagdo dos recipientes transportaveis quanto ao padrao de
seguranga, necessidade de requalificacdo e/ou descarte dos recipientes ficard a cargo do
motorista do veiculo, ajudante e/ou do proprietario do recipiente transportavel, com
oneracdo de alguma das partes quando da necessidade de substitui¢ao destes.

Além disto, ndo ha controle de exposi¢do da populagdo aos riscos por meio de
afastamento, uma vez que esta atividade ocorrera em via publica, em meio a populacao

residencial e/ou comercial.
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7.5. Cenario 5 — Cenario com engarrafamento de botijoes P2, P5 e P13 em revendas

sem

de botijoes de GLP localizados fora de areas urbanas dos municipios

A seguir estdo apresentados os resultados para o risco locacional (risco individual) da
operacdo de enchimento de botijoes GLP em uma revenda de GLP considerada como
estando locada fora da area urbana do municipio. Por nao terem sido atingidas areas com
presenca de populacdo (residéncias, comércios, industrias e/ou vias) ndo foi obtido
resultado de risco de fatalidade imposto 4 sociedade expresso na forma de risco social.

@ Rizk Contours.
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Figura 7.11 - Risco locacional (risco individual) resultante do cenario 5

Os riscos decorrentes deste cendrio operacional sdo considerados toleraveis quando
confrontados com critérios de avaliagdo de riscos individual e social empregados em
estudos de analise de riscos tecnologicos, uma vez que o risco individual resultou em
curvas com nivel de risco de 1,00 x 107 ano™' a 1,00 x 107 ano™! no interior dos limites
da area de revenda de cilindros de GLP. A andlise ndo resultou em risco social.

E importante destacar que neste cenario operacional o controle de fontes de ignicdo é
possivel de ser realizado no interior da area da revenda, com adequagdo das instalagdes e
conscientizacdo dos colaboradores envolvidos na atividade. No entanto, ndo € possivel de

se realizar em drea externa, por se tratar de area publica. Porém, para este cendrio
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operacional hd que se destacar o afastamento destas revendas da area com presenca de
populacao.

Neste tipo de estabelecimento hd normas e padrdes de seguranga aplicados atualmente
para revendas de cilindros de GLP, os quais terdo que ser revisados para inclusao dos
sistemas para enchimento dos recipientes transportaveis de GLP.

Neste tipo de atividade a avaliacdo dos recipientes transportaveis quanto ao padrdo de
seguranga, necessidade de requalificacdo e/ou descarte dos recipientes ficard a cargo do
funcionario do estabelecimento e/ou do proprietario do recipiente transportavel, com
oneracdo de alguma das partes quando da necessidade de substitui¢ao destes.

O controle de exposi¢ao da populacdo aos riscos por meio de afastamento ¢ menor, uma
vez que estes estabelecimentos, na condicao idealizada, estardo locados proximos a vias
publicas para possibilitar o acesso, porém com afastamento de aglomerados

populacionais.
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8. CONCLUSOES

Esta analise de riscos objetivou avaliar os riscos decorrentes da ado¢do do modelo de
enchimento fracionado de recipientes transportaveis de GLP por parte de distribuidores e
a comercializacao de GLP em recipientes de outras marcas.

Para isto foram propostos 4 diferentes cendrios operacionais com enchimento fracionado
de recipientes transportdveis de GLP os quais foram comparados com os riscos
decorrentes da atividade de enchimento de recipientes transportaveis de GLP em unidades
engarrafadoras, como ¢ o caso do modelo atualmente em operagao no Brasil.

Os resultados dos riscos decorrentes do modelo atualmente em operacdo no Brasil se
mostraram toleraveis, sendo que a populagdo externa exposta consiste em trabalhadores
de unidades industriais vizinhas, muitas vezes do mesmo ramo de atividade.

Dentre os cenarios operacionais propostos para analise no modelo de enchimento
fracionado de recipientes transportaveis de GLP, o tinico que mostrou ser vidvel, com
tolerabilidade dos riscos, foi o cenario operacional com engarrafamento de botijdes P2,
P5 e P13 em revendas de botijoes de GLP localizados fora de dreas urbanas dos
municipios (cenario operacional n°5).

Todos os demais cenarios operacionais propostos para analise resultaram em risco
intoleravel, em decorréncia da proximidade com a populacido (comunidade) presente no
entorno destas instalagdes em areas urbanas.

Além da tolerabilidade dos riscos ha outros fatores que devem ser considerados na
avaliacdo do modelo de enchimento fracionado de recipientes transportaveis de GLP,
podendo se destacar:

e aproximidade da populag¢do com a fonte de risco, havendo desconhecimento dos
riscos relacionados a estas atividades e ao produto por parte da populagao;

e adificuldade de isolamento de fontes de ignicdo em areas em meio a comunidade,
em especial em se tratando de abastecimento de recipientes transportavel de GLP
em meio a vias publicas com passagem continua de veiculos e pedestres;

e a necessidade de ampliagao e/ou criacdo de normas, padrdes de seguranca e
regulamentos especificos para estas atividades e/ou instalagdes, somado a
necessidade de adequacao das instalagdes a estas;

e a dificuldade de resposta emergencial para o cenario operacional especifico de

enchimento de cilindros transportaveis de GLP em vias publicas, sem que haja
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uma estrutura fixa de combate a incéndios e uma equipe de brigada de emergéncia
no local para atuacdo emergencial;
e a dificuldade de controle dos cilindros em relacdo as condi¢gdes de seguranca

destes, com possibilidade de oneracao do consumidor final.
E necessario que se observe ainda os eventos acidentais ocorridos em paises como a
Nigéria e Gana que adotaram este modelo de enchimento fracionado de recipientes
transportaveis de GLP.
Desta forma, sabendo que dentre os cenarios operacionais propostos para analise do
modelo de enchimento fracionado de recipientes transportaveis de GLP somente o
cenario operacional com engarrafamento de botijoes P2, P5 e P13 em revendas de botijoes
de GLP localizados fora de areas urbanas dos municipios (cenario operacional n°5)
resultou em risco toleravel, ainda assim conclui-se que este ¢ um cenario que deve ser
ponderado com cautela, pois embora o risco imposto pela atividade de enchimento seja
toleravel ha que se considerar o risco decorrente do uso de recipientes transportaveis em
condig¢des inseguras por ndo haver como assegurar a requalificagao regular destes.
Além disto, a possibilidade de avango populacional em direcdo a 4rea da revenda isolada,
devido ao crescimento dos municipios, pode acarretar situacao futura andloga ao cenario
com engarrafamento de botijoes P2, P5 e P13 em revendas de botijoes de GLP localizadas
no interior de 4reas urbanas dos municipios (cendrio operacional n°3), com risco
intoleravel.
Com base no exposto acima conclui-se que o modelo de enchimento de recipientes
transportaveis de GLP em bases engarrafadoras, atualmente adotado pelo Brasil, ¢ a
op¢ao mais segura em termos de riscos de acidentes tecnolégicos, quando comparada a
outras opgdes de modelo de enchimento de recipientes transportaveis de GLP. E
importante esclarecer que estas unidades sdo submetidas a processos de licenciamento

nos quais ¢ avaliada a tolerabilidade dos riscos de acidentes tecnologicos.
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Anexo 1 — Laudo Meteorologico.



'lt TETRA TECH

LAUDO DE DADOS METEOROLOGICOS

Neste laudo consta a andlise de dados meteoroldgicos obtidos da codificacdo METAR, fornecidos pela
Infraero através do portal REDEMET (https://www.redemet.aer.mil.br), referente a estacdo localizada no
Aeroporto Ten. Cel. Cesar Bombonato (Aeroporto de Uberlandia), identificada pela sigla SBUL, localizada no
municipio de Uberlandia (MG), as coordenadas 18°52’58” S e 48°13’32"” W.

Os dados referem-se ao periodo de 01 de margo de 2016 a 28 de fevereiro de 2019. O periodo diurno refere-
se aos hordrios entre 07:00 e 18:00 horas e o periodo noturno entre 19:00 e 06:00 horas. Nas Tabelas 1 e 2,
a seguir, sdo apresentados os padroes de temperatura do ar, umidade relativa, direcao e intensidade dos
ventos. Estes padrdes sdo considerados representativos para o municipio de Uberlandia (RS).

Tabela 1 - Dados de temperatura do ar, umidade relativa e velocidade do vento (média por periodo).

Periodo Temperatura do ar Umidade relativa Velocidade do vento
Diurno 24,5 °C 54,6% 4,3 m/s
Noturno 20,3 °C 68,8% 3,5m/s

Tabela 2 - Distribuicdo da dire¢do dos ventos (por periodo).

Periodo N NE E SE S SW w NW
Diurno 18,7% | 36,1% | 20,7% | 3,2% 4,7% 4,0% 4,4% 8,2%
Noturno 59% | 22,0% | 42,4% | 10,1% | 12,0% | 3,2% 1,6% 2,8%

Sao Paulo, 20 de margo de 2019.

e T

Mariana Lino Gouvéa
Meteorologista - CREA-SP 5069291950

Tetra Tech Brasil | Recursos Hidricos, Meio Ambiente, Infraestrutura
Rua Fidalga, 71| — Vila Madalena — Sao Paulo, SP — 05432-070

Av. Rio Branco, | — 16° Andar — Sala 1601 — Rio de Janeiro, R] — 20090-003

Tel/Fax 55 11 3095-5050 / 55 21 3550-5310 www.tetratech.com
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Anexo 2 — Dados de entrada dos modelos de consequéncias usados no software Phast

Risk versao 8.22.



Input Report

Workspace: Cenario Operacional n°01

Study
Study
Cenario Operacional n°01

DNV-GL

b | Gowe | Fed | vale Junits]

Material Modelling of mixtures
Bund, Terrain and bund
building and definition

terrain

Toxic Indoor toxic calculations
parameters

Dispersion Distances of interest

Carreta Tanque
Pressure vessel

Multi or pseudo-component modelling

Type of terrain for dispersion

Type of pool substrate and bunds

Specify the downwind building type

Building type (downwind building type)

Distances of interest

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Phase

Modelling of mixtures
Scenario Pipe dimensions

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling

Pipe length

PC modelling

Land

Concrete, no bund

Unselected

Buildings\Building type

No

32000

59,6935

GLP

Flammable only
Temperature/bubble point
24,5

6,09836

Liquid

1

PC modelling

kg

m3

degC

bar

fractio
n
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DNV-GL

Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying  Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 59,6935 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 59,6935 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm

_ Audit Number: 6503
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Bund,
building and
terrain

Explosion
parameters

Fireball

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

DNV-GL

No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s

Audit Number: 6503
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Calculation method

Fireball model

TNO model flame temperature

DNV-GL

Martinsen time varying

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Crosswind angle 0 deg
Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n

: Audit Number: 6503
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Geometry Geometry

HO1

Catastrophic rupture

Pool fire maximum exposure duration
East

North

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carreta Tanque

-““m

Scenario Release location
Fireball emissive power

Material Material

Discharge Droplet break-up

parameters = mechanism

Dispersion Dispersion scope
Distances of interest
Averaging time for reports

Bund, Terrain and bund

building and definition

terrain

Explosion Explosion method

parameters

Ignition

Vapour liquid method

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge
Material characteristics
Material to track

Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor

DNV-GL

20
-10037

3926

No

Flammable only
GLP
Flammable only

Use flashing correlation

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

m

m

bar

ppm
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Pool fire Result types to calculate

Radiation levels

Parameters

HO2
Leak

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carreta Tanque

_tab | Gowe | Fed | vame Junits]

Scenario Hole

Orifice diameter

Use specified discharge coefficient?

Discharge coefficient

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

50,8 mm
No

fractio

Audit Number: 6503
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit
Calculate dose

Calculate lethality

DNV-GL

1 m

0 m
Horizontal

0 deg

Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

No

No

No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose

Calculate lethality

DNV-GL

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No

Audit Number: 6503
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Radiation levels

Parameters

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Descarga de Carreta Tanque 1

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

DNV-GL

3

9,85; 19,45; 35 kWw/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
60000 kg
111,925 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1

2 m
Horizontal

0 deg

DNV GL recommended

Audit Number: 6503
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Droplet break-up
mechanism

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -

DNV-GL

Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 111,925 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 111,925 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No

_ Audit Number: 6503
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Bund,

Terrain and bund

building and definition

terrain

Explosion
parameters

Fireball

Jet fire

Building definition

Explosion method

(Consequence calculations

only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

IDLH [30 mins]
STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

DNV-GL

No
No

Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No

No

Audit Number: 6503
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Geometry Geometry

HO3A

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Crosswind angle
Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

East

North

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-10037 m

3926 m
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DNV-GL

Short pipe
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Descarga de Carreta Tanque 1

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 50,8 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 2 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 13 of 265



DNV-GL

Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

HO4A
Short pipe

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Descarga de Carreta Tanque 1

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

Audit Number: 6503

Date: 11/09/2019 Time: 11:50

Page 15 of 265



DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Line rupture
5,08

1

1
2
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

OO O O o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m

ppm

Audit Number: 6503
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DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

_ Audit Number: 6503
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Descarga de Carreta Tanque 2

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Material

Specify volume inventory?

No

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
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Scenario

Discharge
parameters

Short pipe

Time
varying
releases

Phase

Modelling of mixtures

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Modelling of time-varying

leaks and line ruptures

Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

DNV-GL

60000 kg
111,925 m3
GLP

Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m

2 m
Horizontal

0 deg

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O o o o o o o o

Operating

Audit Number: 6503
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations

only)

Ignition

Vapour liquid method

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location
Location of late ignition
Use explosion mass modification factor

Explosion mass modification factor

DNV-GL

0 bar
111,925 m3
0 m3
111,925 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land
Concrete, no bund
Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform
confined
No ignition location
m
Yes
3

Audit Number: 6503
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
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DNV-GL

n

Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kw/

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10049 m
North 3929 m
HO3B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Descarga de Carreta Tanque 2

_tab | Grow [ Fed | vaue Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 101,6 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 2
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Audit Number: 6503
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Material to track

Type of risk effects to model

DNV-GL

GLP

Flammable only

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m

Vapour liquid method

Use explosion mass modification factor

Yes
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No
3
9,85; 19,45; 35 kWw/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
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DNV-GL

n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
HO04B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Descarga de Carreta Tanque 2

_tab | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 10,16 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 2 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Material to track

Type of risk effects to model

GLP

Flammable only

Audit Number: 6503
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DNV-GL

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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DNV-GL

Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
HO5B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Descarga de Carreta Tanque 2

_tab | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 50,8 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 2 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Vapour

Discharge Model settings
parameters

Atmospheric expansion method

DNV GL recommended

Audit Number: 6503
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Droplet break-up
mechanism

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -

DNV-GL

Use flashing correlation

Do not force correlation

continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose
Calculate lethality

Number of input radiation levels

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3
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HO6B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Descarga de Carreta Tanque 2

Parameters

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

9,85, 19,45; 35
2,73, 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

kw/
m2

fractio
n

fractio
n

S

_tab | Gow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Line rupture
50,8

1

1
2
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Vapour

DNV GL recommended

Use flashing correlation

Do not force correlation

kg/s

deg
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DNV-GL

Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m

Probit levels

2,73; 3,72, 7,5
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

DNV-GL

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5
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Parameters

Tanque de Armazenamento

Pressure vessel

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters

Droplet break-up
mechanism

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

DNV-GL

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
60000 kg
111,925 m3
GLP

Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar

Liquid
1 fractio
n
PC modelling
m
1 m
35 m
Horizontal
0 deg

DNV GL recommended

Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation
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Droplet break-up mechanism -

DNV-GL

Do not force correlation

continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 111,925 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 111,925 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
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Building definition

Type of pool substrate and bunds

Release building

DNV-GL

Concrete, no bund

In-building release? Outdoor
Building wake effect Roof/lee
Wind or release angle from North 0 deg
Handling of droplets Trapped
Indoor mass modification factor 3

Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters  (Consequence calculations confined
only)
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kv;/
m

Probit levels

2,73, 3,72, 7,5
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DNV-GL

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Crosswind angle 0 deg
Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10061 m
North 3932 m
HO7

Catastrophic rupture

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Armazenamento

Scenario Release location Elevation

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 37 of 265




DNV-GL

Tank head 3,5 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
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DNV-GL

Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
HO8
Leak

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Armazenamento

_tab | Grow [ Fed | vaue Junits]

Scenario Hole Orifice diameter 10 mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 3,5 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
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parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor
Fireball maximum exposure duration

Fireball model

DNV-GL

Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
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TNO model flame temperature

DNV-GL

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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HO9

Fixed duration release
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Armazenamento

DNV-GL

T S NS R [

Scenario Scenario Duration for fixed duration release
Hole Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Release location Elevation
Tank head
Direction Outdoor release direction

Outdoor release angle
Material Material Material characteristics
Material to track

Type of risk effects to model

Phase Phase to be released
Discharge Model settings Atmospheric expansion method
parameters
Phase change upstream of orifice?
Droplet break-up Droplet break-up mechanism -
mechanism continuous
Dispersion Dispersion scope Concentration of interest
Averaging time for concentration of
interest
Specify user-defined averaging time
User defined averaging time
Distances of interest Distances of interest
Averaging time for reports ERPG [1 hr]
IDLH [30 mins]
STEL [15 mins]
Bund, Terrain and bund Type of terrain for dispersion
building and definition
terrain

Type of pool substrate and bunds

600

No

1

3,5

Horizontal

0

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

No

No
No
No

Land

Concrete, no bund

S

mm

fractio
n

m

m

deg

ppm
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Explosion Explosion method
parameters
Ignition
Vapour liquid method
Fireball Result types to calculate
Radiation levels
Parameters
Calculation method
Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor
Jet fire maximum exposure duration
Correlation

Horizontal options

DNV-GL

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Recommended

Use standard method
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DNV-GL

Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H10
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Armazenamento

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Relief valve
Pipe dimensions Pipe internal diameter 127 mm
Pipe length 1 m
Hole Orifice diameter 127 mm
Release location Elevation 1 m
Tank head 3,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Vertical
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Outdoor release angle

DNV-GL

90

deg

Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Vapour
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined

Ignition

Supply late ignition location

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Recommended
Use standard method
Yes

Calculate SEP
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Pool fire

Radiation levels

Parameters

Result types to calculate

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Carregamento de Autotanque 1

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Phase

Modelling of mixtures
Scenario Pipe dimensions

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling

Pipe length

DNV-GL

kw/
m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
60000 kg
111,925 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling
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DNV-GL

Release location Elevation 1 m
Tank head 3,5 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying  Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 111,925 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 111,925 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
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Bund,
building and
terrain

Explosion
parameters

Fireball

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

DNV-GL

No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s
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Calculation method

Fireball model

TNO model flame temperature

DNV-GL

Martinsen time varying

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Crosswind angle 0 deg
Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
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Geometry

H11B
Short pipe

Geometry

Pool fire maximum exposure duration

East

North

DNV-GL

20
-10037

3926

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 1

_tab | eow [ Fe | vawe Junits]

Scenario

Material

Discharge
parameters

Short pipe

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe

Frequency of excess flow valves

Line rupture
50,8

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended
Use flashing correlation
Do not force correlation

0,045

0

0
0
0

m

m

kg/s

deg

mm
/m
/m
/m

/m
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Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s

DNV-GL
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Calculation method

Fireball model

TNO model flame temperature

DNV-GL

Martinsen time varying

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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H12B
Short pipe

DNV-GL

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 1

_tab | eow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Short pipe

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

Line rupture
5,08

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m
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DNV-GL

Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
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Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

H13A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 1

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

Audit Number: 6503

Date: 11/09/2019 Time: 11:50

Page 56 of 265



DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Concentration of interest

Line rupture
50,8

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Vapour

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o O O o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m

ppm
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Averaging time for concentration of
interest

DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H14A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 1

_tab | Gow [ Fed | vawe Junits]
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Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time

DNV-GL

Line rupture

5,08 mm
1 m
mm
1 m
35 m
None

Not applicable

kg/s

Horizontal

0 deg

Flammable only

GLP

Flammable only

Vapour

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O O o o o o o o

ppm

No
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DNV-GL

User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWwW/

m2
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Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Carregamento de Autotanque 2

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Material
Specify volume inventory?

Mass inventory

DNV-GL

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No

60000 kg
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Volume inventory
Material to track

Type of risk effects to model

DNV-GL

111,925
GLP

Flammable only

m3

Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 3,5 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor

Calculate probit

DNV-GL

111,925 m3
0 m3
111,925 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee

0 deg
Trapped

3

Multi-Energy: Uniform
confined

No ignition location

Yes

No
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Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
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DNV-GL

Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10054 m
North 3941 m
HO5A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 2

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 76,2 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 3,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kag/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Material to track

GLP
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Type of risk effects to model

DNV-GL

Flammable only

Phase Phase to be released Vapour
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 68 of 265



DNV-GL

Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

HOG6A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 2

e | Grow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 7,62 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 3,5
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Vapour
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DNV-GL

Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 71 of 265



DNV-GL

Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H11A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 2

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 101,6 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 2 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kag/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters

Droplet break-up

Droplet break-up mechanism -

Use flashing correlation
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mechanism

instantaneous

Droplet break-up mechanism -
continuous

DNV-GL

Do not force correlation

Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose
Calculate lethality

Number of input radiation levels

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3
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H12A
Short pipe

DNV-GL

Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 2

_tab | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 10,16 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 3,5
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters

Droplet break-up
mechanism

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Use flashing correlation

Do not force correlation
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DNV-GL

Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m

Probit levels

2,73; 3,72, 7,5
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

DNV-GL

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5
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DNV-GL

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H13B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 2

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 76,2 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 3,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kag/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Vapour
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
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DNV-GL

Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m

Probit levels

Dose levels

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

Lethality levels 0,01; 0,1; 0,99 fractio
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

DNV-GL

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
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H14B
Short pipe

Parameters

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

0,4

20

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Carregamento de Autotanque 2

_tab | eow [ Fe | vawe Junits]

Scenario

Material

Discharge
parameters

Short pipe

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase
Model settings
Droplet break-up

mechanism

Pipe characteristics

Frequencies

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness
Frequency of bends in pipe
Frequency of couplings in pipe

Frequency of junctions in pipe

Line rupture
7,62

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Vapour

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045
0
0
0

n

fractio

n

S

kg/s

deg

/m
/m

/m
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Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n

Parameters

Mass modification factor

DNV-GL
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Calculation method

Fireball maximum exposure duration

Fireball model

TNO model flame temperature

DNV-GL

20 s
Martinsen time varying

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
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Auto Tanque

Pressure vessel

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters
Droplet break-up
mechanism
Short pipe Pipe characteristics

Frequencies

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness
Frequency of bends in pipe

Frequency of couplings in pipe

DNV-GL

20 s

No

9000 kg

16,7888 m3
GLP

Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m

35 m
Horizontal

0 deg

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045 mm
0 /m

0 /m
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DNV-GL

Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying  Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 16,7888 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 16,7888 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Building definition

Type of pool substrate and bunds
Release building
In-building release?

Building wake effect

Concrete, no bund

Outdoor

Roof/lee
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Explosion
parameters

Fireball

Jet fire

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Wind or release angle from North
Handling of droplets
Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

DNV-GL

0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

fractio
n

0,01; 0,1; 0,99

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

fractio
n

0,01, 0,1; 0,99
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Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters

Geometry Geometry

H15

Catastrophic rupture

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration
East

North

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Auto Tanque

Scenario Release location
Fireball emissive power
Material Material

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge

Material characteristics

DNV-GL

20 s

0 deg
Use standard method
Recommended
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-10037 m
3926 m

3,5 m
No
bar

Flammable only
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Material to track

Type of risk effects to model

DNV-GL

GLP

Flammable only

Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters = mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
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Pool fire

H16
Leak

Result types to calculate

Radiation levels

Parameters

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Auto Tanque

e | Grow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Hole

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

50,8 mm
No

fractio
n

1 m

35 m
Horizontal

0 deg

Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation
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DNV-GL

Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Auto Tanque Pernoite

Pressure vessel

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

-““m

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters
Droplet break-up
mechanism
Short pipe Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

Non-return valve velocity head losses

No
9000 kg
16,7888 m3

GLP

Flammable only
Temperature/bubble point
24,5 degC

6,09836 bar

Liquid
1 fractio

n
PC modelling
1

35 m
Horizontal

0 deg

DNV GL recommended

Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O o o o o o o
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Explosion
parameters

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations

only)

Ignition

Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory

Maximum mass inventory

Safety system modelling (isolation and

blowdown)

Concentration of interest

Averaging time for concentration of

interest

Specify user-defined averaging time

User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

DNV-GL

0
Operating
0 bar
16,7888 m3
0 m3
16,7888 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
3
m
No
No
No
Land
Concrete, no bund
Outdoor
Roof/lee
0 deg
Trapped
3

Multi-Energy: Uniform
confined

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
0 deg
Use standard method
Recommended
Yes

Calculate SEP
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DNV-GL

power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kw/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10037 m
North 3926 m
H15

Catastrophic rupture
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Auto Tanque Pernoite

Scenario Release location Elevation
Tank head 3,5 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters  mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
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DNV-GL

interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
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DNV-GL

Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H16
Leak
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Auto Tanque Pernoite

_tab | Gow [ Fed | vawe Junits]

Scenario Hole Orifice diameter 50,8 mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 3,5 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
interest

Specify user-defined averaging time No
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DNV-GL

User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2
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Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Engarrafamento 1

Pressure vessel

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Material
Specify volume inventory?

Mass inventory

DNV-GL

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kw/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No

60000 kg
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Volume inventory
Material to track

Type of risk effects to model

DNV-GL

111,925
GLP

Flammable only

m3

Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor

Calculate probit

DNV-GL

111,925 m3
0 m3
111,925 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee

0 deg
Trapped

3

Multi-Energy: Uniform
confined

No ignition location

Yes

No
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Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
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DNV-GL

Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10045 m
North 3960 m
H17A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Engarrafamento 1

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 101,6 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 0 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kag/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Material to track

GLP
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Type of risk effects to model

DNV-GL

Flammable only

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 105 of 265



DNV-GL

Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H18A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Engarrafamento 1

e | Grow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 10,16 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 0
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
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DNV-GL

Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
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Radiation levels

Parameters

Engarrafamento 2

Pressure vessel

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Phase

Modelling of mixtures
Scenario Pipe dimensions

Release location

Direction

Discharge Model settings

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
60000 kg
111,925 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m

0 m
Horizontal

0 deg

DNV GL recommended
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DNV-GL

parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 111,925 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 111,925 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m

_ Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 110 of 265



Bund,
building and
terrain

Explosion
parameters

Fireball

Jet fire

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method

(Consequence calculations

only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

ERPG [1 hr]
IDLH [30 mins]
STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

DNV-GL

No
No
No

Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model

No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Geometry Geometry

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Crosswind angle
Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

East

North

DNV-GL

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-10054 m

3941 m
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H17B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Engarrafamento 2

_tab | eow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Short pipe

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

DNV-GL

Line rupture
152,4

1

1
0
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m
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DNV-GL

Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
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Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

H18B
Short pipe

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Engarrafamento 2

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Concentration of interest

Line rupture
15,24

1

1
0
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o O O o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m

ppm
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Averaging time for concentration of
interest

DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H19
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Engarrafamento 2

_tab | Gow [ Fed | vawe Junits]
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Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time

DNV-GL

Line rupture

50,8 mm
1 m
mm
1 m
0 m
None

Not applicable

kg/s

Horizontal

0 deg

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O O o o o o o o

ppm

No
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DNV-GL

User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWwW/

m2
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Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters

H20

Short pipe

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Engarrafamento 2

_tab | Grow [ Fe | vawe Junits]

Scenario Scenario

Pipe dimensions

Scenario type
Pipe internal diameter

Pipe length

DNV-GL

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

Line rupture
5,08 mm

1 m
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Material

Discharge
parameters

Short pipe

Dispersion

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Distances of interest

Averaging time for reports

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

DNV-GL

mm
1 m
0 m
None
Not applicable
kg/s

Horizontal

0 deg
Flammable only
GLP
Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

O O O o o o o o o

ppm

No

No

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 122 of 265



DNV-GL

IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels

Probit levels

Dose levels

Lethality levels

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
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DNV-GL

n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Armazenamento P13

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material Material
Specify volume inventory? No
Mass inventory 13 kg
Volume inventory 0,0242505 m3
Material to track GLP

Type of risk effects to model

Flammable only
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DNV-GL

Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 0,5 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 0,0242505 m3
varying releases
Tank vapour volume 0 m3
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

DNV-GL

0,0242505 m3

0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes

No

No

No
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Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose

Calculate lethality

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -9999 m
North 3983 m

Catastrophic rupture
Catastrophic rupture
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P13

Scenario Release location Elevation
Tank head 0,5 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters = mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of

interest

Specify user-defined averaging time No

User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No

IDLH [30 mins] No

STEL [15 mins] No
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Bund,
building and
terrain

Explosion
parameters

Fireball

Pool fire

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Result types to calculate

Radiation levels

Parameters

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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Leak
Leak

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P13

_tab | eow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion

Hole

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

DNV-GL

10

No

1

0,5

Horizontal

0

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform

mm

fractio
n

m

m

deg

ppm
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DNV-GL

parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended

Horizontal options Use standard method

Flame-shape adjustment if grounded Yes
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DNV-GL

Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Fixed duration release
Fixed duration release
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P13

_tab | Grow [ Fed | vaue Junits]

Scenario Scenario Duration for fixed duration release 600 s
Hole Orifice diameter mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1
Tank head 0,5
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
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Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

DNV-GL

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

3

No

No

No

3

9,85; 19,45; 35

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

ppm

kw/

fractio
n
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Calculation method

Fireball maximum exposure duration

Fireball model

TNO model flame temperature

DNV-GL

20 s
Martinsen time varying

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
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Armazenamento P20

Pressure vessel

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters
Droplet break-up
mechanism
Short pipe Pipe characteristics

Frequencies

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness
Frequency of bends in pipe

Frequency of couplings in pipe

DNV-GL

20 s

No

13 kg

0,0242505 m3
GLP
Flammable only
Temperature/bubble point

24,5 degC

6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m

0,9 m
Horizontal

0 deg

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation
Do not force correlation

0,045 mm
0 /m

0 /m
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DNV-GL

Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying  Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 0,0242505 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 0,0242505 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Building definition

Type of pool substrate and bunds
Release building
In-building release?

Building wake effect

Concrete, no bund

Outdoor

Roof/lee
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Explosion
parameters

Fireball

Jet fire

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Wind or release angle from North
Handling of droplets
Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

DNV-GL

0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

fractio
n

0,01; 0,1; 0,99

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

fractio
n

0,01, 0,1; 0,99
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Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters

Geometry Geometry

Catastrophic rupture
Catastrophic rupture

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration
East

North

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P20

Scenario Release location
Fireball emissive power
Material Material

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge

Material characteristics

DNV-GL

20 s

0 deg
Use standard method
Recommended
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-9999 m
3983 m

0,9 m
No
bar

Flammable only
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Material to track

Type of risk effects to model

DNV-GL

GLP

Flammable only

Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters = mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
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Pool fire

Leak
Leak

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P20

Result types to calculate

Radiation levels

Parameters

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

e | Grow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Hole

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

10 mm
No

fractio
n

1 m

0,9 m
Horizontal

0 deg

Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation
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DNV-GL

Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Fixed duration release
Fixed duration release

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P20

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 142 of 265



DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Scenario

Hole

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Duration for fixed duration release
Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

600

No

1

0,9

Horizontal

0

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

S

mm

fractio
n

m

m

deg

ppm
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
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Pool fire

Radiation levels

Parameters

Armazenamento P45

Pressure vessel

Result types to calculate

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Phase

Modelling of mixtures
Scenario Pipe dimensions

Release location

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

DNV-GL

fractio
n

No
No
No
3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
45 kg
0,083944 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling
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DNV-GL

Tank head 1,3 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 0,083944 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 0,083944 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
interest
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Distances of interest

Averaging time for reports

Bund, Terrain and bund
building and definition
terrain

Building definition

Explosion Explosion method
parameters  (Consequence calculations

only)

Ignition

Vapour liquid method
Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor
Fireball maximum exposure duration

Fireball model

DNV-GL

No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
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TNO model flame temperature

DNV-GL

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Crosswind angle 0 deg
Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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DNV-GL

Geometry Geometry East -9999 m

North 3983 m
Catastrophic rupture

Catastrophic rupture
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P45

Scenario Release location Elevation
Tank head 1,3 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters = mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of

interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
E’ Audit Number: 6503
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Radiation levels

Parameters

Calculation method

Pool fire Result types to calculate

Radiation levels

Parameters

Leak
Leak

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P45

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

b | Gow [ Fed | vawe Junits]

Scenario Hole

Orifice diameter

Use specified discharge coefficient?

Discharge coefficient

10 mm
No

fractio
n
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

DNV-GL

1 m
1,3 m
Horizontal
0 deg

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

No

No

No
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose
Calculate lethality

Number of input radiation levels

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kWw/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3
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DNV-GL

Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Fixed duration release
Fixed duration release
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P45

_tab | Gow [ Fed | vawe Junits]

Scenario Scenario Duration for fixed duration release 600 s
Hole Orifice diameter mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 1,3 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
interest
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DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Linha Ecoldégica

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Material

Specify volume inventory?

No
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Scenario

Discharge
parameters

Short pipe

Time
varying
releases

Phase

Modelling of mixtures

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Modelling of time-varying

leaks and line ruptures

Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

DNV-GL

2000 kg
3,73084 m3
GLP

Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m

1,5 m
Horizontal

0 deg

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O o o o o o o o

Operating
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations

only)

Ignition

Vapour liquid method

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location
Location of late ignition
Use explosion mass modification factor

Explosion mass modification factor

DNV-GL

0 bar
3,73084 m3
0 m3
3,73084 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land
Concrete, no bund
Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform
confined
No ignition location
m
Yes
3
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
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DNV-GL

n

Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kw/

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East 0 m
North 0 m
H30
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecoldgica

_tab | Grow [ Fed | vaue Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 50,8 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 1,5
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
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Material to track

Type of risk effects to model

DNV-GL

GLP

Flammable only

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m

Vapour liquid method

Use explosion mass modification factor

Yes
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No
3
9,85; 19,45; 35 kWw/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
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DNV-GL

n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H31
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecoldgica

_tab | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 5,08 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 1,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Material to track

Type of risk effects to model

GLP

Flammable only
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DNV-GL

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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Radiation levels

Parameters

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Linha Ecologica / Decantacao 1

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Phase

Modelling of mixtures
Scenario Pipe dimensions

Release location

Direction

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
60000 kg
111,925 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m
3,5 m
Horizontal

0 deg
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DNV-GL

Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 111,925 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 111,925 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
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Bund,
building and
terrain

Explosion
parameters

Fireball

Jet fire

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method

(Consequence calculations

only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

ERPG [1 hr]
IDLH [30 mins]
STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

DNV-GL

No
No
No

Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model

No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Geometry Geometry

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Crosswind angle
Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

East

North

DNV-GL

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-10061 m

3932 m
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H32
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantacao 1

DNV-GL

_tab | eow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Short pipe

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

Line rupture
25,4

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m
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DNV-GL

Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
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Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

H33
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantagédo 1

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Concentration of interest

Line rupture
2,54

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o O O o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m

ppm
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Averaging time for concentration of
interest

DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Linha Ecologica / Decantacao 2

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

_tab | Gow [ Fed | vawe Junits]
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Material

Scenario

Discharge
parameters

Short pipe

Material

Phase

Modelling of mixtures

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses

Shut-off valve velocity head losses

DNV-GL

GLP
No
60000 kg
111,925 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1 m

3,5 m
Horizontal

0 deg

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O o o o o o o o
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Explosion
parameters

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory

Maximum mass inventory

Safety system modelling (isolation and

blowdown)

Concentration of interest

Averaging time for concentration of

interest

Specify user-defined averaging time

User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

DNV-GL

Operating
0 bar
111,925 m3
0 m3
111,925 m3
0 m
m
0,1 kg
1E+09 kg

No
ppm

No
s
m

No

No

No

Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
0 deg
Use standard method
Recommended
Yes

Calculate SEP
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DNV-GL

Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10054 m
North 3941 m
H34B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantacdo 2

_tab | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 25,4 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 3,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
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DNV-GL

Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined

Ignition

Supply late ignition location

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Recommended
Use standard method
Yes

Calculate SEP
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DNV-GL

Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H35B
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantagdo 2

_tab | Grow [ Fed | vaue Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 2,54 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 3,5
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 181 of 265




Material to track

Type of risk effects to model

DNV-GL

GLP

Flammable only

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m

Vapour liquid method

Use explosion mass modification factor

Yes
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No
3
9,85; 19,45; 35 kWw/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
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DNV-GL

n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H36A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantacado 2

_tab | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 76,2 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 3,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only

Material to track

Type of risk effects to model

GLP

Flammable only
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DNV-GL

Phase Phase to be released Vapour
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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DNV-GL

Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H37A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantacado 2

_tab | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 7,62 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 3,5 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Vapour

Discharge Model settings
parameters

Atmospheric expansion method

DNV GL recommended
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Droplet break-up
mechanism

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -

DNV-GL

Use flashing correlation

Do not force correlation

continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose
Calculate lethality

Number of input radiation levels

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3
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Parameters

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Linha Ecologica / Decantacao 3

Pressure vessel

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
60000 kg
111,925 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling

1
35 m
Horizontal
0 deg
DNV GL recommended

Disallow liquid phase
change only (metastable
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Droplet break-up
mechanism

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -

DNV-GL

liquid)

Use flashing correlation

Do not force correlation

continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 111,925 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 111,925 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
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Bund,
building and
terrain

Explosion
parameters

Fireball

Jet fire

Terrain and bund
definition

Building definition

Explosion method

(Consequence calculations

only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

DNV-GL

No

Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No

No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters
Geometry Geometry
H34A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantagdo 3

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration
East

North

DNV-GL

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-10060 m
3956 m
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DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Concentration of interest

Line rupture
50,8

1

1
3,5
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o O O o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m

ppm
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Averaging time for concentration of
interest

DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H35A
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantagdo 3

_tab | Gow [ Fed | vawe Junits]
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Scenario

Material

Discharge
parameters

Short pipe

Dispersion

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time

DNV-GL

Line rupture

5,08 mm
1 m
mm
1 m
35 m
None

Not applicable

kg/s

Horizontal

0 deg

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O O o o o o o o

ppm

No
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DNV-GL

User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWwW/

m2

_ Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 198 of 265



Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters

H36B

Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantacdo 3

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

_tab | Grow [ Fe | vawe Junits]

Scenario Scenario

Pipe dimensions

Scenario type
Pipe internal diameter

Pipe length

Line rupture
50,8 mm

1 m
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Material

Discharge
parameters

Short pipe

Dispersion

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Distances of interest

Averaging time for reports

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

DNV-GL

mm
1 m
35 m
None
Not applicable
kg/s

Horizontal

0 deg
Flammable only
GLP
Flammable only
Vapour

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

O O O o o o o o o

ppm

No

No
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DNV-GL

IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels

Probit levels

Dose levels

Lethality levels

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
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DNV-GL

n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H37B
Short pipe
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Linha Ecologica / Decantacdo 3

_tab | Grow [ Fe | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 5,08 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 3,5 m
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DNV-GL

Flow control Flow controller None
Input option Not applicable
Fixed flow rate kag/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Vapour
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
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building and definition

terrain
Explosion Explosion method
parameters
Ignition
Vapour liquid method
Fireball Result types to calculate
Radiation levels
Parameters
Calculation method
Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

DNV-GL

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kWw/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s
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DNV-GL

Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Tanque de Decantacao
Pressure vessel
Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material Material

Specify volume inventory? No
Mass inventory 2000 kg
Volume inventory 3,73084 m3
Material to track GLP
Type of risk effects to model Flammable only

Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 205 of 265




DNV-GL

Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 1,5 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 3,73084 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 3,73084 m3
Tank liquid level 0 m
Maximum vapour release height m
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

DNV-GL

0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Crosswind angle
Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

DNV-GL

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
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Parameters

Geometry Geometry

H38

Catastrophic rupture

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Decantacdo

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

East

North

DNV-GL

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20
-10060
3956

fractio
n

fractio
n

S

m

Scenario Release location
Fireball emissive power

Material Material

Discharge Droplet break-up

parameters  mechanism

Dispersion Dispersion scope
Distances of interest
Averaging time for reports

Bund, Terrain and bund

building and definition

terrain

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge
Material characteristics
Material to track

Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

1,5

No

Flammable only
GLP
Flammable only

Use flashing correlation

No

No
No
No

Land

Concrete, no bund

bar

ppm
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Explosion Explosion method
parameters
Ignition
Vapour liquid method
Fireball Result types to calculate
Radiation levels
Parameters
Calculation method
Pool fire Result types to calculate
Radiation levels
Parameters
H39
Leak

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Decantacdo

DNV-GL

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario

Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Hole

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

10 mm
No

fractio
n

1 m

1,5 m
Horizontal

0 deg

Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
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DNV-GL

Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H40

Fixed duration release
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Decantacdo

_tab | Grow [ Fed | vawe Junits]

Scenario Scenario Duration for fixed duration release 600 s
Hole Orifice diameter mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1
Tank head 1,5
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Droplet break-up

Droplet break-up mechanism -

DNV-GL

change only (metastable

liquid)

Do not force correlation

mechanism continuous
Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Terrain and bund Type of terrain for dispersion Land
definition
Type of pool substrate and bunds Concrete, no bund
Explosion method Explosion method Multi-Energy: Uniform
confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
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DNV-GL

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H41

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 215 of 265



Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Tanque de Decantacdo

b | Gow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Short pipe

Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Scenario type

Pipe internal diameter

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

Non-return valve velocity head losses

DNV-GL

Relief valve
19,05

1

19,05

1

1,5

None

Not applicable

Vertical

90

Flammable only
GLP

Flammable only
Vapour

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o O o o o o o o

kg/s

deg

/m
/m
/m
/m
/m

/m
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DNV-GL

Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Coleta de Oleina

Pressure vessel

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

-““m

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters
Droplet break-up
mechanism
Short pipe Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe

Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

Non-return valve velocity head losses

No
60000 kg
111,925 m3
GLP

Flammable only
Temperature/bubble point
24,5 degC

6,09836 bar

Liquid
1 fractio

n
PC modelling
1

0 m
Horizontal

0 deg

DNV GL recommended

Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O o o o o o o
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Explosion
parameters

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations

only)

Ignition

Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory

Maximum mass inventory

Safety system modelling (isolation and

blowdown)

Concentration of interest

Averaging time for concentration of

interest

Specify user-defined averaging time

User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

DNV-GL

0
Operating
0 bar
111,925 m3
0 m3
111,925 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
3
m
No
No
No
Land
Concrete, no bund
Outdoor
Roof/lee
0 deg
Trapped
3

Multi-Energy: Uniform
confined

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
0 deg
Use standard method
Recommended
Yes

Calculate SEP
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DNV-GL

power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kw/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -10054 m
North 3941 m
H42
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Coleta de Oleina

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 50,8 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 0 m
Flow control Flow controller None

Input option
Fixed flow rate

Pump head

Not applicable

kg/s
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DNV-GL

Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
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DNV-GL

Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s

Calculation method Fireball model Martinsen time varying

TNO model flame temperature 1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended

Horizontal options Use standard method

Flame-shape adjustment if grounded Yes
Calculate SEP

Surface emissive power Calculation method for surface emissive
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DNV-GL

power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H43
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Coleta de Oleina

b | Gowe | Fed | vale Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 5,08 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 0
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
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DNV-GL

Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
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Pool fire

Radiation levels

Parameters

Armazenamento P190

Pressure vessel

Result types to calculate

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

Material Material

Phase

Modelling of mixtures
Scenario Pipe dimensions

Release location

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

DNV-GL

fractio
n

No
No
No
3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

No
190 kg
0,35443 m3
GLP
Flammable only
Temperature/bubble point
24,5 degC
6,09836 bar
Liquid

1 fractio
n

PC modelling
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DNV-GL

Tank head 1,3 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 0,35443 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 0,35443 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
interest
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Distances of interest

Averaging time for reports

Bund, Terrain and bund
building and definition
terrain

Building definition

Explosion Explosion method
parameters  (Consequence calculations

only)

Ignition

Vapour liquid method
Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor
Fireball maximum exposure duration

Fireball model

DNV-GL

No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
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TNO model flame temperature

DNV-GL

1726,85 degC

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2

Probit levels 2,73; 3,72; 7,5

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Crosswind angle 0 deg
Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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DNV-GL

Geometry Geometry East -9887 m

North 3943 m

H45

Catastrophic rupture
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

Scenario Release location Elevation
Tank head 1,3 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters = mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of

interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
E’ Audit Number: 6503
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Radiation levels

Parameters

Calculation method

Pool fire Result types to calculate

Radiation levels

Parameters

H46
Leak

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

b | Gow [ Fed | vawe Junits]

Scenario Hole

Orifice diameter

Use specified discharge coefficient?

Discharge coefficient

10 mm
No

fractio
n
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

DNV-GL

1 m
1,3 m
Horizontal
0 deg

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

No

No

No
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose
Calculate lethality

Number of input radiation levels

DNV-GL

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kWw/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3
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DNV-GL

Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H47

Fixed duration release
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

_tab | Gow [ Fed | vawe Junits]

Scenario Scenario Duration for fixed duration release 600 s
Hole Orifice diameter mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 1,3 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
interest
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DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H48
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

_tab | Gowe | Fed | vame Junits]

Scenario Scenario Scenario type Line rupture

Pipe dimensions Pipe internal diameter 19,05 mm
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Material

Discharge
parameters

Short pipe

Dispersion

Hole

Release location

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Distances of interest

Pipe length

Orifice diameter

Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time

Distances of interest

DNV-GL

1
1,3
None

Not applicable

Horizontal

0

Flammable only
GLP

Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045

o O o o o o o o o

No

kg/s

deg

/m
/m
/m
/m
/m

/m

ppm
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DNV-GL

Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;

2,51E+07
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Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters
H49
Short pipe

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

_tab | Gowe | Fed | vale Junits]

Scenario Scenario

Pipe dimensions

Hole

Release location

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter

Elevation

DNV-GL

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

Line rupture

1,9 mm
1 m
mm
1 m
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Material

Discharge
parameters

Short pipe

Dispersion

Flow control

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Distances of interest

Averaging time for reports

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

DNV-GL

1,3 m
None
Not applicable

kg/s

Horizontal

0 deg
Flammable only
GLP
Flammable only
Liquid

DNV GL recommended

Use flashing correlation

Do not force correlation

0,045 mm
/m
/m
/m
/m
/m

/m

o O o o o o o o o

ppm

No

No

No

No
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Bund,
building and
terrain

Explosion
parameters

Fireball

Jet fire

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

DNV-GL

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

3

No

No

No

3

9,85; 19,45; 35

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

3

20

Martinsen time varying
1726,85

Cone model

No

No

No

3

9,85; 19,45; 35

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

kw/
m2

fractio
n

degC

kw/
m2

fractio
n
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Cone model data

Surface emissive power

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

DNV-GL

20

Recommended

Use standard method
Yes

Calculate SEP

Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
H50
Short pipe

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 19,05 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 1,3 m
Flow control Flow controller None

Input option

Not applicable
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DNV-GL

Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Type of pool substrate and bunds

Concrete, no bund
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Explosion Explosion method
parameters
Ignition
Vapour liquid method
Fireball Result types to calculate
Radiation levels
Parameters
Calculation method
Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor
Jet fire maximum exposure duration
Correlation

Horizontal options

DNV-GL

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Recommended

Use standard method
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DNV-GL

Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

H51
Short pipe
Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Armazenamento P190

b | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 1,9 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 1,3 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
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DNV-GL

Outdoor release angle 0 deg
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined

Ignition

Supply late ignition location

No ignition location
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Vapour liquid method

Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

DNV-GL

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Recommended
Use standard method
Yes

Calculate SEP
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DNV-GL

Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Deposito de Tintas
Atmospheric storage tank

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

_tab | Grow [ Fed | vaue Junits]

Material Material Material N-PENTANE
Specify volume inventory? Yes
Mass inventory 124,449 kg
Volume inventory 0,2 m3
Material to track N-PENTANE
Type of risk effects to model Flammable only
Phase Specified condition Temperature and
atmospheric pressure
Temperature 24,5 degC
Pressure (gauge) bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
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DNV-GL

Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying  Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 0,2 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 0,2 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Dispersion Dispersion scope Concentration of interest ppm

Averaging time for concentration of
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Distances of interest

Averaging time for reports

Bund, Terrain and bund
building and definition
terrain

Building definition

Explosion Explosion method
parameters  (Consequence calculations
only)
Ignition

Vapour liquid method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

interest

Specify user-defined averaging time

User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

DNV-GL

No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes

3

Cone model
No

No

No

3

9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 252 of 265



Cone model data

Surface emissive power

Pool fire Result types to calculate
Radiation levels
Parameters

Geometry Geometry

H52

Catastrophic rupture

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration
East

North

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Depdsito de Tintas

Scenario Release location
Fireball emissive power
Material Material

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge

Material characteristics

DNV-GL

20 s

0 deg
Use standard method
Recommended
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-9918 m
3987 m

No
bar

Flammable only
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Material to track

Type of risk effects to model

DNV-GL

N-PENTANE

Flammable only

Discharge Droplet break-up Droplet break-up mechanism - Use flashing correlation
parameters = mechanism instantaneous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
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Pool fire

H53
Leak

Result types to calculate

Radiation levels

Parameters

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Depdsito de Tintas

e | Grow [ Fed | vawe Junits]

Scenario

Material

Discharge
parameters

Hole

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

10 mm
No

fractio
n

1 m

1 m
Horizontal

0 deg

Flammable only
N-PENTANE
Flammable only
Liquid
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation
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DNV-GL

Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Deposito de Tintas (Mistura)

Atmospheric storage tank

Cenario Operacional n°01\Study\1 - IF (Uberlandia)

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Material Material
Phase
Modelling of mixtures
Scenario Pipe dimensions
Release location
Direction
Discharge Model settings
parameters
Droplet break-up
mechanism
Short pipe Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model

Specified condition

Temperature
Pressure (gauge)
Fluid state

Liquid mole fraction

Multi or pseudo-component modelling
Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses

N-PENTANE
Yes

373,347

0,6

N-PENTANE
Flammable only

Temperature and
atmospheric pressure

24,5

Liquid

1

PC modelling

1

0

Horizontal

0

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Use flashing correlation

Do not force correlation

0,045

o O o o o o o

kg

m3

degC

bar

fractio
n

deg

/m
/m
/m
/m
/m

/m
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Explosion
parameters

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory
Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

DNV-GL

0
0
Operating
0 bar
0,6 m3
0 m3
0,6 m3
0 m
m
0,1 kg
1E+09 kg
ppm
No
s
m
No
No
No
Land
Concrete, no bund
Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform
confined
No ignition location
m
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Vapour liquid method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Use explosion mass modification factor

Explosion mass modification factor

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Crosswind angle
Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

DNV-GL

Yes

3

Cone model
No

No

No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

0 deg
Use standard method
Recommended
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

Audit Number: 6503
Date: 11/09/2019 Time: 11:50
Page 260 of 265



Geometry Geometry

H54

Catastrophic rupture

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Depdsito de Tintas (Mistura)

Pool fire maximum exposure duration
East

North

DNV-GL

20
-10023

3968

m

m

-““m

Scenario Release location
Fireball emissive power

Material Material

Discharge Droplet break-up

parameters = mechanism

Dispersion Dispersion scope
Distances of interest
Averaging time for reports

Bund, Terrain and bund

building and definition

terrain

Explosion Explosion method

parameters

Ignition

Vapour liquid method

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge
Material characteristics
Material to track

Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor

No

Flammable only
N-PENTANE
Flammable only

Use flashing correlation

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

bar

ppm
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Pool fire Result types to calculate

Radiation levels

Parameters

H55
Leak

Cenario Operacional n°01\Study\1 - IF (Uberlandia)\Depdsito de Tintas (Mistura)

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

_tab | Gowe | Fed | vame Junits]

Scenario Hole

Orifice diameter

Use specified discharge coefficient?

Discharge coefficient

10 mm
No

fractio
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Release location

Direction

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Elevation

Tank head

Outdoor release direction
Outdoor release angle
Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit
Calculate dose

Calculate lethality

DNV-GL

Horizontal

0 deg
Flammable only
N-PENTANE
Flammable only
Liquid
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes

No

No

No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose

Calculate lethality

DNV-GL

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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DNV-GL

Input Report

Workspace: Cenario Operacional n°02

Study
Study
Cenario Operacional n°02

b | Gowe | Fed | vale Junits]

Material Modelling of mixtures Multi or pseudo-component modelling PC modelling
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Type of pool substrate and bunds Concrete, no bund
Toxic Indoor toxic calculations Specify the downwind building type Unselected
parameters

Building type (downwind building type) Buildings\Building type
Dispersion Distances of interest Distances of interest m
Bobtail

Pressure vessel
Cenario Operacional n°02\Study

Material Material Material
Specify volume inventory? No
Mass inventory 5000 kg
Volume inventory 9,32711 m3
Material to track GLP
Type of risk effects to model Flammable only
Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Risk Type of risk effects to Jet fire modelling for horizontal releases Horizontal jet only

Audit Number: 6569
Date: 11/09/2019 Time: 11:57
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Scenario

Discharge
parameters

Short pipe

model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition
Specify conditional explosion probability
Conditional explosion probability
Fraction of ignition probability for
immediate ignition

Release type for CLA / UKOOA

Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe

Frequency of excess flow valves

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
0,3
m
1 m
1 m
Horizontal
0 deg
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Velocity head losses

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North

Handling of droplets

DNV-GL

0 /m
0 /m
0
0
0
Operating
0 bar
9,32711 m3
0 m3
9,32711 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg

Trapped
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Explosion
parameters

Fireball

Jet fire

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor
Jet fire maximum exposure duration

Crosswind angle

DNV-GL

3
Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s

0 deg
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DNV-GL

Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -8793 m
North 3486 m
Apply location offset No

Catastrophic rupture
Catastrophic rupture
Cenario Operacional n°02\Study\Bobtail

Scenario Release location Elevation
Tank head 1 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Risk Event frequency Event frequency 4,11E-09 /
AvgeY
ear
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Use flashing correlation
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Multi-Energy: Uniform
confined
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Ignition

Vapour liquid method

Fireball Result types to calculate
Radiation levels
Parameters
Calculation method

Pool fire Result types to calculate
Radiation levels
Parameters

Leak

Leak

Cenario Operacional n°02\Study\Bobtail

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No ignition location

m
Yes
3
No
No
No
3
9,85; 19,45; 35 kW/
m2
2,73; 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Martinsen time varying
1726,85 degC
No
No
No
3
9,85; 19,45; 35 kW/
m2
2,73; 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07
0,01; 0,1; 0,99 fractio
n
0,4 fractio
n
20 s
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DNV-GL

_tab | eow [ Fe | vawe Junits]

Scenario

Risk

Material

Discharge
parameters

Hole

Release location

Direction

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

50,8

No

1
1
Horizontal
0

4,11E-09

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase

change only (metastable
liquid)

mm

fractio
n

m

m

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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Droplet break-up

Droplet break-up mechanism -

DNV-GL

Do not force correlation

mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Mangote 100%
Short pipe
Cenario Operacional n°02\Study\Bobtail

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material Material

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model

Line rupture
50,8

1

1
1
None

Not applicable

Horizontal
0
0,000288

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only
GLP

Flammable only

kg/s

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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DNV-GL

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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Radiation levels

Parameters

Mangote 10%
Short pipe

Cenario Operacional n°02\Study\Bobtail

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No

No

3

9,85; 19,45; 35
2,73; 3,72; 7,5
1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

kw/

fractio
n

fractio
n

S

_tab | Gowe | Fed | vale Junits]

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Line rupture
5,08

1

1
1
None

Not applicable

Horizontal
0

0,00288

No

Calculate non-ignition
probability

kg/s

deg

AvgeY
ear
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Material

Discharge
parameters

Short pipe

Dispersion

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed

ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

DNV-GL

fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
0 /m
0 /m
0
0
0
ppm
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DNV-GL

Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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DNV-GL

Input Report

Workspace: Cenario Operacional n°03

Study
Study
Cenario Operacional n°03

b | Gowe | Fed | vale Junits]

Material Modelling of mixtures Multi or pseudo-component modelling PC modelling
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Type of pool substrate and bunds Concrete, no bund
Toxic Indoor toxic calculations Specify the downwind building type Unselected
parameters

Building type (downwind building type) Buildings\Building type
Dispersion Distances of interest Distances of interest m
Bobtail

Pressure vessel
Cenario Operacional n°03\Study

Material Material Material
Specify volume inventory? No
Mass inventory 5000 kg
Volume inventory 9,32711 m3
Material to track GLP
Type of risk effects to model Flammable only
Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Risk Type of risk effects to Jet fire modelling for horizontal releases Horizontal jet only

Audit Number: 6570
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Scenario

Discharge
parameters

Short pipe

model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition
Specify conditional explosion probability
Conditional explosion probability
Fraction of ignition probability for
immediate ignition

Release type for CLA / UKOOA

Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe

Frequency of excess flow valves

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
0,3
m
1 m
1 m
Horizontal
0 deg
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Velocity head losses

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North

Handling of droplets

DNV-GL

0 /m
0 /m
0
0
0
Operating
0 bar
9,32711 m3
0 m3
9,32711 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg

Trapped
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Explosion
parameters

Fireball

Jet fire

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor
Jet fire maximum exposure duration

Crosswind angle

DNV-GL

3
Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s

0 deg
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DNV-GL

Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -8793 m
North 3486 m
Apply location offset No

Catastrophic rupture
Catastrophic rupture
Cenario Operacional n°03\Study\Bobtail

Scenario Release location Elevation
Tank head 1 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Risk Event frequency Event frequency 4,11E-09 /
AvgeY
ear
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Use flashing correlation
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Multi-Energy: Uniform
confined
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Ignition

Vapour liquid method

Fireball Result types to calculate
Radiation levels
Parameters
Calculation method

Pool fire Result types to calculate
Radiation levels
Parameters

Leak

Leak

Cenario Operacional n°03\Study\Bobtail

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No ignition location

m
Yes
3
No
No
No
3
9,85; 19,45; 35 kW/
m2
2,73; 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Martinsen time varying
1726,85 degC
No
No
No
3
9,85; 19,45; 35 kW/
m2
2,73; 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07
0,01; 0,1; 0,99 fractio
n
0,4 fractio
n
20 s
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DNV-GL

_tab | eow [ Fe | vawe Junits]

Scenario

Risk

Material

Discharge
parameters

Hole

Release location

Direction

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

50,8

No

1
1
Horizontal
0

4,11E-09

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase

change only (metastable
liquid)

mm

fractio
n

m

m

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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Droplet break-up

Droplet break-up mechanism -

DNV-GL

Do not force correlation

mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Mangote 100%
Short pipe
Cenario Operacional n°03\Study\Bobtail

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material Material

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model

Line rupture
50,8

1

1
1
None

Not applicable

Horizontal
0
0,000288

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only
GLP

Flammable only

kg/s

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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DNV-GL

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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Radiation levels

Parameters

Mangote 10%
Short pipe

Cenario Operacional n°03\Study\Bobtail

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No

No

3

9,85; 19,45; 35
2,73; 3,72; 7,5
1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

kw/

fractio
n

fractio
n

S

_tab | Gowe | Fed | vale Junits]

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Line rupture
5,08

1

1
1
None

Not applicable

Horizontal
0

0,00288

No

Calculate non-ignition
probability

kg/s

deg

AvgeY
ear
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Material

Discharge
parameters

Short pipe

Dispersion

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed

ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

DNV-GL

fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
0 /m
0 /m
0
0
0
ppm
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DNV-GL

Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
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DNV-GL

Input Report

Workspace: Cenario Operacional n°04

Study
Study
Cenario Operacional n°04

b | Gowe | Fed | vale Junits]

Material Modelling of mixtures Multi or pseudo-component modelling PC modelling
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Type of pool substrate and bunds Concrete, no bund
Toxic Indoor toxic calculations Specify the downwind building type Unselected
parameters

Building type (downwind building type) Buildings\Building type
Dispersion Distances of interest Distances of interest m
P3000-Pontol

Pressure vessel
Cenario Operacional n°04\Study

Material Material Material
Specify volume inventory? No
Mass inventory 3000 kg
Volume inventory 5,59626 m3
Material to track GLP
Type of risk effects to model Flammable only
Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Risk Type of risk effects to Jet fire modelling for horizontal releases Horizontal jet only
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Scenario

Discharge
parameters

Short pipe

model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition
Specify conditional explosion probability
Conditional explosion probability
Fraction of ignition probability for
immediate ignition

Release type for CLA / UKOOA

Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe

Frequency of excess flow valves

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
0,3
m
1 m
0 m
Horizontal
0 deg
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Velocity head losses

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North

Handling of droplets

DNV-GL

0 /m
0 /m
0
0
0
Operating
0 bar
5,59626 m3
0 m3
5,59626 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg

Trapped
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Explosion
parameters

Fireball

Jet fire

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor
Jet fire maximum exposure duration

Crosswind angle

DNV-GL

3
Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s

0 deg
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DNV-GL

Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -8826 m
North 3001 m
Apply location offset No

Catastrophic rupture
Catastrophic rupture
Cenario Operacional n°04\Study\P3000-Ponto1

Scenario Release location Elevation
Tank head 0 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Risk Event frequency Event frequency 1,46E-07 /
AvgeY
ear
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Use flashing correlation
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Multi-Energy: Uniform
confined
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Ignition

Vapour liquid method

Fireball Result types to calculate
Radiation levels
Parameters
Calculation method

Pool fire Result types to calculate
Radiation levels
Parameters

Leak

Leak

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°04\Study\P3000-Ponto1

DNV-GL

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

No

No

No

3
9,85; 19,45; 35 kWw/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

_tab | eow [ Fe | vawe Junits]

Scenario

Risk

Material

Discharge
parameters

Hole

Release location

Direction

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

50,8

No

1
0
Horizontal
0

1,46E-07

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase

change only (metastable
liquid)

mm

fractio
n

m

m

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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Droplet break-up

Droplet break-up mechanism -

DNV-GL

Do not force correlation

mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

_ Audit Number: 8114
Date: 11/09/2019 Time: 12:05
Page 9 of 66



Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Mangote 100%
Short pipe

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°04\Study\P3000-Ponto1

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material Material

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model

Line rupture
25,4

1

1
0
None

Not applicable

Horizontal
0
0,0102

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only
GLP

Flammable only

kg/s

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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DNV-GL

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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Radiation levels

Parameters

Mangote 10%
Short pipe

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°04\Study\P3000-Ponto1

_tab | Gowe | Fed | vale Junits]

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

DNV-GL

No

No

3

9,85; 19,45; 35

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

Line rupture
2,54

1

1
0
None

Not applicable

Horizontal
0

0,102

No

Calculate non-ignition
probability

kw/

fractio
n

fractio
n

S

kg/s

deg

AvgeY
ear
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Material

Discharge
parameters

Short pipe

Dispersion

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed

ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

DNV-GL

fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
0 /m
0 /m
0
0
0
ppm
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DNV-GL

Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

: Audit Number: 8114
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Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

P3000-Ponto2

Pressure vessel
Cenario Operacional n°04\Study

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

3

20

Recommended

Use standard method
Yes

Calculate SEP

No

No

No

3

9,85; 19,45; 35
2,73; 3,72; 7,5
1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

m2

fractio
n

kw/
m2

fractio
n

kw/

fractio
n

fractio
n

S

Material Material

Material

Specify volume inventory?

No

Audit Number: 8114
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DNV-GL

Mass inventory 3000 kg
Volume inventory 5,59626 m3
Material to track GLP
Type of risk effects to model Flammable only
Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Risk Type of risk effects to Jet fire modelling for horizontal releases Horizontal jet only
model
Reduce risks for mounded / underground No
tanks
Non-ignition probabilities Specify probability of non-ignition Calculate non-ignition
probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Fraction of ignition probability for 0,3
ignition modelling immediate ignition
Release type for CLA / UKOOA
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
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DNV-GL

Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
Inventory data for time- Tank volume 5,59626 m3
varying releases
Tank vapour volume 0 m3
Tank liquid volume 5,59626 m3
Tank liquid level 0 m
Maximum vapour release height m
Minimum mass inventory 0,1 kg
Maximum mass inventory 1E+09 kg
Safety system modelling Safety system modelling (isolation and No
for time-varying releases blowdown)
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
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Bund,
building and
terrain

Explosion
parameters

Fireball

Jet fire

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method

(Consequence calculations

only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

ERPG [1 hr]
IDLH [30 mins]
STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

DNV-GL

No
No
No

Land

Concrete, no bund

Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform

confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model

No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Geometry Geometry

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration
East
North

Apply location offset

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
-8656 m
3325 m

No
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Catastrophic rupture
Catastrophic rupture
Cenario Operacional n°04\Study\P3000-Ponto2

Scenario

Risk

Material

Discharge
parameters

Dispersion

Release location

Fireball emissive power

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

DNV-GL

No

1,46E-07

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only
GLP
Flammable only

Use flashing correlation

bar

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n

ppm
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DNV-GL

Specify user-defined averaging time No
User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m
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DNV-GL

Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Leak
Leak

Cenario Operacional n°04\Study\P3000-Ponto2

Scenario Hole Orifice diameter 50,8
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 1,46E-07 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No

model

Non-ignition probabilities

tanks

Specify probability of non-ignition

Calculate non-ignition

probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
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Specify conditional explosion probability

DNV-GL

Calculate conditional

probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit
Calculate dose

Calculate lethality

DNV-GL

3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
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DNV-GL

Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Mangote 100%
Short pipe

Cenario Operacional n°04\Study\P3000-Ponto2

_tab | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 25,4 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1
Tank head 0
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kag/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 0,0102 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No
model tanks
Non-ignition probabilities Specify probability of non-ignition Calculate non-ignition
probability
Non-ignition probability fractio
n

Immediate ignition

Probability of immediate ignition

Stationary - use material
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DNV-GL

probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
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DNV-GL

Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m

Probit levels

2,73; 3,72; 7,5
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Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Mangote 10%
Short pipe

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°04\Study\P3000-Ponto2

b | Gowe | Fed | vale Junits]

Scenario Scenario

Pipe dimensions

Hole

Scenario type
Pipe internal diameter
Pipe length

Orifice diameter

DNV-GL

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s

Line rupture

2,54 mm
1 m
mm
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DNV-GL

Release location Elevation 1 m
Tank head 0 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 0,102 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No
model tanks
Non-ignition probabilities Specify probability of non-ignition Calculate non-ignition
probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters

Droplet break-up
mechanism

Droplet break-up mechanism -
instantaneous

Use flashing correlation
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Droplet break-up mechanism -
continuous

DNV-GL

Do not force correlation

Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

DNV-GL

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
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Parameters

Enchimento Ponto 1
Pressure vessel
Cenario Operacional n°04\Study

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

2,73, 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

fractio
n

fractio
n

S

Material Material

Phase

Modelling of mixtures
Risk Type of risk effects to

model

Non-ignition probabilities

Immediate ignition
probabilities

Material

Specify volume inventory?
Mass inventory

Volume inventory

Material to track

Type of risk effects to model
Specified condition
Temperature

Pressure (gauge)

Fluid state

Liquid mole fraction

Multi or pseudo-component modelling

Jet fire modelling for horizontal releases
Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

No

13

0,0242505

GLP

Flammable only
Temperature/bubble point
24,5

6,09836

Liquid

1

PC modelling

Horizontal jet only
No
Calculate non-ignition

probability

Stationary - use material
reactivity

kg

m3

degC

bar

fractio
n

fractio
n

fractio
n
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Delayed ignition

Specify minimum probability of delayed

DNV-GL

Calculate minimum

probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Fraction of ignition probability for 0,3
ignition modelling immediate ignition
Release type for CLA / UKOOA
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying Vacuum relief valve Operating
varying leaks and line ruptures
releases
Vacuum relief valve set point 0 bar
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor

Calculate probit

DNV-GL

0,0242505 m3

0 m3

0,0242505 m3

0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee

0 deg
Trapped

3

Multi-Energy: Uniform
confined

No ignition location

Yes

No
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Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
n
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Pool fire Result types to calculate

Radiation levels

Parameters

Geometry Geometry

Vazamento P13
Short pipe

Calculate probit
Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

East
North

Apply location offset

Cenario Operacional n°04\Study\Enchimento Ponto 1

_tab | Grow [ Fed | vaue Junits]

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

DNV-GL

No
No
No

3

9,85, 19,45; 35

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20
-8826
3001

No

Line rupture
25,4

1

1
0
None

Not applicable

Horizontal
0

0,0288

kw/
m2

fractio
n

fractio
n

S

m

kg/s

deg

/
AvgeY
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DNV-GL

ear
Type of risk effects to Reduce risks for mounded / underground No
model tanks
Non-ignition probabilities Specify probability of non-ignition Calculate non-ignition
probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
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DNV-GL

Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Ruptura da Cilindro

Catastrophic rupture

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

Cenario Operacional n°04\Study\Enchimento Ponto 1

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

-““m

Scenario

Risk

Material

Discharge
parameters

Dispersion

Release location

Fireball emissive power

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

No
bar
5E-06 /
AvgeY

ear

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Use flashing correlation
ppm
No
3
m
No
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Bund,
building and
terrain

Explosion
parameters

Fireball

Pool fire

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Result types to calculate

Radiation levels

IDLH [30 mins]
STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

DNV-GL

No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85, 19,45; 35

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

3

20

Martinsen time varying
1726,85

No

No

No

3

9,85; 19,45; 35

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

kw/

fractio
n

degC

kw/

fractio
n
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DNV-GL

Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Furo no Cilindro
Leak

Cenario Operacional n°04\Study\Enchimento Ponto 1

Scenario Hole Orifice diameter
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1
Tank head 0
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 0,0001 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No

model

Non-ignition probabilities

tanks

Specify probability of non-ignition

Calculate non-ignition

probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n

Cox-Lees-Ang and UKOOA
ignition modelling

Release type for CLA / UKOOA
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Fireball

Material

Phase

Model settings

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
continuous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

DNV-GL

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)

Do not force correlation

ppm

No

No
No
No

Land

Concrete, no bund

Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

DNV-GL

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07
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DNV-GL

Lethality levels 0,01; 0,1; 0,99 fractio
n

Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Vazamento em 600 seg
Fixed duration release

Cenario Operacional n°04\Study\Enchimento Ponto 1

b | Gow [ Fed | vawe Junits]

Scenario Scenario Duration for fixed duration release 600 s
Hole Orifice diameter mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 5E-06 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No
model tanks
Non-ignition probabilities Specify probability of non-ignition Calculate non-ignition
probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n

Specify conditional explosion probability

Calculate conditional
probability
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DNV-GL

Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

DNV-GL

m2
2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Enchimento Ponto 2
Pressure vessel
Cenario Operacional n°04\Study

Material Material Material
Specify volume inventory? No
Mass inventory 13 kg
Volume inventory 0,0242505 m3
Material to track GLP
Type of risk effects to model Flammable only
Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Risk Type of risk effects to Jet fire modelling for horizontal releases Horizontal jet only

model

Non-ignition probabilities

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

No

Calculate non-ignition

probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
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DNV-GL

n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Fraction of ignition probability for 0,3
ignition modelling immediate ignition
Release type for CLA / UKOOA
Scenario Pipe dimensions Pipe length m
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Time Modelling of time-varying  Vacuum relief valve Operating
varying leaks and line ruptures
releases
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Dispersion

Bund,
building and
terrain

Explosion
parameters

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Explosion method
(Consequence calculations

only)

Ignition

Vapour liquid method

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North
Handling of droplets

Indoor mass modification factor

Explosion method

Supply late ignition location
Location of late ignition
Use explosion mass modification factor

Explosion mass modification factor

DNV-GL

0 bar
0,0242505 m3
0 m3
0,0242505 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land
Concrete, no bund
Outdoor
Roof/lee
0 deg
Trapped
3
Multi-Energy: Uniform
confined
No ignition location
m
Yes
3
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Fireball Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration
Crosswind angle

Horizontal options

Correlation

Flame-shape adjustment if grounded

Calculation method for surface emissive
power

Flame emissive power

Emissivity fraction

DNV-GL

No
No
No

3

9,85; 19,45; 35 kW/
m2

2,73; 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
0 deg
Use standard method
Recommended
Yes
Calculate SEP
kw/
m2
fractio
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DNV-GL

n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -8656 m
North 3325 m
Apply location offset No

Vazamento P13
Short pipe

Cenario Operacional n°04\Study\Enchimento Ponto 2

_tab | Gow [ Fed | vawe Junits]

Scenario Scenario Scenario type Line rupture
Pipe dimensions Pipe internal diameter 25,4 mm
Pipe length 1 m
Hole Orifice diameter mm
Release location Elevation 1 m
Tank head 0 m
Flow control Flow controller None
Input option Not applicable
Fixed flow rate kg/s
Pump head m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
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Risk

Material

Discharge
parameters

Short pipe

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves

Frequency of shut-off valves

DNV-GL

0,0288 /
AvgeY
ear
No
Calculate non-ignition
probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
0 /m
0 /m
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DNV-GL

Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
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DNV-GL

Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No

Calculate dose No

Calculate lethality No

Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kWw/

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Ruptura da Cilindro
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Catastrophic rupture

Cenario Operacional n°04\Study\Enchimento Ponto 2

Scenario

Risk

Material

Discharge
parameters

Dispersion

Release location

Fireball emissive power

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Elevation

Tank head

Use vessel burst pressure
Vessel burst pressure - gauge

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time

DNV-GL

No
bar
5E-06 /
AvgeY

ear
No
Calculate non-ignition
probability

fractio
n

Stationary - use material
reactivity

fractio
n

Calculate minimum
probability of delayed
ignition

fractio
n

Calculate conditional
probability

fractio
n

Flammable only
GLP
Flammable only

Use flashing correlation

ppm

No
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DNV-GL

User defined averaging time 3
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kV;/
m

Probit levels

2,73; 3,72; 7,5
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DNV-GL

Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Furo no Cilindro
Leak

Cenario Operacional n°04\Study\Enchimento Ponto 2

Scenario Hole Orifice diameter
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 0,0001 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No

model

Non-ignition probabilities

tanks

Specify probability of non-ignition

Calculate non-ignition

probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
n

Specify conditional explosion probability

Calculate conditional
probability
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DNV-GL

Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
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Jet fire

Pool fire

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Radiation levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

DNV-GL

m2
2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Vazamento em 600 seg
Fixed duration release

Cenario Operacional n°04\Study\Enchimento Ponto 2

b | Gow [ Fed | vawe Junits]

Scenario Scenario Duration for fixed duration release 600 s
Hole Orifice diameter mm
Use specified discharge coefficient? No
Discharge coefficient fractio
n
Release location Elevation 1 m
Tank head 0 m
Direction Outdoor release direction Horizontal
Outdoor release angle 0 deg
Risk Event frequency Event frequency 5E-06 /
AvgeY
ear
Type of risk effects to Reduce risks for mounded / underground No
model tanks
Non-ignition probabilities Specify probability of non-ignition Calculate non-ignition
probability
Non-ignition probability fractio
n
Immediate ignition Probability of immediate ignition Stationary - use material
probabilities reactivity
Immediate ignition probability fractio
n
Delayed ignition Specify minimum probability of delayed Calculate minimum
probabilities ignition probability of delayed
ignition
Minimum probability of delayed ignition fractio
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DNV-GL

n
Specify conditional explosion probability Calculate conditional
probability
Conditional explosion probability fractio
n
Cox-Lees-Ang and UKOOA Release type for CLA / UKOOA
ignition modelling
Material Material Material characteristics Flammable only
Material to track GLP
Type of risk effects to model Flammable only
Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Phase change upstream of orifice? Disallow liquid phase
change only (metastable
liquid)
Droplet break-up Droplet break-up mechanism - Do not force correlation
mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s

Martinsen time varying
1726,85 degC

Cone model

No

No

No

3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
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Radiation levels

Parameters

Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

Input Report

Workspace: Cenario Operacional n°05

Study
Study
Cenario Operacional n°05

b | Gowe | Fed | vale Junits]

Material Modelling of mixtures Multi or pseudo-component modelling PC modelling
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain

Type of pool substrate and bunds Concrete, no bund
Toxic Indoor toxic calculations Specify the downwind building type Unselected
parameters

Building type (downwind building type) Buildings\Building type
Dispersion Distances of interest Distances of interest m
Bobtail

Pressure vessel
Cenario Operacional n°05\Study

Material Material Material
Specify volume inventory? No
Mass inventory 5000 kg
Volume inventory 9,32711 m3
Material to track GLP
Type of risk effects to model Flammable only
Phase Specified condition Temperature/bubble point
Temperature 24,5 degC
Pressure (gauge) 6,09836 bar
Fluid state Liquid
Liquid mole fraction 1 fractio
n
Modelling of mixtures Multi or pseudo-component modelling PC modelling
Risk Type of risk effects to Jet fire modelling for horizontal releases Horizontal jet only
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Scenario

Discharge
parameters

Short pipe

model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Pipe dimensions

Release location

Direction

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition
Specify conditional explosion probability
Conditional explosion probability
Fraction of ignition probability for
immediate ignition

Release type for CLA / UKOOA

Pipe length

Elevation

Tank head

Outdoor release direction

Outdoor release angle

Atmospheric expansion method

Phase change upstream of orifice?

Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe

Frequency of excess flow valves

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
0,3
m
1 m
1 m
Horizontal
0 deg
DNV GL recommended
Disallow liquid phase
change only (metastable
liquid)
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
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Time
varying
releases

Dispersion

Bund,
building and
terrain

Velocity head losses

Modelling of time-varying
leaks and line ruptures

Inventory data for time-
varying releases

Safety system modelling
for time-varying releases

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Building definition

Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses

Vacuum relief valve

Vacuum relief valve set point

Tank volume

Tank vapour volume

Tank liquid volume

Tank liquid level

Maximum vapour release height
Minimum mass inventory
Maximum mass inventory

Safety system modelling (isolation and
blowdown)

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds
Release building

In-building release?

Building wake effect

Wind or release angle from North

Handling of droplets

DNV-GL

0 /m
0 /m
0
0
0
Operating
0 bar
9,32711 m3
0 m3
9,32711 m3
0 m
m
0,1 kg
1E+09 kg
No
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Outdoor
Roof/lee
0 deg

Trapped
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Explosion
parameters

Fireball

Jet fire

Explosion method
(Consequence calculations
only)

Ignition

Vapour liquid method

Result types to calculate

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Indoor mass modification factor

Explosion method

Supply late ignition location

Location of late ignition

Use explosion mass modification factor

Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature

Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor
Jet fire maximum exposure duration

Crosswind angle

DNV-GL

3
Multi-Energy: Uniform
confined

No ignition location

Yes
3
No
No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

20 s

0 deg
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DNV-GL

Horizontal options Use standard method
Correlation Recommended
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kW/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s
Geometry Geometry East -8968 m
North 3361 m
Apply location offset No

Catastrophic rupture
Catastrophic rupture
Cenario Operacional n°05\Study\Bobtail

Scenario Release location Elevation
Tank head 1 m
Fireball emissive power Use vessel burst pressure No
Vessel burst pressure - gauge bar
Risk Event frequency Event frequency 1,05E-09 /
AvgeY
ear
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Material

Discharge
parameters

Dispersion

Bund,
building and
terrain

Explosion
parameters

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Droplet break-up
mechanism

Dispersion scope

Distances of interest

Averaging time for reports

Terrain and bund
definition

Explosion method

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track
Type of risk effects to model

Droplet break-up mechanism -
instantaneous

Concentration of interest

Averaging time for concentration of
interest

Specify user-defined averaging time
User defined averaging time
Distances of interest

ERPG [1 hr]

IDLH [30 mins]

STEL [15 mins]

Type of terrain for dispersion

Type of pool substrate and bunds

Explosion method

DNV-GL

No

Calculate non-ignition

probability
fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Use flashing correlation
ppm
No
s
m
No
No
No
Land

Concrete, no bund

Multi-Energy: Uniform
confined
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Ignition

Vapour liquid method

Fireball Result types to calculate
Radiation levels
Parameters
Calculation method

Pool fire Result types to calculate
Radiation levels
Parameters

Leak

Leak

Cenario Operacional n°05\Study\Bobtail

Supply late ignition location

Location of late ignition

Use explosion mass modification factor
Explosion mass modification factor
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration
Fireball model

TNO model flame temperature
Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No ignition location

m
Yes
3
No
No
No
3
9,85; 19,45; 35 kW/
m2
2,73; 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Martinsen time varying
1726,85 degC
No
No
No
3
9,85; 19,45; 35 kW/
m2
2,73; 3,72, 7,5
1,27E+06; 5,8E+06;
2,51E+07
0,01; 0,1; 0,99 fractio
n
0,4 fractio
n
20 s
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DNV-GL

_tab | eow [ Fe | vawe Junits]

Scenario

Risk

Material

Discharge
parameters

Hole

Release location

Direction

Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Orifice diameter
Use specified discharge coefficient?

Discharge coefficient

Elevation

Tank head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released

Atmospheric expansion method

Phase change upstream of orifice?

50,8

No

1

1
Horizontal
0
1,05E-09

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only

GLP

Flammable only

Liquid

DNV GL recommended
Disallow liquid phase

change only (metastable
liquid)

mm

fractio
n

m

m

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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Droplet break-up

Droplet break-up mechanism -

DNV-GL

Do not force correlation

mechanism continuous
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
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Radiation levels

Parameters

Cone model data

Surface emissive power

Pool fire Result types to calculate

Radiation levels

Parameters

Mangote 100%
Short pipe
Cenario Operacional n°05\Study\Bobtail

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;

2,51E+07
0,01; 0,1; 0,99 fractio
n
3
20 s
Recommended
Use standard method
Yes
Calculate SEP
kw/
m2
fractio
n
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73, 3,72, 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

0,4 fractio
n

20 s
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DNV-GL

T S NS R [

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material Material

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition
Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed
ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model

Line rupture
50,8

1

1
1
None

Not applicable

Horizontal
0

7,35E-05

No

Calculate non-ignition
probability

Stationary - use material
reactivity

Calculate minimum
probability of delayed
ignition

Calculate conditional
probability

Flammable only
GLP

Flammable only

kg/s

deg

AvgeY
ear

fractio
n

fractio
n

fractio
n

fractio
n
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DNV-GL

Phase Phase to be released Liquid
Discharge Model settings Atmospheric expansion method DNV GL recommended
parameters
Droplet break-up Droplet break-up mechanism - Use flashing correlation
mechanism instantaneous
Droplet break-up mechanism - Do not force correlation
continuous
Short pipe Pipe characteristics Pipe roughness 0,045 mm
Frequencies Frequency of bends in pipe 0 /m
Frequency of couplings in pipe 0 /m
Frequency of junctions in pipe 0 /m
Frequencies of valves Frequency of excess flow valves 0 /m
Frequency of non-return valves 0 /m
Frequency of shut-off valves 0 /m
Velocity head losses Excess flow valve velocity head losses 0
Non-return valve velocity head losses 0
Shut-off valve velocity head losses 0
Dispersion Dispersion scope Concentration of interest ppm
Averaging time for concentration of
interest
Specify user-defined averaging time No
User defined averaging time S
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
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Jet fire

Pool fire

Radiation levels

Parameters

Calculation method

Jet fire method

Result types to calculate

Radiation levels

Parameters

Cone model data

Surface emissive power

Result types to calculate

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Mass modification factor

Fireball maximum exposure duration

Fireball model

TNO model flame temperature
Jet fire method

Calculate probit

Calculate dose

Calculate lethality

Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Rate modification factor

Jet fire maximum exposure duration

Correlation

Horizontal options

Flame-shape adjustment if grounded

Calculation method for surface emissive

power

Flame emissive power

Emissivity fraction

Calculate probit

DNV-GL

No
No
3
9,85; 19,45; 35 kW/

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1, 0,99 fractio
n

3
20 s
Martinsen time varying
1726,85 degC
Cone model
No
No
No
3

9,85; 19,45; 35 kW/
m2

2,73; 3,72; 7,5

1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99 fractio
n

3
20 s

Recommended
Use standard method
Yes
Calculate SEP

kw/

m2

fractio
n

No
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Radiation levels

Parameters

Mangote 10%
Short pipe

Cenario Operacional n°05\Study\Bobtail

Calculate dose
Calculate lethality
Number of input radiation levels

Intensity levels

Probit levels

Dose levels

Lethality levels

Radiative fraction for general fires

Pool fire maximum exposure duration

DNV-GL

No

No

3

9,85; 19,45; 35
2,73; 3,72; 7,5
1,27E+06; 5,8E+06;
2,51E+07

0,01; 0,1; 0,99

0,4

20

kw/

fractio
n

fractio
n

S

_tab | Gowe | Fed | vale Junits]

Scenario Scenario

Pipe dimensions

Hole

Release location

Flow control

Direction

Risk Event frequency

Type of risk effects to
model

Non-ignition probabilities

Scenario type

Pipe internal diameter
Pipe length

Orifice diameter
Elevation

Tank head

Flow controller

Input option

Fixed flow rate

Pump head

Outdoor release direction
Outdoor release angle

Event frequency

Reduce risks for mounded / underground
tanks

Specify probability of non-ignition

Line rupture
5,08

1

1
1
None

Not applicable

Horizontal
0

7,35E-05

No

Calculate non-ignition
probability

kg/s

deg

AvgeY
ear
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Material

Discharge
parameters

Short pipe

Dispersion

Immediate ignition
probabilities

Delayed ignition
probabilities

Cox-Lees-Ang and UKOOA
ignition modelling

Material

Phase

Model settings

Droplet break-up
mechanism

Pipe characteristics

Frequencies

Frequencies of valves

Velocity head losses

Dispersion scope

Non-ignition probability

Probability of immediate ignition

Immediate ignition probability

Specify minimum probability of delayed

ignition

Minimum probability of delayed ignition

Specify conditional explosion probability

Conditional explosion probability

Release type for CLA / UKOOA

Material characteristics
Material to track

Type of risk effects to model
Phase to be released
Atmospheric expansion method
Droplet break-up mechanism -
instantaneous

Droplet break-up mechanism -
continuous

Pipe roughness

Frequency of bends in pipe
Frequency of couplings in pipe
Frequency of junctions in pipe
Frequency of excess flow valves
Frequency of non-return valves
Frequency of shut-off valves

Excess flow valve velocity head losses
Non-return valve velocity head losses
Shut-off valve velocity head losses
Concentration of interest

Averaging time for concentration of
interest

DNV-GL

fractio
n
Stationary - use material
reactivity
fractio
n
Calculate minimum
probability of delayed
ignition
fractio
n
Calculate conditional
probability
fractio
n
Flammable only
GLP
Flammable only
Liquid
DNV GL recommended
Use flashing correlation
Do not force correlation
0,045 mm
0 /m
0 /m
0 /m
0 /m
0 /m
0 /m
0
0
0
ppm
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DNV-GL

Specify user-defined averaging time No
User defined averaging time s
Distances of interest Distances of interest m
Averaging time for reports ERPG [1 hr] No
IDLH [30 mins] No
STEL [15 mins] No
Bund, Terrain and bund Type of terrain for dispersion Land
building and definition
terrain
Type of pool substrate and bunds Concrete, no bund
Explosion Explosion method Explosion method Multi-Energy: Uniform
parameters confined
Ignition Supply late ignition location No ignition location
Location of late ignition m
Vapour liquid method Use explosion mass modification factor Yes
Explosion mass modification factor 3
Fireball Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kW/
m2
Probit levels 2,73; 3,72, 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Mass modification factor 3
Fireball maximum exposure duration 20 s
Calculation method Fireball model Martinsen time varying
TNO model flame temperature 1726,85 degC
Jet fire Jet fire method Jet fire method Cone model
Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3

Intensity levels 9,85; 19,45; 35 kW/
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DNV-GL

m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Rate modification factor 3
Jet fire maximum exposure duration 20 s
Cone model data Correlation Recommended
Horizontal options Use standard method
Flame-shape adjustment if grounded Yes
Surface emissive power Calculation method for surface emissive Calculate SEP
power
Flame emissive power kw/
m2
Emissivity fraction fractio
n
Pool fire Result types to calculate Calculate probit No
Calculate dose No
Calculate lethality No
Radiation levels Number of input radiation levels 3
Intensity levels 9,85; 19,45; 35 kWw/
m2
Probit levels 2,73; 3,72; 7,5
Dose levels 1,27E+06; 5,8E+06;
2,51E+07
Lethality levels 0,01; 0,1; 0,99 fractio
n
Parameters Radiative fraction for general fires 0,4 fractio
n
Pool fire maximum exposure duration 20 s

Audit Number: 7929
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Solug¢des em Riscos Industriais

Anexo 3 — Relatorios das modelagens de consequéncias.



DNV-GL

Consequence Summary Report

Workspace: Cenario Operacional n°01

Study: Study
Summary Basis

Wkhvhwde diviz lufirgd #hs ruw are ddly daxhviivhwilg ik hiis dudp hwhuw Y dexhvikk dwiduh#p rglihg#lg#k hivwxg | #whh#z o
grwieh#ihsrwhgl

Wkhihs rusiviifr quh { wivhgvinlyh Adgg#ilohuviix s ek hivwx g | #hyhdi rx#z adghhg#e# hghudvh#p xodsdiivxp p dul #
ths ruw#liff| rx#kdyhi#p xodlsdh#vikghvilg#| rxuliz runvsdfhl

Discharge Results (after atmospheric expansion)

Path Scenari | Weathe Peak | Temper | Liquid | Droplet | Expand | Velocit End
o r Flowrat | ature mass diamet time of
e [kg/ | [degC] | fractio er i release
s] nin [um] [s]

materi

al

[fractio

n]

c1

Vg | 4#0 LI# K34 067/97:8 3/9<<:: 483/766 64/3:45
+X ehuwggld, 4
_Fdwhwd#iWdgtxh
Qrkh 067/97:8 3/9<<:: 483 /766 64/3:45
4
K35 Gld 65/5;79 067/97:8 3/9<<:9 48</4:9 3/4:896 488/65; <<4/4;6
4 .
Qrkh 65/5;79 067/97:8 3/9<<:9 48</4:9 3/4:896 488 /65; <<4/4;6
4 .
wag|_4#01i[# K36D Gl </77658 067/97:8 3/:33:9 485/57 3/3<6<7 48; /5<5 6933
+X ehudggld, < 3;
_Ghvfduj d#gh#
Fdwhwd#wdgtxh#
Qrkh </77658 067/97:8 3/:33:9 485/57 3/3<6<7 48; /5<5 6933
< 3;
K37D Gld 3/39787 067/97:8 3/:3369 494 /767 3/33:;3 48:/3:7 6933
<: 5 539
Qrkh 3/39787 067/97:8 3/:3369 494 /767 3/33:;3 48:/3:7 6933
=3 5 539
wag|_4#01l# K36E Gld 6;/8;: 067/97:8 3/:33:7 484 /<:9 3/4;<<5 48; /58 4888/37
+X ehudggld, < 9
_Ghvfduj d#igh#
Fdwhwd#wdgtxh#5
Qrkh 6;/8;: 067/97:8 3/:33:7 484 /<:9 3/4;<<5 48; /58 4888/37
< 9
K37E Gld 3/6473; 067/97:8 3/:33; 488/:;8 3/34:46 48; /634 6933
9 4
Qrkh 3/6473; 067/97:8 3/:33; 488/:;8 3/34:46 48; /634 6933
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DNV-GL

9 4
K38E GHd 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
Qrkh 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
K39E GHd 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
Qrkh 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
VV\K9|_4#0LI# K3: GHd 067/97:8 3/9<<:< 483 /68< 64/3;86
+X ehuwlggd, :
_Wdgtxh#gh#
Duwp d}hgdp hgwr
Qrkh 067/97:8 3/9<<:< 483 /68< 64/3;86
K3; GHd 4/59<:9 067/97:8 3/9<<;6 48; /<96 3/367;3 488/858 6933
5 8<
Qrkh 4/59<:9 067/97:8 3/9<<;6 48; /<96 3/367;3 488/858 6933
5 8<
K3< GHd 433 067/97:8 3/9<<;6 48; /<96 3/63;;; 488/858 933
5 5
Qrkh 433 067/97:8 3/9<<;6 48; /<96 3/63;;; 488/858 933
5 5
K43 GHd 56/679< 05</7<:5 3 3 3/4::;5 69</<:4 589</<8
Qrkh 56/679< 05</7<:5 3 3 3/4::;5 69</<:4 589< /<8
Vwkg | _4#0 LI# K44E Gld </;3774 067/97:8 3/:33:5 484/9;4 3/3<8:8 48; /53: 6933
+X ehuglggd, < 58
_Fduhjdp hgwr#gh#
Dxwrwidgtxhit
Qrkh </;3774 067/97:8 31/:331:5 484/9;4 3/3<8:8 48; /53: 6933
< 58
K45E GHd 3/39987 067/97:8 3/:337: 493/6;9 3/33:<4 48:/6:7 6933
64 599
Qrkh 3/39987 067/97:8 3/:337: 493/6;9 3/33:<4 48:/6:7 6933
64 599
K46D cu 6/:688 05;/36<9 3 3 3/3:4<3  697/736 6933
Qrkh 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
K47D cu 3/35433 053/:88; 3 3 3/338;5 655/36< 6933
8< ;57
Qrih 3/35433 053/:88; 3 3 3/338;5 655/36< 6933
8< 257
RS Audit Number: 6503
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Vwkg | _4#0 LI# K38D Gld ;/737;: 05;/:758 3 3 3/43:5< 69:/434 6933
+X ehuwlggd, 8
_Fduwhjdp hgwr#gh#
Dxwrwlgtxhis
Qrkh ;/737;: 05;/:758 3 3 3/43:5< 69:/434 6933
8
K39D cHd 3/389;3 056/:456 3 3 3/33<63 66:/785 6933
49 5:7
Qrkh 3/389;3 056/:456 3 3 3/33<63 66:/785 6933
49 5:7
K44D cd 6;/8;: 067/97:8 3/:33:7 484/<:9 3/4;<<5 48;/58 4888/37
9
Qrkh 6;/8;: 067/97:8 3/:33:7 484 /<:9 3/4;<<5 48; /58 4888/37
9
K45D Gld 3/6578; 067/97:8 3/:33;5 487 /<35 3/34:74 48; /6: 6933
: 3:
Qrkh 3/6578; 067/97:8 3/:33;5 487 /<35 3/34:74 48; /6: 6933
8 33
K46E Gld /737 ; 05;/:758 3 3 3/43:5< 69: /434 6933
8
Qrkh /737 ; ¢ 05;/:758 3 3 3/43:5< 69: /434 6933
8
K47E Gld 3/389;3 056/:456 3 3 3/33<63 66:/785 6933
49 5:7
Qrkh 3/389;3 056/:456 3 3 3/33<63 66:/785 6933
49 5:7
Vwkg | _4#0 LI# K48 Gld 067/97:8 3/9<<:< 483 /68< 64/3;86
+Xehuwlggld, Dxwr# :
Wdgtxh
Qrkh 067/97:8 3/9<<:< 483 /68< 64/3;86
K49 Gld 65/:9:; 067/97:8 3/9<<;6 48; /<96 3/4:9;4 488/858 5:7/99
5 7
Qrh 65/:9:; 067/97:8 3/9<<;6 48; /<96 3/4:9;4 488 /858 5:7/99
5 7
Vwkg | _4#0 LI# K48 Gld 067/97:8 3/9<<:< 483 /68< 64/3;86
+Xehuwlggld, Dxwr# :
Wdgtxh#Shugrkh
Qrkh 067/97:8 3/9<<:< 483 /68< 64/3;86
K49 Gld 65/:9:; 067/97:8 3/9<<;6 48; /<96 3/4:9;4 488/858 5:7/99
5 7
Qrh 65/:9:; 067/97:8 3/9<<;6 48; /<96 3/4:9;4 488 /858 5:7/99
5 7
vag|_4#01l# K4:D Gld 69/89<: 067/97:8 3/:33;3 485/; : 3/4;7;4 48; /699 4973/;5
+X ehuwggld, 6 4
' 4 Audit Number: 6503
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_Hgjdudidp hguwr#

Qrkh 69/89<: 067/97:8 31/:33;3 485/; : 3/4;7;4 48; /699 4973/;5
6 4
K4;D Gld 3/5<<:9 067/97:8 3/:33:7 48:/3<7 3/349:7 48; /A5< 6933
i 5 9:
Qrkh 3/5<<:9 067/97:8 3/:33:7 48:/3<7 3/349:7 48; /45< 6933
8 5 €3
VW<9|_4#01I# K4:E GHd ;5/:;87 067/97:8 3/:33;3 485/:;; 3/5:;39 48; /696 :57/;;6
+X ehuglggd, 4 :
_Hgjdudidp hgwr#s
Qrkh ;5/:;87 067/97:8 31/:33;3 485/:; ; 3/5:;39 48; /696 :57/; ;6
4 .
K4;E Gld 3/:589: 067/97:8 3/:33;4 488/5:; 3/35936 48; /685 6933
8 9 78
Qrkh 3/:589: 067/97:8 3/:33;4 488/5:; 3/35936 48; /685 6933
8 9 78
K4< Gld ; /<8945 067/97:8 3/:33;5 486 /56 ; 3/3<477 48; /744 6933
6 64
Qrkh ; /<8945 067/97:8 3/:33;5 486 /56 ; 3/3<477 48; /744 6933
6 64
K53 Gld 3/394; 067/97:8 3/:3353 496/4: : 3/33:97 489/95: 6933
5 9<<
Qrkh 3/394; 067/97:8 3/:3353 496 /4: : 3/33:97 489/95: 6933
5 9<<
Vwxg | 40 IT# Fdwlvwr GH 067/97:8 3/9<<:9  483/77; 64/39;7
+X ehuwlggd, skIf# 9
_Dup d}hgdp hgwr# ux swxuh
S46
Qrkh 067/97:8 3/9<<:9 483 /77; 64/39;7
9
Ohdn Gld 4/586:5 067/97:8 3/9<<:: 48</479 3/36793 488/689 43/69<4
4 o .
Qrkh 4/586:5 067/97:8 3/9<<:: 48</479 3/36793 488 /689 43 /69<4
4 ..
Il{hg# Gld 3/35499 067/97:8 3/9<<:: 48</479 3/33787 488/689 933
gxudwirg# 9: 4 <88
thdadvh
Qrkh 3/35499 067/97:8 3/9<<:: 48< /479 3/33787 488 /689 933
3 4 <88
VV\K9|_4#0LI# F dwdvwur Gld 067/97:8 3/9<<:: 483/769 64/3:39
+X ehuwlggd, skIlf#
_Duwp d}thgdp hgwr# ux swxuh
S53
Qrkh 067/97:8 3/9<<:: 483 /769 64/3:39
Ohdn Gld 4/588; : 067/97:8 3/9<<:: 48< /455 3/36796 488/6:< 43 /6847
< 77
A= Audit Number: 6503
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Qrih 4/588;: 067/97:8 3/9<<:: 48</A55 3/36796 488/6:< 43 /6847
< 77
I ho# G1ld 3/35499 067/97:8 3/9<<:: 48< /455 3/33787 488/6:< 933
gxudwirg# 9: < <48
thdadvh
Qrh 3/35499 067/97:8 3/9<<:: 48< /455 3/33787 488/6:< 933
9: < <48
Vwkg | _4#0 LI# Fdwdvwr G1 067/97:8 3/9<<::  483/757 64/3:5<
+X ehuwlggd, skIlf# 7
_Dup d}hgdp hgwr# ux swxuh
S78
Qrh 067/97:8 3/9<<:: 483 /757 64/3:5<
7
Ohdn GHd 4/58;35 067/97:8 3/9<<:; 48</3<: 3/36799 488/734 68/::38
: 4
Qrh 4/58;35 067/97:8 3/9<<:; 48</3<: 3/36799 488/734 68/::38
8 4
Il{hg# GHd 3/3:8 067/97:8 3/9<<:; 48</3<: 3/33;79 488/734 933
gxudwirg# : 63:
thdadvh
Qrh 3/3:8 067/97:8 3/9<<:; 48</3<: 3/33;79 488/734 933
8 63:
wag|_4#0LI# K63 GHd </65584 067/97:8 3/:33:< 485/7<6 3/3<664 48; /677 547/984
+Xehudggld, Olgkd# <;
Hfrdjifd
Qrh </65584 067/97:8 3/:33:< 485/7<6 3/3<664 48; /6717 547/984
<i
K64 GHd 3/396;9 067/97:8 3/:3366 494 /<57 3/33::9 489 /<< 6933
i 5 654
Qrh 3/396;9 067/97:8 3/:3366 494 /<57 3/33::9 489 /<< 6933
7 5 654
wag|_4#0LI# K65 GHd 5/6696; 067/97:8 3/:33:< 485/685 3/379:4 48; /68< 6933
+Xehudggld, Olgkd# 7 7<
Hfraj Ifd##
Ghfdgwd tflr#
Qrih 5/6696; 067/97:8 3/:33:< 485 /685 3/379:4 48; /68< 6933
7 7<
K66 G1ld 3/34573 067/97:8 3/9<<33 4:6/356 3/33679 486 /649 6933
8; 5 <:<
Qrh 3/34573 067/97:8 3/9<<33 4:6/356 3/33679 486 /649 6933
8; 5 <:<
wag|_4#0LI# K67E GHd 5/6696; 067/97:8 3/:33:< 485/685 3/379:4 48; /68< 6933
+Xehudggld, Olgkd# 7 7<
Hfraj Ifd##
Ghfdgwd tflr#5
Qrih 5/6696; 067/97:8 3/:33:< 485 /685 3/379:4 48; /68< 6933
7 7<
i'..\ 3 Audit Number: 6503
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K68E Gld 3/34573 067/97:8 3/9<<33 4:6/356 3/33679 486 /649 6933
8; 5 <:<
Qrkh 3/34573 067/97:8 3/9<<33 4:6/356 3/33679 486 /649 6933
8; 5 <:<
K69D Gld /737 ; 05;/:758 3 3 3/43:5< 69: /434 6933
8
Qrih /737 ; ¢ 05;/:758 3 3 3/43:5< 69: /434 6933
8
K6:D Gld 3/389;3 056/:456 3 3 3/33<63 66:/785 6933
49 5:7
Qrkh 3/389;3 056/:456 3 3 3/33<63 66:/785 6933
49 5:7
Vwkg | _4#0 LI# K67D Gld </;3774 067/97:8 3/:33:5 484/9;4 3/3<8:8 48; /53 : 6933
+Xehudggld, Olgkd# < 58
Hfraj Ifd##
Ghfdgwd tflr#6
Qrh </;3774 067/97:8 3/:33:5 484 /9 ;4 3/3<8:8 48; /53: 6933
< 58
K68D Gld 3/39987 067/97:8 3/:337: 493/6;9 3/33:<4 48:/6:7 6933
64 599
Qrkh 3/39987 067/97:8 3/:337: 493/6;9 3/33:<4 48:/6:7 6933
64 599
K69E Gld 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
Qrkh 6/:688 05;/36<9 3 3 3/3:4<3 697/736 6933
K6:E Gld 3/35433 053/:88; 3 3 3/338;5 655/36< 6933
8< ;57
Qrkh 3/35433 053/:88; 3 3 3/338;5 655/36< 6933
8< 257
Vwxg | 4#0 LI# K6; cd 067/97:8 3/9<<:: 483/74; 64/3:7
+X ehudggld, 9
_Wdgtxh#igh#
Ghfdgwdtflr
Qrh 067/97:8 3/09<<:: 483 /74 ; 64 /3:7
9
Ké6< Gld 4/58<3< 067/97:8 3/P<<:< 48</3;8 3/3679: 488/745 48;;/78
4 76
Qrkh 4/58<3< 067/97:8 3/9<<:< 48</3;8 3/3679: 488 /745 48;;/78
76
K73 Gld 6/66666 067/97:8 3/P<<:< 48</3;8 3/38974 488/745 933
4 ;4
Qrkh 6/66666 067/97:8 3/9<<:< 48</3;8 3/38974 488 /745 933
4 ;4
K74 Gld 3/7;;6< 059/<555 3 3 3/35963 68:/:6: 6933
'7 .
' 4 Audit Number: 6503
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Qrkh 3/7;;6< 059/<555 3 3 3/35963 68:/:6: 6933
7 .
Vwkg | _4#0 LI# K75 Gld ; /<8945 067/97:8 3/:33;5 486 /56 ; 3/3<477 48; /744 6933
+Xehudggld, Frdwd# 6 64
gh#R dalgd
Qrkh ; /<8945 067/97:8 31/:331;5 486 /56 ; 3/3<477 48; /744 6933
6 64
K76 Gld 3/394; 067/97:8 3/:3353 496/4: : 3/33:97 489/95: 6933
5 9<<
Qrkh 3/394; 067/97:8 3/:3353 496 /4: : 3/33:97 489/95: 6933
5 9<<
Vwkg | _4#0 LI# K78 Gld 067/97:8 3/9<<:: 483 /757 64/3:5<
+X ehuwlggd, 7
_Dup d}hgdp hguwr#
S4<3
Qrkh 067/97:8 3/9<<:: 483 /757 64/3:5<
7
K79 Gld 4/58;35 067/97:8 3/9<<:; 48</3<: 3/36799 488/734 484 /364
: 4
Qrkh 4/58;35 067/97:8 3/9<<:; 48</3<: 3/36799 488 /734 484 /364
3 4
K7: Gld 3/64999 067/97:8 3/9<<:; 48</3<: 3/34:6< 488/734 933
Qrkh 3/64999 067/97:8 3/9<<:; 48</3<: 3/34:6< 488/734 933
K7; Gld 4/53:74 067/97:8 3/:33;7 486 /<6: 3/3668: 48; /778 48:/7;;
5 39
Qrih 4/53:74 067/97:8 3/:33;7 486 /<6 : 3/3668: 48; /778 48:/7; ;
5 39
K7< Gld 3/338:5 067/97:8 3/9<:73 4;8/:4 3/3356< 47;/;38 6933
687 5 ;85
Qrkh 3/338:5 067/97:8 3/9<:73 4;8/:4 3/3356< 47;/;38 6933
687 5 ;85
K83 Gld 4/53:74 067/97:8 3/:33;7 486 /<6: 3/3668: 48; /778 48:/7;;
5 39
Qrih 4/53:74 067/97:8 3/:33;7 486 /<6 : 3/3668: 48; /778 48:/7; ;
5 39
K84 Gld 3/338:5 067/97:8 3/9<:73 4;8/:4 3/3356< 47;/;38 6933
687 5 ;85
Qrkh 3/338:5 067/97:8 3/9<:73 4;8/:4 3/3356< 47;/;38 6933
687 5 ;85
Vwxg | 440 II# K85 cd 57/8 4 43333 3
+X ehuwggld,
_Ghs&viwigh#it gwdv
Qrkh 57/8 4 43333 3
A= Audit Number: 6503
-] Date: 11/09/2019 Time: 11:48
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K86
Vwkg | _4#0 LI# K87
+X ehuwlggd,
_Ghs&vir#gh#t gwdvi
+P wxkud,

K88

Gld

Qrh

e}

Qrh

Gld

Qrh

3/46954
4

3/46954
4

3/46954
4

3/46954
4

57/7<::

57/7<::

57/8

57/8

57/7<::

57/7<::

:963/65

:854 /85

43333

43333

:963/65

:854 /85

DNV-GL

3/33::7 7/97857 <46/97<

3/33::7 7/97857 <46/97<

3

3/33::7 7/97857 5:73/<8

3/33::7 7/97857 5:73/<8

Audit Number: 6503
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Dispersion Results

Input dispersion parameters

Fruh#dyhudj Ioj#ip h 4;/:8 v
Iadp p dedifdyhud] gj#ip h 4;/:8 v
Wr { E#dyhudj Igj#ip h 933 v
Kh1j kwir i#lguhuhvw 3 p

Distance downwind to defined concentrations
Wkh#uhs rwhg#frgfhgwdwlr g#r ilgvhuhvwiivighilghgfdwivich#ivEhgdulr

Path Scenario Weather Distance to Distance to Distance to
UFL [m] LFL [m] LFL fraction
[m]
Vwxg | 4#0 LI#X ehuaddggld, ¢y ;5/:8<4 648/7<5 753/9:4
_Fdwhwd#¥dgtxh
Qrkh :3/5776 63; /657 747/5;7
K35 G4 g2d 464 /75< 549/5::
Qrkh g2d 463 /<68 569/934
Vwxg | 4#0 LI#X ehuaddggld, K36D ¢y g2d 86/986 444 /555
_GhvEdyj d#gh#F dwhwd#idgt xh#4
Qrkh q2d 8;/7i:4 454 /<4<
K37D Gld g2d g2d g2d
Qrih g2d g2d g2d
Vwxg | 4#0 LI#X ehuaddggld, K36E cd qg2d 477/<3; 569/<76
_GhvEdyj d#gh#F duwhwd#idgt xh#s
Qrkh q2d 476 /796 58</3;9
K37E Gld g2d g2d g2d
Qrih g2d g2d g2d
K38E G4 g2d g2d 69/;35;
Qrkh q2d qg2d 74 /3997
K39E GH g2d g2d 69/;35;
Qrih g2d g2d 74 /3997
Vwxg | _4#0 LI#X ehuaddggld, K3: ¢y 446 /557 6<3/:9< 848/; :
_Wdgtxh#gh#Duw d}hgdp hgwr
Qrkh <</1:<: 6<6/738 858/447
K3; c1ua g2d g2d 4: /<746
Qrkh g2d g2d 63/659<

Audit Number: 6503
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K3< cu 5;/7:77 57:/4<8 6;3/788
Qrkh 63/9<9: 575/6:< 756/93<
K43 Gl g2d gad g2d
Qrih g2d gad g2d
Vwxkg | 4#0 LI#X ehudlggld, K44E Gy g2d 88/74:6 446 /8<<
_Fdwhjdp hgwrigh#Dxwwigtxhi4
Qrkh g2d 93 /474 457/88<
K45E cu qg2d qg2d qg2d
Qrih g2d gad g2d
K46D cu g2d g2d 69/;35;
Qrkh g2d g2d 74 /3997
K47D cuy qg2d qg2d qg2d
Qrih g2d gad g2d
Vwkg | 4#0 LI#X ehudlggld, K38D G g2d 57/8;9< :5/66<5
_Fdwhjdp hgwrigh#Dxwwidgtxh#s
Qrkh g2d 5:/979 :7/8:85
K39D cu qg2d q2d qg2d
Qrih g2d gad g2d
K44D cu g2d 477 /<3 ; 569/<76
Qrkh g2d 476 /796 58</3;9
K45D cuy qg2d qg2d qg2d
Qrih g2d gad g2d
K46E cuy g2d 57/8;9< :5/66<5
Qrikh q2d 5:/979 :7/8:85
K47E cuy qg2d qg2d qg2d
Qrkh g2d g2d g2d
Vwxg | _4#0 LI#Xehumlggld, Dxwr# K48 el 6</:337 537/837 5:;/75:
Wdgtxh
Qrkh 65/58; 4;</566 58; /59<
K49 cuy qg2d 465/858 54: /<5
Qrikh q2d 464 /<8; 56; /747
Vwxg | _4#0 LI#Xehumlggld, Dxwr# K48 el 6</:337 537/837 5:;/75:
Wdgtxh#shugr kh
Qrkh 65/58; 4;</566 58; /59<
K49 cuy qg2d 465/858 54: /<5
Qrikh q2d 464 /<8; 56; /747
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Vwkg | 4#0 LI#X ehudlggld,
_Hgjdudidp hgqwr#

Vwxkg | 4#0 LI#Xehudqgld,
_Hgjdudidp hgqwr#s

Vwxkg | 4#0 LI#Xehudqgld,
_Dup d}hgdp hquwr#s4e6

Vwkg | 4#0 LI#X ehudlggld,
_Dup d}hgdp hqwr#s53

Vwxkg | 4#0 LI#Xehudqggld,
_Dup d}hgdp hquwr#s78

K4:D

K4;D

K4:E

K4;E

K4<

Fdwdvwr sk If#
ux swxuh

Ohdn

I hg#gxudwlrg#
uhdidvh

Fdwdvwir sk 1If#
ux swxuh

Ohdn

I hg#xudwlrg#
uhdndvh

Fdwdvwrsk If#
ux swxuh

Ohdn

I hgxudwlrg#
uhdadvh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

G

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

G

Qrkh

Gl

Qrh

Gl

Qrh

g2d

g2d
g2d
g2d

56/9<45

58/<374
g2d
g2d
g2d
g2d
g2d
g2d

4/868:4

4/8546;
g2d
g2d

g2d

g2d

4/868:4

4/85474
g2d
g2d

g2d

g2d

5/9865;

5/8<77;
g2d
g2d

g2d

g2d

DNV-GL

473/5; :

46</398
g2d
g2d

555 /46 ;

54: /6<6
g2d
g2d

84 /544 :

89 /56 ;
g2d
g2d

8/347; ;

6/;835;
g2d
g2d

gad

g2d

8/3478:

6/;8347
gad
g2d

g2d

g2d

</4;<58

: /59945
gad
g2d

g2d

g2d

563/875

584 /< ;<
g2d
g2d

679 /<;

6;6/9;9
g2d
44/9::6
43:/;67
44 ; /66 :
g2d
g2d

47/676:

43/59
4:/8:;8
5;/:946

g2d

g2d

47/675

43/58; ;
4:/95:4
5;/:<:7

g2d

g2d

63/4375

56 /7566
4:/9:89
63/394:

g2d

g2d
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Vwkg | _4#0 LI#Xehudlggld, Olgkd#
Hfrdj Ifd

Vwxkg | 4#0 LI#Xehuddggld, Olgkd#
Hfrarj fd##s hfdgwd tflr#

Vwxkg | 4#0 LI#Xehuddggld, Olgkd#
Hfrarj fd##s hfdgwd tflr#s

Vwxkg | 4#0 LI#Xehuddggld, Olgkd#
Hfrarj fd##s hfdgwd tflr#e

Vwxkg | 4#0 LI#Xehudqgld,
_Wdgtxh#gh#z hfdgwd tflr

Ke64

K67E

K68E

K69D

K6:D

K67D

K68D

K69E

K6:E

Ké6;

Ke6<

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

g2d

g2d
g2d
g2d

g2d

g2d
g2d
g2d

g2d

g2d
g2d
g2d
g2d
g2d
g2d
g2d

g2d

g2d
g2d
g2d
g2d
g2d
g2d
g2d

44/9::7

43/46;6
g2d
g2d
g2d
g2d

g2d

DNV-GL

86 /3787

8:/<677
g2d
g2d

gad

g2d
g2d
g2d

gad

g2d

g2d

g2d
57/8;9<
5:/979
g2d

g2d

88/74:6

93 /474
g2d
g2d
gad
g2d
g2d
g2d

444 /757

433/479
g2d
g2d

48/::58

56 /5<37

g2d

443/745

454 /389
g2d
g2d

76/<;84

83 /3<74
g2d
g2d

76/<;84

83 /3<74
g2d
g2d

:5/66<5

:7/8:85
g2d
g2d

446 /8<<

457/88<
g2d
g2d
69/;35;
74 /3997
g2d
g2d

495/98

478/565
4:/9<<9
63/3;94
8;/:;4<
97 /<64 :

g2d

Audit Number: 6503
Date: 11/09/2019 Time: 11:48

Page 12 of 45



DNV-GL

Qrih g2d g2d g2d
Vwkg | _4#0 LI#X ehudlqgld, Frdawd# K75 G g2d 84 /544 : 43:/;67
ghiR dilgd
Qrkh g2d 89 /56 ; 44 ; /66 :
K76 Gl g2d gad g2d
Qrih g2d gad g2d
Vwkg | 4#0 LI#X ehudlggld, K78 (el 7/88796 5:/; ;45 94 /:34<
_Duwp d}thgdp hgwr#S4<3
Qrkh 7/73:;8 56 /786 : 84 /<365
K79 cd g2d g2d 4:/9:89
Qrkh g2d g2d 63/394:
K7: Gld g2d g2d g2d
Qrkh g2d g2d g2d
K7; G g2d gad 49/5596
Qrkh q2d g2d 5; /6584
K7< Gld g2d g2d gad
Qrih g2d gad g2d
K83 Gl g2d gad 49/5596
Qrkh g2d g2d 5; /6584
K84 Gld g2d g2d g2d
Qrih g2d gad g2d
Vwxg | 4#0 LI#X ehuslggld, K85 cud ; /84898 58/63;4 68/::65
_Ghs&vhrigh#iigwdv
Qrkh </86869 53/57;8 5:/A<6<
K86 Gld g2d g2d g2d
Qrih g2d gad g2d
Vwxg | 4#0 LI#X ehualgqgld, K87 cd 45/<7; < 66/:53< 7:/3;:;;
_Ghs%vhrigh#i gwdvikP Inecud,
Qrih 45/99;9 58/<38; 67/65:<
K88 G1d g2d 03/346:37 7/49:4;
Qrih g2d 4/8;378 /9297
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Jet Fire Results
Distance downwind to defined radiation levels
Wkhiths ruhg#dg Buirgviduh#gh ighg#lg #kh#isdudp hwhuv

Path Scenario Weather

Vwxg | 4#0 LI#X ehuaddggld, K35 cd
_Fduhwd#idgtxh
Qrh
Vwxg | 4#0 LI#X ehuaddggld, K36D cd
_Ghvfduj digh#F dwhwd#
Wdgtxh#
Qrh
K37D Gl
Qrih
Vwxg | _4#0 LI#X ehuaddggld, K36E cd
_Ghvfdyj d#igh#F duhwd#
Wdgtxhi#s
Qrih
K37E Gld
Qrih
K38E Gl
Qrh
K39E Gld
Qrih
Vwxkg | 4#0 LI#Xehudqgld, K3; el
_Wdgtxh#gh#Dup d}hgdp hgwr
Qrih
K3< Gld
Qrih
K43 Gl
Qrh
Vwxg | 4#0 LI#X ehuaddggld, K44E cud

_Fdwhjdp hgwr#gh#
Dxwrwigtxhi

Flame
length [m]

83/::;8

86/:;9<

5< /<436

64/9;57
6/754:8
6/9577:

87/98;7

8:/;<9:
9/; 7758
:/57<:7
56/789;
55/;54<
56/789;
55/; 54<

45/947;

46 /6955
;5/4<34
;:/38<8
68/447<
69/<969

63 /6<<

Distance
downwind
to
intensity
level 1
(CRISN74
m2) [m]

<3/5<:9

<5/95<9

84 /:34<

86/3:67
8/453:8
8/5:<<6

<:/8;<5

433 /3<<
44 /396<
44/6:85
5</9;6;
5< /5356
5</9;6;
5</5356

53 /<44<

54 /7 ;<
483/48;
486 /<64

5</337
57/<3;6

85/8<39

DNV-GL

Distance
downwind
to
intensity
level 2
(19,45
kW/m2)
[m]

::/397;

:</7;8:

77/5699

78/98;6
7/5<664
7/718686

;6/5:9

P85 556
</84<3;
</;6686

59/595
58/8;46

59/595
58/8;46

4:/<84:

4; /875
45:/; ;4
464/;47
;/6;5<7

g2d

77/<<68

Distance
downwind
to
intensity
level 3 (35
kW/m?2)

[m]

9: /<<4:

:3/7696

6</3:6<

73/834
6/8:;7<
6/93999

26/7::;

:9/4447
; /6<8<<
/i35
56/6;47
55/9<8;
56/6;47
55/9<8;

48/;8<:

49/7798
445/:3<
449/9; <
g2d
g2d

6</:746
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Vwkg | 4#0 LI#X ehudlggld,
_Fduwhjdp hgwr#gh#
Dxwrwdgtxh#s

Vwxg | 4#0 LI#Xehudqgld,
_DxwriNdgtxh

Vwkg | _4#0 LI#X ehudlggld,
_Dxwrivdgtxh#Shugr kh

Vwxkg | 4#0 LI#Xehudqgld,
_Hgjdudidp hgwr#

Vwxkg | 4#0 LI#Xehudqgld,
_Hgjdudidp hgwr#s

K45E

K46D

K47D

K38D

K39D

K44D

K45D

K46E

K47E

K49

K4:D

K4;D

K4:E

K4;E

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

G

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh
Gud

Qrh

65/5
6/7999
6/9:4<;
56/789;
55/;54<
5/5;4:9
5/59;7;

65/:<88

64 /<43<

6/8445
6/7;689
87/98;7
8:/;<9:
9/<75;17
: /6874 :
65/:<88
64 /<43<

6/8445
6/7;689

84 /3<5<

87 /44<<

84 /3<5<

87 /44<<

86 /7475

89/8:; :
9/:3:68
:/437:6

:8/9:39

;3/486:
</;948:

43/778;

86/<;7;
8/4<<; ;
8/69445
5</9;6;
5< /5356

g2d

g2d

76/87; :

75/<59
g2d

g2d
<:/8;<5
433 /3<<
44 /55<:
44 /8789
76/87; :
75/<59
g2d

g2d

<3/;;:8

<6/566<

<3/;;:8

<6/566<

<8/5795

<:/9<<7
43/;668
44 /46 ; :

46:/8;6

474/38:
49/4;34

49/95<<

DNV-GL

79/76;9
7/69685
7/8596<
59 /595
58/8;46

g2d

g2d

6;/6<8;

6:/7;69
g2d
g2d

;6/5:9

78055 56

</98:66

</<:<:5
6;/6<8;

6:/7;69
g2d
g2d

::/89:4

;3/3364

::/89:4

;3/3364

i4/5;8;

;16/;667
</6535<
</96364

44: /569

453/;89
46 /<37

47/6988

74 /4<55
6/9:7<<
6/994<;
56/6;47
55/9<8;

g2d

g2d

66/8<38

65/:335
g2d
g2d

26/7::;

:9/4447

; /85564

plrE=p9

66/8<38

65/:335
g2d
g2d

9;/7684

:3/;<7<

9;/7684

:3/;<7<

:4/:58:

:7/5<;9
; /55377
;/8598<

436/69<

43: /36
45/5;54

45/:74
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Vwxkg | _4#0 LI#X ehudlggld,
_Dup d}hgdp hquwr#s46

Vwxkg | 4#0 LI#Xehudqgld,
_Duwp d}hgdp hqwr#s53

Vwkg | 4#0 LI#X ehudlggld,
_Dup d}hgdp hqur#S78

Vwxg | 4#0 LI#Xehudqgld,
Okd#ifrd] IFd

Vwxkg | 4#0 LI#Xehudqgld,
_OgkdiHfra] EdR#
Ghfdgwd tlri

Vwkg | 4#0 LI#X ehudlggld,
_OlgkdfHfrar] Faipk
Ghfdgwd tflr#5

K4<

K53

Ohdn

I hg#
gxudwlrg#
uhdndvh

Ohdn

I hg#
gxudvlrg#
uhdadvh

Ohdn

I ho#
gxudwlrg#
uhdndvh

K64

K65

Ke67E

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

G

Qrh

Gl

Qrkh

Gl

Qrh

5</567
63/<99
6/68;96
6/88:95

45/87: ;

46 /5<45

5/448;7

5/5744<

45/889;

46 /633 :

5/448: :

5/57445

45/898;

46 /6435

6/996:8

6/ii3i4

5</:77

64 /8395
6/73946
6/93:<6

49/6:<5

4:/67<9
4/9894;
4/:876

49/6:<5

4:/67<9

83/7:66
84/;466
8/33<9<
8/498<8

53/:<88

54 /69<7

5/;5:98

5/<55; <

53/;445

54/6;87

5/;5:89

5/<55:<

53/;59;

54 /7348

8/883;4

8/:5336

84 /6<<8

85/:966
8/3<65:
8/584:6

5:/7;74

5;/568<
4/;783;
4/;<76<

5:/7;74

5;/568<

DNV-GL

76 /4<34
77/8:<5
7/4<665
7/6887;

4:/;84<

4; /16<

4/<<;75

5/439; :

4:/;986

4; /785<

4/<<;66

5/439:<

4:/;:;:

4;/799:

7/99:59

7/; 7456

76 /<:<5

78 /6<5;
7/59;94
7/75 ; 4<

56/8:7<

57/67:8
gad
g2d

56/8:7<

57/67:8

6;/4844
6</8786

6/676;
6/863<<

48/::45

49/687;

g2d

g2d

48/: ;64

49/69:4

g2d

g2d

48/:<7<

49/6:<7

6/<<9;<

7/4:759

6;/i7:

73/599
6/6<:8
6/8;:96

53/;64:

54/938<
g2d
g2d

53/;64:

54/938<
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Vwxkg | 4#0 LI#Xehudqgld,
_Olpkd#Hfrarj ik
Ghfdqud tlr#

Vwxkg | 4#0 LI#Xehudqgld,
_Wdgtxh#gh#z hfdgwd tflr

Vwxkg | 4#0 LI#X ehudlggld,
_FrdudightR dilgd

Vwxkg | 4#0 LI#Xehudqgld,
_Dup d}hgdp hgwr#S4<3

K68E

K69D

K6:D

K67D

K68D

K69E

K6:E

K6<

K79

K7:

K7;

K7<

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

4/9894;
4/:876
65/:<88
64 /<43<
6/8445
6/7;689

63 /6<<

65 /5
6/7999
6/9:4<;
56/789;
55/; 54<
5/5;4:9
5/59;7;

45/8:36

46 /648
4</4887
53/5<36
9/7875;
9/:<648

5</567

63/<99
6/68;96
6/88:95

45/898;

46 /6435
9/;<57:
: /633 ;4
45 /6367
46 /3656

4/4;3<6

4/;783;
4/;<76<
76/87; :
75/<59
g2d

g2d

85/8<39

86/<;7;
8/4<<; ;
8/69445
5</9;6;
5</5356

g2d

g2d

53/;679

54 /73<8
65/6:87
66/5859
g2d
g2d

83/7:66

84/;466
8/33<9<
8/498<8

53/;59;

54 /7348

44 /47
44/7868
53/6:<8
53 /<754

g2d

DNV-GL

g2d
g2d
6;/6<8;
6:/7;69
g2d
g2d

77/<<68

79/76;9
7/69685
7/8596<
59/595
58/8;46
gad

g2d

4:/; ;87

4;/7:69
5:/:7:
5;/9857
g2d

g2d

76/4<34

77/8:<5
7/4<665
7/6887;

4:/; 5

4;/799:
</8;537
</i<<;8
4: [1<<<
4;/3:89

g2d

g2d
g2d
66/3<38
65/:335
g2d
g2d

6</:746

74 /A<55
6/9:7<<
6/994<;
56/6;47
55/9<8;

g2d

g2d

48/;33<

49/6;89
57/8458
58/7488
g2d
g2d

6;/4844

6</8786
6/676;
6/863<<

48/:<7<

49/6:<7

i /17<
;/:96::
48/797:
49/369;

g2d
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Vwxg | 4#0 LI#X ehudlggld,
_Ghs&viwiigh#it gwdv

Vwxkg | 4#0 LI#Xehudqgld,
_Ghs&vir#gh#t gwdvi
+P vwxud,

Qrkh
G1
Qrkh
G1
Qrh

Gl

Qrkh

Gl

Qrkh

4/583;<
45/6367
46 /3656
4/4;3<6
4/583;<

6/:6;46

6/<9;4;

6/:6;46

6/<9;4;

g2d
53/6:<8
53 /<754
g2d
g2d

7/; <459

8/4354<

7/; <459

8/4354<

DNV-GL

g2d
4:/T<<<
4;/3:89
gad
g2d

7/44776

7/638 ;<

7/44776

7/638 ;<

48/797:
49/369;
g2d
g2d

6/6:4;;

6/:9;47

6/6:4;;

6/:9;47
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Early Pool Fire Results

Distance downwind to defined radiation levels

Wkh#uhs rwhg#dg Awirgviduhigh ilghg#ig #kh#sdudp hvhuy

Path Scenario

Vwxg | 4#0 LI#X ehuaddggld, K86
_Ghs&%virighiWgwdv

Vwxg | 4#0 LI#X ehuaddggld, K88
_Ghs&%vivigh# gwd v

+P rwxud,

Weather

Gl

Qrh

Gl

Qrh

Pool
diameter

[m]

4/4:476

4/4;93;

4/4:476

4/4;93;

Distance
downwind
to
intensity
level 1
(CRISN74
m2) [m]

; /i 7495

; /71593<

; /i 7495

; /71593<

DNV-GL

Distance
downwind
to
intensity
level 2
(19,45
kW/m2)
[m]

1 /43<:9
9/8963<

1 /43<:9

9/8963<

Distance
downwind
to
intensity
level 3 (35
kW/m?2)

[m]
7/7::68
7/43999

7/7::68

7/43999
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Late Pool Fire Results

Distance downwind to defined radiation levels
Wkhiths ruhg#dg Buirgviduh#gh ighg#lg #kh#isdudp hwhuv

Path

Vwxg | 4#0 LI#X ehuaddggld,
_Fduhvd#idgtxh

Vwxg | 4#0 LI#X ehuaddggld,
_Wdgtxh#gh#Duw d}hgdp hgwr

Vwkg|_4#0 LI#X ehusdggld,
_Dxwr#ddgtxh

Vwxg | _4#0 LI#X ehuaddggld,
_Dxwr#ldgtxh#Shugr h

Vwxg | 4#0 LI#X ehuaddggld,
_Dup d}thgdp hgwr#s4e6

Vwkg|_4#0 LI#X ehusdggld,
_Dup d}hgdp hquwr#s53

Vwxg | 4#0 LI#X ehuaddggld,
_Dup d}hgdp hqur#S78

Vwkg|_4#0 LI#X ehusdggld,
_Wdgtxh#gh#z hfdgwd tflr

Vwkg|_4#0 LI#X ehusdggld,
_Dup dthgdp hgwr#S4<3

Vwxg | 4#0 LI#X ehuaddggld,
_Ghs%vhrigh#ii vdv

Scenario

K34

K3:

K48

Fdwdvwar sk If#
ux swxuh

Ké6;

K78

Weather

Gl

Qrh

Gl

Qrih

GHd

Qrih

Gl

Qrh

Gl

Qrih

GHd

Qrih

Gl

Qrh

GHd

Qrih

GHd

Qrih

Gl

Qrh

Pool Distance
diameter downwind
[m] to

intensity

level 1

(9,85 KW/

m2) [m]

8</65<5 4;7/<8;
93/539; 4;8/4<:
i5/<7:; 57;/5<6
;7/49; : 57</337
5</79<7 <:/;649
5</::49 <:/7;6
5</79<7 <:/;649
5</::49 <:/7;6
3 /<4<<<6 7/45; ;
3/<4<944 7/334<<
3/<d<<;; 7/45; :;
3/<4<93: 7/334<:
4/<8737 :1/9;6;5
4 /<86< ;/83:85
46/:9<: 7</9678
46/;984 7< /463 :
7/586:< 4:/8474
7/59386 4:/43;9
9/;57:: 55/8:<9
9/; 8435 54 /9557

DNV-GL

Distance
downwind
to
intensity

level 2
(19,45
kW/m2)
[m]

475/48<

47537

4<3/7<6

4<3/:89

:8/4964

:7/9;8:

:8/4964

:7/9;8:

5/896:5

5/73<<8

5/896:

5/73<<7

9/:37<9

9/6:;<8

6;/6;89

6:/;499

46/:3;:

46/5:7

46/5<;4

45/:5:8

Distance
downwind
to
intensity
level 3 (35
kW/m?2)

[m]

446 /<<6

445/667

485/:48

484 /357

8</:686

8;/6;66

8</:686

8;/6;66

4/87994

4/84565

4/87994

4/84565

6/73; ;4

6/593; ;

63/3696

5;/<<8:

;/i63::

i /163;5

:/48::5

9/<:;86
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K86
Vwxkg | 4#0 LI#Xehudqgld, K87
_Ghs&%vivigh#v gwd v
+P Ivwxud,

K88

Gl

Qrh

Gl

Qrh
Gud

Qrh

7/73<:<
7/97::8

44 /:;;:

44 /; <36
8/67944

8/:749<

4</5778
4;/;84;

58/75;4

57 /<59<
54 /6898

54 /384 :

DNV-GL

46 /55; ;
45/84

4:/48:6

49/:7<7
46/<6;9

46 /558 :

: /7557 ;
1 /38<49

46/596<

45/;73;
:/:439:

:/69:84

Audit Number: 6503
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Fireball Results
Distance downwind to defined radiation levels
Wkhiths ruhg#dg Buirgviduh#gh ighg#lg #kh#isdudp hwhuv

Path Scenario Weather

Vwxg | 4#0 LI#X ehuaddggld, K34 cd
_Fduhvd#idgtxh

Qrh
Vwxg | 4#0 LI#X ehuaddggld, K3: cd

_Wdgtxh#gh#Duw d}hgdp hgwr

Qrih
Vwxkg | 4#0 LI#Xehudqgld, K48 (el
_Dxwr#ddgtxh

Qrih
Vwxg | _4#0 LI#X ehuaddggld, cud
_Dxwr#ldgtxh#Shugr h

Qrh
Vwxg | 4#0 LI#X ehuaddggld, Fdwdvwrsklf# G4
_Dup d}thgdp hgwr#s4e6 ux swxuh

Qrih

Ohdn Gl

Qrh
Vwxg | 4#0 LI#X ehuaddggld, Fdwdvwrsklf# G4
_Dup d}hgdp hqwr#s53 ux swxuh

Qrh

Ohdn Gl

Qrih
Vwxg | 4#0 LI#X ehuaddggld, Fdwdvwrsklf# G4
_Dup d}thgdp hquwr#s78 ux swxuh

Qrh
Vwxkg | 4#0 LI#Xehudqgld, K6; ¢
_Wdgtxh#gh#z hfdgwd tflr

Qrih
Vwxkg | 4#0 LI#Xehudqgld, K78 el

_Dup d}hgdp hgwr#S4<3

Fireball
diameter

[m]

4::/;5<

4::/;5<

54</5:9

54</5:9

449/83;

449/83;

449/83;

449/83;

46 /4 :

46 /4 :
46 /4 :
46 /4 :

46 /4 :

46 /4 :
46 /4 :

46 /4 :

38

38

37

37

38

38

36

36

4< /<56

4< /<56

:3/8:

:3/8:

44

44

65/534

Distance
downwind
to
intensity
level 1
(CRISN74
m2) [m]

6:4/557

6:4/749

795/99:

795 /<55

56;/67:

56; /789

56;/67:

56;/789

56/3397

56/3449
56/3465
56/34;8

56/344<

56/34:4
56/3574
56 /35<7

69/3788

69/3884

46</<:7

473 /35<

93/796;

DNV-GL

Distance
downwind
to
intensity
level 2
(19,45
kW/m2)
[m]

598/4 ;4

598 /63<

664 /4<:

664 /69:

49</8<4

49</997

49</8<4

49</997

49/35<6

49/365:
493677
49/36: ;

49/3667

49/369;
49/3759
49/379

58/554;

58/55:<

<</3<<:

<< /4694

75/83:<

Distance
downwind
to
intensity
level 3 (35
kW/m?2)

[m]

4<8/5;6

4<8/6:7

577/79;

577/8;;

457/65:

457/6: ;

457/65:

457/6: ;

44 /68 ;4

44 /6937
44 /6956
44 /6978

44 /6947

44 /696 :
44/69; <
44 /6:45

4:/<;8:

4:/<;<<

:5/568:

:5/5945

63/879:

Audit Number: 6503
Date: 11/09/2019 Time: 11:48

Page 22 of 45



DNV-GL

Qrwh 65/534 93/7;58 75/8534 63/8885
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DNV-GL

Flash Fire Results

Distance downwind to defined concentrations
Wkhiths ruwhg#I0#gg#0Io#ud fwlr giduh#ghilghg #lg#k h#thvshfvlyh#p dvhulddisur shuw|

Scenario Weather Distance Distance
downwind to downwind to
LFL [m] LFL Fraction
[m]
Vwxg | 4#0 LI#X ehualggd, Fdwhwd# K34 cu 648/7<5 753/9:4
Wdgtxh
Qrkh 63; /657 747/5;7
K35 cu 464 /75< 549/5::
Qrkh 463/<68 569/934
Vwxg | 4#0 LI#X ehuslggld, Ghvfdujdigh# K36D cu 86/986 444 /555
Fdwhwd#wdgtxh#
Qrkh 8;/1;:4 454 /<4<
K37D cu
Qrh
Vwxg | 4#0 LI#Xehuslggld, Ghvfdujdigh# K36E cu 477/<3; 569/<76
Fdwhwd#wdgtxh#s
Qrkh 476 /796 58</3;9
K37E cu
Qrh
K38E cu 69/;35;
Qriih 74/3997
K39E cu 69/;35;
Qrkh 74 /3997
Vwxkg | 4#0 LI#Xehudggld, Wdgtxhi#igh# K3: el 6<3/:9< 848/; :
Duwp d}hgdp hgwr
Qrkh 6<6/738 858/447
K3; cu 4:/<746
Qrkh 63/659<
K3< cu 57:/4<8 6;3/788
Qrkh 575/6:< 756/93<
K43 cu
Qrh
Vwxg | 4#0 LI#X ehuslggld, K44E cud 88/74:6 446/8<<

_Fdwhjdp hgw#ghiDxwwilgtxhi

Audit Number: 6503
Date: 11/09/2019 Time: 11:48
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Vwkg | 4#0 LI#X ehudlggld,
_Fdwhjdp hgwrigh#Dxwwidgtxh#s

Vwkg | 4 HOHLI#X ehudlggld, DxwriiWdgtxh

Vwxg | _4#0 LI#X ehuslgqgld, Dxwritdgtxhi
Shugrkh

Vwkg | _4#0 LI#X ehudlggld,
_Hgjdudidp hgquwr#

Vwkg | 4#0 LI#X ehudlggld,
_Hgjdudidp hgqwr#s

K45E

K46D

K47D

K38D

K39D

K44D

K45D

K46E

K47E

K48

K49

K48

K49

K4:D

K4;D

K4:E

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

Qrh

Gl

93 /474

57/8;9<

5:/979

477/<3;

476/796

57/8;9<

5:/979

537/837
4;</566
465/858
464 /<8 ;

537/837

4;</566
465/858
464 /<8 ;

473/5; :

46</398

555/46;

DNV-GL

457/88<

69/;35;

74 /3997

:5/66<5

:7/8:85

569/<76

58</3;9

:5/66<5

:7/8:85

5:;/75:
58; /59<

54: /<5
56; /747

5:;/75:

58; /59<
54: /<5
56; /747

563/875

584 /< ;<

679 /<;
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DNV-GL

Qrih 54: /6<6 6;6/9;9
K4;E cuy
Qrih 44/9::6
Ka< cu 84 /544 : 43:/;67
Qrih 89/56; 44 ; /66:
K53 cuy
Qrh
Vwkg | 4#0 LI#X ehudlggld, Fdwdvwirsk If# G1 8/347; ; 47/676:
_Dup d}hgdp hquwr#s46 uxswxuh
Qrih 6/;835; 43 /59
Ohdn cu 4:/8:;8
Qrih 5;/:946
I hg#gxuduwlrg# cyd
thddvh
Qrh
Vwkg | _4#0 LI#X ehudlggld, Fdwdvwirsk 1If# G 8/3478: 47/675
_Duwp d}hgdp hqwr#S53 uxswxuh
Qrih 6/;8347 43/58; ;
Ohdn cu 4:/95:4
Qrih 5;/:<:7
I hgxudulrg# [eh’}
uhddvh
Qrh
Vwxkg | 4#0 LI#Xehudqgld, Fdwdvwirrsk If# Gy </4;<58 63/4375
_Dup d}thgdp hquwr#s78 uxswxuh
Qrih : /59945 56/7566
Ohdn cuy 4:/9:89
Qrih 63/394:
I{ hgxudulrqg# G
uhddvh
Qrh
Vwxg | 4#0 LI#X ehualggd, Olgkd# K63 cu 86/3787 443 /745
Hfrdjld
Qrih 8: /<677 454/389
K64 cu
Qrh
Vwxkg | 4#0 LI#Xehuddggld, Olgkd# K65 cyd 76/<;84
Hfraj fd##s hfdgwd tlr#

Audit Number: 6503
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DNV-GL

Qrih 83/3<74
K66 G1d
Qrh
Vwxg | 4#0 LI#Xehuddggld, Olgkd# K67E cyd 76/<;84
Hfrarj fd##s hfdgwd tflr#s
Qriih 83/3<74
K68E G1d
Qrh
K69D cHy 57/8;9< :5/66<5
Qrih 5:/979 :7/8:85
Ké6:D G1d
Qrh
Vwxg | 4#0 LI#X ehuslggld, Olgkd# K67D cd 88/74:6 446 /8<<
Hfrarj fd##s hfdgwd tflr#e
Qrkh 93 /474 457/88<
K68D G1d
Qrh
K69E cHy 69/;35;
Qrih 74 /3997
K6:E G1d
Qrh
Vwxkg | 4#0 LI#Xehudggld, Wdgtxhi#igh# K6; Gy 444 /757 495/98
Ghfdgwdtflr
Qrih 433/479 478/565
Ké6< G1d 4:/9<<9
Qrkh 63/3;94
K73 Gl 48/::58 8;/:;4<
Qrih 56 /5<37 97 /<64 :
K74 G1d
Qrh
Vwxkg | 4#0 LI#Xehudggld, Frdwd#gh# K75 GH 84 /544 : 43:/;67
Rdlgd
Qrih 89 /56 ; 44 ; /66 :
K76 G1d
Qrh
Vwxkg | 4#0 LI#Xehudqgld, K78 Gy 5:/; ;45 94 /:34<
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DNV-GL

_Duwp d}thgdp hgwr#S4<3

Qrkh 56 /786 : 84 /<365
K79 G4 4:/9:89
Qrkh 63/394:
K7: cu
Qrih
K7; cu 49/5596
Qrkh 5; /6584
K7< Gl
Qrih
K83 cu 49/5596
Qrkh 5; /6584
K84 cu
Qrih
Vwxg | _4#0 LI#Xehuddggld, Ghs&viwrigh# K85 [eh’} 58/63;4 68/::65
Wigwdv
Qrkh 53/57;8 5:/4<6<
K86 cu
Qrih
Vwxg | 4#0 LI#Xehurdggld, Ghs&viw#gh# K87 [eh’} 66/:53< 7/
WigwdvitP Tvexud,
Qrkh 58/<38; 67/65:<
K88 G4 03/346:37 7/49:4;
Qrkh 4/8;378 ;/9:97:

Maximum distance to LFL fraction at any height

Scenario Weather Max flash Height of Time [s]
fire distance the max
[m] flash fire
distance [m]
Vwxkg | 4#0 LI#Xehudqgld, K34 cu 74;/5; 3 :8/;767
_Fduhwd#idgtxh

Qrikh 73</996 3 439/76;
K35 Gl 549 /564 3 ;7/:78:
Qrkh 569/69: 3 53</37;
Vwxkg | 4#0 LI#Xehudqgld, K36D ¢y 443/::8 3 :4/95; :

_Ghvfdyj digh#F duhwdfWdgt xh#
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Vwxkg | 4#0 LI#Xehudqgld,
G hvEduj digh#F duhwdvdqt xhis

Vwxg | 4#0 LI#Xehudqgld,
_Wdgtxh#gh#up d}hgdp hgwr

Vwxkg | 4#0 LI#Xehudqgld,
_Fdwhjdp hgwrigh#Dxwwigtxhi4

Vwxkg | 4#0 LI#Xehudqgld,
_Fdwhjdp hgwrigh#Dxwwidgtxh#s

K37D

K36E

K37E

K38E

K39E

K3:

K3;

K3<

K43

K44E

K45E

K46D

K47D

K38D

K39D

K44D

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

G

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

454 /87<
6/;994;
6/9<335

569/:<9

58</3:;
i/38;;8
</5<595
74/:3;4
76/59:6
74/:3;4
76/59:6

83</:5

84: /A5<
59/<645

64 /384
6:</<56
756 /795
: /27374
:/:7;76

446/796

457/878
6/;<:69
6/;9394
74/:3;4
76/59:6
5/39<8:
5/47:6;

:8/847<

:7/:<95
6/54;95
6/665:<

569/:<9

DNV-GL

3/<:7<:9

3/<:9<;<

3
3/<4::44
3/;7<<78
3/;56;;<
3/;33446
3/i56;;<
3/;33446

3

3
3/93546:
3/6394<9

3

3

58/36:
59/9995

3

3
3/<:579<
3/<:7487
3/;56;;<
3/;33446
3/<<967<
3/<;:8::

3/996;<9

3/83563<
/<<
3/<;8434

3

544 /48
4/<4:<8
4/<4:<7

449/8;4

638 /7<<
4/<4:<;
: /84799
:/848:5
56/;834
:/848:5
56/;834

<4 /7:7<

485/839
:/848;6
56/;856
448/5:4

633
9/:675<
9/:6767

:4/966:

544 /488
4/<4:<8
4/<4:<8
:/848:5
56/;834
4/<4:<6
4/<4:<6

56/;89<

56/;88:
4/<4:<7
4/<4:<6

449/8;4
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Vwxg | _4#0 LI#X ehudlgqgld, Dxwr#
Wdgtxh

Vwxkg | 4#0 LI#Xehudlgqgld, Dxwr#
Wdgtxh#Shugrkh

Vwxg | 4#0 LI#Xehudqgld,
_Hgjdudidp hgwr#

Vwxkg | 4#0 LI#Xehudqgld,
_Hgjdudidp hgqwr#s

Vwxkg | 4#0 LI#Xehudqgld,
_Dup d}hgdp hquwr#s46

K45D

K46E

K47E

K48

K49

K48

K49

K4:D

K4;D

K4:E

K4;E

K4<

Fdwdvwrsk If#
ux swxuh

Ohdn

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

Gl

Qrh

G

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

Qrh

58</3:;
;/533:7
</7;847
:8/847<
:7/:<95
6/54;95
6/665:<

5:8/<9<

58:/5;8
54:/;<4
56; /54:

5:8/<9<

58:/5;8
54:/;<4
56; /54:

563/53;

584 /<; 4
:/; 1499
i /<:464

679/76:

6;6/7;<
48/9<99
4; /<439
43:/:47
44; /57:
6/;5587
6/986<9

46/385;

</95:4;
59/9579

5</6<99

DNV-GL

3
3/<4557;
3/;75;6<
3/996;<9
3/83563<
/<<
3/<;8434

3

3

3

3

3

3

3

3

3

3
3/<585<6
3/;9373<

3

3
3/:97<67
3/89<698

3

3
3/<:;867
3/<;435:

3

3
3/93436<
3/638:37

638/7<<
4/<4:<;
: /84799
56/;89<
56/;88:
4/<4:<7
4/<4:<6

88/9938

27/ i<
8</;5:
497/:<9

88/9938

27/ i<
8</;5:
497/:<9

454/3:7

64</4; ;
4/<4:<;
: /84795

495/: ;7

6;9/;8:
: /84839
56/;7;7
:4 /954 :

544 /48
4/<4:<8
4/<4:<7

6/57;7<

6/7856:
9/55479

44/:8<8
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DNV-GL

I hgtoxudulrg#t GL 5/84;<6 3/<<857; 4/58<<7
thdndvh
Qrkh 5/86<5: 3/<:;566 4/58<<7
Vwkg | _4#0 LI#X ehudlggld, Fdwdvwirsk 1If# G 46/3859 3 6/57;94
_Dup d}hgdp hgwr#s53 uxswxuh
Qrkh </959:6 3 6/7856:
Ohdn cud 59/9994 3/9344;; 9/543;4
Qrkh 5</74;6 3/638:: 44/:656
I¥hgtoxudulrg#t GL 5/84<66 3/<<858; 4/58<<7
thdhdvh
Qrkh 5/86<55 3/<:;574 4/58<<7
Vwxkg | 4#0 LI#Xehudqgld, Fdwdvwr sk If# ¢y 5</<9:4 3 2 /97:;;
_Dup d}thgdp hqur#s78 uxswxuh
Qrkh 56/5598 3 ;/93<;4
Ohdn cud 59/:3:4 3/934669 9/3<49:
Qrkh 63/;878 3/638;69 4:/; ;86
I hgfgxudwlrg# GW 7/4774 3/<<4385 4/58<<<
thdhdvh
Qrih 6/<;64: 3/<<5678 4/58<<;
Vwxg | _4#0 LI#Xehuslggld, Olgkd# K63 cud 443/367 3 5;/837:
Hfrdj Ifd
Qrkh 453/:6< 3 43:/659
K64 cu 6/;8847 3/<:8;89 4/<4:<8
Qrih 6/9;44 3/<:i<< 4/<4:<7
Vwxg | _4#0 Li#Xehualggld, Olgkd# K65 cud 78/3939 3/595<77 56/;898
Hfrarj fd##s hfdgwd tflr#
Qrikh 83/3:78 3/399843: :4/8855
K66 cu 5/33<4; 3/<<9::7 4/<4:<7
Qrkh 5/34<;9 3/<;68<5 4/<4:<6
Vwxg | 4#0 LI#Xehuslggld, Olgkd# K67E cud 78/3939 3/595<77 56/;898
Hfrarj fd##s hfdgwd tflr#s
Qrikh 83/3:78 3/399843: :4/8855
K68E cu 5/33<4; 3/<<9::7 4/<4:<7
Qrkh 5/34<;9 3/<;68<5 4/<4:<6
K69D cud :8/847< 3/996;<9 56/;89<
Qrkh :7/:<95 3/83563< 56/;88:
K6:D cu 6/54;95 3/k<iz;< 4/<4:<7
Qrkh 6/665:< 3/<;8434 4/<4:<6
@j Audit Number: 6503
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DNV-GL

Vwkg | _4#0 LI#X ehuslgqgld, Olgkd# K67D G 446 /796 3 :4/966:
Hfrarj fd##s hfdgwd tflr#e
Qrih 457/878 3 544/488
K68D c1ua 6/;<:69 3/<:579< 4/<4:<8
Qrih 6/;9394 3/<:7487 4/<4:<8
K69E Gl 74/:3;4 3/;56;;< :/848:5
Qrih 76/59:6 3/;33446 56/;834
K6:E G 5/39<8: 3/<<967< 4/<4:<6
Qrkh 5/47:6; 3/<;:8:: 4/<4:<6
Vwxg | 4#0 LI#X ehudlqgld, K6; ¢y 493 /5<7 3 66/6936
_Wdgtxh#gh#z hfdgwd tflr
Qrkh 475/<99 3 7</8<<7
Ké6< Gld 59/:5:9 3/934739 49/845
Qrih 63/; :57 3/638;: 77/7;76
K73 Gy 8;/8<36 3/39<5;48 58/55;
Qrih 97/:3<: 3 8;/7947
K74 Gl 4/448:7 7/::7<; 4/<4:<8
Qrih 4/39;:6 8/79736 4/<4:<9
Vwxg | _4#0 LI#Xehumlggld, Frdwd# K75 el 43:/:47 3 14 /954 :
gh#R dilgd
Qrih 44; /57 : 3 544 /48
K76 Gld 6/;5587 3/<:;867 4/<4:<8
Qrkh 6/986<9 3/<;435: 4 /<4 :<7
Vwxg | 4#0 LI#X ehudlqgld, K78 ¢y 8;/<689 3 46/3:89

_Dup dthgdp hgwr#S4<3

Qrih 84 /3595 3 49/;368

K79 Gld 59/:3:4 3/934669 44 /3596

Qrih 63/;878 3/638;69 54/77; :

K7: cd /44939 3/<47494 7/43;47

Qrih </6;89; 3/;76::9 7/43;7

K7; cd 58/5879 3/8<:579 44/636;

Qrih 5</966< 3/63755 55/43:

K7< c1ua 4/784 ;8 4/3338< 4/<4:<6

Qrkh 4/7;::; 3/<<4558 4/<4:<6

K83 cd 58/5879 3/8<:579 44/636;

Qrih 5</966< 3/63755 55/43:
&j Audit Number: 6503

g -

Date: 11/09/2019 Time: 11:48
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Vwxkg | 4#0 LI#Xehudqgld,
_Ghs&viwigh#it gwdv

Vwxkg | 4#0 LI#Xehudqgld,
_Ghs&vivw#igh#it gwdviHP vwud,

K85

Gl

Qrh

Gl

Qrkh

Gl

Qrh

Gl

Qrkh
Gud

Qrh

4/784;8
VY

68/4564

58/35 76
5/47375
5/5895;

6</:479

65/4696
7/<<;77

;/:3;<6

DNV-GL

4/3338<
3/<<4558

3

3
3/9:<79;
3/96;579

3

3
3/66::<7

3/3748647

4/<4:<6
4/<4:<6

44 /5;86

46 /5<9;
7/:8:;:
7/:8:;:

43 /58<

45/69;
46<3/;4

4865/49

Audit Number: 6503
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DNV-GL

Explosion Results

Explosion scenarios for worst-case maximum downwind distance to defined overpressures. The worst-
case explosion will be modelled in the risk calculations if ignition conditions are present at the time
for the scenario.

Wkh#ths rwhg#ryhusuhvvxihviduh#ghilghg#ig#khth { savirg#sdudp hvhus

Path Scenario Weather Overpressur Maximum Diameter
e level [bar] | distance [m] [m]

Vwxkg | 4#0 LI#Xehudqgld, 3/4 89:/7: 747/<89
_Fdwhwd#iWdgtxh 3/6 7:5/:: 458/885
3/6 7:5/::9 458/885

Qrih 3/4 8::/<:5 788 /<77

3/6 79;/8; 48: /48<

3/6 79;/8; 48: /48<

K35 Gld 3/4 599/::: 446/887

3/6 569/478 85/5<34

3/6 569/478 85/5<34

Qrih 3/4 5<5/399 457/466

3/6 58;/8;4 8:/4949

3/6 58;/8;4 8:/4949

Vwxg | 4#0 LI#X ehuaddggld, K36D ¢y 3/4 46:/:39 88/7458
_Ghvfdyj d#igh# dwhwd#dgt xhi# 3/6 455/:8; 58/849;
3/6 455/:8; 58/849;

Qrih 3/4 483 /46 : 93/5:76

3/6 466/;:; 5:/:889

3/6 466/;:; 5:/:889

Vwxg | 4#0 LI#Xehudqgld, K36E cu 3/4 5<5/544 457/754
_Ghvfdyj d#igh# dwhwd#tdgt xh#5 3/6 58;/97: 8:/5<77
3/6 58;/97: 8:/5<77

Qrih 3/4 64: /8<; 468/4<8

3/6 5;4/45; 95/588:

3/6 5;4/45; 95/588:

K38E Gl 3/4 83/378: 53/3<47

3/6 77/958< </584;5

3/6 77/958< </584;5

Qrkh 3/4 83/::46 54 /875 :

3/6 77/<934 </<5346

3/6 77/<934 < /<5346

K39E Gld 3/4 83/378: 53/3<47

3/6 77/958< </584;5

3/6 77/958< </584;5

Qrh 3/4 83/::46 54 /875 :

3/6 77/<934 < /<5346

3/6 77/<934 < /<5346

Vwxg | 4#0 LI#Xehudqgld, K3: G1 3/4 :33/73: 7;3/;47
_Wdgtxh#gh#Duw d}hgdp hgwr 3/6 8;9/3<9 4:5/4<6
3/6 8;9/3<9 4:5/4<6

Qrkh 3/4 :5:/9:7 868/67;

3/6 8<6/438 4;9/54

Audit Number: 6503
Date: 11/09/2019 Time: 11:48
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Vwxkg | _4#0 LI#X ehudlggld,
_Fdwhjdp hgwrigh#Dxwwigtxhi4

Vwkg | _4#0 LI#X ehudlggld,
_Fdwhjdp hgw#gh#Dxwwidgtxh#s

Vwxkg | 4#0 LI#X ehudgqgld, Dxwr#
Wdgtxh

K3;

K3<

K44E

K46D

K38D

K44D

K46E

K48

Gl

Qrkh

Gl

Qrh

Gl

Qrkh

G

Qrkh

Gl

Qrh

Gl

Qrkh

G

Qrkh

Gl

Qrh

3/6

3 /4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3 /4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

DNV-GL

8<6/438

5:/994<
56/85;5
56/85;5

6;/7;65
66/<397
66 /<397

7:8/74<
74; /877
74 ; /877

866/75
7:5/55<
7:5/55<

46; /677
456 /385
456 /385

483/;66
467 JA<;
467 /A<;

83/378:
77/958<
77/958<

83/::46
77/<934
77/<934

;9/:588
::/:34<
::/:34<

;:/:3;5
2 ; /4877
:; /4877

5<5/544
58;/97:
58;/97:

64: /8<;
5;4 /45 ;
5;4 /45 ;

;9/:588
::/:34<
::/:34<

1:/:3;5
2 ; /4877
2 ; /4877

699/46<
637/:39
637/:39

697/<39
5<4/8<9
5<4 /8<9

4;9/54

48/656;
: /3897
: /3897

49/<996
:/;45: :
:/;45: :

543/;6<
<:/3;;8
<:/3;;8

559/; 74
437/78:
437/78:

89/9;;;
59/4378
59/4378

94 /999;
5;/6<9;
5;/6<9;

53/3<47
</584;5
</584;5

54 /875 :
</<5346
</<5346

66/783<
48/736:
48/736:

68/7496
49/63; ;
49/63; ;

457/754
8:/5<77
8:/5<77

468/4<8
95/588:
95/588:

66/783<
48/736:
48/736:

68/7496
49 /63 ; ;
49 /63 ; ;

5:5/5:<
9</745<
9</745<

5;</; 45
436 /4<5
436 /4<5

Audit Number: 6503
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K49 GHd 3/4 59: /557 447/77;

3/6 569 /684 85/:35

3/6 569 /684 85/:35

Qrih 3/4 5<5/869 458/3:6

3/6 58;/:<: 8:/8<78

3/6 58;/:<: 8:/8<78

Vwxkg | 4#0 LI#Xehudlgqgld, Dxwr# K48 G 3/4 699 /46< 5:5/5:<
Wdgtxh#Shugr ¥h 3/6 637/:39 9</745<
3/6 637/:39 9</745<

Qrih 3/4 697/<39 5;</; 45

3/6 5<4/8<9 436 /4<5

3/6 5<4/8<9 436 /4<5

K49 GHd 3/4 59: /557 447/77;

3/6 569/684 85/:35

3/6 569 /684 85/:35

Qrinh 3/4 5<5/869 458/3:6

3/6 58;/:<: 8:/8<78

3/6 58;/:<: 8:/8<78

Vwkg | 4#0 LI#X ehudlggld, K4:D G 3/4 5<3/645 453 /958
_Hgjdudidp hquri 3/6 58:/::6 88/8795
3/6 58:/::6 88/8795

Qrih 3/4 648/9:7 464/67:

3/6 5;3/575 93/7;6:

3/6 5;3/575 93/7;6:

Vwxg |_4#0 II#X ehuaggld, K4:E Gy 3/4 767 /858 4;</38
_Hgjdudidp hgwr#s 3/6 6;6/85; ;:/3885
3/6 6;6/85; ;:/3885

Qrih 3/4 7;4/:57 536/77<

3/6 759/;76 <6/9;8:

3/6 759/;76 <6/9;8:

K4 ;E Gy 3/4 48/:384 44/7435

3/6 45/95:4 8/5875:

3/6 45/95:4 8/5875:

Qrih 3/4 49/4834 45/6335

3/6 45/;65 8/9974

3/6 45/;65 8/9974

Ka< c1ua 3/4 459 /: << 86/8<:;

3/6 445/674 57/9;44

3/6 445/674 57/9;44

Qrkh 3/4 46</57 8; /7:<<

3/6 456 /798 59/<5<6

3/6 456 /798 59/<5<6

Vwxkg | 4#0 LI#Xehudqgld, Fdwdvwr sk 1If# el 3/4 Qrikd}dug 3
_Dup d}hgdp hquwr#s46 uxswxuh 3/6 Qrikd}dug 3
3/6 Qrikd}dug 3

Ohdn 3/4 5:/9456 48/5579

3/6 56,/8387 :/343:8

3/6 56/8387 :/343:8

Orkh 3/4 5; /71567 49/;79:

3/6 56/;:;; 2 /:8::
i'..\ 4 Audit Number: 6503

Date: 11/09/2019 Time: 11:48
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Vwkg |_4#0 LI#X ehusggld,
_Dup d}hgdp hquwr#s53

Vwkg | _4#0 LI#X ehudlggld,
_Dup d}thgdp hquwr#s78

Vwxkg | 4#0 LI#Xehuddggld, Olgkd#
Hfrd.] Ifd

Vwkg | _4#0 LI#Xehudlggld, Olgkd#
Hfraj fd##s hfdgwd tlr#

Vwxkg | 4#0 LI#Xehuddggld, Olgkd#
Hfrarj fd##s hfdgwd tflr#s

Vwkg | _4#0 LI#Xehuslggld, Olgkd#
Hfraj Ifd##s hfdgwd tflrfe

Fdwdvwr sk If#
uxswkuh

Ohdn

Fdwdvwir sk If#

ux swxuh

Ohdn

K65

K67E

K69D

K67D

GHd

Qrh

Gl

Qrh

Gl

Qrkh

G

Qrh

Gl

Qrkh

Gl

Qrkh

Gl

Qrkh

Gl

3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3 /4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

3/4
3/6
3/6

DNV-GL

56/;:i;

Qr#kd}dug
Qr#kd}dug
Qrikd}dug

5:/94<4
56/83;8
56/83;8

5; /7646
56/; ;58
56/; ;58

63/;89:
53/99<
53/99<

57 /8<5<
55/448
55/448

5:/965<
56/847;
56/847;

6;/7756
66/;;:9
66/;;:9

46:/7;
455/987
455/987

47< /<49
466/::9
466/::9

84 /5448
78/495;
78/495;

95/8<99
88/;339
88/;339

84 /5448
78/495;
78/495;

95/8<99
88/;339
88/;339

;9/:588
::/:34<
::/:34<

1:/:3;5
2 ; /4877
2 ; /4877

46; /677
456 /385
456 /385

3
3
3

48/56;6
2 /34:37
2 /34:37

49/;959
:/:98
:/:98

74/:466
4/66:<6
4/66:<6

</4;8:7
7/55<<5
7/55<<5

48/598:
:/35<9;
:/35<9;

49/; ;79
:/::846
:/::846

87/<934
58/63;7
58/63;7

8</; 654
5:/884<
5:/884<

55/756
43 /6588
43 /6588

58/4<65
44/9344
44/9344

55/756
43 /6588
43 /6588

58/4<65
44/9344
44/9344

66/783<
48/736:
48/736:

68/7496
49 /63 ; ;
49 /63 ; ;

89/9;;;
59/4378
59/4378
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Qrinh 3/4 483/;66 94 /999 ;

3/6 467 /A< ; 5;/6<9;

3/6 467 /A< ; 5;/6<9;

K69E Gy 3/4 83/378: 53/3<47

3/6 77/958< </584;5

3/6 77/958< </584;5

Qrih 3/4 83/::46 54 /875 :

3/6 77/<934 </<5346

3/6 77/<934 < /<5346

Vwxg |_4#0 II#X ehualggld, K6; Gy 3/4 4<< /759 46;/;85
_Wdgtxh#gh#s hfdgwd tflr 3/6 4:6/7: 59 /<6<:
3/6 4:6/7: 59/<6<:

Qrih 3/4 4<7/844 47</354

3/6 48; /484 89 /6345

3/6 48; /484 89/6345

K6< Gl 3/4 5:/96; ; 48/5::9

3/6 56/84:9 : /36846

3/6 56/84:9 /36846

Qrkh 3/4 6;/78 49 /<

3/6 66/; <44 :/: ;557

3/6 66/; <44 :/: ;557

K73 G4 3/4 97/689< 5;/:46:

3/6 89/9444 46 /5556

3/6 89/9444 46 /5556

Qrih 3/4 :9/447; 65/55<:

3/6 9:/753: 47/;747

3/6 9:/753: 47/;747

Vwxkg | 4#0 LI#Xehudqgld, Frdwd# K75 G 3/4 459 /: << 86/8<:;
gh#R dilgd 3/6 445 /674 57/9;44
3/6 445/674 57/9;44

Qrih 3/4 46</57 8;/7:<<

3/6 456 /798 59/<5<6

3/6 456 /798 59/<5<6

Vwxg | _4#0 LI#X ehudlggld, K78 Gud 3/4 96 /9545 5:/5757
_Duwp d}hgdp hgwr#S4<3 3/6 89/5:57 45/877;
3/6 89/5:57 45/877;

Qrh 3/4 96 /<74 ; 5:/;;6:

3/6 89/75 45/;734

3/6 89/75 45/;734

K79 GHd 3/4 5:/9656 48/597:

3/6 56/8479 : /35<4<

3/6 56/8479 : /35<4<

Qrih 3/4 6;/7778 49/; ;<

3/6 66/;;;9 :/:::48

3/6 66/;;;9 2 /:::48

K7; Gy 3/4 5:/73:9 47/;485

3/6 56/7444 9/;5555

3/6 56 /7444 9/;5555

Qrih 3/4 5;/498; 49/6649

3/6 56/:936 : /8538

i'..\ 4 Audit Number: 6503

Date: 11/09/2019 Time: 11:48
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DNV-GL

3/6 56/:936 : /8538

K83 cu 3/4 5:/73:9 47/;485

3/6 56/7444 9/;5555

3/6 56 /7444 9/; 5555

Qrkh 3/4 5;/498; 49/6649

3/6 56/:936 : /8538

3/6 56/:936 : /8538

Vwxg | 4#0 LI#X ehuaddggld, K85 ¢y 3/4 6:/739< 47/;46;
_Ghs%vir#gh#ilgwdv 3/6 66/743; 9/;5489
3/6 66/743; 9/;5489

Qrih 3/4 68/;689 64/9:46

3/6 5:/5<54 47/8;75

3/6 5:/5<54 47/8;75

Vwxg | 4#0 LI#X ehuaddggld, K87 cd 3/4 84 /<887 76/<43;
_Ghs&viwr#gh#f gvdviHP Iveud, 3/6 73 /4435 53/5537
3/6 73 /4435 53/5537

Qrkh 3/4 79/3:95 65/4858

3/6 6:/735< 47/;38;

3/6 6:/735< 47/;38;

Supplementary data for worst-case explosion scenarios

Scenari | Weather | Overpre | Explosio | Ignition | Ignition Cloud Explosio

o n time [s] | source centre | n centre
flamma [m] [m] [m]
ble
mass
[kal
Vwkg | 4#0 LI# K34 Gl 3/4 9<78/:< 83/679< 693 48: /A< 693
+Xehudlggld, Fduwhwd# 3/6 4<:3/65 ::/5:9; 743 ;</689; 743
Wdgtxh 3/6 4<:3/65 ::/5:9; 743 ;</689; 743
Qrih 3/4 <547/36 96 /45 683 465/378 683
3/6 6;97/74 ;9/65;8 6<3 463/; ;9 6<3
3/6 6;97/74 ;9/65;8 6<3 463/; ;9 6<3
K35 Gl 3/4 475/66 ; 9;/i:<: 543 94 /3994 543
3/6 475/66 ; 9;/i:<: 543 94 /3994 543
3/6 475/66; 9;/;:<: 543 94 /3994 543
Qrih 3/4 4;8/<75 465/4:< 563 97/88:6 563
3/6 4;8/<75 465/4:< 563 97/88:6 563
3/6 4;8/<75 465/4:< 563 97/88:6 563
Vwkg | 4#0 LI# K36D Gl 3/4 49/8735 7</9<39 443 59/6:76 443
X ehuwlggld, Ghvidujd# 3/6 49/8735 7</9<39 443 59/6:76 443
gh#f duhwd#wdgtxh# 3/6 49/8735 7</9<39 443 59/6:76 443
Qrkh 3/4 54 /5;9< 9;/:6<; 453 5;/56;; 453
3/6 54 /5;9< 9;/:6<; 453 5;/56;; 453
3/6 54 /5;9< 9;/:6<; 453 5;/56;; 453
Vwkg | 4#0 LI# K36E Gl 3/4 4;:/57 :3/78<; 563 9:/;877 563
+Xehudggld, Ghvfdujd# 3/6 4;:/57 :3/78<; 563 9:/;877 563
gh#f duhwd#wdgtxh#5 3/6 4;:/57 :3/78<; 563 9:/;877 563
Qrih 3/4 573/548 43</:77 583 :3/9334 583

Audit Number: 6503
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DNV-GL

3/6 573/548 43</:77 583 :3/9334 583

3/6 573/548 43</:77 583 :3/9334 583

K38E Gy 3/ 3/:;:6<: 9/;84;4 73 ;/438:5 73

3/6 3/:;;6<: 9/;84;4 73 ;/438:5 73

3/6 3/:;;6<: 9/;84;4 73 ;/438:5 73

Qrkh 3/4 3/<:4;;8 :/76:<8 73 /i 77 73

3/6 3/<:4;;8 2 /76:<8 73 /i 77 73

3/6 3/<:4;;8 :/76:<8 73 /177 73

K39E Gl 3/4 3/:;;6<: 9/;84;4 73 ;/438:5 73

3/ 3/:;;:6<: 9/;84;4 73 ;/A38:5 73

3/ 3/:;;:6<: 9/;84;4 73 ;/A38:5 73

Qrkh 3/4 3/<:4;;8 :/76:<8 73 /i 77 73

3/6 3/<:4;;8 :/76:<8 73 /177 73

3/6 3/<:4;;8 :/76:<8 73 /177 73

VV\K9|_4#0LI# K3: Gl 3/4 43;38/9 99/77717 793 4;5/;:8 793

+Xehumlggld, Wdgtxh# 3/6 83;5/;7 :9/3:86 833 <4/953< 833

gh#Dup d}thgdp hguwr 3/6 83;5/;7 ;9/3;86 833 <4/953< 833

Qrih 3/4 47<48/4 ;7/9:35 793 4;3/496 793

3/6 975: /<5 43;/;47 833 556 /34< 833

3/6 975: /<5 43;/;47 833 556 /34< 833

K3; cd 3/4 3/67<:<8 6/86695 53 8/<34: : 53

3/6 3/67<:<8 6/86695 53 8/<34:: 53

3/6 3/67<:<8 6/86695 53 8/<34:: 53

Qrih 3/4 3/7:7:97 d</<; ;7 63 9/9869: 63

3/6 3/7:7:97 d</<; ;7 63 9/9869: 63

3/6 3/7:7:97 d</<; ;7 63 9/9869: 63

K3< c1ua 3/4 <44 /435 439 /5<7 6:3 44</<89 6:3

3/6 <44 /435 439 /5<7 6:3 44</<89 6:3

3/6 <44 /435 439/5<7 6:3 44</<89 6:3

Qrih 3/4 4467/: 5;6/745 753 454 /;68 753

3/6 4467/: 5;6/745 753 454/;68 753

3/6 4467/: 5;6/745 753 454/;68 753

Vuxg | 440 II# K44E cd 3/4 4:/:3<8 56/86<: 443 5:/3;96 443

+Xehudggd, 3/ 4:/:3<8 56/86<: 443 5:/3;96 443

_quuhjdp hgwr#gh# 3/ 4:/:3<8 56/86<: 443 5:/3;96 443
Dxwrwigtxhit

Qrih 3/4 55/:<99 97/546< 453 5</35:4 453

3/6 55/:<99 97/546< 453 5</35:4 453

3/6 55/:<99 97/546< 453 5</35:4 453

K46D Gld 3/4 3/:;:6<: 9/;84;4 73 ;/A38:5 73

3/6 3/:;;6<: 9/;84;4 73 ;/438:5 73

3/ 3/:;;:6<: 9/;84;4 73 ;/A38:5 73

Qrh 3/4 3/<:4;;8 :/76:<8 73 /i 77 73

3/6 3/<:4;;8 :/76:<8 73 /i 77 73

3/6 3/<:4;;8 :/76:<8 73 /177 73

vag|_4#0LI# K38D Gl 3/4 6/96;99 44/:;9< :3 47/7;3< : 3

+Xehudggd, 3/6 6/96;99 44/: ;9< :3 47/7;3< :3

_Fduh3jdp hqurigh# 3/ 6/96;99 44/: ;9< :3 47/7;3< :3
Dxwrwigtxhi#s

Qrkh 3/4 7/64;78 4; /<956 :3 48/5;6< :3
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3/6 7/64;78 4; /<956 53 48/5;6< 53

3/6 7/64;78 4; /<956 53 48/5;6< 53

K44D cd 3/4 4;:/57 :3/78<; 563 9:/;877 563

3/6 4;:/57 :3/78<; 563 9:/;877 563

3/6 4;:/57 :3/78<; 563 9:/;877 563

Qrih 3/4 573/548 43</:77 583 :3/9334 583

3/6 573/548 43</:77 583 :3/9334 583

3/6 573/548 43</:77 583 :3/9334 583

K46E Gl 3/4 6/96;99 44/:;9< :3 47/7;3< :3

3/ 6/96;99 44 /:;9< :3 47/7;3< : 3

3/ 6/96;99 44 /:;9< :3 47/7;3< : 3

Qrkh 3/4 7/64;78 4; /<956 :3 48/5;6< £ 3

3/6 7/64;78 4; /<956 :3 48/5;6< :3

3/6 7/64;78 4; /<956 :3 48/5;6< :3

Vuxg | 440 II# K48 cd 3/4 4<95/5: 66/;976 563 436975 563
+Xehumlggld, Dxwr# 3/ 665/<87 84 /<776 5:3 7;/46<8 5:3
Wdgtxh 3/6 665/<87 84 /<776 5:3 7;/46<8 5:3
Qrih 3/4 5699/5; 76/4:5; 553 ; /9685 553

3/6 43<6/<9 88/48:8 573 443 /<97 573

3/6 43<6/<9 88/48:8 573 443 /<97 573

K49 Gl 3/4 478/:5< 86/9:94 543 94/8;77 543

3/6 478/:5< 86/9:94 543 94/8;77 543

3/6 478/:5< 86/9:94 543 94/8;77 543

Qrih 3/4 4<3/4<; 449/67 563 98/3<8 563

3/6 4<3/4<; 449/67 563 98/3<8 563

3/6 4<3/4<; 449/67 563 98/3<8 563

Vwkg | _4#0 LI# K48 Gld 3/4 4<95/5: 66/;976 563 436/975 563
X ehudlggld, Dxwr# 3/6 665 /<87 84 /<776 5:3 7;/46<8 5:3
Wdgtxh#Shugr h 3/6 665/<87 84 /<776 5:3 7;/46<8 5:3
Qrh 3/4 5699 /5; 76/4:5; 553 ;:/9685 553

3/6 43<6/<9 88/48:8 573 443 /<97 573

3/6 43<6/<9 88/48:8 573 443 /<97 573

K49 Gl 3/4 478/:5< 86/9:94 543 94/8;77 543

3/6 478/:5< 86/9:94 543 94/8;77 543

3/6 478/:5< 86/9:94 543 94/8;77 543

Qrih 3/4 4<3/4<; 449/67 563 98/3<8 563

3/6 4<3/4<; 449/67 563 98/3<8 563

3/6 4<3/4<; 449/67 563 98/3<8 563

Vuxg | 440 II# K4:D cd 3/4 4:3/94< 44;/:<8 563 98/7:6; 563
+X ehuwggld, 3/6 4:3/94< 44 ; /:<8 563 98/7;6; 563
_Hgjdudidp hgwr# 3/6 4:3/94< 44 ; /:<8 563 98/7;6; 563
Qrih 3/4 553/5;5 478 /44 : 583 9;/9336 583

3/6 553/5;5 478 /44 : 583 9;/9336 583

3/6 553/5;5 478 /44 : 583 9;/9336 583

Vwkg | _4#0 LI# K4:E Gld 3/4 989/;55 << /7579 673 43:/7:9 673
+X ehudggld, 3/6 989/;55 << /7579 673 43:/7:9 673
_quduudjdp hgwr#s 3/ 989/;55 << /7579 673 43:/7:9 673
Qrinh 3/4 ;4; /95 568/9;5 6;3 43< /444 6;3

3/6 ;4;/95 568/9;5 6;3 43< /444 6;3

3/6 ;4;/95 568/9;5 6;3 43< /444 6;3
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K4;E GHd 3/4 3/477744 4/<4;39 43 7/688:6 43
3/6  3/477744 4/<4;:39 43 7/688:6 43
3/6  3/477744 4/<4;:39 43 7/688:6 43
Qrkh 3/4 3/4;3<3: 4/<4;4 43 7/:338: 43
3/6 3/4;3<3: 4/<4;4 43 7/:338: 43
3/6 3/4;3<3: 4/<4;4 43 7/:338: 43
Kd< Gy 3/4 47/<9: 54/5:84 433 58/58;4 433
3/ 47/<9: 54/5:84 433 58/58 ;4 433
3/6 47/<9:: 54/5:84 433 58/58;4 433
Qrih 3/4 4< /774 ; 87/;:69 443 5:/64<9 443
3/6 4< /774 ; 87/; :69 443 5:/64<9 443
3/6 4< /774 ; 87/; :69 443 5:/64<9 443
Vwkg | _4#0 LI# Fdwdvwrs G. 3/4 3 3 Qri#kd}dug Qrikd}dug 3
+Xehualggd, kIf# 3/6 3 Qri#kd}dug Qrikd}dug 3
_Duwp dthgdp hgwr#S46  uxswkih 3/6 3 Qrikd}duy Qrikd}dyg 3
Ohdn 3/4 3/67637< 5/9<:5 53 8/;8887 53
3/6 3/67637< 5/9<:5 53 8/;8887 53
3/6 3/67637< 5/9<:5 53 8/;8887 53
Qrih 3/4 3/797:<9 6/79978 53 9/95:7: 53
36 3/797:<9 6/79978 53 9/95:7: 53
36 3/797:<9 6/79978 53 9/95:7: 53
Vwkg | 4#0 LI# Fdwvwrs G4 3/4 3 3 Qrikd}du Qrikd}dy 3
+Xehudggld, kIf# 3/6 3 Qrikd}du Qrikd}dy 3
_Duwp dthgdp hgwr#53  uxswkih 3/6 3 Qrikd}duy Qrikd}dy 3
Ohdn 3/ 3/676<:7 5/9<63; 53 8/;944: 53
366 3/676<:7 5/9<63; 53 8/;944: 53
3/6 3/676<:7 5/9<63; 53 8/;944: 53
Qrih 3/4 3/79943< 6/78<<8 53 9/9676< 53
3/6 3/79943< 6/78<<8 53 9/9676< 53
3/6 3/79943< 6/78<<8 53 9/9676< 53
Vwxg | 4#0 LI# Fdwdvwrs GH 3/4 :/388:5 4/3<<66 43 6/;6486 43
+X ehuwggld, kIf# 3/6 3/3356;7 6/;55:5 53 3/344849 53
_Duwp dthgdp hgwr#78  uxswkih 3/ 66 6/;55:5 53 9 53
3/3356;7 3/344849
66 9
Qrih 3/4 3/3:8678 8/;7765 53 3/:556:5 53
3/6 8 8/;7765 53 3/:556:5 53
3/6 3/3:8678 8/;7765 53 3/:556:5 53
3/3:8678
Ohdn GHd 3/4 3/678;69 5/::57: 53 8/;956< 53
3/6 3/678;69 5/::57: 53 8/;956< 53
3/6 3/678;69 5/::57: 53 8/;956< 53
Qrih 3/4 3/79:<69 47/:<99 63 9/95745 63
3/6 3/79:<69 47/:<99 63 9/95745 63
3/6 3/79:<69 47/:<99 63 9/95745 63
Vwxg | 4#0 LI# K63 Gy 3/4 49/46;6 5;/7:<8 443 59/457 443
+X ehudlqgld, Olgkd# 3/ 49/46;6 5;/7:<8 443 59/457 443
Hfrd.jIfd 3/6 49/46;6 5;/7:<8 443 59/457 443
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Qrinh 3/4 53/;54< <9/387: 453 5;/34;5 453

3/6 53/;54< <9/387: 453 5;/34;5 453

3/6 53/;54< <9/387: 453 5;/34;5 453

Vwxg | 4#0 LI# K65 Gy 3/4 4/3<8<: 1 /3793; 73 </3:955 73

X ehudlqgld, Olgkd# 3/ 4/3<8<: 1 /3793; 73 </3:955 73

Hfraj fd## 3/6 4/3<8<: :/3793; 73 </3:955 73
Ghfdgwd tflr#

Qrih 3/4 4/8877 9; /A<<9 83 43/8:;4 83

3/6 4/8877 9; /A<<9 83 43/8:;4 83

3/6 4/8877 9; /A<<9 83 43/8:;4 83

Vwkg | _4#0 LI# K67E Gld 3/4 4/3<8<: :/3793; 73 </3:955 73

+Xehuaggld, Olgkd# 3/6 4/3<8<: :/3793; 73 </3:955 73

Hfraj Ed## 3/ 4/3<8<: 1 /3793; 73 </3:955 73
Ghfdgwd tflr#s

Qrih 3/4 4/8877 9; /A<<9 83 43/8:;4 83

3/6 4/8877 9; /4<<9 83 43/8:;4 83

3/6 4/8877 9; /4<<9 83 43/8:;4 83

K69D Gl 3/4 6/96;99 44 /:;9< :3 47/7;3< : 3

3/ 6/96;99 44 /:;9< :3 47/7;3< : 3

3/6 6/96;99 44/:;9< :3 47/7;3< : 3

Qrkh 3/4 7/64;78 4; /<956 :3 48/5;6< :3

3/6 7/64;78 4; /<956 53 48/5;6< 53

3/6 7/64;78 4; /<956 53 48/5;6< 53

Vwxg | 4#0 LI# K67D Gy 3/4 4:/:3<8 56/86<: 443 5:/3;96 443

+Xehuwggld, Olgkd# 3/6 4:/:3<8 56/86<: 443 5:/3;96 443

Hfraj ffd## 3/6 4:/:3<8 56/86<: 443 5:/3;96 443
Ghfdgwd tflr#6

Qrinh 3/4 55/:<99 97/546< 453 5</35:4 453

3/6 55/:<99 97/546< 453 5</35:4 453

3/6 55/:<99 97/546< 453 5</35:4 453

K69E Gy 3/4 3/:;:6<: 9/;84;4 73 ;/438:5 73

3/ 3/:;;:6<: 9/;84;4 73 ;/A38:5 73

3/ 3/:;;:6<: 9/;84;4 73 ;/A38:5 73

Qrkh 3/4 3/<:4;;8 :/76:<8 73 /177 73

3/6 3/<:4;;8 :/76:<8 73 /177 73

3/6 3/<:4;;8 :/76:<8 73 /i 77 73

Vwxg | 4#0 LI# K6; Gy 3/4 593 /574 53/:3:5 463 94/87<; 463

+X ehuslggld, Wdgtxh# 3/6 4</7978 66 /546 ; 493 46/9<6 ; 493

gh# hfdgwd tflr 3/6 4</7978 66 /546 ; 493 46/9<6; 493

Qrih 3/4 654/:39 58/:958 453 88/6:44 453

3/6 4::/9: 64/6736 463 88/5:46 463

3/6 4::/9: 64/6736 463 88/5:46 463

K6< Gld 3/4 3/679974 6/5;4;9 53 8/;:986 53

3/6 3/679974 6/5;4;9 53 8/;:986 53

36 3/679974 6/5;4;9 53 8/;:986 53

Qrih 3/4 3/79<554 48/593; 63 9/95678 63

3/6 3/79<554 48/593; 63 9/95678 63

3/6 3/79<554 48/593; 63 9/95678 63
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K73 Gld 3/4 5/63469 ;/<7:34 83 45/436 83

3/ 5/63469 ;/<7:34 83 45/436 83

3/ 5/63469 ;/<7:34 83 45/436 83

Qrih 3/4 6/5878 56/84 ;< 93 46 /<635 93

3/6 6/5878 56/84 ;< 93 46 /<635 93

3/6 6/5878 56/84 ;< 93 46 /<635 93

wag|_4#0LI# K75 Gl 3/4 47/<9:: 54/5:84 433 58/58;4 433

+Xehudggld, Frdwd# 3/ 47/<9:: 54/5:84 433 58/58;4 433

gh#R dalgd 3/6 47/<9:: 54/5:84 433 58/58;4 433

Qrih 3/4 4< /774 ; 87/;:69 443 5:/64<9 443

3/6 4< /774 ; 87/; :69 443 5:/64<9 443

3/6 4< /774 ; 87/; :69 443 5:/64<9 443

Vwkg | _4#0 LI# K78 Gld 3/4 4/<9874 </86<<: 83 9/36349 83

+X ehudggld, 3/6 4/<9874 </86<<: 83 9/36349 83

_Dw d}hgdp hqwr# 3/ 4/<9874 </86<<: 83 9/36349 83
S4<3

Qrih 3/4 5/43:7< 48 /<799 83 8/89:38 83

3/6 5/43:7< 48 /<799 83 8/89:38 83

3/6 5/43:7< 48 /<799 83 8/89:38 83

K79 Gl 3/4 3/678:96 5/:85;4 53 8/;:9:7 53

3/ 3/678:96 5/:85;4 53 8/;:9:7 53

3/6 3/678:96 5/:85;4 53 8/;:9:7 53

Qrih 3/4 3/79;634 49/697: 63 9/95; :6 63

3/6 3/79;634 49/697: 63 9/95; :6 63

3/6 3/79;634 49/697: 63 9/95; :6 63

K7; Gl 3/4 3/649445 5/;;:46 53 8/9<:<6 53

3/6 3/649445 5/;;:46 53 8/9<:<6 53

3/6 3/649445 5/;;:46 53 8/9<:<6 53

Qrih 3/4 3/756785 6/;5498 53 9/75<: 53

3/6 3/756785 6/;5498 53 9/75<: 53

3/6 3/756785 6/;5498 53 9/15<: 53

K83 Gld 3/4 3/649445 5/;;:46 53 8/9<:<6 53

3/6 3/649445 5/;;:46 53 8/9<:<6 53

3/ 3/649445 5/;;:46 53 8/9<:<6 53

Qrih 3/4 3/756785 6/;5498 53 9/75<: 53

3/6 3/756785 6/;5498 53 9/15<: 53

3/6 3/756785 6/;5498 53 9/15<: 53

wag|_4#0LI# K85 Gl 3/4 3/65497 t/<:;98 63 49/3999 63

+Xehuwggld, Ghs&viw# 3/ 3/65497 t/<:;98 63 49/3999 63

gh#v gwdv 3/ 3/65497 t/<:;98 63 49/3999 63

Qrih 3/4 6/4764 ; 9/4;59; 53 43/:847 53

3/6 6/4764; 9/4;59; 53 43/:847 53

3/6 6/4764; 9/4;59; 53 43/:847 53

wag|_4#0LI# K87 Gl 3/4 ;/6:9<9 9/9967< 63 4:/<975 63

+Xehudlggld, Ghs&vir# 3/6 ;/6:9<9 9/9967< 63 4:/<975 63

ghiivlgwdviHP wxud, 3/6 ;/6:9<9 9/9967< 63 4:/<975 63

Qrih 3/4 6/5;;96 43 /9<< 63 44/::9; 63

3/6 6/5;;96 43 9<< 63 44/::9; 63

3/6 6/5;;96 43 9<< 63 44/::9; 63

Audit Number: 6503
Date: 11/09/2019 Time: 11:48
Page 44 of 45




DNV-GL

Audit Number: 6503
Date: 11/09/2019 Time: 11:48
Page 45 of 45




DNV-GL

Consequence Summary Report

Workspace: Cenario Operacional n°02

Study: Study
Summary Basis

These tables will only report global values set in the parameters. Values that are modified in the study tree will
not be reported.

The report is context sensitive, and filters up to the study level. You willl need to generate multiple summary
reports if you have multiple studies in your workspace.

Discharge Results (after atmospheric expansion)

Liquid | Droplet | Expand | Velocit End

mass diamet time of
fractio er i release
nin [um] [s]
materi
al
[fractio
n]
Study\Bobtail Catastro Dia -34,6475 0,69977 150,433 31,0712
phic 1
rupture
Leak Dia 32,4234 -34,6475 0,69978 159,115 0,17597 155,384 154,209
1 7
Mangote Dia 9,20118 -34,6475 0,70080 152,742 0,09269 158,379 543,527
100% 6 77
Mangote Dia 0,06318 -34,6475 0,70029 162,38 0,00772 156,887 3600
10% 22 6 441

iﬁ‘_ § Audit Number: 6569

Date: 11/09/2019 Time: 11:56
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Dispersion Results
Input dispersion parameters

Core averaging time 18,75 s
Flammable averaging time 18,75 s
Toxic averaging time 600 s
Height of interest 0 m

Distance downwind to defined concentrations
The reported concentration of interest is defined at the scenario

Distance to Distance to Distance to

UFL [m] LFL [m] LFL fraction
[m]
Study\Bobtail Catastrophic Dia 19,554 162,985 226,714
rupture
Leak Dia n/a 131,729 216,775
Mangote 100% Dia n/a 52,4366 109,557
Mangote 10% Dia n/a n/a n/a

i q 'i Audit Number: 6569
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Jet Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Flame Distance Distance Distance
length [m] | downwind | downwind | downwind
to to | {o)
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]

Study\Bobtail Leak Dia 50,8692 90,4676 77,2096 68,1194
Mangote Dia 29,576 51,0944 43,7192 38,6178
100%

Mangote Dia 3,39041 5,0656 4,2437 3,3799
10%
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Early Pool Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters
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Late Pool Fire Results
Distance downwind to defined radiation levels
The reported radiations are defined in the parameters

Study\Bobtail Catastrophic  Dia

rupture

Distance
downwind

Pool
diameter

[m] to
intensity

level 1
(9,85 kW/
m2) [m]

21,8487 74,8871

DNV-GL

Distance Distance
downwind | downwind
to to
intensity intensity
level 2 level 3 (35
(19,45 kW/m2)

kW/m2) [m]
[m]

57,6591 45,6317
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Fireball Results

Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Fireball Distance Distance Distance
diameter downwind | downwind | downwind
[m] to to to
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]
Study\Bobtail Catastrophic  Dia 95,7802 193,438 137,365 100,458
rupture

@ Audit Number: 6569
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Flash Fire Results

Distance downwind to defined concentrations

The reported LFL and LFL fraction are defined in the respective material property

Distance Distance
downwind to downwind to
LFL [m] LFL Fraction
[m]
Study\Bobtail Catastrophic Dia 162,985 226,714
rupture
Leak Dia 131,729 216,775
Mangote 100% Dia 52,4366 109,557
Mangote 10% Dia

Maximum distance to LFL fraction at any height

VU EVEIEH)] Height of Time [s]
fire distance the max
[m] flash fire
distance [m]
Study\Bobtail Catastrophic Dia 220,475 0 53,0463
rupture
Leak Dia 216,741 0 77,1047
Mangote 100% Dia 109,251 0 54,7554
Mangote 10% Dia 3,84412 0,976743 1,91795
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Explosion Results

Explosion scenarios for worst-case maximum downwind distance to defined overpressures. The worst-
case explosion will be modelled in the risk calculations if ignition conditions are present at the time
for the scenario.

The reported overpressures are defined in the explosion parameters

Overpressur Maximum Diameter
e level [bar] | distance [m] [m]

Study\Bobtail Catastrophic 0,1 291,595 203,19
rupture 0,3 242,345 64,6893

0,3 242,345 64,6893

Leak 0,1 266,878 113,756

0,3 236,192 52,3831

0,3 236,192 52,3831

Mangote 100% 0,1 127,26 54,5195

0,3 112,553 25,1056

0,3 112,553 25,1056

Supplementary data for worst-case explosion scenarios

Overpre | Explosio | Ignition | Ignition Explosio
time [s] | source n centre

[m] [m]

Study\Bobtail Catastrop  Dia 0,1 815,495 29,7971 190 87,8942 190
hic 0,3 269,501 37,7707 210 42,4567 210

rupture 0,3 269,501 37,7707 210 42,4567 210

Leak 0,1 143,099 60,2026 210 61,1604 210

0,3 143,099 60,2026 210 61,1604 210

0,3 143,099 60,2026 210 61,1604 210

Mangote 0,1 15,7533 20,3498 100 25,7512 100

100% 0,3 15,7533 20,3498 100 25,7512 100

0,3 15,7533 20,3498 100 25,7512 100

iﬁ\_ a Audit Number: 6569
Date: 11/09/2019 Time: 11:56
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Consequence Summary Report

Workspace: Cenario Operacional n°03

Study: Study
Summary Basis

These tables will only report global values set in the parameters. Values that are modified in the study tree will
not be reported.

The report is context sensitive, and filters up to the study level. You willl need to generate multiple summary
reports if you have multiple studies in your workspace.

Discharge Results (after atmospheric expansion)

Liquid | Droplet | Expand | Velocit End

mass diamet time of
fractio er i release
nin [um] [s]
materi
al
[fractio
n]
Study\Bobtail Catastro Dia -34,6475 0,69977 150,433 31,0712
phic 1
rupture
Leak Dia 32,4234 -34,6475 0,69978 159,115 0,17597 155,384 154,209
1 7
Mangote Dia 9,20118 -34,6475 0,70080 152,742 0,09269 158,379 543,527
100% 6 77
Mangote Dia 0,06318 -34,6475 0,70029 162,38 0,00772 156,887 3600
10% 22 6 441

iﬁ‘_ § Audit Number: 6570

Date: 11/09/2019 Time: 12:01
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Dispersion Results
Input dispersion parameters

Core averaging time 18,75 s
Flammable averaging time 18,75 s
Toxic averaging time 600 s
Height of interest 0 m

Distance downwind to defined concentrations
The reported concentration of interest is defined at the scenario

Distance to Distance to Distance to

UFL [m] LFL [m] LFL fraction
[m]
Study\Bobtail Catastrophic Dia 19,554 162,985 226,714
rupture
Leak Dia n/a 131,729 216,775
Mangote 100% Dia n/a 52,4366 109,557
Mangote 10% Dia n/a n/a n/a

i q 'i Audit Number: 6570
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Jet Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Flame Distance Distance Distance
length [m] | downwind | downwind | downwind
to to | {o)
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]

Study\Bobtail Leak Dia 50,8692 90,4676 77,2096 68,1194
Mangote Dia 29,576 51,0944 43,7192 38,6178
100%

Mangote Dia 3,39041 5,0656 4,2437 3,3799
10%

% Audit Number: 6570
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Early Pool Fire Results
Distance downwind to defined radiation levels
The reported radiations are defined in the parameters
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Late Pool Fire Results
Distance downwind to defined radiation levels
The reported radiations are defined in the parameters

Study\Bobtail Catastrophic  Dia

rupture

Distance
downwind

Pool
diameter

[m] to
intensity

level 1
(9,85 kW/
m2) [m]

21,8487 74,8871

DNV-GL

Distance Distance
downwind | downwind
to to
intensity intensity
level 2 level 3 (35
(19,45 kW/m2)

kW/m2) [m]
[m]

57,6591 45,6317
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Fireball Results

Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Fireball Distance Distance Distance
diameter downwind | downwind | downwind
[m] to to to
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]
Study\Bobtail Catastrophic  Dia 95,7802 193,438 137,365 100,458
rupture

@ Audit Number: 6570
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Flash Fire Results

Distance downwind to defined concentrations

The reported LFL and LFL fraction are defined in the respective material property

Distance Distance
downwind to downwind to
LFL [m] LFL Fraction
[m]
Study\Bobtail Catastrophic Dia 162,985 226,714
rupture
Leak Dia 131,729 216,775
Mangote 100% Dia 52,4366 109,557
Mangote 10% Dia

Maximum distance to LFL fraction at any height

VU EVEIEH)] Height of Time [s]
fire distance the max
[m] flash fire
distance [m]
Study\Bobtail Catastrophic Dia 220,475 0 53,0463
rupture
Leak Dia 216,741 0 77,1047
Mangote 100% Dia 109,251 0 54,7554
Mangote 10% Dia 3,84412 0,976743 1,91795

% Audit Number: 6570
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Explosion Results

Explosion scenarios for worst-case maximum downwind distance to defined overpressures. The worst-
case explosion will be modelled in the risk calculations if ignition conditions are present at the time
for the scenario.

The reported overpressures are defined in the explosion parameters

Overpressur Maximum Diameter
e level [bar] | distance [m] [m]

Study\Bobtail Catastrophic 0,1 291,595 203,19
rupture 0,3 242,345 64,6893

0,3 242,345 64,6893

Leak 0,1 266,878 113,756

0,3 236,192 52,3831

0,3 236,192 52,3831

Mangote 100% 0,1 127,26 54,5195

0,3 112,553 25,1056

0,3 112,553 25,1056

Supplementary data for worst-case explosion scenarios

Overpre | Explosio | Ignition | Ignition Explosio
time [s] | source n centre

[m] [m]

Study\Bobtail Catastrop  Dia 0,1 815,495 29,7971 190 87,8942 190
hic 0,3 269,501 37,7707 210 42,4567 210

rupture 0,3 269,501 37,7707 210 42,4567 210

Leak 0,1 143,099 60,2026 210 61,1604 210

0,3 143,099 60,2026 210 61,1604 210

0,3 143,099 60,2026 210 61,1604 210

Mangote 0,1 15,7533 20,3498 100 25,7512 100

100% 0,3 15,7533 20,3498 100 25,7512 100

0,3 15,7533 20,3498 100 25,7512 100

iﬁ\_ a Audit Number: 6570
Date: 11/09/2019 Time: 12:01
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DNV-GL

Consequence Summary Report

Workspace: Cenario Operacional n°04

Study: Study
Summary Basis

These tables will only report global values set in the parameters. Values that are modified in the study tree will
not be reported.

The report is context sensitive, and filters up to the study level. You willl need to generate multiple summary
reports if you have multiple studies in your workspace.

Discharge Results (after atmospheric expansion)

Liquid | Droplet | Expand | Velocit End

I ES diamet time of
fractio er i release
nin [um] [s]
materi
al
[fractio
n]
Study\P3000- Catastro Dia -34,6475 0,69976 150,462 31,0656
Ponto1l phic 1
rupture
Leak Dia 32,2847 -34,6475 0,69976 159,176 0,17563 155,328 92,9234
1 7
Mangote Dia 2,14208 -34,6475 0,70084 154,065 0,04471 158,444 1400,63
100% 2 48
Mangote Dia 0,01156 -34,6475 0,69847 177,395 0,00336 151,846 3600
10% 34 7 898
Study\P3000- Catastro Dia -34,6475 0,69976 150,462 31,0656
Ponto2 phic 1
rupture
Leak Dia 32,2847 -34,6475 0,69976 159,176 0,17563 155,328 92,9234
1 7
Mangote Dia 2,14208 -34,6475 0,70084 154,065 0,04471 158,444 1400,63
100% 2 48
Mangote Dia 0,01156 -34,6475 0,69847 177,395 0,00336 151,846 3600
10% 34 7 898
Study\Enchimento Vazamen Dia 2,14208 -34,6475 0,70084 154,065 0,04471 158,444 6,19567
Ponto 1 to P13 2 48
Ruptura Dia -34,6475 0,69976 150,462 31,0656
da 1
Cilindro
Furo no Dia 1,25103 -34,6475 0,69976 159,176 0,03457 155,328 10,3914
Cilindro 1 43
Vazamen Dia 0,02166 -34,6475 0,69976 159,176 0,00455 155,328 600
to em 67 1 003
600 seg

Audit Number: 8114
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Study\Enchimento
Ponto 2

Vazamen
to P13

Ruptura
da
Cilindro

Furo no
Cilindro

Vazamen
to em
600 seg

Dia

Dia

Dia

Dia

2,14208

1,25103

0,02166
67

-34,6475

-34,6475

-34,6475

-34,6475

0,70084
2

0,69976
1
0,69976
1

0,69976
1

154,065

150,462

159,176

159,176

DNV-GL

0,04471 158,444 6,19567
48

31,0656

0,03457 155,328 10,3914
43

0,00455 155,328 600
003
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Dispersion Results
Input dispersion parameters

Core averaging time 18,75 s
Flammable averaging time 18,75 s
Toxic averaging time 600 s
Height of interest 0 m

Distance downwind to defined concentrations
The reported concentration of interest is defined at the scenario

Distance to Distance to Distance to

UFL [m] LFL [m] LFL fraction
[m]
Study\P3000-Ponto1 Catastrophic Dia 13,6075 132,426 188,774
rupture
Leak Dia n/a 131,429 216,277
Mangote 100% Dia n/a n/a 40,1069
Mangote 10% Dia n/a n/a n/a
Study\P3000-Ponto2 Catastrophic Dia 13,6075 132,426 188,774
rupture
Leak Dia n/a 131,429 216,277
Mangote 100% Dia n/a n/a 40,1069
Mangote 10% Dia n/a n/a n/a
Study\Enchimento Ponto 1 Vazamento P13 Dia n/a n/a 39,991
Ruptura da Dia 1,53572 5,01527 14,3458
Cilindro
Furo no Dia n/a n/a 17,5174
Cilindro
Vazamento em Dia n/a n/a n/a
600 seg
Study\Enchimento Ponto 2 Vazamento P13 Dia n/a n/a 39,991
Ruptura da Dia 1,53572 5,01527 14,3458
Cilindro
Furo no Dia n/a n/a 17,5174
Cilindro
Vazamento em Dia n/a n/a n/a
600 seg

Audit Number: 8114
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Jet Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Flame Distance Distance Distance
length [m] | downwind | downwind | downwind
to to to
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]
Study\P3000-Ponto1 Leak Dia 50,7785 90,2976 77,0649 67,9917
Mangote Dia 15,7739 26,4223 22,6676 20,0297
100%
Mangote Dia 1,60863 1,63399 n/a n/a
10%
Study\P3000-Ponto2 Leak Dia 50,7785 90,2976 77,0649 67,9917
Mangote Dia 15,7739 26,4223 22,6676 20,0297
100%
Mangote Dia 1,60863 1,63399 n/a n/a
10%
Study\Enchimento Ponto 1 Vazamento Dia 15,7739 26,4223 22,6676 20,0297
P13
Furo no Dia 12,5365 20,7759 17,8351 15,7562
Cilindro
Vazamento Dia 2,11593 2,82777 1,99852 n/a
em 600 seg
Study\Enchimento Ponto 2 Vazamento Dia 15,7739 26,4223 22,6676 20,0297
P13
Furo no Dia 12,5365 20,7759 17,8351 15,7562
Cilindro
Vazamento Dia 2,11593 2,82777 1,99852 n/a
em 600 seg
% Audit Number: 8114
Date: 11/09/2019 Time: 12:04
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Early Pool Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters
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Late Pool Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Pool Distance Distance Distance
diameter | downwind | downwind | downwind
[m] to to to
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kwW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]
Study\P3000-Ponto1 Catastrophic  Dia 16,9045 59,5744 45,9766 36,1911
rupture
Study\P3000-Ponto2 Dia 16,9045 59,5744 45,9766 36,1911
Study\Enchimento Ponto 1 Ruptura da Dia 0,920024 4,12894 2,56383 1,54662
Cilindro
Study\Enchimento Ponto 2 Dia 0,920024 4,12894 2,56383 1,54662
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Fireball Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Fireball Distance Distance Distance
diameter downwind | downwind | downwind
[m] to to to
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kwW/ (19,45 kW/m2)
m2) [m] kW/m?2) [m]
[m]
Study\P3000-Ponto1 Catastrophic  Dia 80,7851 161,425 114,45 83,5343
rupture
Study\P3000-Ponto2 Dia 80,7851 161,425 114,45 83,5343
Study\Enchimento Ponto 1 Vazamento Dia 13,2458 23,1316 16,1172 11,421
P13
Ruptura da Dia 13,1706 22,9995 16,0242 11,354
Cilindro
Furo no Dia 13,1706 22,9995 16,0242 11,354
Cilindro
Study\Enchimento Ponto 2 Vazamento Dia 13,2458 23,1316 16,1172 11,421
P13
Ruptura da Dia 13,1706 22,9995 16,0242 11,354
Cilindro
Furo no Dia 13,1706 22,9995 16,0242 11,354
Cilindro
iﬁ\_ a Audit Number: 8114
Date: 11/09/2019 Time: 12:04
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Flash Fire Results

Distance downwind to defined concentrations

The reported LFL and LFL fraction are defined in the respective material property

Distance Distance
downwind to downwind to
LFL [m] LFL Fraction
[m]

Study\P3000-Pontol Catastrophic Dia 132,426 188,774
rupture
Leak Dia 131,429 216,277
Mangote 100% Dia 40,1069
Mangote 10% Dia

Study\P3000-Ponto2 Catastrophic Dia 132,426 188,774
rupture
Leak Dia 131,429 216,277
Mangote 100% Dia 40,1069
Mangote 10% Dia

Study\Enchimento Ponto 1 Vazamento P13 Dia 39,991
Ruptura da Dia 5,01527 14,3458
Cilindro
Furo no Cilindro Dia 17,5174
Vazamento em Dia
600 seg

Study\Enchimento Ponto 2 Vazamento P13 Dia 39,991
Ruptura da Dia 5,01527 14,3458
Cilindro
Furo no Cilindro Dia 17,5174
Vazamento em Dia
600 seg

Maximum distance to LFL fraction at any height

Max flash Height of Time [s]
fire distance the max
[m] flash fire
distance [m]
Study\P3000-Pontol Catastrophic Dia 186,633 0 43,1405
rupture
Leak Dia 216,231 0 65,0464
Mangote 100% Dia 42,0334 0,324565 15,6035
Mangote 10% Dia 1,9532 0,999514 1,91794
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Study\P3000-Ponto2

Study\Enchimento Ponto 1

Study\Enchimento Ponto 2

Catastrophic
rupture

Leak

Mangote 100%
Mangote 10%
Vazamento P13

Ruptura da
Cilindro

Furo no
Cilindro

Vazamento em
600 seg

Vazamento P13

Ruptura da
Cilindro

Furo no
Cilindro

Vazamento em
600 seg

Dia

Dia

Dia

Dia

Dia

Dia

Dia

Dia

Dia

Dia

Dia

Dia

186,633

216,231
42,0334

1,9532
41,8136

13,053

26,5707

2,519

41,8136

13,053

26,5707

2,519

DNV-GL

0
0,324565
0,999514
0,324565

(0]

0,600853

0,995241

0,324565

0

0,600853

0,995241

43,1405

65,0464
15,6035
1,91794
9,64124

3,24834

6,23485

1,25994

9,64124

3,24834

6,23485

1,25994
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Explosion Results

Explosion scenarios for worst-case maximum downwind distance to defined overpressures. The worst-
case explosion will be modelled in the risk calculations if ignition conditions are present at the time
for the scenario.

The reported overpressures are defined in the explosion parameters

Overpressur Maximum Diameter
e level [bar] | distance [m] [m]

Study\P3000-Pontol Catastrophic 0,1 236,216 172,433
rupture 0,3 198,133 56,2656

0,3 198,133 56,2656

Leak 0,1 266,799 113,598

0,3 236,155 52,3103

0,3 236,155 52,3103

Mangote 100% 0,1 50,5524 21,1048

0,3 44,8592 9,71847

0,3 44,8592 9,71847

Study\P3000-Ponto2 Catastrophic 0,1 236,216 172,433
rupture 0,3 198,133 56,2656

0,3 198,133 56,2656

Leak 0,1 266,799 113,598

0,3 236,155 52,3103

0,3 236,155 52,3103

Mangote 100% 0,1 50,5524 21,1048

0,3 44,8592 9,71847

0,3 44,8592 9,71847

Study\Enchimento Ponto 1 Vazamento P13 0,1 43,7255 7,45105
0,3 41,7156 3,43111

0,3 41,7156 3,43111

Ruptura da 0,1 No hazard 0

Cilindro 0,3 No hazard 0

0,3 No hazard 0

Furo no 0,1 27,6037 15,2075

Cilindro 0,3 23,5014 7,00286

0,3 23,5014 7,00286

Study\Enchimento Ponto 2 Vazamento P13 0,1 43,7255 7,45105
0,3 41,7156 3,43111

0,3 41,7156 3,43111

Ruptura da 0,1 No hazard 0

Cilindro 0,3 No hazard 0

0,3 No hazard 0

Furo no 0,1 27,6037 15,2075

Cilindro 0,3 23,5014 7,00286

0,3 23,5014 7,00286

Supplementary data for worst-case explosion scenarios

Overpre Ignition | Ignition Cloud Explosio
ssure time [s] | source centre | n centre
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Study\P3000-Ponto1 Catastrop Dia 0,1 498,399 23,1885 150 70,7765 150
hic 0,3 177,334 30,2457 170 41,7147 170
rupture 0,3 177,334 30,2457 170 41,7147 170
Leak 0,1 142,503 45,0039 210 61,1287 210
0,3 142,503 45,0039 210 61,1287 210
0,3 142,503 45,0039 210 61,1287 210
Mangote 0,1 0,913812 12,7271 40 8,48002 40
100% 0,3 0,913812 12,7271 40 8,48002 40
0,3 0,913812 12,7271 40 8,48002 40
Study\P3000-Ponto2 Catastrop 0,1 498,399 23,1885 150 70,7765 150
hic 0,3 177,334 30,2457 170 41,7147 170
rupture 0,3 177,334 30,2457 170 41,7147 170
Leak 0,1 142,503 45,0039 210 61,1287 210
0,3 142,503 45,0039 210 61,1287 210
0,3 142,503 45,0039 210 61,1287 210
Mangote 0,1 0,913812 12,7271 40 8,48002 40
100% 0,3 0,913812 12,7271 40 8,48002 40
0,3 0,913812 12,7271 40 8,48002 40
Study\Enchimento Vazament 0,1 0,040213 7,76564 40 3,94622 40
Ponto 1 o P13 0,3 2 7,76564 40 3,94622 40
0,3 0,040213 7,76564 40 3,94622 40
2
0,040213
2
Ruptura 0,1 0 0 No hazard No hazard 0
da 0,3 0 No hazard No hazard 0
Cilindro 0,3 0 No hazard No hazard 0
Furo no 0,1 0,341892 2,70248 20 5,84849 20
Cilindro 0,3 0,341892 2,70248 20 5,84849 20
0,3 0,341892 2,70248 20 5,84849 20
Study\Enchimento Vazament 0,1 0,040213 7,76564 40 3,94622 40
Ponto 2 o P13 0,3 2 7,76564 40 3,94622 40
0,3 0,040213 7,76564 40 3,94622 40
2
0,040213
2
Ruptura 0,1 0 0 No hazard No hazard 0
da 0,3 0 No hazard No hazard 0
Cilindro 0,3 0 No hazard No hazard 0
Furo no 0,1 0,341892 2,70248 20 5,84849 20
Cilindro 0,3 0,341892 2,70248 20 5,84849 20
0,3 0,341892 2,70248 20 5,84849 20
. = Audit Number: 8114
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DNV-GL

Consequence Summary Report

Workspace: Cenario Operacional n°05

Study: Study
Summary Basis

These tables will only report global values set in the parameters. Values that are modified in the study tree will
not be reported.

The report is context sensitive, and filters up to the study level. You willl need to generate multiple summary
reports if you have multiple studies in your workspace.

Discharge Results (after atmospheric expansion)

Liquid | Droplet | Expand | Velocit End

mass diamet time of
fractio er i release
nin [um] [s]
materi
al
[fractio
n]
Study\Bobtail Catastro Dia -34,6475 0,69977 150,433 31,0712
phic 1
rupture
Leak Dia 32,4234 -34,6475 0,69978 159,115 0,17597 155,384 154,209
1 7
Mangote Dia 9,20118 -34,6475 0,70080 152,742 0,09269 158,379 543,527
100% 6 77
Mangote Dia 0,06318 -34,6475 0,70029 162,38 0,00772 156,887 3600
10% 22 6 441
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Dispersion Results
Input dispersion parameters

Core averaging time 18,75 s
Flammable averaging time 18,75 s
Toxic averaging time 600 s
Height of interest 0 m

Distance downwind to defined concentrations
The reported concentration of interest is defined at the scenario

Distance to Distance to Distance to

UFL [m] LFL [m] LFL fraction
[m]
Study\Bobtail Catastrophic Dia 19,554 162,985 226,714
rupture
Leak Dia n/a 131,729 216,775
Mangote 100% Dia n/a 52,4366 109,557
Mangote 10% Dia n/a n/a n/a

i q 'i Audit Number: 7929
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Jet Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Flame Distance Distance Distance
length [m] | downwind | downwind | downwind
to to | {o)
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]

Study\Bobtail Leak Dia 50,8692 90,4676 77,2096 68,1194
Mangote Dia 29,576 51,0944 43,7192 38,6178
100%

Mangote Dia 3,39041 5,0656 4,2437 3,3799
10%
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Early Pool Fire Results
Distance downwind to defined radiation levels

The reported radiations are defined in the parameters
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Late Pool Fire Results
Distance downwind to defined radiation levels
The reported radiations are defined in the parameters

Study\Bobtail Catastrophic  Dia

rupture

Distance
downwind

Pool
diameter

[m] to
intensity

level 1
(9,85 kW/
m2) [m]

21,8487 74,8871

DNV-GL

Distance Distance
downwind | downwind
to to
intensity intensity
level 2 level 3 (35
(19,45 kW/m2)

kW/m2) [m]
[m]

57,6591 45,6317
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Fireball Results

Distance downwind to defined radiation levels

The reported radiations are defined in the parameters

Fireball Distance Distance Distance
diameter downwind | downwind | downwind
[m] to to to
intensity intensity intensity
level 1 level 2 level 3 (35
(9,85 kW/ (19,45 kW/m2)
m2) [m] kW/m2) [m]
[m]
Study\Bobtail Catastrophic  Dia 95,7802 193,438 137,365 100,458
rupture

@ Audit Number: 7929
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Flash Fire Results

Distance downwind to defined concentrations

The reported LFL and LFL fraction are defined in the respective material property

Distance Distance
downwind to downwind to
LFL [m] LFL Fraction
[m]
Study\Bobtail Catastrophic Dia 162,985 226,714
rupture
Leak Dia 131,729 216,775
Mangote 100% Dia 52,4366 109,557
Mangote 10% Dia

Maximum distance to LFL fraction at any height

VU EVEIEH)] Height of Time [s]
fire distance the max
[m] flash fire
distance [m]
Study\Bobtail Catastrophic Dia 220,475 0 53,0463
rupture
Leak Dia 216,741 0 77,1047
Mangote 100% Dia 109,251 0 54,7554
Mangote 10% Dia 3,84412 0,976743 1,91795
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Explosion Results

Explosion scenarios for worst-case maximum downwind distance to defined overpressures. The worst-
case explosion will be modelled in the risk calculations if ignition conditions are present at the time
for the scenario.

The reported overpressures are defined in the explosion parameters

Overpressur Maximum Diameter
e level [bar] | distance [m] [m]

Study\Bobtail Catastrophic 0,1 291,595 203,19
rupture 0,3 242,345 64,6893

0,3 242,345 64,6893

Leak 0,1 266,878 113,756

0,3 236,192 52,3831

0,3 236,192 52,3831

Mangote 100% 0,1 127,26 54,5195

0,3 112,553 25,1056

0,3 112,553 25,1056

Supplementary data for worst-case explosion scenarios

Overpre | Explosio | Ignition | Ignition Explosio
time [s] | source n centre

[m] [m]

Study\Bobtail Catastrop  Dia 0,1 815,495 29,7971 190 87,8942 190
hic 0,3 269,501 37,7707 210 42,4567 210

rupture 0,3 269,501 37,7707 210 42,4567 210

Leak 0,1 143,099 60,2026 210 61,1604 210

0,3 143,099 60,2026 210 61,1604 210

0,3 143,099 60,2026 210 61,1604 210

Mangote 0,1 15,7533 20,3498 100 25,7512 100

100% 0,3 15,7533 20,3498 100 25,7512 100

0,3 15,7533 20,3498 100 25,7512 100
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