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" gli impiant elettrici nei luoghi con pericolo di esplosione; ad essa faranno seguite altre norme £
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PREMESSA NAZIONALE

ia presente Norma € la prima parte di un corpo normativo CENELEC riguardante 'importante ar

classificazione deiluoghi con presenza di esplosivi o polver inflammsbili, nonché norme riguardan
sitd di sicurezza degli impiant elettrici, 2ltualmente in stadio in sede IEC e CENELEC.

la presente norma si applica alla classificazione dei luoghi pericolosi di opere od applicazioni nuove e tra-
sformazioni radicali di quelle esistenti; naturalmente, essa pud essere utilizzata anche per la classificazione
dei luoghi di opere od applicazioni esistent,

La presente norna sostituisce la Norma CEI 64-2 per quanto si riferisce alla classificazione dei luoghi con pre-
senza, in qualungue stato fisico, di sostanze, esclusi gli esplosivi e le polver inflammabili, che sotto forma di
vapori, gas o nebbie, possono deterrninare con l'aria un’atmosfera pericolosa; in particolare, essa sosurulsce il
Capitolo I - Luoghi di classe 1 (C1) ed il Capitolo V - Zuoghi di classe 3 (C3).

Le parti della Norma CEI 64-2 oggetto della presente norma restano conternporaneamente in vigore fino al
31 dicembre 1997; le Appendici della Norma CEI 64-2/A, in akesa di nuove Guide CEI e della norma
CENELEC relativa ai requisiti degli impiant eletrrici in atmosfere esplosive per la presenza di gzs, se non ven-
gono abrogate, possono essere applicate, sia per la classificazione, sia per la scelta dei tipi di impianti elettrici
a sicurezza, anche olre la data del 31 dicembre 1997.

il periodo di contempcranea validitd delle norme sopra indicate ha lo scopo di consentire i completamenté
delle classificazioni dei luoghi in corso di esecuzione ed ai tecnici di adeguarsi alla presente norma.

Lz data del 31 dicembre 1997 & stata stabilita dal CENELEC e deve essere considerata ulimativa per I'abroga-
Zone di tutte le prescrizioni normative in conflitto con quelle della presente norma; detto conflitto riguarda
principalmente { luoghd di Classe 3 ed i relativi impianti eletricl.

Si fa presente a quant si apprestano ad iniziare und classificzzione dei luoghi in conformitd aila Norma
CEI 64-2 dopo la pubblicazione della presente norma di valutare attentamente i tempi di esecuzione per non
incorrere nelle conseguenti difficoltd qualora ultimassero il lavoro dopo 1z data del 31 dicembre 1997.

La presente norma di classificazione dei luoghi pericolosi ha un campo di applicazione nominalmente pid va-
sto di quello proprio dellz Norma CEI 64-2, in quanto non sono esplicitarente esclusi alcuni Iuoghi o im-
piant esclusi dalla Norma CEI 64-2; di questo occorre tener conto non derivandone I'obbligo, per i luoghi
pericolosi non compresi nel campo di applicazione della Norma CEI 64-2, di usare tipi di impianti elettici a
sicurezza convenuti nella norma stessa, anche in considerazione del campo di applicazione prevalente delle
norme del Comitato Tetnico 31 IEC ¢ CENELEC.

Per i luoghi pericolosi compresi nel campo di applicazione della Norma CEI 64-2 quarta edizione
(Fascicolo n. 1431), 1z scelta dei tipi di impiant eletrici a sicurezza in relazione ai tipi di zona 0, 1 e 2 della
presente norma, deve essere operald in conformitd alla Tabella IV della Norma CEI 64-2 stessa, tenufo conto
della Errata Corrige (Fascicolo n. 1973V), secondo i seguente criterio: ’

s perla zona 0, i tipi di impianii elettrici a sicurezza previst per la zona C120;

e perla zona 1, i tipi di impianti elettrici 4 sicurezza previsti per la zona CIZ1,

% perla zona 2, i ipi di impiand eletrici a sicurezza previsti per la zona C1Z2.

5i fa notare che la classificazione dei lJuoghi pericolosi viene trattata nella presente norma secondo crited di analisi
del rischio (e del grado di sicurezza equivalente) gia fatti propri dalla Norma CEI 64-2 (art. 1.1.03.b); questultima,
nella quarta edizione del 1990, introduceva la possibilitd di determinare le zone pericolose utillizzando i principi
dell'anzalisi del rischio oltre che con i metodi convenzionali gid presenti nelle precedenti edizioni.

Essa quindi non fornisce estensionj convenzionali delle zone pericclose (come ad esempio indicato nej capi-
oli I e V della Norma CEI 64-2) ma lascia al tecnico incaricato della classificazione del luogo il compito del-
la loro determinzzione in base alle grandezze che le condizionano (ad es. portata di emissione).

la classificazione dei luoghi, considerando i principi su cui si basa, & utile anche per la valutazione del ri-
schio nell'ambito del Decreto Legislativo 19.09.1994, n® 626.

Nella presente norma & detto che l'estensione delle zone pud essere stabilita facendo riferfimento a guide e
raccomandaziont relative a specifiche industrie od applicazioni. I tecnica preposto alla classificazione, valu-
tandone l'affidabilitd, applicabilitd al suo caso ed il rispetto della presente norma, pud fare riferimento ad
estensioni desunte dz dette guide e raccomandazioni, dalle appendici A, B e C della presente norma, i cui
contenuii sono solo informativi e quindi senza obbligo di applicazione, od anche dalle Norme CEI 64-2 e
64-2/A quarta edizione (Fasciccli n. 1431 e n. 1432) tenuto conto della Errata Corrige (Fascicolo n. 1973V).
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FOREWORD

The text of document 31J/39/FDIS, furure edi-
tion 3 of IEC 79-10, prepared by 5C 317, Classifi-
cation of hazardous areas and installation re-
quirements, of IEC TC 31, Electrical apparatus
for explosive atmospheres, was submitted to
the IEC-CENELEC parallel vote and was ap-
proved by CENELEC as EN 60079-10 on
1995/11/28.

The following dates were fixed:

s latest date by which the EN has to be imple-
mented at national level by publication of
zn identical national Standard or by en-
dorsement
(dop) 1996/09/01

s latest date by which the national Standards
conflicting with the EN have to be withdrawn
(dow) 1996/09/01

Annexes designated “normative” are part of the

body of the Standard.

Annexes designated “informative” are given for

information: only. '

In this Standard, Annex ZA is normative and

Annexes A, B and C are informative.

Annex ZA has been added by CENELEC.

ENDORSEMENT NOTICE

The text of the Internztional Standard
[EC 79-10 (1995), together wit h its Corrigen-
dum May 1996, was approved by CENELEC as a
European Standard without any modification.

MORNMA TECNITA

PREFAZIONE

1l testo del documento 31]/39/FDIS, futura tefzg__f
edizione della Pubblicazione IEC 79-10, prepamtcrq_
dal Sottocomitato SC 31, Classificadon of hazar' N
dous areas and installation requirements, del CD»\
mitato Tecnico della IEC TC 31, Electrical appara-
wus for explosive atmospheres, & stato softoposio
al voto parallelo IBC ENELEC ed approvato dal
CENELEC come Norma Europea EN 60079-10 il
28 novembre 1995.

Sono state fissate le seguenti date:

a data ultima entro la quale Ia EN deve essere
applicaw a livello nazionale mediante pubbli-
cazione di una Norma nazionale identica o
mediarte adozione
{dop) 01/09/1996

= ‘data ultima entro la quale le Norme nazionali
contrastanti con la EN devono essere ritirate
(dow) 01/09/1996

Gli Allegati designati “normativo” fanno parte del-

ia presente Norma.

Le Appendici designate “informativa” sono fornite
solo 1 titolo di informazione.

Nella presente Norma, 'Allegato ZA & normative
e le Appendid A, B e C sono informative.

L'Allegato ZA @ stato aggiunto dal CENELEC.

AVVISO DI ADOZIONE

Il testo dellz Pubblicazione IEC 79-10 (1999), con
il suo Corrigendum maggio 1996, & stato approva-
to cdal CENELEC come Norma Europea senza al-
cuna modifica.

(1) Estata concessa all'itafia una proroga fino al 31 dicembre 1997,
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INTRODUCTION

In areas where dangerous quantities and con-
centrations of flammable gas or vapour may
arise, protective measures are to be applied in
* order 1o reduce the risk of explosions. :
The objective of this Standard is to set out the
. essential criteria against which the sk of igni-
ton can be assessed, and to give guidance on
the design and control parameters which can be
used in order to reduce this risk,
In the case of electrdcal apparatus, this Standard is
used as a basis for the proper selection and instal-
lation of apparatus for use in z hazardous area.
Reference should be made 1o the appropriate
Standard(s) for details.

fiammabili, devono essere adottate misure di pre-
venzione per ridurre il rischio di esplosioni.
L'obiettivo della presente Norma CEl & di stabilire
criterdd essenziali per la valutazione della passibilita
di formazione di atmosfera esplosiva e di fornire
una guida su grandezze caratteristiche di progetto
ed esercizio utilizzabili per ridurre detta possibilita.
Per quanto atjene alle costruzioni {apparecchi)
elettriche da impiegarsi In tali luoghi, essa & utiliz-
zata per la loro corretta scelta ed installazione, rin-
viando alle relative norme per i requisiti specifici.
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GENERAL

GENERALITA

“Scope ¢

Gggetio e scopo

This Standard is concerned with the classifica-
tion of hazardous areas where flammable gas or
vapour risks may arise, in order to permit the
proper selection and installation of apparatus
for use in such hazardous areas (see notes 1
and 4).
#1t s intended to be applied where there may be "
a risk’ of ignition due to the presence of flam-
“thable gas or vapour, mixed with air under nor-
mal-atmospheric conditions (see note 23, but it
does-not apply to: :
a) rmines susceptible 1o firedamp;
1) the processing and mamufacture of explosives;
¢) areas where a risk may arise due to the
presence of ignitable dusts or fibres;

d) camstrophic failures which. are beyond the

“Standard (see note 3); -
e) rooms used for medical purposes;

f) areas where the presence of flammable mist
may give rise to an unpredictable sk and
which require special consideration (see
note 5).

This Standard does not 1zke into account the ef-
fects of consequental damage.

Definitions and explanations of terms are given
together with the main principles and proce-
dures relating 10 hazardous area classification.

For detailed recommendations regarding the ex-
tent of the hazardous areas in specific indusiries
or applications, reference may be made to the
codes relating to those industries or applications.

NatesiNote: 1 For the purpose of this Standard, an area s a
three-dimensional region or space.

2 Atmospheric conditions include variations above
and below veference levels of 101,3 kPa
(1013 mbar) and 20 C (293 K), provided that
the variations bave a negligible effect on the ex-
Dlosion properties of the flammable materials,

3 Catastrophic fatlure in this context is applied, for -

* example, to the rupiure of @ process.vessel o pipe-
fine, and such events that are not predictable.

4 In any process plant, irrespective of size, there
tnay be numerous sources of ignition apart from
those associated with electrical apparatus. Appro-
briate precautions will be necessary lo ensure
safety in this context. This Standard may be used
with judgement for other ignition sources.

5 2isis may form or be present at the sume time as
flammable vapours. This may affect the way.
Jammable material disperses and the extent of
-any bazardous areas. The strict application of

area classtfication for gases and vaporrs may nol
be appropriate because the flammability charac-
leristics of mists are nof always predictable.
Whilst it can be difficult to decide wpon the type

e e e b g A A g g s
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Lz presente Norma watta la classificazione dei

luoghi pericolesi ove posscno manifestarsi dei ri-
schi associai alla presenza di gas o vapor inflam-
mabili. allo scopo di permettere la corretta scelta
ed installazione delle costruzioni {apparecchi) da
impiegarsi in tali lnoghi (note 1 e 4).

Essa si applica ai luoghi in cui vi pud essere il -

‘schio di accensione dovuto alia presenza di gas o

vapori inflammabili in miscela con aria in condi-
zioni atmosferiche normali (nota 2), ma non si ap-
plica a:

a)
by
c)

- d)
‘concept of abnormality dealt with"in’ this -

e)

miniere con possibile presenza di grisou;
Tuoghi di rattamento e produzione di esplosivi;
lucghi dove un rschio di esplosione pud ma-
nifestarsi per la presenza di polveri o fibre in~
flammabili;

guasti catastrofici non compresi nel concetto
di anonmalitd - rattato in  questa norma
(nota 3);

locali adibiti 2d uso medico;

luoghi dove la presenza di nebbie infiamma-
bili pud dare origine ad un rischio imprevedi-
bile e che rsichiede considerazioni particolari
(nota 3). '

1la presente Norma non considera ghi effem dei gua-
sti consequenziali (indotii da un guasio primario).
Essa contiene le definizioni e le spiegazioni dei
termini, nonché i principi e le procedure fonda-
mentali relativi alla classificazione dei luoghi.

Per specifiche industde ed applicazioni,. I'esten-
sione dei luoghi pericolosi pud essere definita fa-
cendo riferimento a guide e raccomandazioni re-
lative a dette industsie o applicazioni.

3

Af fint di della presente Norma, un luogo € una

Dparte tridimensionale dello spazio.

Le condizioni atmosferiche inclidono variazioni
sopra e sotto i valori di riferimento di 101,3 kPa
(1013 mbar) e 20°C (293 K), purché le variazioni
abbiano un effefto trascurabile sulle proprietd
esplosive delle sostanze infiammabili.

I termine ‘guast catasirofict” si applica ad esem-
pio, alla rottura di un recipiente g pressione o di
una tubazione ed agli eventi non prevedibili,

In ogni impianto di processo, indipendeniemente
dalla sua dimensione, ci possono essere numercse
sorgenti di accensione (innesco) oltre a quelle rela-
tive all'impianto elettrico. In tale caso si rendono
necessarie gaitre idonee precauzioni per garantire la
sicurezza, La presente Norma potrd essere utilizza-
ta con cautela per altre sorgenti di accensione.
Nebbie possono formarsi o essere present! contem-
poraneamente a vapori infiammabili. Ci6 pud in-
flwire sul modo di dispersione delle sostanze infiarm-
mabili e sull'estensione dei luoghi pericolosi. La
rigorosa applicazione della classificazione dei fuo-
ghi pericolosi per gas e vapori pud non essere adaita
poické le caratteristiche di infiammabilitd delle
nebbie non sono sempre prevedibili, Sebbene sin
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and extent of zones, the criteria applicable lo gas-
es and vapours will, in most cases, give a safe re-
sult. However, special cownsideration should al-
ways be given lo the danger of ignition of
flammable misis.

Normative references

difficile decidere sul tipo ed estensione delle zore, W
criteri applicabili ai gas e vaport danno, nella ma, éﬁaﬂ D
gior parte dei casi, risultati sicuri. Tuttavia, 876557

portuno lenere sempre in particolare consider, £

ne il pericolo di accensione di nebbie inﬁamrri

wd
o . s W2
Riferimenti normativi - \ue,):\

The following normarive documents contain
provisions which, through reference in this texr,
constitute provisions of this Standard. At the
time of publication, the editions indicated were
valic. All normative documents are subject 10
revision, and parties to agreements based on
this Standard are encouraged to investigate the
possibility of applying the most recent editions
of the normative documents indicated below™®.
Members of IEC and I1SO mazintain registers of
curreatly valid international Standards.

DEFINITIONS AND TERMS

7i. 5§#1

i<
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Le Norme sotto elencate contengono disposizionim s #7

che, mamite riferimento nel presenie testo, costi-
tuiscono disposizioni per la presente Norma. Al
momento della pubblicazione della presente Nor-
ma, le edizioni indicate erano in vigore. Tutte le
Norme sono soggette a revisione, e gli utilizzatord
della presente Norma sono invitad ad applicare le
edizioni pill recenti delle Norme sotto elencare™.
Presso i membri della IEC e dell'ISO sono dispo-
nibili gli elenchi aggiornati delle Norme in vigore.

DEFINIZIONI E TERMINI

2.1

For the purpose of this Standard, the following
definiions and terms apply.

Explosive gas atmosphere

Al fini della presente Norma, si applicano le se-
guent! definizion] e termini.

Atmosfera esplosiva per la presenza di gas

22

Note/Nota

A mixture with air, under atmospheric condi-
tions, of a flammable material in the form of gas
or vapour in which, after ignition, combustion
spreads throughout the unconsumed mixture.
EV 426-02-03, modiffed] '

Although a mixture which bas a concentration above
the upper explosive limit (UEL) is not an explosive gas
almosphere, it can readily become so and, in certain
cases for area classification purposes, it is advisable to
constder it as an explosive gas atmosphere.

Hazardous area

miscela in zria di una sostanza infiammabile sotto
forma di gas o vapore, in condizioni atmosferiche
normali, in cui, dopo l'accensione, la. combustio-
ne si propaga alla miscela incombusta.
(IEV 426-02-03, modificato]

Una miscela quenle una concenlrazione maggiore dei
limite superiore di esplodibilita (UEL), non é un'atmo-
sfera esplosiva, ma pud facilmente diventare tale; per-
tanto, in certi casi, ai fini delia classificazione, & consi-
ghiabile consideraria atmosfera esplosiva.

Lupgo pericoioso

23

An area in which an explosive gas atmosphere
is present, or may be expected to be present, in
quantities such as 1o require special precautions
for the construction, installation and use of ap-
paratus. [IEV 426-03-01, modified]

Mon-hazardous area

Luogo in cui & o pud essere presente un'atmosfera
esplosiva per la presenza di gzs, in quanritd tale da
richiedere provvedimenti particolari per la realizza-
zione, l'insmliazione e Iimpiego delle costruzioni
(apparecch). [[EV 426-03-01, modificato]

Luego non pericoloso

2.4

An area in which an explosive gas atmosphere
is not expected to be present in quantities such
as to require special precautions for the con-
struction, installation and use of apparatus.
HEV 426-03-02, modified]

fones

Luogo in cui non si prevede la presenza di un'atmo-
sfera esplosiva per la presenza di gas, in quantitd taje
da richiedere provvediment particolari per’la realiz-
zazione, linstallazione e Fimpiego delle costuzion
(apparecchi}. [IEV 426-03-02, modificaro]

Zane

Hazardous areas are classified into zones based
upon the frequency of the occurrence and du-
ration of an explosive gas atmosphere, as fol-
lows.

{1} Editor’s Note: For the list of Publications, see Annex ZA.

In relazione alla frequenzz di formazione ed zlla
permanenza di un'atmosfera esplosiva per 1z pre-
senza di gas, i luoghi pericolosi sono classificari

- nelle seguent zone.

M {‘{.d.ﬁ. Per Telenco dele Pubblicazioni, si rimanda ail'Allegato ZA.
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2.43

Note/Nota

.25

Zone 0

An area in which an explosive gas atmosphere
is present continuously or for long periods.
[[EV 426-03-03, modified]

Zone 1 ‘
An area in which an explosive gas aunocsphere

is lLkely to occur in normal operation.
[EV 426-03-04]
Zone 2

An area in which an explosive gas atmosphere
is not likely to occur in normal operation and, if
it does occur, is likely to do so only infrequent-
ly and will exist for 2 short penod orly.
[IEV 426-03-05, modified]

Indications of the frequency of the occurrence and

duraiion may be laken from codes relating to specific
industries or gpplications.

Source of release

Zona b
Luogo dove & presenie continuamente o per J
ghi periodi un'aimosfera esplosiva per la pfgSper
za di gas. [[EV 426-03-03, modificato. f&f
A

Zona 1 ,
luogo dove & possibile sia presente duy

funzionamento normale un’armosfera esp sm ,wgi\

per la presenza di gas. [[EV 426-03- 04]

Zona 2

Luogo dove non & possibile sia presente un'atmo-
sfera esplosiva per la presenza ¢éi gas durante il
funzionamento normale o, se cié avviene, & pos-
sibile: sia presente solo poco frequentemente e
per breve periodo. [[EV 426-03-05, modificato]

Indicazioni sulla frequenza e sulln durata di presenza . '

di un’atmosfera esplosiva possono essere ricavaie da
guide e raccomandaziont relative ad industrie ed appli-
cazioni specifiche.

Sorgente di emissione

2.6

A point or location from which 2 flammable gas,
vapour, or liquid may be released into the atmos-
phere such that an explosive gas atmosphere
could be formed. [IEV 426-03-06, modified]

Grades of release

‘Un punio o pare da cui pud essere emesso

nellammosfera un gas, un vapore o un liquide in-
flammabili €on meodalitd tale da originare un’'at-
mosfera esplosiva. [[EV 426-03-06, modificato]*

Gradi di emissione

There are three basic grades of release, as listed
below in order of decreasing likelihood of the
explosive gas atmosphere being present:

a} continuous grade;

b)- primary grade;

¢} secondary grade.

A source of release may give rise 1o any one of

these grades of release, of to a2 combination of
more than one.

Continuous grade of release

A release which is continuous or is expected to
occur for long perods.

Primary grade of release

A felease which can be expected to occur peri-
odically or occasionally during normal operation.

sono stabiliti tre gradi fondamentali di emissione,
qui di seguito elencat in ordine decrescente di
probabhilitz di presenza di atmosfera esplosiva per
la presenza di gas

a) grado conftinuo;

b) primo grade;

c) secondo grado.

Una sorgente di emissione pud dar luogo zd uno

di questi re gradi di emissione © ad una loro
cv:)rﬂbu'lamone(2>

tmissiene di grado confinuo

Emissione continua o che pud avvenire per lun-
ghi periodi.

Emissione di primo grade

Emissione che pud avvenire periodicamente od oc-
casionalmente durante il funzionamento normaie.

{1) Noia: (Non contenuia nelle pubblicazioni IEC & CENELEC) -
termine “sorgente di emissione” modifica il termine ‘centro of
pericolo” della IFY 426-03-05,

(2) Nota: {Non contenufa nelle pubblicazioni IEC e CENELEC) -
L'ordine decrescente di probabilita gi presenza di atmosterz
esplosiva abbinato ai gradi df emissione & indicato senza tener
conto della modulazions deils presenza di atmosfera esplosiva
dovuta, a volte, afla ventilazione. Esso pud esssre infeso anche
comeg ordine decrescente i probabilit di emissione con moda-
1itd fale da originare umatmosfara espiosiva.

o
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Secondary grade of releass

A release which is not expected to occur in nor-
mal operation and if it does occur, is likely to
do so only infrequently and for short periods.

Emissione di secondg grado
Emissione che non & prevista durante il funzion,
mento normele e che se avviene & possibile
poco frequentemente e per brevi periodi.

2.7 Release rate Portata di emissions .
Y
The quantity of flammable gas or vapour emit- Quantita di gas o vapore inflammabile emes:
ted per unit time from the source of release. nell'unitd di tempo dalla sorgente di emissione.
2.8 Normal operation Funzionamento normale
The situation when the equipment is operating Situazione in cui [impianto funziona enuo le
within its design parameters. grandezze caratteristiche di progeto.
NotesiNcte: 1 Minor releases of flammable material may be 1  Piccole emissiont di sostanze infiammabili possono
part of normal operation. For example, releases essere comprese nel funzionamento normale. Per
Srom seals which rely on wetting by the fluid esempio, si considerano piccole emissioni le perdite
whick is being pumped are considered to be mi- da lenute che per costruzione sono umidificate dal
nor releqses. Sluido di processc.
2 FPailures (such as the breakdown of pump seals, 2  Guasti quali roftura di lemute di pompe, di guarni-
Sflange gaskets or spillages caused by accidents) zioni, di flange, o spandiment: accidentali che ri-
which involve urgent repair or shut-down are not chiedono riparazioni urgendi ¢ fermale, non Sono
considered to be part of normal operatiorn. considerate far parte del funzionamenio normale.
18 Ventilation Ventilazione
Movement of air and its replacement with fresh  Movimento dell’aria e suo ricambio con aria fre-
air due 1o the effects of wind, termuperature gra- sca causat dall'efferro del venio, da gradienti di
dients, or artificial means (for example fans or temperatura, o éa mezzi artificiali (esempio: vent-
EXUTACIOrS). latori o estratrori).
210 Explosive limits Limifi di espiodibifita
2.10.1 Lower explosive limit (LEL) Limite inferiore di esplodibilita (LEL)
The concentration of flammable gas or vapour Concentrazione in aria di gas o vapore inflamma-
in air, below which the gas atmosphere is not bile, a2l di sowto della quale l'ammoesfera non &
explosive. [IEV 426-02-09, modified] esplosiva. [[EV 426-02-09, modificato]
L10.2 Upper explosive limit (UEL) Limite superiore di esplodibilita (UEL)
The concentration of flammable gas or vapour Concentrazione in ara di gas o vapore inflamma-
in air, above which the gas atmosphere is not  bile, al di sopra della guale l'aunocsfera non &
explosive. [IEV 426-02-10, modified] esplosiva. [IEV 426-02-10, modificato]
Note/Notz For the purpose of this Standard, the terms “explosive”  Ai fini della presenie Norma, § termini “esplosivo® e “in-
and ‘flammable” should be considered synonymous.  fiasnmabile” sono considerati sinonimi.
2H Relative density of 2 gas or a vapour Densita relativa di un gas o vapore
The density of a gas or a vapour relative 1o the Densitd di un gas o vapore relativa a quella dell'ada
density of air at the same pressure and at the alla stessa pressione ed alla stessa emperatura (a
same temperature (air is equal 10 1,0). densitd relativa dell’ara & postz uguale a 1,0
212 Flammable material Sostanza inflammabile
' A material which is flammable of itself, or is capa- Sostanza di per sé inflammabile, o in grado di pro-
ble of producing a flammable gas, vapour or mist.  durre un gas, un vapore o una nebbia inflammabili.
213 Flammabie liguid

Liquido infiammabile

A liquid capable of producing z flammable va-
pour under any foreseeable operating conditions.

Liquido in grade di produrre vapore inflammabile
in una qualsiasi condizione operativa prevedibile.

A
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Flammable gas or vapour

Gas 0 vapore inflammaiile

Gas or vapour which, when mixed with air in
certain proportions, will form an explosive gas
atmosphere.

Flammahle mist

va per la presenza di gas.

Mabbiz inflammahile

2.16

Droplets of 8lammable liquid, dispersed in air so
as to form an explosive atmosphere,

Flashpoint

Goccioline di liquido infiammabile disperse in
aria in modo da formare un'atmosfera esplosiva.

Temperatura d’infiammabiliia

2,17

The lowest liquid temperature at which, under
certain standardized conditions, a liguid gives
off vapours in a quantity such zs to be capable
of forming an ignitable vapour/air mixiure.

- [IEV 426-02-14]

Beiling point

La pil bassa temperaturz di un liquido alla quale,
in condizioni specifiche normalizzate, esso emette
vapori in quantitd sufficiente a formare con l'aria
una miscela inflammabile. [IEV 426-02-14]

Temperatura di ebollizione

-

Nate/Nota

2.18

The temperature of a liquid boiling at an ambi-
ent pressure of 101,3 kPa (1013 mbar).

For Liquid mixtures, the initial boiling point should be
used. Initial boiling point is used for Hguid mixiures
lo indicate the lowest value of the boiling point for the
range of liquids present, as determinegd in a standard
laboratory distillation withoul fractionation.

Vazpour pressure

Temperatura aila quale un liguido bolle alla pres-
sione ambiente di 101,3 kPa (1 (13 mbar).

Per le miscele di liguidi, si fa riferimento alla tempera-
tura di ebollizione iniziale. Tale temperatura & usata
per indicare il pift basso valore della ltemperatura di
ebollizione per Iz gamma di Bquidt presenti nella misce-
la ¢ si determina con unag distillazione normale di labo-
ratorio senza frazionamento.

Tensione di vapere (pressione di vapore) -

The pressure exerted when a solid or liquid is
in equilibrium with its own vapour, It is a func-
tion: of the substance and of the temperature.

Ignition temperature of an explosive gas

" atmosphere

Pressione esercitata quando un solido o un liqui-
do ¢ in equilibrio con i suoi stessi vapori. La ten-
sione di vapore varia in funzione della temperatu-
ra e del tipo di sostanza.

Temperaiura di accensione di un’atmosfera
esplosiva per la presenza di gas

Note/Nota

The lowest temperature of a heated surface at
which, under specified conditions, the ignition
of a flammable subsiance in the form of a gas
or vapour mixture with air will occur.

IEC 794 and IEC 79-44 standardize a method for the
determination of ibis lemperature. [[EV 426-02-01,
modified]

SAFETY AND AREA GLASSIFICATION

Minima temperatura di una superficie riscaldata
alla quale, in condizioni specificate, avviene I'ac-
censione di una sostanza inflammabile allo stato
di gas o vapore in miscela con aria.

Nelle pubblicazioni IEC 794 e IEC 79-44 & precisato un
metodo per la determinazione di defta temperatura.
[EV 426-02-01, modificato]

SICUREZZA E CLASSIFICAZIONE DEI LUGGHI

33

Safety principles

Principi di sicurszza

Installations in which flammable materials are
handled or stored should be designed, operated
and maintained so that any releases of flamma-
ble material, and consequenty the extent of
hazardous areas, are kept to a minimum,
whether in normal operation or otherwise, with
regard to frequency, duration and quantty.

In the case of maintenance activites other than
those of normal operation, the extent of the
zone may be affected but it is expected thar

Gli impiant dove vengono lavorate o depositate
sostanze inflammabili devonc essere progetats,
eserciti e mantenuti in modo da rdurre al minimo
le loro emissiond € le conseguent estensioni del
luoghi pericolosi, sia nel funzionamento normale,
sia in quelio anocrmale, con riferimento alla fre-
quenza, durata e quantiti delle emissioni.

Gli interventi di mamutenzione non ordinaria (diver
si da quelli eseguiti in esercizio ordinario) possono
produrre vatiazioni nelle estensioni dei luoghi peri-
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this would be dealt with by a permirto-work
system.

In emergency situations, reliance should be

‘placed on the isolation of unsuitable electrical

equipment, shut-down of the process, isolation

of process vessels, containment of spillages

and, if possible, the provision of additional
emergency ventilation.

In a situation in which there may be an expio-

sive gas atmosphere, the following steps should

be takern:

a) eliminate the likelihocd of an explosive gas
atmosphere occurring around the source of
ignition, or

b) eliminate the source of igniton.
Where this is not possible, proteclive measures,
process equipment, systems and procedures
should be selected and prepared so the likeli-
hood of the coincidence of a) and b) is so small
as 10 be acceptable. Such measures may be
used singly if they are recognized as being
highly reliable,.or in combinaton to achieve an
equivalent leve] of safety.

Area classification objectives

colosi, ma € previsto che tali intervent vengano
tati con una procedura di permesso di lavoro.

possibilitd di interrompere l'alimentazione - dellin®
pianto elettrico non idoneo, amestare limpianto di

processo, intercettare le apparecchiature di processo, -

comtenere le fucriuscite e, se possibile, azionare un

sistema di ventilazione addizionale di emergenza.

Nei casi in cui vi & possibiliti di un'atmosiera

esplosiva devono essere effeitmati 1 seguent inter-

venti:

a) escludere la possibilitd che I'atmosfera esplo-
siva si trovi in prossimit di una sorgente d'in-
nesco, oppure

b) 'elirninare la sorgente d'innesco.
Quando ¢id non sia possibile, devono essere scel-
te ed adottate misure protettive, apparecchiature
di processo, sistemi e procedure tali che la proba-
bilitd di contemporanea presenza di atmosfera
esplosiva e sorgente d’innesco sia cosl piccola da
poter essere accettabile. Tali misure possono es-
sere usate singolarmente, se sono altamente affid-
abilf, o in combinazione, al fine di raggiungere un
livello di sicurezza equivalente.

Ohisttivi della classificazione dei luoghi

Area classification is a method of analysing and
classifying the environment where explosive gas
atmospheres may oecur so -as to facilitate the
proper selection and instzllation of apparats to
be used safely in that environment, taking into
account gas groups and lemperature classes.

.In most practical sitvations where flammable ma-

terials are used, it is difficult 1o ensure that an ex-
plosive gas armosphere will never occur. It may
also be difficult to ensure that apparatus will nev-
er give rise to a source of ignition. Therefore, in
siuations where an explosive gas atmosphere has
a high likelihood of occurring, reliance is placed
on using apparatus which has a low likelihood of
creating a source of ignition. Conversely, where
the likelihood of an explosive gas atmosphere oc-
curring is reduced, apparatus constructed o a less
rigorous standard may be used.

It is rarely possible by a simple examination of
a plant or plant design to decide which parts of
the plant can be equated to the three zonal def-
initions (zones 0, 1 and 2)."A more detajled ap-
proach is therefore necessary and this involves
the analysis of the basic possibility of an explo-
sive gas atmoesphere occurring.

The first step is to assess the Kkelihcod of this,
in accordance with the definitions of zone g,
zone 1 and zone 2. Once the likely frequency
and duration of release (and hence the grade of
release), the release rate, concentration, veloci-
ty, ventilation and other factors which affect the

-

La classificazione dei-luoghi & un metodo per

analizzare e classificare I'ambiente dove si posso-
no formare delle atmosfere esplosive, al fine di fa-
cilitare la corretta scelta ed installazione delie co-
struzioni (apparecchi)-da impiegarsi con sicurezza
in tali lnoghi, tenendo conto dei gruppi e delle
classi di temperaturd dei gas.
Nel'a maggicr parte delle sitazioni pratiche in cui si
usano sostanze inflammabili, & difficile garantire che
non vi possa mal essere la presenza di atmosfera
esplosiva. E anche difficile garantire che una costru-
zione non sia mai una sorgente di accensione. Perdd,
in sinsaziond in cui vi sia un'aita probabilitd di presen-
za di atmosfera esplosiva d si 2ffida all'uso di costru-
ziond che hanno una bassa probabilitd di essere sor
genti di accensione. Per contro, dove Ia probabilitd
che sia presente umatmosfera esplosiva & ridoma, si
possono impiegare costruzion! realizzate secondo cri-
terl meno sever,

Dal semplice esame di un'opera od applicazione
ovverc del suo progeito, € molto difficilé indivi-
duare quali parti possano essere assimilate alle tre
definizioni di zona-(zona 0, 1 e 2). E percid ne-
cesszrio uno studio pit dettagliato comprendents
un'analisi della possibilitd che si formi atmosfera
esplosiva.

Inranzi tutto, occorre valutare la probabilitd che
cid avvenga, in accordo con le definizioni di
zona O, zona 1, zona 2. Dopo aver determinato: la
possibile frequenza e durata dell'emissione (e
quindi il grado delle emissioni), la portata, la con-
centrazione, lz velocitd di emissione, la ventilazic-
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type and/or extent of the zone have been deter-
mined, there is then a firm basis on which to
determine the likely presence of an explosive
gas atmosphere in the surrounding areas. This
approach therefore requires detailed considera-
tion to be given to each item of process equip-
ment which contains a flammable material, and
which could therefore be a source of release.

in particular, zone 0 or zone 1 areas should be
minimized in number and extent by design or
suitable operating procedures. In other words,
plants and installations should be mainly zone 2
or non-hazardous. Where release of flammable
material is unavoidable, process equipment
items should be limited to those which give sec-
ondary grade releases or, failing this (that is
where primary or continuous grade releases are
unavoidable), the releases should be of very
limited quantity and rate. In camying out area
classification, these principles should receive
prime consideration. Where necessary, the de-
sign, operadon and location of process equip-
ment should ensure that, even when it {s oper
ating abnormally, the amount of flammable
marterial released into the atmosphere is mini-
mized, so a5 to reduce the extent of the hazard-
ous area.

Once a plant has been classified and all neces-
sary records made, it is important that no modi-
fication 10 equipment or operating procedures
is made without discussion with those responsi-
ble for the area classification. Unauthorized ac-
tion may invalidate the area classification. It is
necessary to ensure that all equipment affecting
the area classification which has been subjected
1o maintenance is carefully checked during and
after re-assembly to ensure thar the integrity of
the original design, as it affects safety, has been
maintained before it is returned to service.

AREA CLASSIFICATION PROCEDURE

pertantc considerazioni demtagliate per cias
componente di processo conteneite sostanze in-
flammabili e che potrebbe percid essere una sor-
gente di emissione.

In paricolare, in sede di progetc o con idonee pro-
cedure operative, dovrebbero essere ridotte 2l mini-
mo numero ed estensione delle zone 0 e zena 1. In
altre parole, gli impianti e le installazioni dovrebbero
essere principalmente zone 2 o luoghi non pericolosi.
CQuando l'emissione di sostanza inflammabile & inevi-
tabile, i componenti di processo dovrebbero essere li-
mitati a quelli con emissioni i secondo grado. Quan-
do invece sia inevitabile la presenza di emissioni di
grade continuo o primo grade, le stesse dovrebbero
essere molto limitate in numero e portaa. Nell'ese-
guire la classificazione, quest principi devono essere
considerari prioritad. Quando necessaro, il progetto,
le modalitd di funzionamento e la dislocazione dei
component dell'impianto di processo dovrebbero
garantire che, in condizioni di funzionamento anor-
male, la quaniid 4 sostanza infilammabile emessa
nellamosfera, sia la. minore possibile in modo da -
durre l'estensione del luogo periccloso.

Quando un'opera od applicazione & stata classificata
e tutt i dat di rifedmento sono stati registrat, & im-
portante che nessuna modifica alopera od applica-
zione stessa ed alle procedure operative avvenga sen-

. za l'accordo con i responsabili cella dassificazione.

Azioni non concordate possono invalidare la classifi-
cazione dei luoghi pericolosi. E necessario che tur i
component. dell'impianto di processo che hanno in-
fluenzato 1a classificazione e che sono stat oggetio di
rmanutenzione, siano attentamente controllat durante
e dopo i loro riassemblaggio e prima della loro -
messa in servizio, per garantire che la loro integrita,
per quanto atiiene’ alla sicurezza, sia stata mantenuia
conforme al progetic originale.

PROCEDIMENTO DI CLASSIFICAZIONE DEI LUOGHI

41

General

Generalita

P N

The area classification should be carrded out by
those who have knowledge of the properties of
flammable materials, the process and the equip-
ment, in consuitation, as appropriate, with safe-
ty, electrical and other engineering personnel.

The following subclauses give guidance on the
procedure for classifying areas in which there
may be an explosive atmosphere and on the
extent of zones 0, 1 and 2. An example of a
schematic approach to the classification of haz-
ardous areas is given in figure C.1.

La classificazione dei luoghi pericolosi dovrebbe
essere eseguita da persone a conoscenza delle
proprietd delle sostanze infiammabili, del proces-

.50 e delle relative apparecchiature, consultando,

per quanto di competenza, { tecnici della sicurez-
za, dell'impianto eletirico ed alid specialisti.

I paragrafl che segueono forniscono una guida per il
procedimento di classificazione dei lnoghi con possi-
bile presenza di atmosfera esplosiva € di determina-
zione dell'estensione delle zone §, 1 € 2. Un esempio
di approccio schematico allz classificazione dei luo-
ghi pericolosi & dato nell'Appendice C fig. C.1.
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4.3

The basic elements for establishing the hazard-
cus zone types are the identification of the
source of release and the determination of the
grade of release.

Since an explosive gas atmosphere can exist only
if a flammable gas or vapour is present with air, it
is necessary to decide if any of these flamnmazble
materals can exist in the area concerned, Gener-
ally speaking, such gases and vapours (and flam-
meable LEquids and solids which may give rise to
them) are contzined within process equipment
which may or may not be totally enclosed. It is
necessary to identify where a flammable armos-
phere can exist inside a process plant, or where a
release of flammable materials can create a flam-
mable atmosphere cutside 2 process plant.

Each item of process equipment (for example
tank, pump, pipeline, vessel, etc.) should be
considered as a potental source of release of
flammable marerial. If the item cannot contain
flammable material, it will clearly not give rise
to a hazardous area around it. The same will
apply if the item contains a flammable material
but cannot release it into the aunosphere (for
example an all-welded pipeline is aot consid-
ered to be a source of release},

If it is established that the item may release
flammable material into the atmosphere, it is
necessary, first of 2ll, to determine the grade of
release in accordance with the definitions, by
establishing the likely frequency and duration
of the release. It should be recognized-that the
opening-up of parts of enclosed process sys-
tems (for example.during fliter changing or
barch filling) should also be considered as
sources of release when developing the area
classification. By means of this procedure, each
release will be graded either comtinuous, pri-
mary or secondary.

Having established the grade of the release, it is
necessary to determine the release rate and oth-

er factors ‘which may influence the type and ex-
tent of the zone.

Type of zone

i

Gli elementi fondamentali- per la determinazio %,ﬁ
del dpo di zona pericolosa, sono lidentificazig<e

ne delle sorgenti di emissione e del grado
emissione. ’ '

Poiché un'atmosferz esplosiva esiste solamente se |

& presente un gas o un vapore inflammabill in mi-
scela con V'aria, & necessario stabilire se nel luogo
consideraro possono essere presenti tali sostanze
inflammabili. In generzle, gas e vapori (ed i Hqui-
di e solidi inflammabili che possono generarl)
sono contenuti allinterno di apparecchiature di
processc che possono risultare a tenuia totale o
meno. E necessaric individuare dove l'atmosfera
esplosiva pud essere preserte, allinterno dellim-
pianto, od all'esterno di esso.

Ogni parte dell'impianto {per esempio serbatoio,
pomps, tubazione, recipiente, ecc.) deve essere
considerata come una polenziale sorgente di
emissione. Se la parte non contiene sostanze in-
fiammabili, ovviamente non dard origine al suo
esterno ad un hogo pericoloso, Lo stesso dicasi
se la parte contiene sostanze inflammabili ma nen
pud emeterle neill’atmosfera (ad esempio una -
bazione cormnpletamente saldata non € considerara
sorgente di emissione).

Quando & stabilito che una parte pué emettere so-
stanza nfiammabile nell’atmosfera, & necessario,
prima di wno, determinare il grado di emissione,
in 2ccordo con le definizioni, stabilerido la possibi-
le frequenza e durara dell’emissione stessa. Nello
sviluppo della classificazione dei luoghi devono
essere considerate sorgent di emissione anche le
parti dei sistemi di processo chiusi che possono es-
sere aperte (es. durante la sostituzione di fAitd o
rdempimenti discontnui). Con questc procedimen-
tc ogni emissione viene definita di grado continuo,
di primo grado o di secondo grado.

Stabilito il grado dell'emissione, & necessario de-
terminarme la portata e gli zitr fattori che possono
influenzare il tipo e l'estensione della zona.

Tipo di zona

- Note/Nota

The likelihood of the presence of an explosive
gas atmosphere and hence the type of zone de-
pends mainly on the grade of release and the
ventilation.

4 continuous grade of release normally leads to a
zone O, a primary grade to zone 1 and g secondary
grade to zone 2 (see Annex B),

La probabilitd di presenza di un'atmosfera esplosi-
va e quindi il ipo di zona dipende principalmente
dal grado dell’emissione e dalia ventilazione.

Una emissione di grado continuo determina, normal-
mernle, una zona 0, una emissione di primo grado, una
Zona 1, e una emissione di secondo grado, und zona 2
(Appendice B).
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Extent of zone

The extent of the zone is mainly affected by the
following chemical and physical parameters,
some of which are intrinsic properties of the
flammable material; others are specific to the
process. For simpilicity, the effect of each pa-
rameter listed below assumes that the other pa-
rameters remain unchanged.

Release rate of gas or vapour

The greater the release rate the larger the extent
of the zone. The release rate depends iwself on
other parameters, namely:

2)

Y

o)

d

Geometry of the source of release

This is related to the physical characteristc
of the source of release, for example an
open surface, leaking flange, etc. (see An-
nex AJ.

Release velocity

For a given source of release, the release
rate increases with the release velocity. In
the case of a product contzined within
process equipment, the release velocity is
related o the process pressure and the ge-
omeitry of the source of release. The size of
a cloud of flammable gas or vapour is de-
termined by the rate of flammable vapour
release and the rate of dispersion. Gas and
vapour flowing from a leak at high velocity
will develop a coneshaped jet which will
entrain air and be self-diluting. The extent
of the explosive atmosphere will be almost
independent of wind velocity. If the release
is at low wvelocity or if its-velocity is de-
stroyed by impingement on a solid obiect, it

~ will be carried by the wind and its dilution

and extent will depend on wind velocity,

Concentration

The release rate increases with the concen-
tration of flammable vapour or gas in the
released mixture.

Yolarility of 4 flammable liquid

This is related principally to the vapour
pressure, and the heat of vaporization. If
the vapour pressure is not known, the boil-
ing point and flashpoint can be used as a
guide.

An explosive atmosphere cannot exist if the
flashpoint is above the relevant maximum
temperature of the flammable liquid. The
lower the flashpoint, the greater may be the
extent of the zone. If 2 flarumable material
is released in a way that forms a mist (for

example by spraying) an explosive atmos-

phere may be formed bejow the flashpoint

Alcune grandezze sono proprietd intrinseche dé
sostanza infiammabile, ‘altre sono invece speci
che del processo. Per semplicity, l'effetto di cla-
scunz grandezza presuppone che le altre riman-
gano costanti.

Portata di smissione di gas o vapore

Maggicre & la portata di emissione, pill grande ri-

sulterd 'estensione delia zona. La portata di emis-

sione dipende a sua volt da zlire grandezze di

seguito indicate:

a) Geometrda della sorgente di emissione
Essa & in relazione alle caratteristiche fisiche
delia sorgente di emissione, per esempio: una
supetficie libera, una flangia dalla quale av-
viene una perdita, o altro (Appendice A).

b} Velocitd di emissione
Per una data sorgente di emissione lz portata
aumenia con la velocith di emissione. Nel
caso di una sostanza conlenulz entro un'ap-
parecchiatira di processo, la velocitd di emis-
sione & correlata alla pressione di processo ed
allz geometria della sorgente di emissione. La
dimensione di una nube di gas o vapore in-
fiammabile & determinata dalla sua portata di
emissione e dalla portata di dispersione. I gas
e vapori che vengono emessi ad alta velocitd
sviluppane un getto a forma di cono che tra-
scina l'arla e si auto-diluisce. L'sstensione
dellatmosfera esplosiva risulterd, in genere,
indipendente dalla wvelociti del vento. Se-
Uemissione avviene a bassa velocitd o se la
velocitd viene annullata per impatio contro un
cggetio solido, 'emissione sard trasportata dal
vento e la sua diluizione ed estensione dipert-
derd dalla velocita di quest'ultimo.

¢) Concentrazione )
1z portata di emissione aumenta con 'aumen-
tare della concentrazione del vapore o gas in-
flammabile nella miscela rlasciata.

&) Voladlitd di un liquido inflammabile
Essa dipende principalmente dalla tensione di
vapore e dal calore di vaporizzazione. Se la ten-
sione di vapore neon € conosciuta, Possono-es-
sere prese come riferimento la temperatura di
ebollizione e la temperatura di inflammabilitd.
Un'atmesfera esplosiva non pud esisiere se la
temperatura dinflammabilitt & superiore aila
massima temperatura alla quale si trova il Liqui-
do infiammabile. Pill bassa & la temperamra
d'inflammabilitd, maggiore risulterd l'estensione
della zona. Se la sosianza inflammabile viene
emessz2 in modo da formare una -nebbia (per
esempio a seguitc di spruzzo) si pud formare
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of the material for example.

1 Flashpoints of flammable liquids are not precise
Physical quantities, particularly where mixtures
are involved.

2 Some liquids (for example certain balogenated
bydrocarbons) do not possess a flashpoint ai-
though they are capable of producing an explo-
stve gas atmosphere. In these cases, the equilibri-
um Hguid temperature whick corresponds 1o the
saturated concentration at the lower explosive
Iimit should be compared with the relevant maxi-
mum liguid temperature.

e) Liquid temperature
The vapour pressure increases with temper-
anure, thus increasing the release rate due o
evaporaton.

The temperalure qf the Mguid after It bas been re-
leased may be increased, for example, by a bot sur-
Jace or by a bigh ambient temperature.

Lower explosive limit (LEL)
For a given release volume, the lower the LEL
the greater will be the extent of the zone.

Ventilaiion

With increased ventilation, the extent of the
zone will be reduced. Obstacles which impede
the ventilation may increase the extent of the
zone. On the other hand, some obstacles, for
example dykes, walls or ceilings, may limit the
extent.

Relative density of the gas or vapour when it is
releassd

If the gas or vapour is significantly lighter than
air, it will tend to move upwards. If significantly
heavier, it will tend to accumulate at ground
levei. The horizontal extent of the zone at
ground level will increase with increasing rela-
tive density and the vertical extent above the
source wiil increase with decreasing relative
density.

1 For practical applications, a gas or vapour which
has a relative density below 0,8 is regarded as be-
ing lighter than air. If the relative density is above
1,2 it is regarded as being heavier than air, Be-
tween these values, both of these possibilities
should be considered, )

2 Experience bas shown that ammonia is bard to
ignite and a gas release will dissipate rapidly in
the open air, so any explosive gas atmosphere will
be of negligible extent.

Other parameters io be considered
a) Climatic conditions.
b) Topography.

{llustrative examples

Some ways in which the above-mentioned pa-
rameters affect the vapour or gas release rate

un'atmosfera esplosiva pur con temperanarag
la sostanzs inferiore a quella d'inflammabiliga”,

mabili non sono grandezze fisiche esaite, spechs
mente quando si riferiscono a miscele.

2 Alcuni liquidi (per esempio certi idrocarburi aloge-

nati) non hanno una temperatura d'infiammabili-
td, anche se sono capaci di produrre atmosfera
esplosiva. In questi cast € opportuno comparare la
“temperatura di equilibrio del liguido, che corri-

- sponde alla concentrazione di saturazione al limite
inferiore di esplodibilitd, con la massima tempera-
tura alla quale puo frovarsi il liguido siesso.

e) Temperatura del liquido
la tensione di vapore aumenta con la tempe-
ratura del liquido, aumentando cosi la portata
di emissione dovuta all'evaporazione.

La temperatura del liguido dopo la suc emissione, pud
aumentare, per esempio, per gffeito di una superficie
calda o di un’alla temperatura ambiente.

Limite infericre di esplodibilitd (LEL)
Per un dato volume emesso, mincre & il LEL,
maggiore risulta 'estensione della zona.

Ventifazione

All'aumentare della ventilazione, 'estensione del-
la zona si riduce. Gli ostacoli che impediscono la
ventilazione possono incrementare ['estensione
delia zona. Al contrario, alcuni ostacoli, per esem-
pio argini, dighe, pareti e soffitti, possono limitar-
ne 'estensione.

Densitd relativa del gas o vapore al momento del
rilassio

Se il gas o vapore & significativamente pili leggero

dell’aria, tenderi a salire verso I'alio. Se & signifi-
cativamente pil pesante, tenderd ad accumularsi
al livello del terreno. Lestensione orizzontale del-
la zona al livello del terreno zumenteri allaumen-
tare della densitd relativa e 'estensione veriicale
sopra la sorgente aumenterd con la diminuzione
della densira relativa.

1 Inpratica, un gas o vapore con densitd relativg in-
Sferiore a 0.8 viene considerato piil leggero dell’aria.
Se la sua densitd é invece superiore a 1,2 viene con-
siderato piil pesante dell’aria. Per valori compresi
tra 0,8 e 1,2 verranno considerate entrambe le pos-
sibilitd,

2 Lesperienza ba dimostrato che Pammonigca & di
difficile accensione e che, all'aperto, una sua emis-
sione allo stato gassoso si diffonde rapidamente, co-
sicché eventuall atmosfere esplosive risulteranno i
astensione trascurabile.

Altre grandezze da considerare
a) Condizioni cliratiche.
b) Topografia.

Esempi iftustrativi

Gl esempi dell'Appendice ¢ illustranc alecuni
modi con cui le grandezze sopra menzicnate in-
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and hence the extent of the zone are demon-
strated in the examples in Annex: C.

a) Source of release: open surface of liquid.

In most cases, the liquid temperature will
be below the boiling point and the vapour
reiease rate will depend principally on the
following parameters:
e liquid temperature;
= vapour pressure of the liguid at its sur-
face temperature;
v dimensions of the evaporation surface.
b) Scurce .of release: virtuzlly instzntanecus
evaporation of a iquid (for example from a
jet or spray).
Since the discharged liquid vaporizes virwu-
ally instantaneously, the vapour release rate
is equal to the liquid flow rate and this de-
pends on the following parameters:
= liguid pressure;
a geometry of the source of release.
Where the liquid is not instantaneously va-
porized, the sitation is complex because
droplets, liquid jets and pools may create
separate sources of release.
¢} Source of release: leakage of 2 gas mixture.

The gas release rate is affected by the fol-
lowing parameters:
s pressure within the equipment which
contains the gas;
= geomelry of the source of release;
= concentration of flammable gas in the
released mixture.
For examples of sources of release see
clause AZ.

Extent of zone - General comments

fluenzano la portata di emissione ¢ conseguente—
mente Pestensione della zona.

a)

b

)

Sorgente di emissione: superﬁc1e libera di un

liquido.

Nella-maggior parte dei casi la temperagura del

liquido & inferiore alla temperaturz di ebollizio-

ne e ia portata ¢i emissione del vapore dipen-

de principalmente dalie seguenti grandezze:

@ temperatura del liquido;

x tensione di vapore del liquido riferita zlla
sua temperatura superficiale;

e dimensioni deila supedficie di evaporazione.

Sorgente di emissione: evaporazione pratica-

mente iszantanea di un liquido (es. da un get-

o O Spruzzo).

Poiché il iquido emesso evapora potenzialmente

allistante, 12 porata di emissione del vapore &

uguale allz portara di emissione del flusso liqui-

do, che dipende dalle seguenti grandezze:

s pressione del liquido;

a  geometria della sorgente di emissione.

Quando i liquido non evapora istantaneamen-

te, la situazione & pill complessa perché i liqui-

di nebulizzad, { getd di liquido e le pozze pos-

sono costituire sorgenti di emissione separate.

Sorgente di emissione: perdira di una miscela

di gas.

La porata di emissione del gas & influenzata

dalle seguenti grandezze:

= pressione all’interno dell’apparecchiatura
che lo contiene; ‘

= geometra della sorgente di emissions;

»  concentrazione del gas inflammabile nella
miscela emessa.

Per gli esempi di sorgenti di errn331one si rimanda
all'’Appendice A.

Estensione della zona - Considerazioni generali

1.5.2

Consideration should always be given to the
possibility that a gas which is heavier than air
may flow into areas below ground level for ex-
ample pits or depressions and that a gas which
is lighter than ajr may be retained at high level
for example in 2 roof space.

Where the source of release is situated outside
an area or in an adjoining area, the penetration

- of a significant quantity of flammable gas or va-

pour into the area can be prevented by suitable

means such as:

a) physical barriers;

b) maintaining a static overpressure in the area
relative to the adjacent hazardous areas, so
preventing the ingress of the hazardous at-
mosphere;

¢} purging the area with a significant flow of
air, 50 ensuring that the air escapes from ail

openings where the hazardous gas or va-
pour may enter.

Si deve sempre considerare la possibilitd che un
gas pill pesante dell’ariz possa fluire in luoghi al
di sotts del livello del terreno, per esempio poz-
zeti o depressioni e che un gas pit leggero
dell'ara possa accumularsi a livelli pit ald, per
esempio in uno spazio del soffitro.

Quando la sorgente di emissione si trova al di fucd
di un determinaro luogo o in un luogo contiguo, la
propagazione di una quantz2 significativa di gas o
vapore infiammabile nel 1uogo considerato pud es-
sere prevenuta adortando opporturi mezzi, quali;

aj

barriere fisiche;

b) mantenimento di una sovrapressione statica

<)

nel luogo considerato rispetto ai luoghi peri-
colosi contgui, evitando cosi lingresso
dell'atmosfera esplosiva;

bonifica del lvoge considerare con un idoneo
flusso d'aria, assicurando Puscita dell’aria da
tutte le aperture dalle quali potrebbe entrare i
gas o vapore inflammabile.
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VENTILAZIONE

VENTILATION

Generalita

" General

Gas or vapour released into the atmosphere can
be diluted by dispersion or diffusion into the air
“until its concentration is below the lower explo-
_sion limit. Ventilation, i.e. air movement leading
.- to replacement of the atmosphere in a (hypo-
" thetical) volume arcund ihe source of release
by fresh air, will promote dispersion. Suitable
©vemilation rates can also avoid persistence of
an explosive gas atmosphere thus influencing
the 1ype of zone.

Main types of ventilation

I gas o vapori emessi nell'atmosfera possono di-
luirsi per dispersione o diffusione nell'aria finché
la loro concentrazione scende al di sotto del limi-
te inferiore di esplodibilitd. La ventilazione, cioé il
movimento dell’aria che provoca il ricambio
dell’atmosfera con aria {resca in un (ipotetico) vo-
lume attorno alla sorgente di emissione, favorisce
Iz dispersione. Idonee portate di ventilazicne pos-
sono anche evitare la persistenza di atmosfera
esplosiva influenzando in tal modo il tipo di zona.

Principali tipi ¢i ventilazione

Ventilation can be accomplished by the move-
ment of air due to the wind and/or by tempera-
ture gradients or by artificial means such as
fans. So two main types of ventilaton are thus
recognized:

2) narturzl ventlation;

b) artificial ventilation, general or local.

Degree of ventilation

La ventilazione pud avvenire tramite il movimen-
to dellarda dovuto al vento /o ai gradient di
temperaturz © tramite mezzi artificiali come vent-
latori. 81 posscno pertanto distinguere due princi-
pali tipi di ventilazione:

a) ventilazione narurale;

b) ventilazione artificiale, generale o locale.

Grage di ventilazione

The most important factor is that the degree or
amount of ventilation is directly related to the
types of sources of release and their cormre-
sponding release rates. This is irrespective of
the type of venilation, whether it be wind
speed or the number of air changes per time
unit. Thus optimal ventilation conditions in the
hazardous area can be achieved and the higher
the amount of ventilation in respect of the pos-
sible release rates, the smmaller will be the extent
of the zones (hazardous areas), in some cases
reducing them io a negligible extent (non-haz-
ardous area).

Practical examples for guidance on the degree
of ventilation to be used are given in Annex B.

54 Availability of ventilation

E importante notare che il grado o quantiti di
ventilazicne & direttamente in rapporte con il tipo
delle sorgenti di emissione e con la loro portata di
emissione. Questo, indipendentemente dal tpo di
ventilazione, sia che essa sia dovuta alla velocita
del venio o ad un determinato numero di ricambi
d'aria nell'unitd di tempo. In tal modo si possono
otienere delle ventilazioni ottimali dei luoghi peri-
colosi e, tanto maggiore &€ la quantit? della venti-
lazione rispetto alla portata di emissione, tanto
minore € l'estensione delle zone (luoghi pericolo-
si), riducendola, in alcuni casi, ad estensione tra-
scurabile (luogo non periccloso).

Nell'Appendice B sono riportati esempi pratici da
usarsi come guida al grado di ventilazione.

Disponibilita deila ventilazione

The availability of ventilation has an influence
. on the presence or formation of an explosive
P ' atmosphere and thus zlso on the type of zone.

Guidance on availability ts given in Annex. B.

Note/Nota Combining ihe concepts of degree of ventilation and
level of auailability results in a quantitative method
Jor the evaluation of zone type (see Annex B).

o — et

Lz disponibilitd delia ventilazione ha influenza
sulla presenza o formazione di un'atmosfera
espiosiva e sul tipi di zone,

NelrAppendice B & una guida sulla disponibilitd
della ventilzazione.

La combinazione det concelts di grado di ventilazione e
di livello della sua disponibilitd da come risultalo un
metodo quantitativo per la valutazione del tipo di zona
(Appendice B).
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DOCUMENTATION

DOCUMENTAZIONE

General

Generatita
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6.2

It is recommended that area classification is un-

dertaken in such a way that the various steps

which lead to the final area classification are
properiy documented.

All relevant information used should be referred
to. Examples of such information, or of a meth-
od used, would be:

a) recommendations from relevant codes and
standards;

b) gas and vapour dispession characteristics
and calculations;

c) a study of ventilation characteristics in rela-
tion to flammeable marerial release parame-
ters so that the effectiveness of the ventila-
tion can be evajuated.

The results of the area dassification smdy and any

subsequent alterations o it shall be placed on record.

Those properties which are relevant to area

classification of all process materials used on

the plant should be listed and should include
flashpoint, boiling point, ignition temperature,

vapour pressure, vapour density, explosive lim-

its, gas group and temperature ciass. An exam-

ple is given in tables C.1 and C.2.

Drawings, data sheets and tables

Si raccomanda che la classificazione dei luoghi

venga effettuata in modo tale da documentare

idoneamente le varie fasi che portano alla classifi-

cazione finale.

E opportuno che sia evidenziata ogni informazio-

ne attinente. Esempi di tali informazioni o del me-

todo usalc possono essere:

2) raccomandazioni ricavate da norme o guide
in materia;

b) caranteristiche di dispersione dei gas o vapord
‘e calcoli;

<) -studio delle caratteristiche di ventilazicne in
relazione alie grandezze caratteristiche 4i
emissione delle sostanze inflammabili, per
"poterne valutare Iefficacia.

1 risultari della ciassificazione del luogo e tutte le

sue variazioni successive devono essere regisirate.

Devono essere elencate le proprietd, attinenti alla

dlassificazione del uogo, di tute le sostanze present

nellimpianto, includendoe: la termnperatura dinfiamme-

' bilitd, la temperatura di ebollizione, la temperatura di

accensione, 1a tensione di vapore, la densitz del va-
pore, i limir di esplodibili, il gruppo delle costruzio-
ni eletriche per ammosfere esplosive per gas o vapord
e la dasse di temperatura. Un esempio di elencazione
& riportato nellAppendice C, Teb. C.1e C.2

Diseqni, fogli dati e tahelle

Area classification documents should include
plans and elevations, as appropriate, which
show both the type and extent of zones, igni-

. tion temperature and hence temperature class

and gas group.

Where the topography of an area influences the
extent of the zones, this should be documented.
The docurments should also include cother rele-
vant information such as:

a) the location and identification of sources of
release. For large and complex plants or
process areas, it may be helpful 10 itemize
or number the sources of release sc as to
facilitate cross-referencing between the azea
classification data sheets and the drawings;

b) the posidon of openings in buildings (for .

example doors, windows and iniets and
outlets of air for ventilation).

The area classification symbols which are
shown in figure C.2 are the preferred ones, but
alternatives may be used provided that they are
clearly defined in the documents.

I documenti di classificazione dei luoghi dovrebbe-
ro compréndere, per quanto necessario, piante e
prospetti che riporiino il 1ipo e Testensione delle
zone, la temperatura di accensione, la classe di
temperatura ed il gruppe delle costruzioni elettri-
che per atmosfere esplosive per gas o vapori.

Dovrebbe essere documentata anche la topografia
del luogo se cid influisce sull'estensione delle zone.

Ta documentazione dovrebbe includere anche al-
tre informazioni atinenti, quali:

a) l'ubicazione e Videntificazione delle sorgenti
di emissione. Per impianti complessi e di
grandi dimensioni o aree di processo, pud es-
sere utile codificare o numerare le sorgenti di
emissione in modo da facilitare i riferimentd
incrociati tra i vari fogli dati ed i disegni della
classificazione del uogo;

b) la posizione delle aperture negli edifici (es

porte, finestre, ingressi e uscite dell'aria di
ventilazione).

Nel’Appendice C, Fig. C.2 & indicata la simbolo-
gia preferenziale per la classificazione dei luoghi,
tuRavia possono essere impiegat simboli alterna-

tivi, purché siano chiaramente definiti nei docu-
menti ‘P

{1) Nota: {Men contenutz nelle pubblicazioni IEC ¢ CENELEC) - Per
uniforimita nazionale, sf raccomanda vivamente i utilizare ja
simbologia indicals; In ognf caso, fon & ammesso inverfire 1l
significate def simbolf riportati nelfAppendice C, Fig. C.2.
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Tornative EXQMPLES OF SOURCES OF RELEASE

Process plant

ESEMPL DI SORGENTI DI EMISSIONE

Impianti di prasesso

The following examples are not intended to be

rigidly applied and may need to be varied to
suit pardcular process equipment and situa-
tigns.

Sources giving a confinusus grade of refease:
a) the surface of a flammable liquid in a fixed
-+ roof tank, with 2 permanent vent to the 2t~
; mospheére;
b) the surface of a flammable liquid which is open
to the armosphere continucusly or for long per-
ods (for example an oil/water separator).

Sources giving a primary grade of refease:

2) seals of pumps, compressors or valves if re-
lease of flammable material during nosmal
operation is expected;

b) water drainage points on vessels which
contzin flammable liquids, which may re-
iease flammable material into the atmos-
phere while draining off water dunng nor-
mal operation;

- ¢} sample points which are expecied 1o re-
lease flammable material inio the atmos-
phere during normal operation;

d) relief wvalves,
which -are expected to release flammable
material into the atmosphere during normal
operation.

Sources giving a secondary grade of release:

.a) seals of pumps, compressors and valves
where relezse of flammable materizl during
normal operation of the equipment is not
expected;

b) flanges, connections  and pipe fmings,
where release of flammable material is not
expected during normal operation;

c) sample points which are not expected to re-
lease flammable material during normal op-
eration;

d) relief wvalves, vents and other openings
which are not expected to release flamma-
ble material into the atnosphere during
normal operaton.

Openings

vents and other openings

Gli esempi- seguenn non sono destinati ad essere
rigidamente applicati e possono essere necessari’
degli adattamenti nel caso di apparecchiature di
processo e situazioni particolari.

Sorganil con emissione di grado coentinuo:

a) la superficie di un liquido infiammabile in un
serbatojo a tetto fisso con uno sfiato perma-
nente all'atmosfera;

) la superficie di un liquido infiammabile espo-
sta ail'atmosfera contnuamente © per lunghi
periodi {es. un separatore idrocarburi-acqua)

Sergenti con emissione di primo grado:

a) le tenute di pompe, di compressori o di val-
vole, quando si prevede che possano emeite-
re sostanze infliamamabili durante il funziona-
mento normale dell'impianto;

b) i pund di drenaggio dell'acqua da recipienti
"che contengono liquidi inflammabili, che pos-
sono emettere sostanze -inflammabili nell’at-
mosfera drenando acqua durante il funziona-
mento normale dell'impianto;

¢ ipunt di campionamento quando si prevede
che possano emetiere sostanze inflammabili
nellatmosfera durante i funzionamento nor-
male dell'impianto;

d} le valvoie di sicurezza, gli sfiati e le altre aper- -
ture quando si prevede che possano emettere
sostanze inflammabili nell’atmosfera durante -
il funzionamento normale dell’impianto.

Sorgenti con emissione di secondo grads:

a) le tenute di pompe, compressori o valvole
quando si prevede che non emettano sostan-
ze infiamnmabili durante I funzionamento nor-
male dellimpianto;

b) le flange, le giunzioni ed i raccordi delle muba-
zioni, quando si prevede che non emettano
sostanze inflammabili durante il funziona-
mento normale dell'impianto;

¢) i punti di campionamento quando si prevede
che non emettano sostanze inflammabili
nell’armosfera durante il funzicnamento nor-
male dell'impiante;

d) le valvole di sicurezza, gli sfiat e le altre aper-
ture quando si prevede che non emettano
sostanze infiammabili nell'atmosfera durante
il funzionamento normale dell'impianto.

Apsiiure

The following examples are not intended to be
rigidly applied, but may need to be varied 10
suit particular situations.

Gli esempi seguenti non sono considerar di rigi-
da applicazione e possono richiedere degli adat-
tamenti nel caso di situazioni particolari.

REMIIAN K "o n
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Openings as possible sources of release
Openings between areas should be considered
as possible sources of release. The grade of re-
lease will depend upon:

e the zone type of the adjoining arez;
= the frequency and duration of opening periods;
= the effectiveness of seals or joints;

= the difference in pressure between the are-
as involved.

Openings classification
Openings are classified as A, B, C, D with the
following characteristics:

Type 4 - Openings not conforming to the char-
acteristics specified for types B, Cor D.
Examples:

w open passages for access or utlities, for ex-
ample dusts, pipes through walls, ceilings
and floors;

a fixed ventilation outlets in rooms, buildings and
similar openings of types B, C and D which are
opened frequently or for long pedods.

Type B - Openings which are normally closed
(for example automatic closing) and mfrequem-
Iy opened, and which are close-fitiing.

Type C - Openings normally closed and infre-
quently opened, conforming 1o ype B, which
are also fitted with sealing devices (for example

a gasket) along the whole perimeter; or two

openings type B in series, having independent
automatic closing devices.

Type D - Openings normally closed conforming
to type C which can only be opened by special
means Or in an emergency.

Type D cpenings are effecrively sealed, such as
in wility passages (for example ducts, pipes) or
can be a combination of one opening type C
adjacent to a hazardous area and one opening
type B in series.

grado di emissione d1pende da:

= tipo di zona del luogo dal quale provieneNY

pericolo (a monte dell’apertura;
= frequenza e durata dei periodi di apertura;
e efficacia delle tenute e def giunti;
= differenza di pressione ira i luoghi interessati;

Classificazione delle aparture
Le aperture sono classificate di tipo A, B, C, D,
con le caratteristiche riportate nei pund seguenti.

Tipe 4 - Aperture non conformi alle caratteristiche

specificate peritipi B, CoD.

Esempi:

® passaggi aperti per l'accesso o per il passag-
‘glo di servizi, come condumure, tubazioni che
_atrraversano pareti, soffitti e paviment;

= uscite di ventilazione fisse dei locali ed aper-
ture simili, dei tipi B, C e D, che vengono
aperte frequentemente o per lunghi periodi.

Tipo B - Aperture che sono normalmente chiuse
(es. con dispositivo di autochiusura), aperte poco
frequentemente e che hanno una bucna tenuta su
tutto il perimetro,

Tipo € - Aperture normalmente chiuse o aperte
poco frequentemente, conformi a quelle di tipo
B, provviste inoltre di dispositivi di termuta (es.
una guarnizione) su tuno il perimetro; oppure,
due aperture di dpo B in sede, dotaie di disposi-
uvi indipendenti di autochiusura.

Tipo D - Aperture normalmente chiuse conformi a
quelle di tipo C, apribili sclamente con mezzi
speciali od in caso di emergenza.

Le aperture di tipo D sono sicuramente a tenuia,
come nei passaggi di servizi (es. condutture, tuba-
zioni); oppure, possono essere una combinazione
di un'apertura di tipo C, adiacente al luogo dal
quale proviene il pericolo, in serie ad un'altra
apertura di tipe B..

i
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-p A1 Effect of openings on grade of release Corretazione tra aperture e grado di emissions ff-i‘?: R0

13k TN A

' Qualifice dellz zona a
monte deil’apertura
Zone upsiream of.opening

et RTINS AL e 1 A

Grada 8} emissione delt apertura considerata una sorgente. - |
¢i emisstans 2
Gratde of release of openings consigered as sourees of release | 7
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Tipa di aperfura
ﬂpgm‘ng time

»

Contiouo_Contintous

Zona 0
Zone 0

(Continuo)/primo_ (Continous)/primary
Secondo_Secondary
Nessuna emdssione No release

Primo_~rimary w
Zona 1 (Primo)/secondo_(Primarylsecondary 3

Zone I {Secondo)/nessuna emissione_{Secondary)/no release

Nessuna emissione_No releass 3

Secondo_Secondary

(Secondo)/nessuna emissione_(Secondary/no release %
Nessuna emissione_No release

Zona 2
Zoneg 2

OwpiDow DO W

D Nessuna emissione_»~No release :

wora,e Per i grad; di emissione indicati tra parentesi, in sede di progstto & apportunc prendere inconsiderazione la frequenza g
di aperiura. kg
_ For grades of refease shown in brackets, the frequency of operalion of the operings should be considered in the design. . :
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e VENTILATION VENTILAZIONE
introduction atrofduziens

B.1

The purpose of this Annex is to assess the de-
gree of ventilation and to extend clause 5 by
defining ventlation conditions and by means of
explanations, examples and calculation, so giv-
ing guidance on the design of anificial ventila-
tion systems, since these are of paramount im-
portance in the control of the dispersion of
releases of flarnmable gases and vapours.

The methods developed allow the determina-
ton of the type of zone by:

= cstimating the minimum ventilation rate re-
quired to prevent significant build-up of an

explosive atmosphere and using this 1o cal- -

culate a hypothetical volume, Vz (PEDICE)
which, with an estimated dispersion time, t,
allows determination of the degree of venti-
lation. It is not intended that these calcula-

tions are used to determine the extent of -

the hazardous areas;

s determining the type of zone from the de-
gree and availability of ventilation and the
grade of release. .

Although primarily of direct use in indoor situa-

tions, the concepts explained may assist in out-

door locations, for example by determinaton of

the application of table B.1.

Watural ventilation

Lo scopo di questa zppendice & di valutare il gra-
do di ventilazione e di integrare il Capitolo 5 defi-
nendo le condizioni di ventilazione e, con I'ausil-
io di spiegazioni, esempi e calcoli, di fomire una
guida per il progetio dei sisiemi di ventilazione
artificizle, che sono della massima importanza nel
conrrollo della dispersione delle emissioni di gas
e vaposi inflammabili.

I metodi sviluppati consentono di determinare il
tipo della zona attraverso:

= la stima della portata di veniilazione minima
richiesta per prevenire la formazione di un'at-
mosfera esplosiva significativa ed il suo uso
per czlcolare un volume ipotetico V, che, con
. un tempo stiraato di dispersione ¢, permette di
determinare il gradc di ventilazione. Quest
caleoli non sono finalizzat alla determinazio-

ne dell'estensione dei luoghi pericolosi;

s il grado e la disponibilitd della ventlazione,
nonché il grado deil'emissione.

I concett illustrati, sebbene siano principalmente
intesi per un uso specifico in luoghi al chiuso,
possono essere di ausilio anche in caso di luoghi
all'aperto, ad esempio, mediante I'applicazione
dellz Tab. B.1.

Ventilzzione naturale

This is a type of ventilation which is accom-
plished by the movement of air caused by the
wind and/or by temperature gradients. In open
air situations, natural ventilation will often be
sufficient to ensure dispersal of any explosive
aumosphere which arises in the area. Natural
ventilation may also be effective in certain in-
door situations (for example where a building
has openings in its walls and/or roof).

NotefNota  For outdoor areas the evaluation of ventilation should

normally be based on an assumed minimum wind
speed of 0,5 m/s, which will be present virtually con-
tinuously. The wind spood will frequently be above
2m/h.

Exampies of nanaral ventlation:

w open air situations typical of those in the
chemical and petroleum industries for ex-
ample open structures, pipe racks, pump
bays and the like;

w  an open building which, having regard tc the
relative density of the gases and/or vapours in-
volved, has openings in the walls and/or roof
so dimensioned and located that the ventilation
inside the building, for the purpose of area

La ventilazione naturale & quella che viene attuata
dal movimento dell'aria causato dal vento e/o da
gradiend di temperatura. All'aperto, la ventilazio-
ne naturale spesso & sufficente ad assicurare ia
dispersione di ognd atmosfera esplosiva che si for-
mi nel luogo. La ventilazione naturale pud anche
essere efficace in determinatd luoghi al chiuso
(per esempio in un edificio con aperture nel mur
e/o sul soffite).

Per Ia valulazione della ventilazione di luoghi all’'aper-

o conviene normalmente basarsi su una velocitd del

vertio mindma presunia di 6,5 m/s, che in pratica & pre-

sente continuamente. La velociid del vento freguente-

mente pro essere superiore a 2 m/s.

Esempi di vendlazione naturale:

a  luoghi all'aperto iipici dellindustria chimica e
petrolifera, per esempio: strutture aperte, per-
corsi delle tubazioni, zone pompe e simili;

s un edificio zperto che, tenuto conto della
densitd relativa dei gas e/o vapori presenti, ha
le aperture nei muri e/o sul soffitio disposte e
dimensionate in modo che la ventlazione al
suo imtermno, ai fini della classificazione del




B.2

classification, can be regarded as equivalent 1o
thai in an open air situation;

a a building which is not an open building
but which has natural ventilation (generally
less than that of an open building) provided
by permanent cpenings made for venula—
tion purposes.

Artificial ventilatton

luogo, possa essere considerata equwalente a
queila di vn luogo all'aperto. i ‘.

= un edificio che non sia un edificio apertow\ma
che ha upa ventilazione naturale (general™
mente inferiore a quella di un edificio aperto)
attuata tramite aperfure permanenti realizzate
ai fini deila ventilazione.

Ventilzzione artificiale

The air movement required for ventilation is
provided by artificial means, for example fans
or extractors. Although artificial ventilation is
mainly applied inside 2 room or enclosed
space, it can also be applied to situations in the
open air 1o compensate for restricted or imped-
ed natural ventilation due to obstacles.

The anificial veniilation of an area may be ei-

ther general or local and, for both of these, dif-

fering degrees of air movement and replace-

meni can be appropriate.

With the use of artificial ventilation it is possible

to achieve:

& reduction in the extent of zones;

m  shortening of the time of persistence of an
explosive atmosphere;

s  prevention of the generation of an explo-
sive aumosphere.

Artificial ventilation makes it possible to pro-

vide an effective and reliable ventilation system

in an indoor situation. An amificiz] ventilation

system which is designed for explosion protec-

tion should meet the following requirernents:

= its effectiveness should be controlled and

monitored;

e consideration should be given to the classi-
- fication immediately outside the extract sys-
rem discharge point;
a for ventlation of a hazardous area the ven-
tilation air should normally be drawn from
a non-hazardous area,

a  Dbefore determining the dimensions and de-
sign of the ventilaticon system, the location,
grade of release and release rate should be
defined.

In addition, the following factors will influence

the quality of an artificial ventilation system:

w flammable gases and vapours usually have
densities other than that of air, thus they
will tend to accumulate near to either the
floor or ceiling of an enclosed area, where
air movement is likely to be reduced;

a  changes in gas density with temperanure;

= impediments and obstacles may cause re-
duced, or even no air movement, i.e. no
ventilation in certain parts of the area.

Ventilazione artificiale & quella in cui il movimen-
to del¥aria necessario & attuato dz mezzi artificiali,
per esempio ventilatori o estrattori. Sebbene la
ventilazione arificiale venga principalmente im-
piegata all'internc di un locale o spazio chiuso,
essa pud essere utilizzata anche all'aperto per
compensare la riduzione della ventilazione natu-
rale causara da ostacoli. '

1a ventilazione arificiale di un luogo pud essere

generale o locale e, in entrambi I casi, possono

essere idonei different gradi di movimento e di

ricambio d'aria.

Cor. l'impiego della ventilazione artificiale & pos-

sibile ottenere: _

. riduzione dell’estensione delle zone;

z diminuzione del tempo di permanenza
dell’atmosfera esplosiva;

s prevenzione delia formazione di un atmosfera
esplosiva.

La ventlazione artificiale permette di avere un siste-

ma di ventilazione efficace ed effidiente all'interno

di un edificio. Un sistema di ventilazione artificiale

progettato per la protezione conftre 'esplosione do-

vrebbe possedere- i seguentd requisit:

x la sua efficacia (flusso d'aria) dovrebbe essere
controliata e sorvegliata;

s dovrebbe essere presa in considerazione la
classificazione immediatamente 21 di fuori del
punio di scarico del sistema di estrazione;

s per la ventilazione di un luogo pericoloso,
l'aria dovrebbe essere normalmente aspirata
da un luogo non pericoloso;

s prima di definire le caratteristiche del sistema
éi ventilazione, dovrebberc essere definit:
I'ubicazione delle sorgenti di emissione, il
grado € la portata delle emissioni.

Sulia qualiti di un sistema di ventilazione artificia-

le influiscone inoltre i seguenti fattori:

= i gas e vapori inflammabili hanno, general-
mente, densitz diverse da quella dell'aria,
quindi tenderanno ad accumularsi vicino al
pavimento o al soffitto, di un luogo al chiuse,
dove il movimento d'aria pud essere ridoto;

w  varazioni della densitd del gas al varizre della
temperamra;

e impedimenti ed ostacoli possono causare ri-
duzioni, € perino annullamento del movi-

" mento deil’aria, clogé assenza di ventilazione
in certe part del luogo.

T A T e e o U P e T

SN




£ crirra i S S AL st

¢ ML 020 ML ol ekt

Examples of general artificial vendlation:

e 2 building which is. provided with fans in
the walls and/or in the roof to improve the
general ventilation in the building;

= an open air situation provided with suitably
located fans to improve the general ventila-
tion of the area.

Examples of local artificial ventilation:

m an air/vapour exiraction system applied to
an item of process equipment which contin-
uously or periodically releases flammable
vapour;

= a forced or extract ventilation system ap-
plied to a small, ventilated local area where
it is expected that an explosive atmosphere
may otherwise occur.

Degree of ventilation

o

Esempi di ventilazione artificiale generale ot

» quella di un edificio dotato di venulatqﬁ-;xelle
pareti e/o nel soffitto, per migliorarne 187y
tilazione generale;

v quella di un luogo allaperto con ventilatori”
ubicati in modo da migliorarne la ventilazione
generzle.

Esempi di ventilazione artificiale locale:

= quella di un sistema di estrazione aria/vapore
applicato ad una parte di apparecchiatura di
processo che emetie vapor inflammabili con-
tinuamente o periodicamente;

= quellza di un sistema di ventlazione forzama
(ad immissione) o di estrazione, applicato ad
un luogo di piccole dimensioni ventilato lo-
calmente, dove pud generarsi un’atmosfera
esplosiva. -

Grado di veniilazione

B.3.1

8.33

B.4

The effectiveness of the vemilation in conirol-
ling dispersion and persistence of the explosive
atmosphere will depend upon the degree and
availability of ventilation and the design of the
system. For example, ventilation may not be
sufficient to prevent the formation of an explo-
sive atmosphere but may be sufficient to.avoid
persistence of an explosive armosphere.

The following three degrees of ventlation are
recognized:

High ventilation (VH)

Can reduce the concentration at the source of
release virtually instantaneously, resulting in 2
concentration below the lower explosive limit.
A zone of small (even negligible)} extent results.

Medium ventilation (VM)

Can control the concentration, resulting in a sta-
ble situation in which the concentration beyond
the ‘zone boundary is below the LEZ whilst re-
lease is in progress and where the explosive at-
mosphere does not persist unduly after release
has stopped.

The extent and type of zone are limited to the
design paraineters,

Low ventilation (VL)
Cannot control the concentration whilst release
is in progress and/or cannot prevent undue per-
sistence of a flammable atnosphere after re-
lease has stopped.

fissessment of degree of ventilation and iis
influence on the hazardous arsa

L'efficacia della ventilazione nel controllare Iz di-
spersicne e la persistenza dell’atmosfera esplosiva
dipende dal suc grado e disponibilitd ¢ dalle ca-

‘ratteristiche del sisterna. Per esempio, la ventla-

zicne pud non essere sufficiente per prevenire la
formazione di un’atmosfera esplosiva, ma pud es-
sere sufficiente per evitarne la persistenza.

Si consideranc i seguenti tre gradi di efficacia del-
la ventilazione.

Alic {VH) B
Quando la ventilazione & in grado di rddurre la con-
cenirazione in prossimitd della sorgente di emissio-
ne in modo praticamente istantaneo, limirando la
concentrazione al di sotio del LEL. Ne risulta una
zona di picecla estensione (perfine trascurabile).

Medio (V)

Quande la ventilazione & in grado di influire sulla
concentrazione, determinando una situaziore sta-
bile in cui la concenirazione olrre il limite dejla
zona & inferiore al LFL mentre avviene Pemissione
e dove l'atmosfera esplosiva ner persiste eccessi-
vamente dopo 'arresto dell’emissione.
L'estensione ed il tipo della zona sono condizio-
nati dalle grandezze caratteristiche di progeuo.

Bassa (VL)

Quando la ventilazione non & in grade di controfla-
re |z concenrrazione mentre avviene l'emissione e/o
non pud prevenire Ja persistenza eccessiva di un’at-
mostera esplosiva dope I'arresto dell'emissione.

Valuiazione del grado i ventilazicne e dalia
sua Influenza sul luego pericolase

The size of 2 doud of flammable gas or vapour
and the time for which it persists after release
stops can be controlled by mezns of ventilation.
A method for evaluating the degree cf ventila-

5

Lz dimensione di una nube di gas o vapore in-
flammabile ed il suo tempo di persistenza dopo
l'arresio dell’emissione possono essere controllari
per meg{zﬁgﬁdﬁ:ﬂa ventilazione. Di seguito viere de-
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tion required 1o contrcl the extent and persist-
ence of an explosive atmosphere is described
below.

It should be appreciated that the method is sub-

ject to the limitations described and therefore

gives only approximate results. The use of the
safety factors should, however, ensure that the
results obrained err on the side of safety. The
application of the method is fllusirated by a
number of hypothetical examples,

The assessment of the degree of ventilation first
requires the knowledge of the maximum re-
lease rate of gas or vapour at the source of re-
lease, either by verified experience, rezsonable
calculation or sound assumptions,

Estimation of bypotbetical volume V,

The thecretical minimmim ventiztion flow rare w©
dilute a given release of flammable matedal to the
required concentration below the lower explosive
lirnit can be calculated by means of the formula:

(dV/di) . =

min

where: )
(dV/dDy;, s the minimem volumetric flowrate
of fresh air (volurne per time, Gn?/s);
is the maximum rate of release at
source (mass per time, kg/s);

(dG/ dt)ygn

LEL is the lower explosive limit (mass

per volume, kg/m?);

k is a safety factor applied to the -

LEL; typically:

k = 0,25 (continucus and primary
grades of release); and

k = 0,5 (secondary grades of re-
lease).

T is the ambient temperature (n
kelvins).

For converting IEL {vol %) to LEL (kg/m?) the follow-
ing formula may be used for normal atmospheric
conditions as given in 1.1:

E doveroso evidenziare che il metodo & soggetds,
alle limitazioni descritte e percid fornisce sola-
mente dei risultat approssimarn. Tuttavia, Iuso di
fazori di sicurezza, dovrebbe assicurare che i #i-
sultati otterut siano cautelavvi dalla pame della
sicurezza. L'applicazione del metodo & illustrata
da alcuni esempi ipotetici.

la valutazione del grado di ventilazione richiede
innanzi tutto la conoscenza della massima portata
di emissione di gas o vapore dalla sorgente di
erissione, ricavatz da una esperienza accertata, O
calcoli idonei, o ipotesi fondate.

Valutazione del volume ipotetico V,
Lz portata minima teorica di ventilazione pér dilu-
ire una certa emissione di sostanza inflammabile
alla concentrazione richiesta al di sowo del LEL,
pud essere calcolata con la formula:

dCS )y T

k- LEL 293
dove:
(dV/db,,, & la portata minima volumetrica di

aria fresca (m3/s);

(dG/dt),,, & la portata massima di emissione

di sostanza infiammabile (kg/s);

¢ il limite inferiore di esplodibilitd

(kg/m); :

k & un fatore di sicurezza applicaio
al LEL; tipicamente:
k = 0,25 (per emissioni di grado
continuo e primo),
k = 0,5 (per emissioni di seconde
grado). :

LEL

T & la temperatura ambiente in gradi
kelvin (X).

Per convertire il IEL (vol %) in LEL (kg/n?) si pud usare
Iz seguente formula valida per condizioni aimosferiche
normali tndicdte in 1.1:

LEL (kg/m®) = 0,416 1072 M- LEL (vol %) C

where M i5 ihe molecular mass (kg/kmol).

With a given number of air changes per unit
tme, C, related 1o the generzl vertdlaton of the
area a hypothetical volume V, of potentially ex-
plosive atmosphere around the source of release
can be estimated using the following formula:

Db LR RT LA silnh B L I O L)

z

L T T A T L

where:

c is the number of fresh air changes per
unit time (s,

L, Vg,

dove M é Iz massa molecolare (kg/emol).

Con un dato numero di ricambi d'aria per unitd di
teinpo, C, rferito alla ventilazione generale del luo-
80, 51 pud stimare un volumne ipotetico V, di atmo-
srera potenziaimente esplosiva, intorno zlla sorgen-
te di emissione, usando la seguente formula:

(SRR

c

BT O RS

dove:

C ¢ il numero di ricambi d'zria fresca per
unitd di tempo (sY).

Dt v onsenis
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Formula (B.2) would hold for an instantanecus
and homogeneous mixing 4t the source of re-
lease given ideal flow conditions of the fresh
air. In practice, such ideal situations will gener-
ally not be found, for example because of pos-
sible impediments to the air flow, resulting in
badly ventilated parts of the area. Thus, the ef-
fective air exchange at the source of release will
be lower than that given by C in formula (8.4),
leading 10 an’'increased volume V.

By introducing an additional comrection (quali-
ty) factor, f 1o formula (B.2), one obtains:

A S TR Gvae o L 1A R e T o

f

where:

f denotes the efficiency of the ventilation
in terms of its effectiveness in diluting
the explosive ammosphere, with £ rang-
ing from f = 1 (ideal situation) 1o, typi-
cally, f = 5 (impeded air flow).

The volume V, represents the volume over

which the mean concentration of flammable gas

or vapour will be either 0,25 or 0,5 times the

LEL, depending on the value of the safety factor,

k used in formula (B.1). This means that, at the

extremities of the hypothetical volume estimat-

ed, the concentration of gas or vapour will be
significantly below the LEL i.e. the hypothetical
volume where the concentration is above the

LEL would be less than V.

Enclosed area -
For an enclosed arez, C is given by:

T T e S

L=
where:-
AV, /dt  is the flow rate of fresh air, and
v, is the total volume being ventilated.
Opben air

In an open air situation even very low wind
speeds will create a high number of air chang-
es. For example, consider a hypothetical cube
with the dimensions of a few metres in an open
area. In this case 2 wind speed of approximate-
ly 0,5 m/s will provide an air exchange rate cf
more than 100/h (0,03/5).

I e e et

et T OIS

La formula (B.2) presume una miscelazionetisian
tanea ed omogenea in prossimitd della sorg

fresca. In pratica, tali condizioni ideali generd
mente non si verificane, per esempio a.causa di.
possibili impediment al flusso dell’aria, col risul-

tato che alcune parti del luogo sono mal ventilate.

Pertanto, I'effertive ricambio d'ara in prossimitd

della sorgente di emissione mrisulta inferiore a

quello indicato da C nella formuta (B.4), poriando

ad un incrementc del volume V..

Introducendo un fattore di comrezione (fatiore di

qualitd ) alla formula (B.2), si otiiene:

A T T e HALTE D0 ke Gl WOTIRLLTR AT SN S e e

dvran....
C
dove:
f esprime l'efficacia della ventilazione in

termini di effettiva diluizione dell'atmosfe-
ra esplosiva, con f che varia, da f = 1 (si-
tuazione ideale) ad f = 5 (caso di flusso
d'aria impedito da ostacoli).
1 volume V, rappresenta il volume al di 12 del
quale la concenwazione media del gas o vapore
infiammabile 2 0,25 o 0,5 volte il LEL secondo il
valore del fattore di sicurezza k, utilizzato nella
formula (B.1). Cid significa che, al limite dell'ipo-
tetico volume stimato, la concentrazione d&i gas o
vapore € significativamente inferiore al LEZ, vale a
dire che il volume ipotetico nel quate la concen-
trazione & superiore al ZEL & pil piccolo di V.

Luogo al chiuso
Per un luogo al Chl'(.lSO C & dato da

d me d t
Ve
dove:
dV, /dt  &la portata totale di aria fresca,
A & il volume totale da ventilare.

Luogo all'aperio

In un luego all'aperto, velocitd del vento anche
molto basse determinano un numero elevato di
ricambi d'aria. Si consideri, per esempio, un ipo~
tetico cubo all'aperto avente dimensioni di pochi
metd. In questo ¢aso, una velocitd del vento di
0,5 m/s garantisce una portata d'aria di ricambio.
maggiore di 100/h (0,03/s).

ey
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In a conservative approximation using
C = 0,03/s for an open air situation, a hypothet-
ical volume V, of potentiaily explosive atmos-
phere can be obtained by using formula (B.5):

R N S A A, e,

M e S S

Con  prudente  approssimazione, us
C = 0,03/s per un luogo all'aperto, dalla fo
(B.5), si pud ottenere un'ipmetico volume &
mosfera potenzialmente esplosiva V:

“

=

B o eiomania 52t S T 2 T P S L A, g TR B, Vel

where:

dV/dt is in volume units per second, and

0,03  is the number of air changes per second.
However, because of the different dispersion
mechanism, this method will generally result in
an overlarge volume. Dispersion is normally
more rapid in an open air situation.

Estimation of persistenice time !
The time () required for the average concentra-
tion to fall from an initial value X to the LEL

times k after the release has stopped can be es-
timated from:

X, is the inital concentration of the flam-
mable substance measured in the same
units as the 7, i.e. % vol or kg/m? .
Somewhere in the explosive atmos-
phere, the concentration of the flamma-
ble matter may be 100% vol (in general
only in the very close vicinity of the re-
lease source). However, when calculat-
"ing t, the proper value for X to be tak-
en depends on the particular case,
considering among others the affected
volume as well as the frequency and
the duration of the release, and for most
practical cases it seems reasonable to
take 2 concentration above LEL for X;

C is the number of air changes per unit
time;

¢ is in the same time units as ¢, ie. if Cis
the number of air changes per second,
then the time t will be in seconds;

f is a factor to allow for imperfect mixing
(see formula (B.3)). It varies from 5, for
example for ventilation with air entering
through cracks and a singie exhaust
opening, to about 1, for example for
ventilation with air entering through a

perforated ceiling and multiple ex-.

hausts;
In is the natural logarithm, i.e. 2,303 logy;

k is a safety factor related to the LEL see
formula (B.1).

The numerical value of t obtained by equation

(B.6) by itself does not constitute a quantitative

92,5 A LTI P U e YR P
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dove:
dvide & in unitd di volume al secondo,

0,03 e il numero di ricambi d'aria al secondo.
Turavia, a causa del diverso meccanismo di di-
spersione, questo metodc da, generalmente, un
volume sovrastimato. La dispersione & normal-
mente pill rapida in un luogo all’aperto.

Valutazione del tempo di persistenza t

Il tempo t richiesto per far scendere la concentra-
zione media da un valore iniziale X, a k volte il
LEZ, dopo l'arresto dell’emissione, pud essere sti-
maro con la formula:

o & la concentrazione iniziale della sostanza
infiammabile espressa nella stessa unitd di
misura del LEZ, ciog in vol % o kg/m?.
Talora nell'atmosfera esplosiva, la concen-
trazione di sostanza inflammabile pud es-
sere 100% in volume {generalmente solo
nella immediaza vicinanza della sorgente
di emissione). Tuntavia, quando si calcola
1, il valore idoneo da assumere per X, di-
pende dalle singole situazioni consideran-
do, tra I'altro, il volume interessato, la fre-
quenza ¢-ia duratz dell'emissione, per cul
per la maggior parte dei casi pratici sem-
bra ragionevole assumere pef X, una con-
centrazione superiore al LEL

c & il numero di rficambi d’aria nell'unitd di
tempc; -

t & nelle stesse unitd di misura di ¢, cioé se
¢ & il numero & fdcambi d'arfa al secon-
do, il tempo ¢ & in secondi;

£ & un fartore che tiene conto dell'imperfet-
ta miscelazione (vedi formula (8.2)). Tale
fattore pud variare ad esempio: da 5 per
unz ventilazione con l'arda ¢he entra atira-
verso fessure e una sola apermura di scari-
co, a circa 1, per une ventilazione con
I'aria che entra da un soffito perforato e
scarichi multipli;

In & il logarirmo naturale, ciog 2,303 - log;

k & un fattore di sicurezza riferito al LEL
’ vedi formula (B.1).

Il valore numerico di r che risulta dzllz formula
(B.6), non costituisce di per sé un metedo quanti-
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means of deciding on the zone type. It provides
additional inforrnation that has to be compared
with the time scale of the particular process and
situation.

Estimation of degree of ventilation

A continucus grade of release normally leads 1o
a zone 0, a primary grade to zone 1 and a sec-
ondary grade to zone 2. This may not always be
true because of the effect of ventilation.

In some cases, the degree and level of availabil-
ity of ventilation may be so high that in practice
there is no hazardous area. Alternatively, the
degree of ventilation may be sc low thai the re-
suling zone has a lower zone number (le. a
zone 1 hazardous area from a secondary grade
source). This occurs for example when the level
of ventlation is such that the explosive atmos-
phere persists and is dispersed only slowly after
the gas of vapour release has siopped. Thus the
explosive atmosphere persists for longer than
would be expected for the grade of release.
The volume V, can be used to provide a means
of rating the ventilation as high, medium or
low. The persistence time t can be used 1 de-
cide what degree of ventilation is required for
one area to comply with the definitions of
zones 0, 1 or 2.

The ventilation may be regarded as high (VH)
when the volume V, is very small or even negli-
gible. With the venilztion in operation, the
source of release can be regarded as not pro-
ducing an explosive atmosphere, i.e. the sur-
rounding area is non-hazardous. However,
there will be an explosive atmosphere, albeit of
regligible extent, close to the source of release.
In practice, high ventilation can generally be
applied only to a local artficial ventiladon sys-
tem around a source, to small enclosed areas or
to very low: release rates. Firsty, most enclosed
areas contain multiple sources of release. It is
not good practice to have multiple small haz-
ardous areas within an area generally classified
as non-hazardous. Secondly, with the typical re-
lease rates considered for area classification,
" natura] veniilation is often insufficient even in
the open. Furthermore, it is normally impracti-
cable 10 ventilate artificially larger enclosed are-
as at the rates requiréd.

The volume V, does not give any indication of
the time for which the explosive atmmosphere
would persist after release has stopped. This is
not relevant in the high ventilation (VH) case
but is a factor in assessing if the ventilation is
medium (VM) ar low (VL).

comparata con la scala dei tempi del proc.
della situzzione specifica.

Valutazione del grado di ventilazione

Unz emissione di grado comtinuo determina gene-
ralmente unz zona 0, una di primo grado una
zona 1 ed una di secondo grado una zona 2. Cid
pud non sempre essere verc a causz degli efferi
della ventilazione.

In alcuni casi, il grado e la disponibilitd della vent-
lazione possono essere cosi alt che in pratica il
luogo pericoloso non esiste. Al contrario, il grado
di ventilazione pud essere cosi basso da far risulta-
Te Una zZona Con un numero pitt basso di zona (ad
esempio, una zona 1 generata da unz emissione di

secondo grade). Questo accade ad esempio, quan-’

do 1z veniilazione & tale che T'ammosfera persiste e,
dopo larresto dell'emissione del gas o vapore, si
disperde lentamente. Cosicché l'atmosfera esplosi-
va permane pid a lungo di quanto ¢ si sarebbe at-
teso in relazione al grado di emissione.

I volume ¥V, pud essere usalo come mezzo per
valutare il grado di ventilazione come alto, medio
o basso. Il tempo di persistenza t pud essere uti-
lizzato per determinare ii grado di ventilazione
necessario perché un luogo soddisfi alle definizio-
ni di zonz 0,102, '

Il grado della vemtilazione pud essere considerato
alto (VHD) quando il volume V; & molto piccolo o
trascurabile. Con la ventilazione in funzione, si
pud considerare che la sorgente di emissione non’
generi un’atmosfera esplosiva, ciod il uogo ad
essa circostante non & pericoloso. Esiste tuitavia,
un’armosfera esplosiva, per quanto di estensione
trascurabile, adiacente alla sorgente di emissione.
In pratica, il grado di ventlazione alto pud general-
mente essere omenuto solamente con un sistema &
ventlazione artificdale locale 1 cui flusso darda investe
la sorgente di emissione, ¢ in piccoli hroghi al chiuso,
oppure con portate di emissione molto basse. Innan-
zi tatto, la maggior parte dei uoghi al chiuso conte-
ne pill sorgentd di emissione € non € buona norma
avere tante piccole zone pericolose all'interno di un
luogo classificato non pericoloso. In secondo luogo,
con le tipiche portate di emissione considerate nella
classificazione, per ottenere il grado di ventilazione
alto znche la ventilazione namrale & sovente insuffi-
dente. Inoltre, normalmente non & possibile ventilare
artificiaimente i luoghi al chiuso di notevoli estensioni
con le pomate di aria che sarebbero rchieste per i
grado di ventilazione alto. .

Il volume V, non di alcuna mdlcamone sul tempo
di persistenza della atmosfera pericolosa dopo
l'arresto dell'emissione. Questo non & rilevanie
con grado di ventilazione alto (VH), ma & un fat-
tore di valurazione se il.grado & medio (VM) o
basso (V1).
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Ventilation regarded as medium (VM) should con-
trol the dispersion of the release of flammable va-
pour or gas. The time tzken to disperse an explo-
sive atmosphere after release has stopped should

be such that the condition for either a ‘zone-1 or -

zone 2 is met, depending on whether the grade of
release is prmary or secondary. The accepiable
dispersion time depends on the expected frequen-
cy of release and the duraton of each release. The
volume ¥, will .often be less than the volume of
any enclosed area. In this case it may be acceptable
to classify only part of the enclosed area as hazard-
ous. In some cases, depending on the size of the
enclosed area, the volume V, can be similar to the
enclosed volume. In this case, all of the enclosed
area should be dassified as hazardous.

If the zonal concept is not met, then the ventila-
tior: should be regarded as low (VL). With low
ventilation the volume V, will often be similar
to or greater than the volume of any enclosed
area. Low ventilation (VL) should not generally
occur in open air situations except where there
are resuictions to air flow, for example, in pits.

Availability of veniilation

vapore inflammabile. Il tempo impiegato pkBi
sperdere un'atmosfera esplosiva dopo l'arr
dell'emissione dovrebbe essere tale.da rispettarts,
le condizioni siz di zona 1 sia di zonz 2, a secon-
da che l'emissione sia di primo o secondo grado,
1l tempo di dispessione accettabile dipende dalla
frequenza e durata previste per ogni emissione. Il
volume ¥, risulta spesso pil piccolo del volume
del luogo al chiuso. In questo caso pud essere
ammesso classificare come pericolosa solamente
una parte di detto luoge. In alcuni casi il
volume ¥, pud risultare simile al volume del luo-
go 2l chiuso. In tzl caso, tutto detto luogo dovreb-
be essere classificatc come pericoloso.

Quando non sono rispetiati gli abbinamenti tra grado
di emissione e tipo di zona secondo 1 quali una emis-
sione di grado continuo determina una zona 0, una
di primo grado una zona 1 ed una di secondo grado
unz zoma 2, i grado della ventilazione deve essere
considerato basso (VL). Con il grado basso, i volume
V, spesso rsulta simile o pi grande del volume dei
luoghi al chiuso. II grado basso (VL) non dovrebbe
generalmente riscontrarsi in situazioni all'zperio, ec-
cetto dove d slano restrizioni al flusso dell'ada, ad
esempio nelle fosse,

Disponibiiitd della ventiiazione

The availability of ventilation has an influence
on the presence or formation of an explosive
atmosphere. Thus the avzilability (as well as the
degree) -of ventiladon needs to be tken into
consideration when determining the type of
zone.

Three levels of availability of the ventlation
should be considered (see examples in Annex C:
= good: ventilation is present virtually
continuously;

ventilation is expected to be
present during normal opera-
tion. Discontinuities are permit-
ted provided they occur infre-
quently and for short periods;
ventilation which does not meet
the standard of fair or good, but
discontinuities are not expected
to occur for long pericds.
Ventilation that does not even meet the require-
ment for poor availability must nct be consid-
ered to contribute 16 the ventilation of the area.

= fairs

= pOoH

Natwral ventilation

For ourdoor areas the evaluation of ventilation
should normally be based on an assumed mini-
mum wind speed of 0,5 m/s, which will be:
present virtually coatinuously. In which case

La disponibilitd della ventilazione ha influenza
sulla presenza o© formazione di un’atmosfera
esplosiva. Pertanto, la disponibilitd (come pure il
grado) deila ventilazione deve essere presa in
considerazione quando si determina il tipo della
zona. :

Si considerano i seguenti tre livelli di disponibilita
della ventilazione (vedi esempi nell'allegato C):

s buona: quando la ventilazione & presen-
te in pratica con continuitd;
quando la ventilazione & conside-
ratza presente durante i funziona-
mentc normzle. Sono ammesse
delle interruzioni purché siano
poco frequenti e per brevi periodi.
quando la ventlazione non -
sponde al requisiti di adeguata o
buona, tuttavia non sono previste
interruzioni per lunghi period:.
Una ventilazione che non risponde neanche ai re-
quisiti previsti daila scarsa disponibilitd non deve
essere considerata come contributo alla ventla-
zione del luogo,

adegua;ta:

o SCarsa:

Ventilazione naturale

Per i luoghi all'aperto 1z valutazione dell’estensio-
ne, dovrebbe normalmente basarsi st una veloci-
ti del vento minima stimata di 0,5 m/s, che di fat-
to & presente continuamente. In questo caso la
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the availability of the ventilation can be consid-
ered as “good”.

Artificial ventilation

In assessing the availability of astificial ventila-
tion, the reliability of the equipment and the

- availability of, for exampile, standby blowers

should be considered. Good availzbility will

‘normally require, on failure, automatic start-up

of standby blower(s). However, if provisicn is
made for preventing the release of flammable
material when the ventilation has failed (for ex-
ample by automatically cdlosing down the proc-
ess), the classification determined with the ven-
tilation operating need not be modified, i.e. the
availability may be assumed to be good.

Practical guide

derata come “buona”.

Ventilazione amﬁcmle

ﬁcw.le, dovrebbe essere considerata Iaffidabilia
delle apparecchiature €, per esempio, la disponi-
bilitd di veatilator di dserva. Lz disponibilitz buo-
na richiede normalmente, in caso di guasto, la
partenza zutormatica dei ventilatori di riserva. Tut-
tzvia se vengono presi dei provvediment per pre-

_venire l'emissione della sostanza inflammabile

quando viene meno la ventilazione (per esempio
mediante arresto automatico del processo), non &
necessario modificare la classificazione determi-
nata con la ventilazione in funzione, cicé la di-
sponibilitd pud essere assunta come buona.

Guida pratica

A

The effect of ventlation on the type of the
zZones can be summarized in table B.1. Some
calculations are included in B.7.

L'effetto della ventilazione sui tipi di zone & rias-
sunto nella Tzb. B.1. Alcuni caleoli sono riportat
nell'aricole B.7.
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-2 mab.Bt Influence of ventilafion on tyre of zene Influenza della ven‘tuazmne sui tlpl di zone:
] o Venfilazions
Ventiiation
' Grado
Degree
S ' Alto - ; . - HMedio 7 Basso
; Grado High : - Medium Low
della Disponibiiita
emissionge Availabilily
Grade of
refease Scarsa
: Googd
Buona,
Buona Adeyuata Scarsa Busna i+ Adeguaia . Scarsa Good
Good Fair Poar Good Fair Foor Adeguata
’ Fair
o0 Scarsa
~ orpoor
_ Continuo  i(Zona 0NE)  {(Zona ONE)  1(Zona O'NE) iZona O iZona O + Zona 2Zona O + Zora 1 :Zora0
i TxCondinuos  : (Zone O NE) (Zone O NE) (Zone O NE) Zone 0 iZome O+ Zone2 iZoneO+ Zonel Zone 0
- iZona non Zona 2P Zona 1%
N pericolosa™
: : Non-bazardousV i Zone 20 Zone 1 . .
Primo {(Zona 1 NE) (Zona 1 NE) (Zona 1 NE) iZonal iZonal+ Zona 2iZona 1+ Zona 2 iZona 1
Primary (Zone I NE) 1 {(Zonel NE) (Zonel NE) Zonel iZonel+ZomeZ ZonelwZonel 0 Zonz o
’ Zone 1
or Zone 0P
Zona non Zona 2V Zona 2%
pericolosat
Non-bazardous? | Zome 29 Zone 2™
Secondo® {(Zona 2 NE) iZona 2 NE Zona 2 Zona 2 iZona 2 Zona 2 Zona 1 o anche
Secondm}m {Zone 2 NE) Zone 2 NI Zoneg 2 Zone 2 [|Zonel2 Zone 2 Zona 0%
Zone 1 and even
Zone 0O
Zona non Zona non
pericolosa®  ipericolosa®™
Non-bazardous W | Non-bazardous®

{1y ZonaQ NE, 1 NE o 2 NE indicano una zona teorica dove, in condizion normali, ['estensicne & trascurabile.
Zone O NE, 1 NE or 2 NE indicates a theoretical zone which would be of negligible extent under normal conditions.

- () Lazona?2 creata da una emissione di.secondo grado pud superare queliz imputabile ad una emisslone di primo grade o di grado cantinuo; in tal ca-
S s0, si dovrebbe considerare Ja distanza maggiore.
The zene 2 area created by a secondary grade of release may exceed that attributabile to a primary or continuous grade of rolease; in which case, the greater gistance
shoutd be taken.

“j(a) E zana 0-se a ventilazione & cosi debole e 'emissione & fale che un'aimosiera esplosiva esiste pratmamente in continuazione (cicd si & vicinl ad una
situazione di assenza di ventilazions).
Will be 2one O if the ventifation is so weak and the refease Is such that in practice an exp.'aswe almasphere exists virtually continuously (i.e. approsching a “no ventilation”™
condition).
Nota_e 4 5|gmf|ca “circondata da”.
- "srgnn" es urrounded by". .

e
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Calculations io ascertain the degree of
ventilation

Calcoli per la delerminazione dei grad
ventilazione

Calculation No. 1

Characteristics of release

Flammable material toluene vapour

Source of relezse flange

Lower explosion

limit (LEL) 0,046 kg/m® (1,29 vol.)
Grade of release continucus

Safery factor, k 0,25

Release rate,

(dG/dD . 2,8 - 10¥ kg/s

Ventilation characteristics
Indoor situation
Number of air

changes, C 1/h, (2,8 - 10%s)
Quality factor, £ 5

Ambient

temperature, T 20°C (293 XD
Temperature

coefficient, (77293 K) 1

Minimum volumetric flow rate of fresh air:

S MRS wy b e DRI MDA e iR

) Calcolo »° 1

BT A1 AT Tl

Caranteristiche dell’emissione
Sostanza infiammabile

vapori di toluene

Sorgente di emissione flangia (non guasta)
Limite inferdore di ‘
esplodibilitd (LED 0,046 Jeg/m? (1,2% vol)
" Grado di-emissione continuo
' Fantore di sicurezza, k 0,25
Portata di emissione,
(AG/AD 1o 2,810 kg/s

Caraﬁeﬁsdche della ventilazione
Luogo al chiuso

Numero diricambi

d'aria, € 1/h,(2,8-10%s)
Fattore di efficacia, f 5

Temperatura

ambiente, T 20°C (293 K)

* Coefficiente di

temperatura, (77293 K) 1

Portata volumetrica minima di aria fresca:

B L e L e AL

_ (@& dhuy T _ 2,8-107 293 _
(@Y Ay = —kﬁr'@%"a“ﬁ?ﬁ“ﬁz@‘z—% 24107 /s
Evaluaton of hypothetical volume V: Valutazione del volume ipotetico V-
f dV/ dt
"(c)mm 52410 - 43107

Time of persistence:
This is not applicable to a continucous release,

Cornclusion
The hypothetical volume
negligible value,

The degree of ventilation is considered as bigh
with regard to the source.

V, is reduced to 2

2810

JESME Y

Tempo di persistenza:
Non applicabile ad una emissione di grado congnuo.

Conclusione

Il volume ipotetico ¥, & ridotio ad un valore tra-
scurabile.

Il grado di vewntilazione, in relazione all'emissio-
ne, & considerato alto.
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Calculation No. 2

Flammable material
Source of release
Lower explosion
limit (LEL)

Grade of release
Safety factor, k-

Characteristics of release -

toluene vapour
failure of flange

0,046 kg/m® (1,2% vol)

secondary
0,5

‘Sorgente di emissione

Release rate,

 (AC/AB 2,8 - 10% kg/s

Ventilation characteristics
Indoor situation
Number of air

changes, C 1/h 2.8 - 1049
Quality facror, f 5
Ambient

e temperature, 7 20°C (293 KD

Temperature
coefficient, (77293 K) 1

Minimum volumetric flow rate of fresh air:

LRI etk e R e e e

Caicolo n° 2

Caratteristiche dell’emissione
Sostanza infiammabile

Limite inferiore di

esplodibilitd (LED 0,046 kg/m?® (1,2% vol.)
Grado di emissione secondo
Farore di sicurezza, k 0,5

Portata di emissicne,

(dG/AD) e 2,8+ 10° kg/s

Caratteristiche della ventilazione
Luogo al chiuso
Numero di ricambi

d'afia, € i/h, (2,8 - 10 /s)
Fattore di efficacia, f 5
Temperatura

ambiente, T
Coefficiente di
termperatura, (77293 K) 1

20°C (@93 K0

Portata volumetrica minima d'ana fresca:

(dG/dt)mnx T 2,8-10° 293
(3 SO e . JOPS e kS oot N 1 2-
(dV/ Al k- LEL 295 ,,5 0, 046 293 107m’/s

Evaluation of hypothetical volume V,:

A N AT R

“alutazione del volume ipotetico V:

A R i T A Rt B P S T S Tr DR TR P
. 4
f-(dV/dt)min“-}.l,g.lo s
W = = = = 2,2 m

Time of persistence Tempo di persistenza:
¢ IEL- L — 1,20,
r=n S B205 ps6n :
— ¢ Tx, 1 100 :
KE4 1t T TR L 1T T I O L L R S R L A T BTN B T T TR R T s NI L AR B BT DA R T

,_% Conclusion Conclusione

The hypothetical volume V is significamt but
can be controlled.

The degree of ventilation is considered as medi-
wum with regard to the source on this basts. How-

ever any release would persist and the concept of
zone 2 may not be met.

11 volume ipotetico
re controllato.

V, & significativo ma pud esse-

Il grado di ventilazione, in relazione all’emissio-
ne, € consideraio medio; tuttavia, si avrebbe ln
persistenza di atmosfera esplosiva a seguito di una
qualsiasi emissione, per cui potrebbe non essere ri-
spettata la definizione di zona 2.
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Calculation No. 3

Characteristics of release
Flammable material
Source of release

DIOpane gas
can-filling nozzle

Lower explosion

limit(LEL) 0,039 kg/m? (2,1% vol)
Grade of release - primary

Safety facior, k 0,25

Release rate,

(dG/aD pax 0,005 kg/s

Ventilation characteristics
Indoor situation
Number of air

changes, C 20/11 (5,6 - 1073 /s)
Qualiry factor, { 1

. Ambient
temperature, T 25°C (308 K
Temperature
coefficient, (77293 K) 1,05

Minimum volumetric flow rate of fresh air:

BEFee A s e T e 2 Bt e e

Caleolo n® 3

Cazratteristiche dell’emissione
Sostanra inflammabile
Sorgente di emissione

gaspropano N\
ugello di- riempimento~

bombole

Limire infedore di

esplodibilitd (ZEL 0,039 kg/m? (2,1% vol)
Grado di emissione primo

Fattore di sicurezza, k0,25

Portata di emissione,

(dG/dD 0,005 kg/s

Cararteristiche della ventilazione
Tuogo al chiuso
Numero di ricambi

d'aria, C 20/h (5,6 - 10%/s)
Fattore di efficacia, 1
Temperatura

ambiente, T 35 °C (308 KD s
Ceefiiciente di (j(
temperatura, (7293 K) 1,05

Portata volumerrica minima d’aria fresca:

(afc;/dr)mn T _ 0,005 308 3
av/ dn.. = e RAX T e - , /
@V i = 1 IEL %5°5250.0% 23 = 0.6 /s :

Evaluation of hypothetical volume V.:

2 et o

Valutazione del volume ipotetico V:

TR w1 ik i

F.(dv/dn, ' -
v, = =& o 100 0.6 =1,1-10" m’® - ;
¢ T 56107 :
Time of persistence: Ternpo di persistenza:
= -— In 21025 0, 26 h
20 100

Conclusion

The hypothetical volume V) is significant but
can be conwrclled.

The degree of ventilation is considered us medi-
wm with regard to the source based on this crite-
rion, With a persistence time of 0,26 b, the con-
cept of zone 1 may not be met if the operanorz is
repeared frequently,

Conclusione

Il volume ipotetico ¥, & significativo ma pud esse-
re controllato.

Il grado di ventilazione, in relazione all’emissio-
ne, € considerato medio. Con un tempo di persi-
steriza di 0,26 b, potrebbe nion essere rispettata la
definizione di zona 1 nel caso di operazione ripe-
hita frequentemente.

|
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‘temperature, T

Calculation No. 4

Characteristics of release

Flammable material ammonia gas

Source of release evaporator valve
Lower explosion

limit(LED) 0,105 kg/m? (14,8%vol.)
Grade of release secondary

Safery factor, k ) 0,5

Release rate,

(AC/ D) 5- 10 kg/s

Ventilation characteristics
Indoor situation

Number of air

changes, € 15/h, (4,2 103/8)
Quality factor, f 1

Ambient

20°C (293 KD
Temperature
coefficient, (77293 K) 1

Minimurn velumetric flow rate of fresh air;

Calcolo m° 4 '

Caratterisiiche dell’emissione
Sostanza inflammabile
Sorgente di emissione
Limite inferiore di
esplodibilisd (LED) 0,105 kg/m> (14,8% vol.)
Grado di emissione secondo

Fattore di sicurezza, k0,5

Portatz di emissione,
(AG/dE pax

sa.

ammoniaca gassosa"-
valvola dell’ evaporatoi‘e\_____,

5108 kg/s -

Czratteristiche della ventilazione
Luogo al chiuso
Numero di ricambi

daria, € 15/h (4,2 - 10°%/s)
Fartore efficacia, f 1
Temperatura

ambiente, T 20°C 93 K)

Coefficiente di
temperatura, (77293 K) 1

Portaia volumetrica minima d'zria fresca:

L A 3 A ST N R 4 PTG T R I T © A 00 oy e SN B L o a0 by I P TR St I 5 et AT R b L

(dG/dr)mx o

(dV/dt)

it bier T P Rt A T L T i e

Evaluation of hypothetical volume ¥:

min T TTLTTEL 293

S A S 45 RSB B e, B VAV e e FE N e

-5
5-10 293 _
550,105 295 9,5-10" *m®/s

Valutazione del volume ipotetico Vi

2RI G T I L S M L DA T R I M N M R LT L T LB AT R LA T AR T T D S e TR e e T, S s T
B @vddnn _1.9,5-107 3
= = = = 0,02 m
4,2-10 )
Time of persistence: Tempo di persistenza

[+)
T I NI I IO e e L L N R B S R e e

Conclusion

The hypothetical volume V, is reduced to a
negligible value.

The degree of ventilation is considered as bigh
with regard to the source. However awy equip-
menl located adjacent to the valve should be
suitable for zone 2 (see table B. 1)

14,'8 0 5 o
o5 0,17 h {10 min)

LT NPT 5 4 T e S WL P N S A P seftatehd

Conclusione

1 volume ipotetico ¥V, & ridowo ad un valore tra-
scurabile.

I grado di ventilazione, in relazione all'emissio-
ne, &€ considerato alto, Tuttavia, le apparecchia-
ture installate adiacenti alla valvola dovrebbero
essere adatte per la zona 2 (vedi Tab. B.1).

BEFAT RN o vl by m



Calculation No. 5

Characteristics of release
Flammable material propane gas
Source of release - compressor seal

Lower explosion

Yirnit (LEL) 0,039 kg/m? (2,1% vol.)
Grade of release secondary

Safery factor, k 0,5

Release rate,

(AG/dD) 0,02 kg/s

Ventilation characteristics

Indoor situation

Number of air

changes, C 2/h, (5,6 - 107%/s)
Quality factor, { p)

Ambient
temperature, T

Temperature
coefficient, (77293 K) 1

20°C (293 X)

Minimum volumetric flow rate of fresh air:

SR RPRNIEE S A}

(AG/ ) s

(dV7/ dt)

B evgi g g st g5 v e b

b TR S ] 2T SR P AT

min k- LEL 293 0,5-0,039 203

Caicolo ° 5

Caratteristiche dell’'emissione

Sostanza inflammabile  gas prepano \

Sorgente di emissione  ienuta di un compres-
sore

Lirnite inferiore di _

esplodibilitd (ZED 0,039 kg/m? (2,1% vol.)

Grado di emissione secondo '

Fartore di sicurezza, k 0,5

Portatz di emissione,

(dG/dD 0,02 kg/s

Caratteri;.tiche della ventilazione

Luogo al chiuso

Numero di ricambi

diaria, C 2/n (5,6 - 10%/s)
Pattore di efficacia, f 5

Temperatura
ambiente, T
Coefficiente di
temperatura, (77293 K 1

20°C 293X

Portata volumetrica minima d’aria fresca:

RIS N AT At e e g T T T e M TR AT N P S, i T Ll

0,02 293 _ 3

Evaluation of hypotherical volume V:

Valutarione del volume ipotetico ¥

T D ettt W b Fd SN I LT I T L T L TR A T MR AT T 10 ML SIATIE N L A A e VI g [T e T TR A, e T g R

E-(dV/dng,

5-1,02

= = 9200 m’

* c

ST T AT e T L et L N I T A a1 LTI T 1 RS N 1

Time of persistence:

576' 0—4

LA BT LAY S LA IR, e e ST T S I S T S0 0 AR Tl R L LY

Tempo di persistenza:

LK T
t="In = 2 2= 11,4h ;
c X, & 100

Conclusion

Inaroomof 10 m - 15 m - 6 m for example, the
hypothetical volume ¥V, would extend beyond
the physical boundaries and would persist.

The degree of ventilation is considered as low
with regard to the source.

Conclusione

In un locale di 10 m - 15 m + 6 m, ad esempio, il
volume ipotetico V, si estenderebbe clire i confini
fisici e persisterebbe.

Il grado di ventilazione, in relazione all’emissio-
ne, é considerato basso.

NS T AN R HCUIE S NS X P
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B \ _‘ (=]
e Calctlation No. G Caicolo w° 6

. % Characteristics of rejease Caratteristiche dell'emissione
: ’ Flammzble material methane gas Sostanza inflammabile  gas metanoc A
- Source of release pipe fitting Sorgente di emissione raccordo di b
- Lower explosion Limite inferiore di .
; limit (LED) 0,033 kg/m3 (5% vol.) esplodibilitz (LEL) 0,033 kg/m3 (5% vol)
Grade of release secondary Grado di emissione secondo

Safety factor, k 0,5 Fattore di sicurezza, k 0,5

Release rate, ' Portata di emissicne,
(dG/dDm,y 1 kg/s (dC/dD 1 kg/s

Ventilation characteristics Cararteristiche della venrilazione
Outdoor situation Luogo all'aperto

T Minimuym wind Minima velocitd

B speed 0,5 m/s del vento 0,5 m/s
- Resulting in an air Corrispondenti ad un

exchange, C >3- 1072 /s ricambio d’ariz, € 3-10%s
| L Quality factor, f 3 Fattore di efficacia, f 3

o - Ambient Temperatura

i % temperature, T 15°C (288 KD ambiente, T 15 °C (288 K)
Temperature - Coefficiente di

coefficient, (77293 K) 0,98 temnperatura, (772903 K) 0,98

Minjmum veolumetric flow rate of fresh air: Portata volumetrica minima d'aria fresca:

L 2 i T N L PR Craanatie

_@@an. . 1 1 288
min = TLUVIEL 293 0,5-0,033 293

T TR LY e RS P e St e R

(dV/dQ

=581 m's -

PR ey P B T I Nr A g e SR, T T T e i LI B Hat R Tar St

Evaluation of hypothetical volume V,: Valutazione del volume ipotetico V:

FldVrdl.. e84 .
V = ( }mln = 3 58, 1 = 5810 m5

e e e it * e e SR ¢ et a3 e % g et i e STl e

£ty s v S st e e, S AL A B AN A el e e

. Time of persistence: Tempo di persistenza:

e S L e B A Pt e PR A N St A Bt S et s T S R o e T e e Pl e Ry Dot L e R 6 W L N s e
- : £, LEL 'k -3 5-0,5
: {=—=In In o= 370 s : i :
; @ ; c X, 0,03 100 3 (massimo_maximun)
Conclusion Conclusione
The hypothetical volume V¥, is significant but Il volume ipotetico V, & significative ma pud esse-
can be controlled, and would not persist. re controllato e non persisterebbe,
The degree of ventilation is considered as medi- Il grado di ventilazione, in relazione all'emissio-
um with regard 1o the source. ne, & considerato medio™.
L

‘ ‘5@ (1) (Non contenuta nelle pubblibéz_ibni IEC e CENELEC) -/ risuftatf
o dei caleod} non corrispondono a quelli erratf defia EN B0079-10.
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Calculation No. 7

Characteristics of release
Flammable material
Source of release

toluene vapour

failure of flange

Lower explosion

lirnit (LED) 0,046 kg/m> (1,2% vol.)
Grade of release secondary

Safety factor, k 0,5

Release rate,

(dG/dD . 6 - 10% kg/s

Ventilation characteristics
Indoor situation
Number of air
changes, C 12/h (3,33 - 107
Quality factor, f 2

Ambient
temperature, 7 20°C (293 K)
Temperature

coefficient, (77293 K) 1

Minimum volumetric flow rate of fresh air:

ML e w N e eEROAR R DL e L s eyl LI NG iy e Rt gt 0

(dG/ Aex T

(@V/ e = ™ 553

A gt LS e T8 RLE e TR T AR Ay e T W 3 R A (i B L A

Evaluation of hypothetical volume V.

Calcolon® 7

Caratteristiche dell’emissione
Sostanza inflammabile
Sorgente di erissione
Liznite inferiore di
esplodibilitd (LEL)
Grado di emissione

vapori di toluene %
guasto di una flangia

0,046 kg/m3 (1,2% vol)
secondo

Fattore di sicurezza, k 0,5

Portata di emissione,

(AC/AD) e 6 - 10" kg/s

Caratteristiche della ventilazione

Luogo al chiusa

Numerg di ricambi

daria, C 12/h (3,33 - 103/s)
Fattore di efficacia, f 2

Temperatura
ambiente, T
Coefficiente di
temperaztura, (77293 K) 1

20 °C (293 K0

Portata volumetrica minima d'aria fresca:

e AT A N O RE 8 Te LS i e - A s B ot S W B e

w222 2 26107 mP /s

B R T A e

Valutazione del volume ipotetico V:

B T e L T e S I T R I K LI

e @Wdl, 226307

= 15,7 m?

* c

AL ] T 1 TR AT e Lt S T Lo et e e

Time of persistence:

Conclusion

The hypothetical volume V, is significant but
can be ‘controlled.

The degree of vertilation is considered as medi-
um with regard to the source. Based on this per-

sistence time, the conceptr of zome 2 would be
met.

12 100

ATLEITAL AT, R AL RIS

3,33-107

N e G B RN L ST AR S A TP, et BRI Gl LAY ¢ S n i

Tempo di persistenza:

L2053 5851051 min)

Conclusione

Il volume ipotetico V, & significativo ma pud esse-
re controllato.

Il grado di ventilazione, in relazione ail'emissio-
ne, é consideraio medio. Sulla base del tempo di
persisteniza determinato, sarvebbe rispettata la defi-
nizione di zona 2. '
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(AMPLES OF HAZARDOUS ARER
GLASSIFICATION

*Ihe ‘practice of area classification invelves a
‘knowledge of the behaviour of flammable gases
and liquids when they zre released from contain-
" ment; and sound engineering judgement based
on experience of the performance of items of
iplant equipment under specified conditions. For
- 'this reason, it is not practicable 1o give every
“ronceivable varaton of plant and process char-
acteristics. Therefore, the examples chosen are
those which best describe the overall philosophy
of area classification, so as to permit the safe use
"of apparatus in hazardous locations, where the
- dangerous material is a flammable liquid, lique-
fied gas or vapour, or material which is normally
* -gaseous and flammable when mixed with air in
appropriate concenirations.

I arriving at the distances shown in the dia-
:"grams, specific plant component conditions
"have been given. The leakage conditions have
"been considered in relation to the mechanical
. performance of the equipment and other repre-
sentative design criteria. They are not generally
..applicable; factors such as inventory of process
material, shut-off time, dispersion time, pres-
‘sure, temperature and other criteria related both
to plant components and process material all af-
fect the area classification and will need to be
" applied to the particular problem being consid-
~ered. Thus these examples represent guidance
* only and will need to be adapted so as 1o take
into account particular circumstances.

Aceording te the national or industrial code se-
lected, the shape and extent of the zones may
vary.

The intention of the examples which follow is
not primarily that they should be used for area
classification. Their principal objective is to
demonstrate typical results which might be ob-
tained in practice in 2 number of different situa-
tions by following the guidance and procedures
in this Standard. They may also be of use in de-
veloping detailed supplementary standards,

The figures shown are waken from, or corre-
spond closely to, those in various national or
industrial codes. They are intended only as 2
guide to the magnitude of the zones; in individ-

J‘

E&EMPi Di CLASSIFICAZIONE DEI LUGG ’l'“" ‘DDLO“

e

La pratica della classificazione dei luoghi im:
una conoscenza del comportamento dei gas e li-
quidi inflammabili quando vengono emessi dal
loro contenitore, ed una valida valutzzione tecni-
ca basata sull'esperienza del comportamentc delle
singole apparecchiature dell'impianto in specifi-
che condizioni. Per questa ragione, non & possibi-
le indicare tuti i casi di impianti e processi. Tutta-
vig, gli esernpi sceltd sono quelli che descrivono
meglhio la filosofla generale di classificazione dei
iuoghi, in modo da permettere 'uso sicuro delle
costruzioni nei luoghi pericolosi, dove la sostanza
peiicolosa & un liguido infiammabile, un gas li-
quefatto 0 un vapore, oppure € una sostanza nor-
malmente gassosa ed infiammabile miscelata con
I'aria in appropriate concentrazioni.

Per i componenti dell'impianto sono state indicate
le condizioni particolari c¢he hanno condotto alle
distanze indicate nelle figure. Le caratteristiche del-
la perdita sono state considerate in relazione alla
prestazione meccanica dell'apparecchianira ed alti
criteri di progetto rappresentativi. Tali caratteristi-
che non sono applicabili a tui i casi; fattori come
la moltepliciti delle sostanze impiegate nel proces-
s0, il tempo di arresto, il tempo di dispersione, la
pressione, la temperatura ed altd criteri relativi sia
al componenti dellimpianto che alle sostanze di
processo, influenzano tutt la classificazione dei
lucghi ed & necessario considerarli nel caso specifi-
Co in esame. Pertanto, quest esempi rappresenta-
no solo una guida e richiedono gli adattamenti del
caso per tener conto delle circostanze particolari.

La forma e Pestensione delle zone possone diffe-
rire in relazione alle guide e raccomandazioni na-
zionali o industriali prescelre,

GH esempi che seguonc non hanno lo scopo pri-
maric di essere utilizzati per la classificazione dei
luoghi pericolosi. 11 loro principale obietivo &
esprimere dei risultati tpici che possono essere
ottenuti in un numero di luoghi different, se-
guendo i criter] e le procedure di questa Norma.
(Questi esempi possono anche essere utlizzati per
I'elaborazione di norme dettagliate supplementari.

Le figure sono state rcavate da diverse guide e rac-
comandazioni nazionali ¢ industtali, o sonc loro
molto simili. Esse vanno intese sclamente come una
guida alla grandezza delle zone; in diascun casc par-

e R R S S TR
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ual cases, the extent and shape of the zones
may be taken from the relevant code.

If it is intended that the examples given in this
Stzndard be used for area classification in-prac-
tice, account must be taken of the specific de-
tails of each individual case.

In each example, some but not all of the param-
eters which influence the type and extent of
zones are given. The result of the classification
normally gives a conservative result, taking into
account those factors which have been speci-
fied and others which it has been possible to
identify but not quantify. This means that, if it is
possible to specify the operating parameters
more closely, a more precise classification will
be obtained.

ot
fi\?

ticolare, l'estensione e la forma delle zone pdc-esse— ’5’1))

re ricavata dalla guida o raccomandazione specxﬁc

Se nella classificazione dei luoghi pencolos1

devono considerare le particolarita di ogni singo-
lo caso.

Per ciascun esempio vengone indicate aicune
grandezze, ma non tutte, che influenzano il tipo e
lestensione delle zone. Normalmente, conside-
rando { fartori che sono stad specificati ed altri
che sono stzti identificati ma non quantificat, il ri-
sultato della classificazione & cautelativo. Questo
significa che se &

tagliztamente le grandezze operative, si otterrd
una classificazione pid precisa.

MARTAA TEPMNINL

TR

& possibile specificare pitt det-

tende impiegare ghi esempi di questa Norma, si
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Example No. 1

A normal industrial pump mounted at ground
level, situated outdoors, pumping flammable
liquid:

GAPTION

1 Ground levei§
Z  Sump

H
¥

A SRS e e g o AR o

: : Non in scaia
i : : Mot 1o scale

S it S 2

b e S L AR I e e

Lsempio N° 1 -
Una normale pompa industriale installata 2 livelio
‘del suclo, situata allzperto, che pompa liquide
inflammabile:

[[EGENBA
1 Livello del suole
2 Fossa

{

. le
i ‘ I

1

Zona 1_zZone 1
Zona 2_Zone 2

o T

Sorgente di emissione (tenuta pompa
® Smlt—‘gce of release (pumpsgazl) pompa)

g e,

Principali fattori che influenzano

Implanio € Drocesso
Plant and process

Ventllazione

Ventilatation

J254 2T« SO ORO Naturale
Dype.... Natwrel
Grado . Medio
Dagree......ceeenns Medium
Disponibilita............. Scarsa
Avgtabiiity.......ooovviiviinienns Foor

" Sorgente di emissione

Principal factors which influence the lype and extent of zones:

Grado di ernissione

i tpo e lestensione delle zone

Artificiale .
Artificial
ANG*

High
Adeguata
Fair

- Sonrce of release Grade of release
R “3 ; Tenuta della pompa.....oee Primo e secondo
: Pratf SEGL oo Primary and sendary
Sostanza
Broduct
Temperatura di inflammabilitd.. Inferiore alla remperatura di processo e alla temperatura arnbiente
Flash point.....oeceeveee ... Below process and ambient temperature
Densiti dei vapori... ... Superore 2 quella dell'aria
Vapour denisity.........cvenvvrirnvesiviens Greeter than air
*Flusso d'aria proveniente dal motore della pompa
“Airflow from pump motor
Taking into account relevant parameters, the Tenendo conto delle grandezze specifiche, si or-
following are typical values which will be ob- tengono i seguenti valori tipici per unz pompz da
tained for a pump having a capacity of 50 m’/h 50 m?h e funzionante a bassa pressione:
and operating ar a low pressure: :
2 = 3 m horizontally from source of release; = 3 m in orizzontale dalla sorgente di emissione;
e b= 1 m from ground level and up to 1 m b= 1 m dallivello del suclo e fino ad 1 m sopra

above the source of release.
" % Nowe/Nota Diuce to the high air flow, the extent of zone 1 s negli-
S gible,

la sorgente di emissione.

Grazie all'elevato flusso dell'aria, lestensione della
zona 1 intorno alla sorgente di emissione & trascurabile.
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Example No. 2

A normal industrial pump mounied at ground
level, situated indoors, pumping flarmnmable lig-
uid:

CAPTION

Esempio N° 2 SR 1:51
Una normale pormpa industriale installata:adivello
del suolo, situata al chiuso, che pompa liguide.in-
flammabile:

LEBENDA
1 Ground level§ - 1 Livello del sucle
2 Sump 2 Fossa
Non in scala !
Not to scale < " ‘
// 7 // :
/ 7 b 3
1
KX z
X Zona 1_Zone 1
Zona 2_Zone 2
Sorgente dj emissione (tenuta pompa)
Source of reledse (pump seal)

T L VS A e .t o
é‘g

Impiantc € processo
Plant and process

Ventilazione

Ventilatation

3o e TR S Artificiale
THDC.veeeveeeseamstesenesenemeeeeennnn . Artificial
Grado. s i " Medic
DGEYEL....cumriniirtemreasecriierinnnaans Medium
Disponibilitd ..o Adeguata
Availability....coovcveeciiiineee Fair

Sorgente di emissione

Source of release Grade of release

Tenuta della pompa Primo e secondo

premistoppa € pozza 2l livello

Sostanza
Product

Principali fattori che influenzano il upo ¢ I'estensione delle zone
Principal factors which influence the type and exterit of zones

Grado di emdissione

Pump seal Cp}.zciaed gland) and pool Primary and sendary

Ternperatura di inflammabilitd.. Inferiore alla temperatura di processo e alla temperatura ambiente

Flash POiR.......coevieeeeieeecviereaesineas Below process and ambient lemperature
Densitd del vapomi e Superiore a quella dell'arda
VaPOUr AENSItY vt Greater than air

Taking into account relevant parameters, the
foliowing are typical values which will be ob-
tained for a pump having a capacity of 50 m¥/h
and operating at a low pressure,

a2 = 1,5 m horizontally from source of release;

b=1 m from ground level and up to 1 m
above the source of release;

= 3 m horizonmally from source of release,

TR G b T R e

R e TR e geny

Tenendo conto delle grandezze specifiche, si ot
engono i seguent valori tipici per una pompa da
50 m*/h e funzionanie a bassa pressione:

2= 1,5 m in ocrizzontale dalla sorgente di emis-

sione;
0= 1 m dal livello del suole e fino ad 1 m sopra

la sorgente di emissione; | @-r
¢ = 3 min orzzontale dalla sorgente di emissione.

",
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L Example No. 3

piocess vessel:

AN T I N BN I B S KOV o B R

Pressure breathing valve in the open air, from Valvola di sfioro in aria libera, da un serba

AL e e

Esempio N° 3
Processo:

R N PR LSS R

T

5

1 Zona 1_Zone I

P
Zona 2_Zune 2

<

Sorgenze di emissione {sfiato della valvola da 25 mun di dxametro)
Source o_f relesse ( venl outlet dHameter 25 mm)

R L sz,

B T L P AW L BT IR T

. Impianto e processo
Plant and process

Ventilazione
Ventilatation

1< R

Disponibiliti......oeintinncencciinnenns
Availability ..o

Sorgente di emissione
Source of release

Sfiato della vaivola..
Outlet from valve........everienen.e.

Sostanza
Product

Benzina
Gasoline

Densitad del vapor. ..o
Gas density.....ooocviiriinensonnercnnnnn

Prncipali fattod che influenzano il tpo e 'estensione delle zone
Principal factors which influence tire lype and extent of zones

Naturale
Natural
Medio
Medhinem

Adeguata
Fair

Grado & emissione
Grade of release

Primo
Primary

Superiore 2 quelia dell’ara

Greaier than air

Taking into account relevant parameters, the fol-
lowing are typical values which will be obtained
for a valve where the opening pressure of the
valve is approximately 0,15 MPa (1,5 bar):

a = 3 m in all directions from source of release;

——

b =5 m in all directions from source of release.

Tenendo conto delle grandezze specifiche, si ot-

tengono i seguent valori tipici per una valvola

con una pressione di apertura di circa 0,15 MPa

(1,5 ban:

2= 3 m in tutte le direzioni dalla sorgente di
emissione;

b= 5 m in ture le direzioni dalla sorgente di
~€missione.

e et
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Exarple No. 4 Esempio N° £

Control valve, installed in 2 closed process Valvola di regolazione, installata in un siste 1

pipework system conveying flammable gas: wbazioni a circuito chiuso che trasportano gasYp®
fammabile

CAPTION LEGENDA

.1 Ground fevel 1 Livello def suclo

1 :
= £
Sorgente di emigsione (valvola) i‘
@ Source of release (valve)
@ Zona 2_Zone 2
Principali fattori che influenzano il tipo e 'estensione delle zone
Principal factors which influence the type and extent of zones
lmpianto ¢ processo
Flant and process
Ventilazione
' Ventilatalion
Naturale
Natural
Medio -
Medivm
Disponibilita . Adeguata . :
Availability..... Fair é
Sorgente di emissione Grado Jdi emissione
Source of release Grade gf release
Guarnizione di tenuta defl'asse  Secondo
della pompPa..ooiinii e
Valve shaft seal....oe..ccccvvcinne.. Secondary
Sostanza
Product
Propano
Propane
. Superiore a quella del'atia
Greater than air
Taking into account relevant parameters, the Tenendo conto delle grancerze specifiche, si ot-
following are typical values which will be ob~ tengono i seguenti valori tipici per questo esem-
tained for this example: pio:
a=1m in all directions from source of release. a= 1 m in wutte le direzioni dalla sorgente di
’ emissione. )
“'z“:
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Example No. 5

A fixed process mixing vessel, situated indoors, be-
ing opened regularly for operational reasons. The
liquids are piped into and out of the vessel through
all welded pipework flanged at the vessel:

CAPTION

1 Drain below ground jevel
2 Process liquid
3 Gruund Iave

ot i PRI VT WA Ay

Non in scala
Notto scgie

i S awbnlie b et

" Esempio N° 5

ST A AT DS K3 e, 0

Miscelatore industriake di tipo fisso, situato alf\m‘temo,
che viene regolarmente aperto per ragioni funzidfal, 1
liquidi vengono immessi e scaricati attraverso tub: "-d%;}’ S
- completamente saldate e flangiate al miscelatore:

LEGENDA

1 Fossaal di sotio del fivello del suolo
Z  Liquido di processo
3 Livallo del suclo

L e o “ WA B e . e

Zona 0_Zone 0
Zona 1_Zone 1.

77 Zona 2_Zone 2

Impiantc e processe
Plant and process

Sorgeante di emissione
Source of release

La supetficie del liquido allinterno del
miscelatere...
Liguid sutﬁ:zce w:tbzrz the vessel.

Lapertura del miscelatore.
The opening in the vessel..,

miscelatore

Sostanza
Product

Tempe.ramra di infizmrnabilita..
Flash point... .

Densitd del vapori.... -
Vapour density.....oe v cimvnisnnins Greater thamn air

Principali fatiori che influenzanc il €po e l'estensione delle zone
Principal factors whick :’nﬂuence the type and extent of zones

Ventilazione
Yerntilatation
TIDO ceseeiicerememicbrmeseiecrceneenes Arrificiale
THPurrrcanreeeesresneeecrnsansscmsaannses Artificial
GIAGO. oo eem e reneseeone " Basso allinterno del miscelatore -
DEEFCC....oenreveeriearvsraaressmevseninsees Low inside the vesse!
Medio al'esterno del miscelatore
Medium owtside the vessel
Disponibilita..... . Adeguara
AvEUGBIHIY. .o, Fatr

Spandimenti o perdite deI hqusdo in prossumra del

........................ Secondo
Spillage or leakage of figuid close 1o the vessel........crviiniieees

Inferiore alla temperatura di processo e alia temperanig ampiente
. Below process and amizient rmpemmre

. Supenore 2 quella dell'ada

Grado di emissione
Grade of release

. Continuo
Conlinios
Primo
Primary

Secondary

Taking intc account relevant parameters, the
following are typical values which will ke ob-
tained for this example:

a = 1 m horizontally from source of release;

b = 1 m above source of release;

¢ = 1 m horizontally;

d = 2 m horizonrally;

e = 1 m above ground.

Tenendo conto delle grandezze specifiche, st ot~
tengono i seguenti valor tipici per quesio esem-
plo:

= 1 m in orizzontale dalla sorgente di emissione;
b =1 m 2l di sopra della sorgente di emissione;
Cc =1 m in orizzontale;
d = 2 m in orizzonwle;
e = 1 m sopra i suolo.

e A
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Example No. §

Oil/water gravity separator, situated outdoors,
open to the atmosphere, in a petrcleum refin-

ery:

CAPTION
1 Ground livel
2 Liquid

Non in scala
Not to scale

Hrempio N° 8 :
Serbatcio di stoccaggio di Hquido 1nﬁamma‘.bﬂ

situato allesterno, con. tetto fisso € senza teto gal: G
leggiante intemo.

LEGENDA
3 7 Livello def suolo
2 Liguido

=t

7

CO00000C00
CO000000CCY a ‘

P W W T o W W W s W i W i W . WA

Zona 0_Zone ¢

229

Zona 1 _Zone 1

_2_ <

m Zonz 2_Zone 2
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- Impianio € processe
Plant gnd process

Ventilazione

Ventilatation

TiPO. e Naturale
Type..... Natural
Grado . Medio
Degree........ . Medium
DlSpOIllbilltﬁ, Scarsa
Avai@Bility.......coooormrciiicciene Foor

Sorgente di emissione

Source of release Grade of release
La superficie del hquxdo ......... Continuo
Ligquid surface.... Continuos
Trregolaritd del

PIOCESS0. ...vaeernnen . Secondo

Process disturbance.....nu... Secondary
Sostanza

Froduci

Temperatura di infiammabilita..
Flash Pointh...ccoovoveeciniccceeeeaee e,

Densitd dei vapori....cccceeneeens
VALOUY dERSHY . c.vveceerririiieaiaeireae

Greater thai dir

Principali fattor che influenzano il tipo ¢ I'estensione delle zone
Principal factors which influence the lype and extent of zones

Grado &i emissione

Inferiore allz temperitura di processo e alla temperarura ambiente
Below process and ambient lemperature

Superiore 2 queila del'ara

Taking info account relevant pararmeters, the
foliowing are typical values which will be ob-
tained for this example.

a = 3 m horizontally from the separator;
b =1 m above ground level;

¢ = 7,5 m horizontally;

d = 3 m above ground level.

Tenendo conto delle grandezze specifiche, si ot-
tengono i seguenti valori tipici per questo esem-
pio:

2 = 3 m a partire dallo sfiato;

& = 1 m al di sopra del tetio;

"¢ =75 m in orizzontale dal serbatcio;

d = 3 m 2] di sopra del teto.

ottt framadt! [ RN 20O AN T AR et ooy
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Example No. 7

Hydrogen compressor in a building which is

open at ground level.

CAPTION
1 Bottom of enclosed

s ki

Esempio N° 7 f
Un compressore di idrogeno instaliato in un’
¢io aperto al livello del suolo: -

LEGEKDA
I Fonde delia parte chivsa

2 Compressor fevel 2 Livello del compressars
LRRD AT I LA A N L N T L R ] TN R BB A R A o B LA o= 'Mﬁ
Non in scala b k
Not 1o scale rl—bl i
g ]
Jill7

I3

\

// Zonz 2_Zone 2
2

Principali fattori che influenzano il tpo e 1estenszone delie zone
Principal faclors which influence the type and extent of zones
lmpianto ¢ processo
Plant and process
Ventilazione
Vemtilatation
TIPO e Naturale
TYEC ottt Naftieral
Grado. . Medio
DEFIRE.....eoeiet e Medium
Dlspombxhta ....... Buona
AvaUability......ocovenrovennnnnn., Good
Sorgente di emissione Grado &i emissione
Source of refease Grade of release ’
Tenute del compressore,
valvole e flange vicine al
COMmMpPressore......... Secondo
Compressor seals, valves and flanges
ciose io the
COMPTESSOr.......... Secondary
Sostanza
Produci
Gas Idrogeno
Gas Hydrogen
Densitd dei vapori Infedore a quella dell’atia
Gas density Lighter than air

Taking into account relevant parameters, the Tenendo conto delle grandezze specifiche, si ot
following are typical values which will be ob- tengono i seguent valed tipici per questo esem-

tained for this example:

~ 2 =3 m horizontally from source of reiease;
b = 1 m horizontally from ventilation openings;
¢ = 1 m above ventilztion openings.

. plo:
4 =3 m in orizzontale della sorgente di emissione;
b =1 m orizzortalmente dalle aperture di venilazione;
¢ =1mal di sopra delle aperture di ventilazione.

PPt e e e
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Example No. 8

Flammable liquid storage tank, situated out-
doors, with fixed roof and no internal floating

roof:

CAPTION

1 Sump
2 liguid surface

sy e A I N i

Non in scala
- Not to scale

b

L

N R e 1 1,

Lm0 e e iy
T e e e

Fsempio N° 8
Serbatoio di stoccaggio di liquido infiamy
situato all’esterno, con tetio fisso e senza ey
leggiante internc:
LEGENDA

Fossa

Superficie del iquide

T I TR T

iy
2

e g b

b

Y

(@]
[#elelelelofolufeiviv]
oCOQOOOOQRO0CRODO
ojeiwlolsivieiolaloloje]e)
wlolelolelelolelolalolole)

Zona 0_Zone 0
@ Zona 1_Zone 1

7 Zonz 2_Zone2
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Impianto e processoe
Plant and process

Ventilazions
Ventilatation

TIPO ettt

THPR.. covessesersssnenss ey
Grado...c s
DIegree. . et
Disponibilitd...cucerreiimrevarseeserenne

AvRUGBIUIY.c.ovvvveannieviiniiiins

Sorgente di emissione
‘Source of release

Temperatura di infiammatsiliti..

Densita dei vapori.....c.co e,
VAPGLUY AEHSH Yt vrvaeeeersreeeeecrennns

Principali fattozi che influenzano il tipo e I'estensicne delle zone
Principal faciors which tifluence the type and extent gf zones

Superficie del liquido......ovceeenen. Continuc
Ligeiie] surface......oovvviinvennieccvenicnn. Contics
Sfilato ed altre aperture nel tetto.....ceven.e. Primo
Vent gpening and other apenings in the roof.....  Primary
Flange, ecc. allinterno del bacino dei

contenimento e tracimazioni dal serbatoio  Secondo’
Flanges, eic. inside bund and overfilling of the

LATIR. oottt ittt e et Secondary
Sostanza

Product

FLASH POIFLL coeviseeecen e

Naturaie
Natural
Medio*
Medim®

R Buona
Goud

Gradoe 4 emissione
‘Grade qf reicase

Inferiore alla temperatura di processo e alla temperatura
ambiente

Below process and ambient temperature

Superiore a2 quella dell’asia

Grecter than air

*All'interno del serbatoio e della fossa, basso.
"WFithin the lank and the sump, low.

Taking into zccount relevant parameters, the
following are typical values which will be ob-
tained for this example:

a = 3 m from vent openings;

b = 3 m above the roof;

¢ = 3 m horizontally from the tank.

Tenendo conto delle grandezze specifiche, si ot
tengono i seguenti valor tpici per questo esem-
pio:

4 =3 m a partire dallo sfiato;

© =3 m =2l di sopra del tetto;

c=3m in'“eg‘zzontale dal serbatoio.

P AN NP A U X e
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Example No. 9 Esempio N° 9

Tank car filling instaliation, situated outdoors, Impiantc di carico autobom, sitzato all
for gasoline, top filing: - per benzine, carica dallalto:

CAPTION LEGENDA,

1 Dramage channe i Canaledldrenaggm

ORI

T S AT S TSP S A e AT R T R

Non in scala

Not to scale ‘i

W77

f

7

/ g:go::, .p’o’o‘o‘«r,o,o,o

¢ RIER ”:’ en” /

j S5 na 1_Zone
| ’.:’ 5%
h ?0‘0\ ’ 4 e
: 1

Principali fattorni che influenzano i tipo e 'estensione delle zone
Principal factors which inflience tbe type and extent of zones
© Implanio e procegsso
Plant and process
Ventilazione
Ventilatation ' -
Tipo... Nazturale
Tpe.... Natural
L 7 Ta o SO TUROTRP P Medio
Degree........... Medium
Disponibilitd......ccevee e sten e snee Scarsa
AUARBIENY ..o rssrineae e Poor
Sorgente di emissione Grado di emissione
Source.qf release ) Grade of release
Aperture nel tetto del serbaloio. .......... " Primo
Openings in lank ro0f....eeveecreinre Primary
Spandimenti al livello del suolo. Secondo
Spillage at ground level...vceuvvverninnnn. Secondary
Sostanza
. Produst
Temperatura di inflammabilita............ Infericee alla temperatura di processo ¢ alla temperatura ambiente
Flgsh point.... - e rrrreres Below process and ambient lemperature
Densitd dei vapori.. e Superiore a quella dell'ariz
VAPOUY ARSI .. vvrrvsresiicererrsseresaessearons Greater than air

Taking into account relevant parameters, the Tenendo conto delle grandezze specifiche, si ot
following are typical values which will be ob- tengono i seguenti valorl tpici per questo esem-

tained for this example. plo:

a = 1,5 m horizenrally from source of release; a = 1,5 m in orizzontale dalla sorgente di emissione;
b = horzzontally to island (gantry) boundary; b = in orizzontale fino al limite della passerella di carico;
¢ = 1,5 m zbove sgurce of release; ¢ =15 m al di sopra della sorgente di emissione;
d = 1 m above ground level; ' d = 1 m sopra i livello del suoio; .

e = 4,5 m horizontally from drainage channel; e =45 m in orizzontale dzl canale di drenaggio;
f = 1,5 m horizontaliy from zone 1; f=15m in orizzontale dalla zona 1;

g = 1,0 m above zone 1. g=1m al di sopra della zona 1;

= 3 m in orizzontale dalla zona 2.%

Note/Nota Jf the System s a closed sysiem with vapour recovery, the  Se il sistema € del tipo chiuso cor recupero det vapor, le di-
distances can be reduced, such ibal zone I may be of slanze possono essere ridotle al punto che la zona 1 pud es-

reglioible extent and zone 2 sionificantly reduced. sere dif esterisione brascurabile ¢ la zona 2 risulia significats-
88 greificantly vamente ridotta. ¢ ﬁ

1) (Questz gupiz non & previsia nelle Pubbficazioni IEG e CENELEL)
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Example No. 10 Esempio N 10 : B

Mixing room in a paint factory: ‘Locale miscelazione di un'industda di verniciil™ .0 S

CAPTION LEGENDA - ?)?.«JE’ : X

1  Missing vesse! 1 Recipiente di miscelazions ‘ ".'ﬁ'.-.. @ o

2 Pump Z  Pompa iy el
Non in scala

Not to scale

a b
b
O R
: yQQ‘ Zona 1_Zone 1 :
Zona 2_Zone 2
P

This example shows one way of using the indi-
vidual examples Nos. 2 and 3. In this simplified
exarmple, four paint-mixing vessels (item 2) are
sitbated in one room. There are also three
pumps (item 1) for liquid in the same room.
The principal faciors which influence the type
of zones are given in the tables in exaraples
Nos. 2 and 5.

Taking into account relevant parameters, (see
hazardous area classification data sheets), the

following are typical values which will be ob-
tained for this example:

a=2m
b =4 m;
c=3m
d=15m

Questo esempio illustra un modo di uiilizzo degli
esempi N° 2 e 5. In questo esempio semplificato,
quattro miscelatori di vernice (indicate con 2)
sono installati in un locale. Nello stesso locale si
trovano anche tre pompe (indicate con 1.

I principali fattori che influenzano il tipo di zone
sono indicati nelle tabelle degli esempi N° 2 e 5.

Tenendo conto delle grandezze specifiche (vede-
re il foglio dati di classificazione dei luoghi peri-
colosi), si ottengono i seguent valori tipici per
questo esempio:

a=2my

b=4m;

¢ =3m;

d=15m.




Naote/Nota

o
Y

e -
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The drawing No. 10 is a plan view, for vertical
extent of the zones see examples Nos. 2 and 5.

As in examples Nos. 2 and 5, the zones bave a cylin-

drical shape around the sources of release. However, -

in practice, the zones are usuaily increased to a box
shape if the vessels are situated close to each other. In
this way there are no unclassified small pockeis.

It is assumed that the pumps and vessels are

comnected by all-welded pipework and that.

flanges, valves, erc. are located close to these
items of equipment.

in practice, there may be other sources of re-
lease in the room, for example open vessels,
but these have not been taken mto account in
this example.

If the room is small, it is recommended that
zone 2 extends to the limits of the room.

I A O s W O M O £ NP LS NN 158

11 disegno dell'esempio N° 10 riporta la pianta del
locale, per le estensioni verticali delle zone vede-
re gli esempi N°® 2 e 5.

Come neghi esempi N2 e 5, le zone banno una _formcr
cifindrica attorno alle sorgenti di emissione. Tutlavh
in pratica, se { miscelatori sono Posti.uno i prossimild
deil’altro, le zone vengono ingrandite per dar loro ung
Jorma parallelepipeda. Cosi facendo si evita I'esistenza
i piccoli volumi non classificati.

Si assume che le pompe e { miscelator siano con-
nessi mediante tubazioni completamente saldate
e che le flange, valvole, ecc. siano situate in pros-
simiti di dette apparecchiature,

In pratica ci posscno essere altre sorgenti di emis-
sione.all'interno del locale, per esempio recipient
aperti, ma in questo esempio tali sorgenti non
sono state considerate.

Se il locale & di piceoie dimensiont, si raccoman-
da che la zona 2 venga estesa 4 turto il locale.

A e ot e
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Hazardous area classification data sheet - Part I; Flammahle material

list and characteristics (Sheet 1 of 2)

fiammabili e loro caratteristiche (Foglio 1 di 2)

Foglio dati per la classificezione dei lucghi pericefosi - Parte I: Elenco ‘dell_e sostanza in-

tmpianta: Indtﬁstrié ﬂ:varniéiﬁ{é(}ﬁpi&'ilﬁ)”'" T 'iou)go':‘ D lj'lsagnb di
Plant; paint faclor fexampls 18) Aroa: riferimento:
: _ flanimelria
Heleronve drawing:
' faybuf
1 2 3 4 ] 6 7 8 8 10 1 12
Sustanza Inflammabile LEL Valatitital!
Flammabie Volatility N
Ne Neme Composizione] Temperatura | kg/m® vol.%!  Tensione di Tomperatura di ; Densitd relativa | Temperatura di | Gruppo e classe | Allre iﬁfcrmazidni'
: Name Compositian } dt Inflamm. - | vapore a 20°0 ebollizlone  laliarladel gaso accensione di temperatural®.] - di vilievo sfo
Flashpgint Vapour prossure 20°C:  Bolling point vapore!? Ignition temperaturs Group dhd _psservaziond
kPa °G Refatfve density : temparature elass®;  Any other relevant
of gas or vapour fv ‘ fnformalion and
i alr® remarks
CTiomene con” 1 5 5—1‘1'1'2” R PO T T “12 S L s S e g R A

bassa temperatura
di inflammabiliti
Solvent with low
flashpoint

e A e I R L L e IR e S L e T e 8 A i e O B ot B TR PSR ek ¥ s 2y A T
(1) Normalments viene indleato il valore della tensione di vapore ma in assenza dl quasto pud essere implegata Ja temperatura d

(2}

Normally, tha valve of vapour pressure is given but in the absence of that helling point can be used (reference 4.4.7 d),

Veders 4.4.4.
Spa 4.4.4.

Par esemplo, [IBT3.

_For oxampla, 11873,

ebofiidons (il 441 d).
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‘Hazardnus area classification data sheet - Part 11 List of socurce of re-

lease (Sheet 2 of 2)

Implanlu lnduslrla dl vemis] (e(mplu 13)

Foglio dati per la classificazione dei luoghi pericolosi - Parie |1: Elenco delfe sorgenti

di emissione (Feglio 2 di 2)

Bl I E R S e T T A T L b S Tele D e BRI S D S ol B

Dtsegnn al rlferlmentn

Plant: palni fastor {example 10} - Area: plaﬂlmalrla
' !?afaraqce drawing layout
i i i o H A
1] 2 R 5 | 8 | L7 8 s | 1 | 1\ 1 R
Sorgents dl emissions Sostanza infiammabile Ventifazinna Louge paticolaso
Suurce of refaase Fammabie material Yentitation Hazardvus arca i :
Daserizlane Posizione | Graded) 1RHerimento ! Tempevalurae pressiofe di | Stato | Tipol | Grade® | Disponiblid | Tipa di Estenslone Rifarlmanto | AMre- lnru'r‘mazluiii di Hileva @
-, Deseriplian Position  }-emissionel? @ eserclzio B | Type® | Degren® ) 20na della zona Raference . osservazionl .
LT Grade o | Reforonce® Siate Avallabifily B} Zone fype Zouo oxtent Any athor rolgvant | inifermation
refoase) . a 0-1-2 m and remarks
i H kPa Verticale | Orlzzontals
. ! ) Vertleal § Horlzontal
Teutadluna Jarea ] RS | 717 jAmblente [Ambiente | L | A [Med + 111 100 | 100 Esemplo
,pum}?:l solvente pompe Ambilent Ansbiant Medium Example emisslone
Sea of solveit pemp | Pump area N®2 * Above the source of release
** Dalla sorgente di emissione
* From the source of release
Pozza a livello det [Area s 1 Ambiente Ambiente L A iMedio [Adeguata 2 1,0 3,00 Esemplo * Sopra il livello del suoic
suolo, solte 1a pompe Ambient Ambient Medium  { Fair Example * Above grotnd level
pompa di solvente | Prump arca N° 2 ** Dalla sorgente di emissione
Pool at floor level ** From the source of refease
below solvent pronp ;
Superficie del Area C 1 Amblente  {Amblente L A Basso Scarsa 0 * * Esempio * L'interno del miscelatore
liquido nel miscelatorl Ambient Ambien! Low Poor : Example * Inside vessel
miscelatore Mixving drea N° 5
Liguid surface on

Al Gan!fnuus 8 - Secondary; P- Primary, -

Indicare It numero delf'elenco dellz Parta !,
Quote ihe numbar of list in Par 1,

G-Gas; L - Liquide; GL-Gas lquldo; 5-Solldg.
G - Gas; L - LigueRled gas; 8 - soiid,

4} N-Naturale; A - Artificiale,

N - Natural; 4- Artificlal,

(5) Vedere allegata B,
.50 annex 4.
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Example No. 11 . Esempio n® 11

Tank farm for gasoline and oil: Deposito di benzina e gasclio
GAPTION ' LEGENDA

1 Gae 1 Cancello

2 Office 2 Uficio

3 ltem4 3  Eemento 4

4 Tank car filling installaticn 4 Impignto di riempimento autobotii
5 lemi 5 Elemento 1

6 Ol tanks ltem 5 6 Serbatoio di gasolio elemento 5
7 Pump 7 Pompe

8 lism2 §  Elemento 2

9 Bung 8 Muri di contenimento

10 ltem3 10 Elemento 3

11 Tanks 3131 Serbatel di benzina

12 Separator 12 Separators

Non in scala
Not to scale
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Thie example shows one way of using the indi-
vidual example Nos. 1, 6, 8 and 9.

In this simplified example, three storage tanks
(bunded) for gasoline (tem 3), five liquid
pumps (tem 1) placed close o each other, one
single pump (item 1), one tenk car filling instal-
lation (tem 4, two oil tanks (item 5) and one
oil/water gravity separator (item 2) are situated
within: the tank farm.

The principal factors which influence the types of
zones are given in examples Nos. 1, §, 8 and 9.
Taking into account relevant parameters, (see

. hazardous area classification dzta sheets), the

following are typical values which will be ob-
tained for this example.

a=3%m

b=75m
c=45m
d=15m

The drawing No. 11 is a pian view; for vertical
extent of the zones, see examples Nos. 1, 6, 8
and 9.

For details (zoning inside vessels, zoning ex-
tent, zoning around tank vents, etc.) see exam-

- ples Nes. 1, 6 ,8and 9.

Note/Nota

It is necessary to use examples Nos. 1, 5, 8 and 9 to
obtain the correct zoning of the interior of tanks and
separator (zone 0} together with zoning at tank vents
(zone 1).

In practice there may be other sources of re-

" lease; however for simplicity, these have not

been taken into account.

In questo esempic ¢ illustrato un modo di
degh esempi N° 1, 6, 8e9 J

all'altra (elemento 1), unz pompa sz.ngola (elemen-
to 1), un impianto per il caricamento di aurobott
(elemento 4), due serbatoi di gasolio (elementc 4)
@ un separatore z gravitd olio/acqua (elemento 2).
1 prngipali fator che influenzano i dpo di zone
sono indicati nelle tabelle degli esempi N° 1, 6, 8 2 9.
Tenendo conto delle grandezze specifiche (vede-
re il foglio dati di classificazione dei luoghi perd-
colosi), si ottengono 1 seguent vaior tipici per
questo esempio:

a=3m

b=75m
c=45m
d=135m

1l disegno dell’esempio N° 11 riporta Ia pianta del
deposito, per le estensioni verticali delle zone ve-
dere gli esempi N°1,6,8e9. .

Per i dettagli (zone all'interno dei serbatoi, esten-
sione delle zone attorno agli sfiati dei serbatox)
vedere gli esempi N° 1, 6, 8e 9.

£ necessaric servirsi degli esempi 1 1, G, 8 e 9 per defi-
uire in modo corretto le zone all'interno dei serbatof e

del separatore (zona O) olire a quelle relative agli sfiati
dei serbatoi (zona 1).

In pratica ci possono essere alire sorgenn di emis-

sione; tuttavia, per semplicitd, queste non sono
state considerate.

R et

PN T L

T T T




MdilJda. Figalli

e

i ST sy o

EEMEH

Hazardous area ciassiflcation data shest - Part I: Flammable materiai

ilst and characleristics {Sheet 1 0i 3)

ERES

mplanto: deposito di henzina & gasolio (esemplo 11)

Luogo:

sostanze inflammabili e ioro caratteristiche (Foglio 1 di 3)

B R FEL T TR T

Foolio dati per la classificazione dei luoghi pericoles! - Parfe I: Flenco delle

. Disegnodi

Plant: Tank farm for gasollne {oxampls 11) Arsa: riferimento
~ plaimetria
" Reference drawfng
layout
1 2 3 4 5 6 7 8 ! 19 (A - 12
Sostanza inflammahile LEL Volatilita
Flammable material . Valatility _ S
e Nemna. Composizione | Temperatara | ko/m? Vol% Tenstone di | Temperatura | Densitd refativa [Temperatural Gruppoe .| Aitre informazioni di
’ Name Composition | di infiamm, vapare di ebollizione ; all’aria del gas ] classs db .| ilifevaefo .
Flashpolnt 20 °C Bolling-point vapore @ accensione {femperatura®;’  bsservazioni
Vapotir pressure Relative densily of Ignitien Group and ‘Any other refevant
a0°c gas orvapour {9 air®y temparalure | lemperaiute - Information and
tlass 1B " romarks
oc, . nc oc
1 iBenzina T Voo o7 Y5007 a0 TV Tees T Y e T T
Gasoline
2 iGasolio 55+65 0,043 i 6 200 3,5 330 HAT2
Fuel olf
3 1Acqua conlenente <0 — <0,7 >1,2 >280 ITAT3 Valori stimati
gasolio e benzina - The value are
Water contatning ofl estimated
cmd aasoline
1) “Normaimente viene indicato if valore della tensione di vapore ma in assenza o questo pus essers impiogata ia temperatira di eboliiziona {rif. 441 d). ’ T ——
Normally, ie valus of vapour prassura Is given, but in the abserca of that, bolling-point can be usad {mference 4.4.1d).
{?) Vedera4.4.4. .
See 4.4.4. . )
(3)  Paresempio, {IBT3.
.. Foroxample JBTS, - " . ; ) )




Hazartous area classification data sheet - Part Ii: Flammable material  Fogllo dati per fa classificazione dei luoghi pericolosi - Parte 11: Elenco delle sostan-

: L S

- list and charactaristics (Sheet 2 of 3) ze inflammabilie toro caratteristiche (Foglle 2 8i 3) Gontinua_contmed )
EN . =
P%@ ?:.g B R T T e T L R T TR B T ERESEARTRE S S N R e R R R e L = * Tt d = i =
P K ,
i planimetria :
; Reference drawhig layaut ¢
: ] : , :
1] 2 g A § | 6 [ 7 8 Te o Lo | 18- :
Soraents ¢l emisslons Suslanza inflammahile Ventitazione Louga perigolosn o
& Source of release Flammabie material Ventifation - Hazardous area AR
L Ne Dascrizigns Poslzions | Gradodi i Riferlmento | Temparatura e pressionedi; Stato Tips® | Gradol® } Disporbilia ] Tipo di Estensiona Riferlinento | Alire infarmazioni dI rillevo & 55%
; Doseription Logatien | emissione() @ . gsetorD B 1 Typett) |- Degroet® () zona tella zona Hoforence _ dgservazioni 4
. Grado af | Reference® | Operaling lemperature | Stata | - Avallabifity®s) } Zona fyps Zone oxlont Any othor relevant biformation 4
reloaset and prossure & ‘ 0-1-2 m and romarks -
BN P PR S N R P Vertlcale ; Orizzontale ' '
‘ ] 4 . A S T Verlical | Horlzantal
S Trenma g laser Tl Bes |1 |Ambiente JAmbiente | L | A {Medio |Adeguata | 2z | 100 | 307 Esemplo  |*Sopra la sorgente di !
pompa dl benzina M Amblent Ambtent Medinm | Fatr Lx;anw!e emissione 3
Seal of gasoline ’um]?gma i Nel * Abowe source of release
prenp : ** Dalla sorgente di emissione
) ‘ ) * From 1he scurce of release
2 1Buperficie del :I::;;ft:ir;xenzo e 3 Ambiente ]Ambiente L N iBasso Scarsa 0 ' * Esempio + all'interno del separatore al 2
Iiquido del . acgue Ambien! Amiblent Low Poor Example di sotto del kivello del suolo
separstore | Ireflue - C N° 6§ * nside separator below ground 5
J it sugface o Woste rigler | fovel =
e OpETEIOR Lol yimeatsient 4 . i
- T J qm e N iAlto Scarsd 1 1,0¢ 3,00 Esempio * Sopra il livello del suolo 3
: K Figh Poor Example * Aboue ground level &
e . N° 6 ** Dal separatore %
| - . . E * From separalor g}
N lAlto Scarsa 2 3.0t 7,5* Esempio * Sopra 1l livello del suolo ~
High Poor . Example * Above ground level
N° & ** Dal separatore :
_ * From separglor H
i . . - . . ks
3" [Superficle del Area . C 1 Ambiente [Ambiente L N  iMedio iScarsk 0 * * Esempio * L'interno del serbatorio :
liquido net serbatot Ambient Ambient R Medlim | Poor Example * Inside the tank :
serbatol di benzina | Tank arcas R N° 8 :
Efqueid sutface on g
gasoline kank 3
. . 4
4 |Sfiato del serbatolo [Area P 1 Ambiente jAmbiente L N |Medic jBuona 1 3,0 3,0t Esempio * 32 m a partire dallo sfiato o
di benzina serbatol . Ambient Amblent . Medinm | Good . Example * 3 m around ihe ven! :
Ven! cpening fn Tauk areas N° 8 |
gasoling lan ! 3
5 }Flange ecc, nel Area 5 1 lAmbiente }Ambiente L N iMedio ]Adeguatz 2 * * Esempio * All'interno del bacine di -
= bacino di serbatol Amblens Antbient Meditm  {Fair Exgmple contenimento
5 contenimento Tank areas . . N°B * fustde bund
3] Flanges, efc. inside .
g bund of gasofine
: g tanks :
H et SR e D e st e S T Ty JL AT o T kSNSRI L bl o ~ - H . 4 o dedd TRy
g z§ Gontinua_Contaved
3 b |
= i s
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llmplamn

Hazardaus area classification data sheet - Part H: List of source of re-  Foglio dati per la classificazione del lucghi pericolosi - Parte 11 Elenco delle sorgen-

lease {Shest 3 of 3)

e e oL

tl di emissione {Foglio 3 di 3)

e Ee s et

.

LAt

Cordinua_Conthwed

LR IR

o “EESBEIW (i

| riferimento

B‘

:deposite banzina 8 gasalio (esemplo 11}
Planl:iank farm gasofine {exemyls 11) planimettia
: , Refarence drawing layout
) I3
1 2 | 3 3 5 | 6 | | 7 8 s o0 | o1 | 3
Sorgente dl amisslons Soslanza infiammabile Ventllazlane Louge perlcoloso
Sayrce of release Flammable material Ventilation Hrzardous ares
Ne Desorizions Poslzione | Gradodl !RWerimentoiTomperaturan rmsslnna di i State | Tipo™ | Grade®™ | Disponlbliiid Tipo di Estensfona Rifertmento | Attre Inforniation] dl ritiéve @
Doscriptlon Loeatian | emissionet® @ nsercizln G} } Tyme™ ¢ Dagreo® & zona della zana Heference osservazlonl
Gradoof | Reference® | Operaling tlomperature | Slate Availability® | Zons type Zono extent Any othgr refevant Information
roleass™ and pressure 8 0-1-2 m and reiarks
i+ kPa Vaitieals { Orlzzontale
Vortical | Horlzonfal
6 |Tracimazionl ¢ Arca 5 1 Ambiente  §Ambiente I N Medio Buona 2 30 3.0 Esempio * Sopra
spandimenti cai serbatoi Amblent Ambient Medium i Good Fxample * Above ground level
serbatoio Tank areas N° 8
Overfilling of gasoline
feanihs
7 iAperture nelt tetto  {Area di P 1 Ambiente {Ambiente I N iMedio !Scarsa 1 1,5¢ 1,5*  iEsempio * Sopra il livello del suolo
del serbatol carico Amblent Ambicni Medivm | Poor Fxample * Abave ground level,
dell'inpianto Loading area N g ** Daila sorgente diremissione
caricamento . ** From release
autobottl
Quenting in lank roof
of tank car filling
instatlation
' 2 1,0° 1,5 -|Esempio * Sopra la sorgente di
7 | {Erample emissione :
’ ' ) N°9 * Above release
' ** Dalla sorgente di emissione
** From refease
§ {Spandimenti 2 terra |Area di 5 1 Ambiente  jAmbiente L N  IMedio [Scarsa 2 1,0 4,5* iEsempio * Soprz il livello def suclo
aﬁ’intcrno del carico Amblent Amblent . Medium | Poor Example * Above ground level
canale didrenagpio | Loading aren N° 9 ** Dal canate di drenagglo
dell'lmpianto i **Prom drafn channel
carico '
.[dell’autobotte
Spiliage at grownd
inside drainage
channel of lank car
filiing installation
9 {Serbatoio di pasolioj Area — 2 — — L — — — * * * Luogo non pericoloso grazie
ol tank serbatol ali'alta temperatura di
Tank arcas infiammabiid del gasclio
* No bazardons area due lo the
Irgh flashpoint of off

(1) G-Gntinuo; S-Secondo; P-Primo_C - Continuos; § - Sacondary; P - Primary.Indicare il numero dellelence della Parte |_Guata the aumber of fist in Part |

(1) Gas; L - Liquidy; GL-Gas liquido; $-Solido_G - Gus; L - Liguefied pas’ S - salld, ' '

(1) N - NAturge; A - Atiflciala_# - Malural: A- Artificial, :

{2} Vedere aflegato B_See annox 8. : '
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Teb.C.1 Hazardous ares classification data sheet - Part I Flammable material
list and characteristics (Shaet 1 of 1)

b

Foglio dati per la classificaziene dei lvoghl pericolest - Parie |1 Elenco delle

sostanze infiammabili e loro caratteristiche (Foglio 1di 1)

Parean

ST AR T DT T

Finh w I

"Impiaﬁhr Lu'ngbf Disegnb tﬂ
Plant: Area: riferimento
planimettia
Refgrence drawing
- layeut
1] 2 3 4 5 | @ 7 8 9 10 1 12
Sostanza Inflammabile LEL Votafilita
Flammable materlal Voiaiility
Ne Nome Composizione | Temparatura | kg/m? Vol% Tensione di Temperatura | Densitd relaliva | Temperatura] Gruppoe | AHre hiformazioni
Name Composifion § d| inflammi, vapore ti ehollizlone | ali'aria del gas dl classe di | dirillevo é/o
Fiashpolnt 26°C | Bolling-paint vapore (2 accensione {temperatura®;  osservazioni
Vapour pressitre Relalive density of fonition Groop anil - | Any ofher felevant
20°¢ 28 or vapour fo air®} temperatire | lemporaime inforination and
class B remarks
o °g of; '

Noimally, the valun of vapour pressire Is given, but in the absence of that, bolling point can ba vsed {reference 44,1.d).

(?)  Peresempio, IBT3,
... Foresample TS,

“(1}'! Normalmente Viene Inmcaio It valare delia tensione di vapere mé in assenza dl qussto puo essere lmpiegata ra temperatu;a a ebn!llzlone (rff 4 447, d)
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Tab. c.2 Hazardpus area elassification data sheet - Part 11: List of sources of re- Fogito dali per 1a classificazione det iuoghi pericolosi - Parte 1 Elenco delle sor-
lease (Sheet 1 0f 1) - _ genti #i emissione (Foglio 1 di 1)
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ﬁﬁt;l\ﬂﬂ!ﬁ: LHGED S - Dtsegnn dl rlierimenm
Plant: Area: planimetria
Referance drasving layoul

. : : \ : i z R

B S U SO T N O S I LN IS I DO B
Sorgenle dl emlsslone Soslanza infiammabile Ventllazlons Loigo yerlenleso
Source of ielease Flammable material Venfifalion - Hizardoys araa

e Dgseriziong Posizione ! Gradodt {Riferimento  Tomperaturaeprassionadl! Stato Tlpn“’i Grado's | Disponiblifta} Tipo di Es!ens!nna Rifarimento Atrd Informazion| di
Description - Posttion  { emissione™ e} esercizlo Bl Typett) | Degragld) 8} zona dalla zoua Reference tHievo e osservazioni

Grada of | Roference® : Oporating temperature and ¢ Slata Avaffabilin'®) | Zons type Zone exienl ‘ Any other relevant

rafease pressura gperating @ $-1-2 m Information and remarks
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oG kPa Varticals i Orlzzontale
Ven‘ir:af Hurlzon i'al
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0y ", G-Criinuo; 5-8e .
. G- Guniinuos,s Secorm'auf,P Primary.

. lndlcara 1 nitmera deil'elenco defla Pdrt i,

e ﬂuofa the munbar of list fn Part .

@) G-Gas; L - Liquido; GL-Gas hqaido S-Solida,

LB Gayls Liquaﬂedgas,s ~ soiid,

). N - Natuite; A - Attificlal.

- N Nateal; A~ Aniticial,
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Note/Nota

Normative references to international
Publications with their corresponding
European Publications

This European Standard incorporates by dated
or undated reference, provisions from other

Publications. These normative references are’

cited at the appropriate places in the textr and
the Publications are listed hereafter. For dated
references, subsequent Amendments to or revi-
sions of any of these Publications apply to this
European Standard only when incorporated in
it by Amendment or revision. For undated refer-
ences the latest edition of the Publication re-
ferred to applies (including Amendments).

When an international Publication bas been modi-
Jied by common modifications, indicated by (mod),
the relevant ENVHD applies.

Tltni 0 -
Title

Daia e
date

11990

Pubbl. IEC
1EG Publmai‘mn
50(426)

per atmosfere esplosive.

armospheres

Vocabolario Elefttrotecnico Internazionzle
(IEV). Capitolo 426: Costruzioni elettriche

International Electrotechnical Vocabulary (IEV)
Chapter 426 Electrical apparatus for explosive

Riferimenti normativi alle Pubbhca"zmm -

internazionali con le loro comspon‘&enti
Pubblicazioni Europee V)

La presente Norma include, tramite nfenment: da—

tati e non datati, disposizioni provenienti da altrel.”
Pubblicazioni. Questi riferimenti normativi sono
citati, dove appropriato, nel testo e qui di seguito
sono elencate le relative Pubblicazioni. In caso di
riferimenti datati, le loro successive modifiche ©
revisionl si applicano alla presente Norma solo
quando incluse in essa da una modifica o revisio-
ne. In caso di riferimenti non datati, si applica
ulima edizione della Pubblicazione :indicata
{comprese le Modifiche).

Quando iz Pubblicazione Infernazionale é stata modi-
Jicata da modifiche comuni CENELEC, indicale con
(mod), si applica la corrispondente EN/HD.

Nurma CEI
L‘EI Standard

Data |
Date

Pttt

79-4 11975

esplosive per presenza di gas.

di accensione.

Costruzioni elettriche per atmosfere
Parte’4: Metodo di prova per la temperatira

Electrical apparatus for explosive gas atmospheres
Part 4: Method of test for ignition temperalure -

79-4A 1970

o - Fine Documenio

Primo supplemento zlia IEC 79-4 (1966).
LAt supplement 1o IEC 794 (19660 v

e e SRR T L T Yy L B

R A O PP L AR S T
BINDEAA ™AL




La presente Norma & stata compilata dal Comitato Elettrotecnico Tialiano
e beneficia del riconoscimento clt cui alla legge 1% Marzo 1968, n. 186.

Editore CEI, Cornitato Elettrotecnico Italiano, Milano - Stampa in propro
Autorizzazione del Tribunale < Milano N, 4093 del 24 Juglio 1956
Respomabz!e Ing E. Camagm

s et g e et e et e a1 ntdoeng e Lkt o ey

3‘! Fﬂatermh amman grani[

CEI'31-1 (EN 50018) {(Ed. 1978)
Castruziont elettriche per atmosfere patenzialmente esploswe
- Custodie & prova di esplosione «d» - Norma Europea -

‘CELEN 50033 (CE! 3115)

Costruziani eleitriche. per atmeosfere potenzialments esplosive.
Lamrade & casce per miniere grisoutose,

CEI EN 50018 (CEl 31-1) {Ed. 1996}
Costruzioni elettriche per atmosfere potenzzalmerzte espi osive
- Custedie a prova di esplosione “d” )

CE131-2 {EN 50016)
Gostruzion] elstiriche per atmosfete potenzialmente esplosive -
Mode di protezione a sovrapressione interna «p» - Norma Europsa

GEl 31-5 (EN 50015) {Ed. 1978)

Costruzioni elettriche per atmosfere potenziaimente eSpios:va '

- Costruziani immerse in 0fio «o» - Norma Eurcpea

CE! EN 50015 (CEl 31-5) {Ed. 1995)
Costruzioni elettriche per atmosfere potenzialmente esplosive

@

- Costruzioni immerse in olio “o

CEl 31-6 (EN 50017) (Ed. 1978)
Costruziont elsttriche per atmesfere potenzialmenie esplosive
- Gostruzioni sotto sabbia «g» - Norma Europea

CE! EN 50017 (CEi 31-6} (Ed. 1995)
Costruzioni eiettriche per atmosfere potenzmimente espl oswe
- Costruzioni a riempimento polverulento “g”

CEi 31-7 (EN 50019) (Ed. 1978)
Costruzioni elettriche per atmosfere potenzialmente esplosive -
Modo di protezlane a slcurezza aumentata «e» - Norma Europea

CEIEN 50018 (CEE 31-7) (Ed. 1994}
Costruzioni eletiriche peratmosfere potenzmlmente esploslve
- Modeo d! protezione a sicurezza aumentata “e”

CEI 21-8 (EN 50014) (Ed. 178}
Costruzieni alettriche per atmosfers potenziaimente espiosive
- Regole generali - Norma Europea

CEI EN 58614 (CE] 31-8) (Ed. 1893)
Costruzioni elettriche per atmosfere potenziaimante esplosive.
Regole generali

il 31-9 (EN 50020) (Ed. 1978)
Costruzioni elettriche per atmosfere potenzialmente esplosive -
Modo di protezione 2 sicurezza intrinseca «i» - Nerma Europea

CE! EX 500620 (CEl 31-9) (Ed. 1895)
Costruzioni elettriche per atmosfere potenziaimente esplosive
- Sicurezza intrinseca 1"

CE131-18 (EN 50039}
Costruzioni elettriche per atmosfere potenzialments esplosive
- Sistemi elettrici a sicurezza intrinseca «i» - Norma Europea

CE[31-11
. Gostruzioni elettricke peratmosfere patenzialmente espiosive.
Mado di profezione «nw»

Al e e L

- GEI 31-12 (EN 50050)

-Costruzicni elatiriche per atmosfere potenzialmentis esplosive.

' Apparecchlature portatili di spruzzatura eleftrostatica

‘ BEJ 31-13 (EN 50028)

-Gostryzioni eletiriche peraimaosfere potenziatmente esplosive.
Incapsulamenio "m”

- BE1 31-14 (EN 50053-1)
Prescrizioni per ka scelfa, Pinsizllazione e 'uso di 2pparecchiature
di spruzzatura cletirostatica per prodetti infiammabili. Parte 1

P e e e

CEf 31-16 (EN 50053-2)
Prescriziont per la scefta, [installazione e 'uso di apparecchia-
ture di spruzzaturz eletirpstatica per prodotii inflammabifi. Par-
te 2: Pistole manuall peria spnuzzatura elettrostatica-di polvere
sonun limite di energia di 5 mJ e loro apparadi associati

CEI 31-17 (EN 50053-3)
Prescrizioni per fa scelta, I'instaliazione e 'uso di apparecchia-
ture di spruzalura elettrostatica per prodotti infiammabill. Par-
te 3:- Pistale manuali per la spruzzatura elstirostatica di fiocco
con ur {imite di energia di 0,24 o 5 mJ ¢ lorc apparati asseciati

CEIl 31-18 (EN 50654)
Apparecchiature elettriche per la rilevazione ¢ misura di gas
combustibili. Prescrizioni generali & metodi di prova

£E131-13 (EN 50055)
Apparecchiaturs elettriche per la rilevazione e misura di gas com-
busthili. Prescriziont relative alle prestazioni di apparecchiature di
Grupps [ ohe indicano fino af 5% (w/v) di metana nell‘aria

CE} 31-20 (EN 50056)
Apparecchiziure eleitriche per iz rilevazions & misura di gas
‘combustibill. Prescrizioni refative alle prestazioni di apparec-
chiature di Gruppo ! che indicano fino a 100% {w/v) di metano

CEl #1-21 (EN 50057)
Apperzcchiature elettriche per la rilevazione e misura di gas
comiustibifi. Prescrizioni relative alle prestazioni di apparec-
chiature i Gruppo i che indicano fine a 100% del limite di n-
fiammabilitd inferiare

S Tt

CEi 31-22 (EN 50058)
Apparecchiature eletfiiche per la rilevazione e misura di gas
comuustibili. Prescrizioni relative alle prestazioni di apparec-
chiature di Gruppo [l che indicana fino a 100% {v/v)di gas

CEl EX 50058 (CEI 31-23)
Preserizionf per |z apparecetiature poitatil di spruzzaiura eletiro-
statica di prodotii non-inflammabili, per verniciatura e finissaggio

CEl 31-24
Gulde per lispezions ai fini della manutenzions di impianti elet-
trici nei luoghi cen pericolo di esplosione di classe 1 e 3 (di-
versi dalle minjers)

GEi 81-25
Lueghi con pericolo di esplosione. Guida per [a costruzions e
I'uso di locali o edifici pressurizzati in luoghi di Classe 1

GEl 31-26
Guida per la manutenzione delle costruzioni elettriche ulilizzate
nei ‘uaghi con pericolo di esplosions di Classe 1 e 3 (divers
daile miniere)

EE} EN §1241-2-2 (CEl 31-28}
Costruzioni elettriche destinate ad essere utiizaie in presenza
di polveri combustibili. Parte 2; Metodi di prova - Sezione 2:
Metodo per determinare la resistivitd elztirica di polvere in
“strafi

GEi ER 50104 (CEl 31-29)
Costruzion! elettriche per la rilevazione e la misura di ossige-
no. Aeguisiti di funzionamento & metadi di prova

ECh
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1. INTRODUCTION

1.1 INSTRUCTION |
We have been instructed by RINA to provide consultancy services in connection with
the technical invesfigation into the foss of the floating production unit P-36 (unit} and
RINA’s involvement in that.

1.2 BACKGROUND

1.2.1 The P-36 sank at the Roncador Field offshore Brazil on 20 March 2001. As stated in

the investigation reports, the first incident was the rupiuring of a drains storage tank
forming part of the structure of the starboard column of the unit. A second explosion
foliowed and consequent flooding, which, after various operations to try to stabilise
the unit and after 5 days from the first incident, determined the sinking of the unit.
Subsequently, the Petroleum National Agency {ANP) and the Port Coast Directorate
(DPC) of the Brazilian Navy command formed a joint committee to investigate the
cause of the loss. The ANP/DPC Investigation Commiitee Report dated July 2001
identified a probable scenario for the loss which can be summarised as four phases:

A) A first mechanical explosion of the drains storage tank (DST) in the aft
starboard column, on 15 March 2001, due to an over pressure within the tank.

B) A second chemical expiosion, about 20 minutes later, following the dispersion

of gases from the ruptured tank within the starboard column and the upper
Tevels.

C) Progressive flooding of the unit due to water ingress from the upper sea water
ring and the fire-fighting system through compariments within the column
causing the the unit to list, folfowed by several aitempis to stabilise the unit.

Dy Sinking of the unit on 20 March 2001.
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1.2.2

123

1.24

1.2.5

1.2.6

There was a DST in each of the two aft (port and starboard) columns of the unit and
they are described as such in the unit’s Operating Manual. However, the ANP/DPC
report refers to the DSTs as Emergency Drains Tanks (EDTs). In this report we use
the terminology DST but this could be equally replaced by EDT.

This report related to RINA’s role in the approval of the hazardous area classification
of the DSTs. In general terms the classification depends on an assessment of the
likelihood or risk that an ignifable gas or vapour will exist during normal opefaﬂanl
This will only arise when there Is an appropriaie mixture of gasfvapour and air. In
particular, the classification is relevant fo the specification of electrical equipment
which may provide a source of ignition. The accidental refease of a flammable gas or
vapour because of, for instance, a leaking valve or pump seal is included. However
catastrophic failures, such as the rupture of a tank, giving rise to release of a

flammable gas or vapour are not considered in such an assessment.

The classification of hazardous areas is caried out in accordance with applicable
international standards. As we discuss below, RINA, as classification sociefy and
organisation acting on behalf of the ltalian flag Administration, applied its Rules for the
Construction and Classification of Mobile Offshore Drilling Units, which incorporate
the IMO MODU (Mobile Offshore Drilling Unit) Code and relevant IEC (international
Electrotechnical Commission) standards .

It is important to clarify that the word classification in the context of hazardous areas
is used in these Rules and standards to reflect the process of assigning a category to
each space in the unit's layout. The classification of hazardous areas is a duty of the
designers, who have to assign it as a function of the intended use and operation of
the unit. Then, the duty of the classification society or certifying body is fo approve
this classification as part of the scope for the classification / certification of the unit. It
is therefore to be distinguished from the classification of the whole unit, which is a
toiaﬂy different concept.

it is anticipated that the reader of this report is familiar with the content of the
ANP/DPC report which provides a description of the unit and the circumstance of the
incident. it is not intended fo repeat this information in the body of this repori

AT S AT et T T
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1.3

13.1

1.3.2

133

aithough for convenience, we have included in Figures and Appendices fo this report

some relevant particulars and description of the unit.

SCOPE

The scope of this report is to discuss whether the hazardous area classification to the
interior of the DSTs and/or to areas within the aft columns adjacent to the DSTs was
adequate, according to the RINA Rules and related MODU Code and IEC standards,
and considering the nature of the tanks and the interconnection of the fanks with the
process plant. The report assumes the process plant was fo be operated in
accordance with the operating/operations manuals.

The report also considers fo what extent, if any, a more stringent hazardous area
classification may have influenced the evenis that occurred and their outcome. In
addition the report addresses whether RINA was kept properly informed of damages
and repairs to the unit that may have influenced its classification/certification status.

We have made reference o the documents listed in Appendix A when preparing this
report. We have also obtained background information through discussion with RINA
head office personnel. The plans and documents available to us have in the main
consisted of revisions of design plans and documents from the original design.

|
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GENERAL DESCRIPTION OF UNIT

MODIFICATIONS

The unit P36, originally named ‘Spirit of Columbus’, was built by Fincantieri Shipyard
in Palermo, for a range of operating conditions and location around the world. The
‘Spirit of Columbus’ was modified, upgraded and re-named as Peirobras Trentasei
(P36) to meet the production capacity of the Roncador Field in the Campos Basin
(Brazii).

The modifications included amongst other things, the replacement and upgrading of
the process plant, the removal of drilling equipment, the upgrading of the mooring
system, the provision of structure to receive risers from the sea bed and the addition
of stability boxes.

The modifications were apparently managed by the company Maritima. The process
plant was designed by AMEC Process and Energy (AMEC) and modifications fo the
vessels struciure were designed by Noble Denton (ND). The actual modifications
were carried out by Davie Industries at Quebec, Canada although the work was not
apparently completed uniil the vessel arrived at the Roncador Field. Apart from
various plans there are two principal documents that we have sighted that explain the
planned operation of the unif and the process equipment these are:

a) The Operating Manua! ET-3010.38-1200-941-AMK-924 rev. b which was
apparently prepared by AMEC and; '

b} The Operations Manual MA-3010.38-1320-915-NBD-909-01 rev. a which was
apparently prepared by ND.

GENERAL LAYOUT

The P36 had iwin shaped lower hulls supporting four columns, a central caisson and
a box-type, watertight upper hull. This comprised a double bottormn, second deck and
main deck. These are illustrated on a photograph of the unit as shown in Figure 1.
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2.3

The lower hulls or pontoons contained tanks {i.e. water ballast, fuel oil, voids spaces,
etc), chain Jockers, water injection equipment, thruster room and pump rooms. The
columns confained tarks (i.e. water bailast, fresh water, waste oil, drain storage, etc.)
as well as void spaces and compartmenis through which access could be made via
stairs or elevators from. the top of the columns to the lower hulls. Within the cenfre
caisson there were voids and machinery spaces.

Within the upper hull were machinery spaces and accommodation guarters on two
levels. Power generation and distribution for utifity services, production and ancillary
equipment were provided from the machinery spaces.

On the main deck there was a drilling demick which was converted to use as a flare
tower. A raised helicopter deck and living quariers were located at the forward end.
The production plant was located at the aff end of the main deck. Two ¢ranes of 50
tonnes and 22 tonnes capactty were focated on the main deck.

Underneath the upper hull a riser (spider) deck has been added, from which the
produciion and water injection riser bundles and export flowlines were supported. The
principal dimensions of the unit after modification were as follows:-

PRINCIPAL DIMENSIONS

Length overall of unit t 112,776 m
 Breadth overall of unit 97,580 m

- Cofumn height 22,860 m

 Columm width 13,716 m
Central caisson height (24,384 m

' Central caissor diarreter {external) 11,682 m
Penteon leagth 112,776 m
 Pontoon breadth {amidships) 13,716 m
Pontoon depth (amidships) , 8,144 m ‘
Displacement {transit draft— 11,0 m) - 37083 Tons |
Displacement {operating draft — 22,0 m} | 56503 Tons. |
Displacement fransit draft— 18,0 mY 56380 Tons |
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2.5

2.5.1

ARRANGEMENT OF COLUMNS

Of particular interest are the terms used to describe the various decks or levels within
the aft columns as well as the decks or levels within and on the hull above the
columns.

Each aft column was composed of several levels, or floors as indicated in Fig 2.
These are defined in the vessel's plans and documentation by a numbering system

and the height of the levels above the unit's base line (keel} in millimetres. The levels
were as follows:

= Fifth level (fevel 5) or Lower Hull at 12192 ABL (ABL: Above Base Line)
«  Fourth level (level 4) at 21336 ABL

= Third level (Jevel 3) at 28956 ABL

«  Second level {level 2} at 32004 ABL

= First level (fevel 1) or Upper Hull (top of column) at 35052 ABL

Above the Upper Hull (as illustrated in Figure 3} there were:

»  Tank Top at 36576 ABL

= Second Deck at 39624 ABL

= Main Deck at 42672 ABL

All the spaces located between the above mentioned levels within the columns. were
enclosed areas.

PROCESS PLANT

During the conversion from drilling unit to FPO unit {Floating Production Off-loading)
carried out in Canada, the process plant was replaced and some utility systemé were
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updated or replaced. The plant was arranged in a number of separate skid packages |

on the Main Deck and on the Tank Top aft extension. As part of the modifications,
the driliing faciiities were removed.

The wellsiream from 15 subsea wells, containing oil, gas and water were flow
controlled manually by topside choke valfves. The wellstreams were directed to the
production manifold, feeding two production trains. Each of them consisted of feed
heaters and fwo stages of separation via an oil elecirostatic dehydrator between the
separators. Sand production was not expecied or aliowed for.

The «qil was stabilised at near atmospheric pressure and exported by booster and
main pumps through three pipeiines to the FSO, P47.

The gas from the atmospheric separaior was compressed by two boaoster
compressors o join the gas from the first stage production separator. The combined
gas passed through the Safety Gas KO Drum {e remove entrained liquids from the oil
separators and then compressed to the gas export pressure of 196 barg by gas
turbine driven, three stage compressors. Three HP compression trains were provided.
The HP gas was dehydrated with friethylene glycol in two contactors. Some of the dry
gas was used as lift gas in the wells and the balance was metered. Some of the
metered gas was used for fuel gas and the balance exported by pipeline {o shore.

The produced and condensed water separated from the oil in the separators and
dehydraiors was cleaned with hydrocyclones before passing to the sea via the
production caisson. Each wellstream couid be routed to a test manifold and well
testing train which consisted of a feed heater, three-phase separaior, oil pumps and
hydrocyciones. Pigging faciliies were provided for the well flowlines, cil export
pipelines, gas export pipelines, and the fuel gas export pipeline to the P47. Water
injection facilifies were provided to feed 7 remote wells. After the conversion, the P36
process plant had the following capability:
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Production wells ' | 15 + & future + 2 spare
- Wellhead shut-in pressure  264.8 barg
Oil Production | Feed 30825 mS/d at 8° C
. | Export 28600 mS/d (180.000 bpd)
'HP Compression capacity 7.2 x 106 m3/d, at 196 barg
| Gas export 3.0 x 106 m3/d, at 196 barg
| Litt gas | 2.0 x 105 m3/d, at 196 barg
 Produced water capacity 6000 m3/d, to 20ppm oil in water
26 SURVEY AND CERTIFICATION HISTORY
2841 The unit was originally constructed under the survey of RINA. On completion of
construction, in 71996, RINA issued a certificate of class and statutory ceriificates
acting on behalf of the Italian flag siate authority, including a statement of compliance
with the MODU code. Ciassification assigned for the then named “Spirit of
Columbus” was:-
Class Characteristics: *100-A-1.1-NAV IL: Perf-Prod - FPO
Special Notations: + ELl'; ICE Class ID
Service: Unrestricted.
= Trade: Drilling aperations of the seabed, for the exploration or
expioitation of resources beneath the same bed.
Production of hydrocarbons extracted from the seabed
by means of specific arrangements. Process and off-
loading of liquid hydrocarbons exiracted from the
seabed.
2.6.2 Lioyd’s Register of Shipping (LR) also surveyed the unit during construction and they
also issued a certificate of classification.
263 The unit was then laid up at Palermo, ltaly untii 1997, where RINA carried out

necessary pericdic and occasional surveys.
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In July 1997 RINA were contracted by Petromec Inc. to, in summary, cary out
surveys during the modification works and to issue all necessary cettification. ABS
were also contracted by Peifromec Inc to ceriify the unit's praduction plant. A co-
operation agreement was signed between ABS and RINA io ensure co-ordination of
activities.

The unit was towed from Palermo io Davie Ind. Shipyard, Quebec, Canada where it
was [aid up for the modification works. RINA carried out surveys in Quebec from
September 1997 to Ociober 1999. At the end of 1999 the unit was transporfed on a
heavy [lift vessel to Rio de Janeiro, Brazil.

At Rio de Janeiro, RINA carmied out further surveys and on 28 April 2000 the
attending surveyor endorsed cfass untii 30 September 2000. RINA head quarters
issued class and other necessary certificates on 29 September 2000 valid until 28
February 2005. These included an International Loadline Certificate and a Statement
of Compliance with the MODU code. Classification was:-

Class Characteristics: *100-A-1.1-NavlL; Prod-FPO

Trade: a) Production of hydrocarbons exiracted from the
seabed by means of specffic arrangements.

b} Process and offioading of liquid hydrocarbons
exfracted from the seabed.

Service: Unrestricted

The next periodic survey that RINA was due fo carry out was the annual class survey
(hull and machinery), due on 28 February 2001 which could be carried out at any time
between 1 December 2000 and 31 May 2001. The loss of the unit occurred before
the end of this period.

Prior to the incident, RINA were not informed of any damages, repairs or alterations
to the normal functions of the unit and because of this did not camy out any
(unscheduled) survey.

g
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3.1.1

3.1.2

3.2

3.2.1

3.3

3.3.1

DESCRIPTION OF DSTS

BACKGRQUND

The DSTs were iocated in the aft columns between levels at 19812mm and 30480mm
above the base line. They were located at level 4 but extended into level 3 and levef
5. The tanks had an internal volume of 450m® each. They were bounded on one side
by the outside skin of the cylindrical column and on the inside by a cylindrical steel
bulkhead forming a double skin to the column. The tanks were thus within the double
skin but they only extended around half the circumference of the column. The tanks
were an infegral part of the structure of the column.

An important structural feature of the tanks is that they were designed to store liquids
at normal atmospheric pressure and temperature. They were not designed as

pressure vessels.

CHANGE FROM BASE QIL TANKS

The tanks were originally named “Base Qil Tanks” prior to the modifications and were
intended for the siorage of non-dangerous mineral oil resulting from drilling. During
the course of the modification works it appears that the decision was taken to make
use of the base oil tanks as DSTs. The first documented evidence that we have
sighted of this is a proposal resulting from a HAZOP study conducted between 9 June
and 11 July 1997. This resuited in the proposal o use the “structural base oil tanks in
the port/aft leg for periodic closed drains storage®”. It is indicated that during the
draining of large process vessels the closed drains drum would not be large enough
and instead liquids woufd be drained fo the DSTs.

P AND | DIAGRAMS

P and ! diagrams were submiited by the designers to RINA for approvai. These
diagrams showed diagrammatically the arrangement of the piping and
instrumentation system of the process plant. One of the drawings, No. DE- 3010.38-
5336-944-AMK-398, is titled P and I Diagram Drains Storage Tanks Revision C (refer

e TNl e . (--\-'-/jk,

e
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to Appendix B). The drawing indicates the schematic arrangement of pipes that were

connecied to the two tanks. These are:

A.

A 5-inch diameter vent pipe fo the top of each tank connected to the unif's
atmospheric vent system.

A 3-inch inlet pipe to each tank via an inlet valve which is marked as locked
open (V-534 and V-535, respectively on the port and starboard DST's).

A 3-inch diameter outlet pipe connected via a suction valve to a discharge
pump for each fank. There is also a valve at the discharge side of the
pump.

A 1-inch diameter nitrogen purge pipe fo each tank via a needle valve. The
pipe Is shown to connect to a dip (or sounding pipe) which extends 1o the
bottom of each of the tanks.

The inlet and discharge pipes from each tank connect to a common 3Hnch diameter
header pipe to which in turn has the following connections fo the process plant:

E.

A 3-inch diameter pipe via a valve shown as locked closed to the
production caisson (part of the process plant).

A 3-inch diameter pipe from the produced water de-gasser via a valve at
the de-gasser.

A 3-inch diameter pipe from the atmospheric separators and the booster

pumps via a remotely operated valve at the crude oil booster pumps
marked as Yail open”.

A 3-inch diameter pipe from the closed drains drum. The connection was
via an automatic dump valve {refer to 3.4.3.3 below].

A 3-inch diameter pipe connected toffrom the process iniet manifolds via a
remotely operated valve (valve XV 53360004).

23208

&
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3.3.3 The ways in which the DSTs could be connected to the pracess plant depend upon
the open or closed status of valves.

334 To fully understand how it was intended fo make use of use the DSTs and the
purpose of the various connections to them it is necessary o consider the Operating
and Operation Manuals.

34 OPERATING MANUAL

34.1 Drains System
The Operating Manual describes the DSTs in the context of being part of the closed
drains system. From the process point of view, the drains system was infended to
provide segregation between hazardous and non-hazardous drains fluids. There were
three separate drains systems to accomplish this namely closed drains for
pressurised hazardous fluids, hazardous open drains for atmospheric hazardous
drains and non-hazardous open drains.

34.2 Open Drains System

3.4.2.1 The open drain system was used for collecting liquids from skid floor drains and open
deck drains and it was subdivided in three sub-systems:

» Hazardous open drains;
* Non-hazardous open drains; and
=  Deluge water drains.

3.4.22

Hazardous open drains: The liquids drained onto the floor of skids handling
hydrocarbons on the main deck or above were collected by the hazardous open
drains drum, V-45001, on the tank top aft extension (according the relevant P and |
diagram no. DE-3010.38-5336-944-AMK-394, rev. B, approved by RINA on
02.06.1998) included at Appendix C. The drum was connected to the atmospheric
vent system, as were the DSTs. There was therefore a connection to the DSTs via
the atmospheric vent system and it is through this system that the ANP/DPC report

SRR AT
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concludes that fluids may have originally entered the port DST due to overflow from
the drum. Liquid received in the drum was pumped by the hazardous open drains
pumps, P-45002 A/B 1o the produced water degasser. The drains from the skids on
the tank top were coflected by the fow fevel hazardous open drains piping system
feeding the tank top deck sump, V-533605, located in the tank top deck.

Non-hazardous open drains: Liquids from deck drains in safe areas were collected by
the non-hazardous open drains piping system, and were led o the skim pile
(YD{731A), located on the outside of the central caisson below the fank top level. The
skim pile allowed any oil present in the liquid to separate, rise to the top and
discharge the water into the sea. The oily emulsion collected at the top is pumped out
under level control by the skim oil pump (YD/731C), o the matrix water separafor
(YD/731B) on the main deck. The water separator removed water and returned it fo
the skim pile. The oil was fransferred to the production trains by the matrix separator
il pump (YD/731E). Floar drains in the top of the central caisson were piped to the
seawater disposal caisson, TD-51102, mounted inside the central caisson. Drains
from the water injection treatment packages are piped to the 600mm overboard dump
pipes attached to the port-aft and starboard-aft columns.

Deluge wafer drains; Deluge water from skids handling large quantities of oil was
collected and drained to the production caisson, (TD-5336601), mounted on the
outside of the central caisson below the tank top level. Other deluge water flowed
over the edges of the decks into the sea. The units provided with deluge water
removal drains were the production separator skids, LP flare drum, and safety gas
KO drum. The defuge water entered the production separation below the oilfwater
interface, passed through the caisson and discharged info the sea via a seal loop.
The production caisson was designed to remove off from the normal flowing stream of
produced water, not from the flows of defuge water.

There was, in conclusion, no physical connection between the hazardous open drains
and the DSTs other than through the atmospheric vent system.

Closed Drains System including DSTs

Accarding to the Operating Manual ET-3010.38-1200-941-AMK-924 rev. B, the

closed drain system was used Tor draihing pressurised process systems dunhg'

Lt
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normal operation and for maintenance.” The closed drain system was subdivided in
three sub-systems:

= Normal ciosed drains system;

= Ofl storage system;

= Tank top deck sump system.

Normal closed drains sysfem: This was used in normal operations o collect most of

the process equipment drains as well as any flash vapour produced by reduction in
pressure. The fluids were drained, either continuously under level conirol or
intermittently by hand control, {o the closed drain drum (V-45002}, {ocated on the tank
top at 36576mm ABL {refer to the P and [ diagram at Appendix D).

The liquids separated in the drum were pumped to the production trains, The drum
was equipped with iwo identical pumps, one normally operating and the other in
stand-by condition, ready to start if the fiquid fow was foo large for one pump only.

It is stated in the Operating Manual that “When the inflow fo the drum exceeds the
capacity of one pump, the second pump starfs, and if the pump fails io start, the
dump valve XV53360102 apens and liguids are discharged under onlaff level cantrol
fo the Drains Storage Tanks.” It is also stated that Tiquids from the HP and LP Flare
Drum Pumps, matrix separator via pump and closed drains pumps which normally go
to the iniet of the production trains can be directed fo the system for a fimited ,cien‘od if
a problem occurs in the oll separation frains”. Thus, water/hydrocarbons could be
automatically routed to the DSTs from the closed drains drum but only in the case of
pump failure and emergency shut down of the process piant.

Qil sforage sysfem: This is described as the use of the DSTs “o collect liquids
drained for maintenance or an emergency from equipment with a capacity too large
for the Closed Drains Drum”. The oil storage system was to be employed only during

maintenance or emergency conditions, in order to collect fluid coming directly from:

= the atmospheric separators (SG-12230303A/B), by valves manually operated.

L4
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the produced water degasser (V-533601) to which other production separation
vessels can be drained, by valves manually operated.

the closed drains drum, when the liquids exceeded the capacity of the drum itseif.
If the stand-by pump failed o stari (i.e. when low pressure at the commbn pipe
line downsiream from the pumps and high level in the drum were detected
together), the closed drain drum was intended to discharge, under fevel control,
fluids to the oil storage system, through the dump valve XV53360102. This valve
would automatically open and close, if a high level condition was detected inside
the DSTs (this is the system shown on the P and | diagram, DE-3010.38-5336-
944-AMK-392, rev. B included in Appendix D). Alternatively, if both production
frains were shut down because of emergency or mainienance, liquids collecting in
the closed drains drum would be drained to the DSTs. They could not in such
circumstances be pumped back to the process frains.

the process iniet manifolds, by valves manually operated.

The Tank Top Deck Sump Systenr This was designed to hold drains from equipment

on the tank top, which were too low to be routed to the closed drains drum. Liquids
contained in the sump were pumped to the closed drain header and then the closed
drains drum.

ftems draining fo the sump were:-

Crude export pig launchers (LP-122301/A/B/C);
Crude ol pipeline pumps (B-122302A/B/C);

Crude ol pipeline pumps manifold (UQ-122312-02);
Crude oil booster pumps (B-122301A/B/CY};

Fuel gas KO drum drain {V-513501);

Fuel gas filters drain (FT-513501A/B).

B
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3.4.4.2

The closed drain system was not normally shutdown in the case of shutdown of the
process system as drainage could continue running from the utifiies. The system
could have been shufdown only if the whole unit was shutdown and all liquids were
no fonger addressed into the system. This may have occurred for mainienance
purpose.

In case of emergency shutdown in the closed drains drum caused, for example, by a
high level alarm, the automatic functions of the Emergency Shutdown procedures
would have stopped the drain pumps and closed the relevant valves. When both
production trains were shutdown and the associated valves XV12230111/12230211
closed, the vaive XV53360004 couid have been opened to direct liquids fo the DSTs.

Atmospheric Vent System

The units process plant was provided with three separaie vent systems for the
collection and release of gases and vapours to the atmosphere:-

i) The high pressure {HP) flare system. Gases and vapours entering this
system originated from process equipment held under a reIativé[y high
internal pressure and were {aken to the top of the flare fower.

i) The low pressure (LP) flare system. Gases and vapours entering this
system originated from process equipment at a lower internal pressure and
again were taken to the top of the flare tower.

iif} The atmospheric vent system. Gases and vapours entering this system
originated from process equipment and the DSTs which were not required
to have an internal pressure greater than 0.5 bar above atmospheric
pressure which is a very low internal pressure.

The P and | diagram for the atmospheric vent system (ET-3010.38-1200-941-AMK-
924-14, rev. 0} included at Appendix E and the Operating Manual “HP and LP Flare
and Atmospheric Vent’ (E-3010.38-1200-941-AMK-924-14 rev. 0) describes the
nature and use of the atmospheric vent system. As indicated above, it coflected

hazardous releases from fow pressure systems including the TEG (Triethyfene

P
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3.44.5

Glycol) regenerator, the gas booster compressor seals, the oxygen scavenger tank
and the DSTs.

The vent system consisted of an 8-inch diameter header pipe leading te a vent exit at
a position on the flare tower. Pipes from parts of the process plant and the DSTs
connected to this header pipe. A flame arrestor was fitted at the vent exit. A
pressure sensor was fitted to detect high pressure in the vent arising from blockage of
the flame arrestor but there was no low-pressure sensor. There was alse a
temperature sensor to detect the presence of a flame at the vent tip should the
gas/vapour be accidentally ignited. There was a €Oz system at the tip to extinguish
such a flame.

At initial start up the entire process plant including atmospheric vent system was to be
filted (purged) with nitrogen. This was to inciude the internal space of the DSTs. The
purpose of the nitrogen purge would have been to exclude oxygen from the system
and exclude the possibility of an explosive oxygen/gas/vapour mixture. Once the
plant was in operation the flow of gasivapour out of the system should have excluded
the entry of air inciuding oxygen.

It is to be recalled that the ANPI/DPC report concluded that the overflow of the
hazardous open drains drum into the atmospheric vent pipes was one of three
possible sources that led to the initial filling of the DSTs. This should not have
occurred since the drum was fitted with two high level sensors, one to sfart the
relevant standhy pump and the second 1o initiate ESD level 2 (emergency shutdown).
For over filling to have occurred then both sensors must have been defective or, if
not, emergency shutdown must have been disabled. Furthermore, a consideration of
the configuration of the piping and the levels of various equipment connected fo it
would suggest that had the drums overflowed they would not have flowed io the
DSTs but that the fluids would instead have overflowed the coamings of the drains of
skids onfo the main deck aft. This leads us to question the validity of the poésibility
arising from the ANP/DPC investigation that filling of the DSTs may have occurred
due to overflowing of the hazardous open drains storage drum through the
atmospheric vent system. if we are comect, the other two sources may have been the

‘cause or there may be some ofher reason for the DSTs having initially been partly

filled with water and oil. The two other sources mentioned in the ANP/DPC report

‘
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3.4.6.1

3.4.6.2

were discharging oil from the waste oil tank via the closed drain vessel and draining
of water used in hydrostatic tests of the process plant.

Level Control

Each DST was equipped with two level switches, one high level and one low level. At
initial start up of the process plant the Operating Manual required the DSTs to be
filled with fresh water to above the level of the low level switch. [f the liquid level in

the tank reached the high level switch it would initiate emergency shutdown.

If the liquid level in the tank at the time of the rupture had reached or exceeded the
height of the high level switch, then this would have caused an emergency shutdown.
It follows that either the liquid level had not reached this level or that the swiich was
not functioning, as it should have.

Pumping Out the DSTs

The discharge pumps, one at each of the port and starboard DSTs are described on
the P and [ diagram for the DSTs as of a capacity of 50m®/hour at a delfivery pressure
of 19.0 bar. In the Operating Manual they are described as having a capacity of
60m>hour at a delivery pressure of 19.0 bar,

The Operating Manual makes it clear that the operation of the DST pumps required
manual intervention by the pressing of a starit/stop push button at the pumps. Liquids
in the tanks could be pumped out to either of two locations:

i) To the drains inlet manifold which was at the inlet of the production trains
before crude and gas from the wells was processed. This was to be the case
where there was oil in the tank. In so doing there would have been the risk of
crude oil andfor gas flowing from the inlet manifold into a DST. Thfs would
have occurred should one of the tank inlet valves have leaked or been left
open or should one of the pumps have failed or been defective to operate so
as to allow the reverse flow of gas or fluid. This is what is stated to have

actually occurred prior to the first mechanical explosion (rupture) of the
starboard DST.
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3.4.7

3.4.7.1

i If the liquid consisted of a large volume of water it was to be pumped to the
Production Caisson for disposal to sea. [ liquid was directed to the Caisson
there was no risk of crude ofl or gas flowing back fc the DSTs.

The Operating Manual states that when pumping from a DST to the drains inlet
manifold it was first necessary to check that the production trains were “lined up™ to
receive fluid, that is there were no valves closed at the production trains such as to
prevent the flow of fluids into them. The next step was to close the inlet valve to the
relevant DST. This is shown on the P and | diagram as a locally operated valve which
is normally Tocked open. The remotely controiled valve (XV5336004) to the inlet
manifold was then to be opened. The nexi stage was to open the suction and
discharge valves to the pump, these were remoiely operated valves and the valve
status was to be checked. The next stage was to start the pump by the push button
at the pump.

The level in the tank was then to be monitored as the tank was pumped out and when
the level had reached the fow-level trip the pump would automatically stop. The pump

suction and discharge valves were then fo be closed as was the valve to the inlet
rmantfold.

In the case of pumping to the Production Caisson the Operating Manual stipulates
that the liquid was to be sampled frequenily to prevent the transfer of oil fo the
caisson but no description is provided of how the liquid was to be sampled.

Monitoring the Level of Liquid in the D8Ts and Purging

The Operating Manual - Closed Drains under the heading “System Deseription”,
states that:-

“The tanks are purged by a small fow of nifrogen through & dip pipe which also gives
an indication of level”., |

Under the heading “Normal Operation” it states “check that a small flow of nitragen Is
maintained fo the Deck Sump and Drains Storage Tanks for level measurement”,

%1;5\3
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34.7.2 The P and | diagram for the DSTs indicates a 1" diameter nitrogen pufge line
connected to a dip (or sounding} pipe o each tank via a needie valve.
The Operating Manual - HP and LP Flare and Atmospheric Vent staies that at initial
start up the process system the entire atmospheric vent system and DSTs are purged
with, nitragen and that “the nifrogen purge fo the drains starage fanks is starfed fo
prevent air entering the systen?.

3.5 SQURCES OF FLAMMABLE MATERIALS IN DSTS

3.5.1 We summarise below the circumstances under which flammable liquids andlor

gas/vapour could have been released into the DSTs. This summary is based on
information concerning the planned use of the fanks available from drawings and
manuais submitted to RINA for approval or information.

a) Malfunction of Valves in Piping fo Process Sysfem

In normal operation gasfvapour and/or flammable liquid may have leaked
through valves and into pipes connecting the process plant to the DSTs.
Alternatively such valves may have been opened due to human emor. In
either case the release to the tanks would be accidental and very
infrequent.

b} in Emergency Automatically

In the case of the closed drains drum pumps failure and high level of liquids
in the drum, the contents of the closed drains drum would be automatically
routed fo the DSTs. This should have occurred very infrequently as it
would require the failure of two pumps. it should afso onfy have occurred
together with an emergency shutdown so that the amount of fluid entering

should have been relatively small.

c) In Emergency by Manual Infervention

In the case of a problem with the oil separation trains, liquid from the HP
and LP flare drain pumps, matrix separator oil pumps and closed drains
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pumps could be diverted from the process inlet manifold to the DSTs. In
addition, in the case of shutdown of the production frains, liquid draining to
the closed drains drum could be routed to the DSTs.

The use in these circumstances would only result from an emergency in
terms of a shutdown or faifure of equipment and would be expected to
occur very infrequently.

During Maintenance of the Process Plant

During maintenance of the process plant the contents of the atmospheric
separators and other vessels being greater than the closed drains drum
could be drained to the DSTs. Such use would be expected to have
occurred infrequently, in light of the operating/operations manuals.

During Pumping Quf of the DSTs fo Process Infet Manifold

When pumping out the DSTs to the process inlet manifold, the inlet and
discharge piping would have been subject to back pressure from the
process inlet manifold as pumping out. of fluids to the process inlet manifold
couid only occur with production in operation.

Pumping out of fluids would have been an infrequent event as it could only have
resulted from one of the emergency or maintenance activities stated above.
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4.1

4.2

4.2.1

422

423

DESCRIPTION OF SPACES ADJACENT TO DSTS

There are some important features concerning the various compartments around the
DSTs, namely those in the aft columns that are relevant to the hazardous area
classification. of those spaces. The features concern the conneclions between the
compartments through which a flammable vapour, gas or fluid might pass and the
ventilation arrangements. '

VENTHATION

The comparimenis in the columns were veniilated as per Fincantieri drawing na.
A51633080 “Hull Ventifation System — One line diagram " rev. G (see particulars in
Fig. 4 and Fig. 5) and document no. G51633065 “Hull Ventilation System -
Calculation”. We understand that according to the information provided to RINA, there
has not been any variation in the column ventilation during and after the conversion.
For each column, the number of air changes per hour was set to 10. In each aft
column the supply airflow rate was designed at 14900 m®h: in particular, in the
compartment between 21336 ABL and 28956 ABL (level 4), the air supply and
exhaust flow rate was designed at 6000 mh. |

Each of the aft columns was served by a supply fan and an exhaust fan located at
second deck level. Air was delivered to the supply ducting to level 2 in each cofumn
from where it was supplied by vent piping to all working levels and the lower hulls
below. An exhaust trunk iocated at the centre of each column ran from the lower
hulls fo level 3. Air was extracted inta this trunk at various levels of the column. From
level 3 it was piped via a trunk from level 3 {o the tank top and then {o the exhaust
fan. The exhaust trunk also served to house vent pipes running down the columns as
well as electrical cables.

The exhaust and supply fans were connected to ventilator heads located on the main
deck. Remotely operated watertight valves were placed in the supply and exhaust
vents at watertight divisions below the upper hull. This was to prevent water flowing
from one walertight compartment to another in the event that one or more
compartments became accidentally flooded.

HLS¥
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424

425

4.2.6

43

4.31

4.32

433

44

4.4.1

The various tank and void spaces in the columns were vented separately in the usual
way by air pipes.

There was an elevator at the cenire of each column which ran continuously from the
lower hulls to the second deck. This ran beside the ventilation exhaust frunk.
Watertight doars were fitted between the trunk and the column at the lower pontoon,
level 4, level 3 and tank top. At the second deck level there was a fire door.

Each of the elevator trunks were ventilaled by a separate system to the columns.
They were each fitted with an exhaust fan of 600m>hour capacity located at second
deck level. The fan is directly connected to a gooseneck type vent pipe at main deck
level.

ACCESS STAIRS AND DOORS BETWEEN LEVELS IN THE COLUMNS

Stairs at second deck level leading into the aft columns and the upper deck were
fitted with watertight doors. At tank top level, stairs down to level Z were also fitted
with watertight doors. From second deck level stairs ran o level 3. At level 3 a
watertight hatch in the deck gave access to level 4. At level 4 a watertight door gave
access to stairs leading to the lower hufl.

Thus, at level 4 there were two watertight doots, one setving stairs to the lower hull
and the other the elevator. They were both siiding doors.

The hatch at level 3 leading fo level 4 was a flush watertight hatch which, according to
the Operating Manual (MA-3010.38-1320-915-NBD-909-04 rev. 0, para. 4, tem
4.1.4.2}, was to be normally kept closed.

MACHINERY INSTALLATION

We list below items of machinery installed in the starboard aft column. The list has
been compiled from Drawing no. DE-3010.38-1200-200-AMK-117 “Unit P36 Plant
Layout — Riser Platform Aft/Star E1.28956-EL.35000 ABL’, rev. E attached ta the
*Operations Manual — Vol. 1 General, no. MA-3010.38-1320-915-NBD-009-01 rev. A7
(refer to Fig. 6) and to the AMEC document “Equipment List”, no. L-3010.38-1200-
941-AMK-002, rev. B dated 03.10.1997. We understand that the plant layout drawing




Our ref: 4467/AJS/R02/LOCL 24

“P-36~

4.5

4.5.1

attached to the Operations Manual was never sent to RINA for information or

approval.

Between level 3and4

i} Drains Storage Pump

i) Potable Water Transfer Pump - this pump was an existing pump for use in
drifling operations and was therefore redundant.

i Vacuum Pump
iv) Waste Ol Pump

Between Level 2 and 3

v) Oily Water Separator

BILGE PIPING AND DRAINS PIPING:

According to the original builders drawings (Fincantieri drawings no. A51531060
*Diagram — Interior Deck, Drain Piping System”, rev. D and no. AB0521175 “Diagram
Bilge Piping System”, rev. N) at level 4 of the aft starboard column coamings with
strainers were fitted around the base oil pump (which was changed to a drains
storage pump) and the waste oil pump to collect any fluids leaking from them. Each
of these two coamings was connected to a pipe of 50mm diameter that joined a drain
line of 65mm diameter coming from the level 3 compariment (refer to Fig. 7). The
65mm drain ran down fo the Jower hull to a quick acting, self closing valve
(SE*019VX). This valve was manually operated locally. The drain pipe then led to the
bilge sump, which also connected drains from other not hazardous spaces, i.e. voids,
through. remotely operated stop-check valves which were fitted with manual override
(SE*029VD, SE*028DV, SE*030VD, SE*030DV]. We understand that such drawings
were not updated, either during or after the conversion indicating that these
arrangements were not altered during the modification of the unit.
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4.5.2

In summary, the drains connected the level 4 compartment to the lower hull but via a E

valve that was only opened to release fluids collecting in the pump coamings to the
bilge sump fram where they would have bheen pumped out by the bilge system. Such
vaives would normally be kept closed and would only be opened if it was necessary
to- drain fluids and then only for the shert period of time necessary to remove a very
small volume of fiuid. '

3L
¥
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5. RULES AND STANDARDS FOR HAZARDOUS AREA CLASSIFICATION

5.1 GENERAL PRINCIPLES

51.1 We have provided a general definition of a hazardous area at paragraphs 1.23 10 1.2.5
in the introduction to this report.

512 We now provide a description of the Rules and standards applicable to RINA’s approval
of hazardous area classification.

51.3 We understand that RINA publish three sets of ruies, which may have relevance to the
classification of hazardous areas and, to the specification of equipment in those
locations, as per following paragraphs.

5.2 RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF MOBILE
QFFSHORE DRILLING UNITS AND OTHER SIMILAR UNITS (RINA RULES)

521 Definitions

5.2.11 These Rules are a copy of the MODU Code but provide additional reguirements. We
therefore do not intend to describe the MODU Code provisions separately. A
hazardous area is defined at 1.3.4.1.1. as "Hazardous areas are those areas where,
due fo possible presence of a flammable afmosphere arising from the drilling
operations, the use without proper consideration of machinery or electrical equipment
may fead fo fire hazard or explosion”. An “area” is a space on, around or within the
unit. it may be an enclosed space such as a tank or internal compariment or an apen
space such as the open deck.

5.2.1.2 A further definition of relevance is for an Enclosed Space, 1.3.4.1.1 "Enclosed spaces
are spaces delincated by floors, bulkheads andfor decks which may have doors
andfor windows”,

5213 A limitation of the RINA Rules and the MODU Code is that. as the hazardous area

definition above suggests they refer particularly to a unit arranged for drilling rather
than production. However the RINA Rules (at para 5.3.1) make reference to the

YL
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recommendations published by the International Electrotechnical Commission (IEC).
Furthermore the RINA Rules (at para [.3.1] state that:

“Except as otherwise stated or modified in these Rules, the relevant requirements of
the RINA Rufes for the Construction and Classification of Ships apply.”

These Rules in turn refer to the IEC standards. The IEC standards as discussed
below provide specific guidance with respect to mobile production units.

Zones

Under RINA Rules, MODU Code and IEC standards, hazardous areas are divided
into three zones, which define the likelthood that an explosive midure will be present.
The likelihood is a function of not only frequency of release of a flammable substance
but aiso the rate of the refease and the ventilation arangemeni. The zones are
generaily defined (at 6.1.1) as:- '

“Hazardous areas are divided info zones as folfows:-

Zone 0: in which an explosive gasiair mixture is continuously present or
present for long periods. .

Zone 1: in which an explosive gaslair mixture is likely fo occur in normal
operation.

Zone 2: in which an explosive gaslair mixture is not likely fo accur, or in which
such a mixture, if it does occur, will onfy exist for a short time.

It can be seen from the abave that the time period for which the explosive mixiure will,
or is likely to prevail in the zone in question, is fundamental fo the zone definition. The
Rules do not provide guidance on the duration in terms of hours or other measure that
is to be associated with the description “Tong periods”, “Tikely” or “short time™ as stated
in the Rules. The RINA Rules {at para 6.2) provide examples of assigning zones 1o
hazardous areas on a driliing unit. These examples are of litife assistance to the case
of P-36, which was amanged for production, rather than drilling and so we do not
discuss them here. In particular, the examples do not assist to any great exient in the

&~
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523

5.2.3.1

524

consideration of the consequence of the likelihood of occurrence of an explosive
gas/air mixture. ft is therefore appropriate to refer to the applicable IEC Standards for
further guidance. These are considered at 5.5 and 5.6 below. ‘

Openings Access Doors and Ventilation

Having classified a particular area as a particular zone then it is necessary fo
consider the influence of that area on any spaces connectedtoit. Para 6.3 of the
MODU Code and the RINA Rules are relevant to openings, access doors and
ventilation conditions affecting the extent of hazardous areas. Except for operational
reasons it is provided that no opening shouid be provided between a non-hazardaus
space and a hazardous area or between a zone 2 space and a zone 1 space.
Nevertheless, when it is not possible to give up such access doors or other openings,
any space not reported in para. 6.2 and having direct access fo any zone T location or
zone 2 location becomes the same zone as the location, unless certain conditions are
satisfied simultaneously. For instance, following the subpara. 6.3.1.2, an enclosed
space with direct access to any zone 2 location is not considered hazardous if:

» the access is fitted with. a seif-closing gastight door that opens into the non-
hazardous location, and

= ventilation is such that air flow with the door open is from the non-hazardous
space into the zone 2 location, and

x loss of ventilation is alarmed at a manned station.
Piping Systems
There is a particular requirement in the RINA Rules and the MODU Code at

paragraph 6.3.2 under the general heading "Openings, Access and Ventifation
Conditions Affecting the Extent of Hazardous Areas” that:

“Piping systems should be designed fo preclude direct communication between
hazardous areas of different classifications and between hazardous and non-
hazardous areas”

:5'1}0
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541

542

54.3

ﬁﬂéb

RINA “RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF FLOATING

UNITS INTENDED FOR THE PRODUCTION, STORAGE AND OFF-LOADING OF
LIQUID HYDROCARBONS®

These Rules do not provide any particular definition of hazardous areas but point, at
paragraph 7.1.1, to the necessity for compliance with RINA’s “Rules for the
Construction and Classification of Ships”.

RINA “RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF SHIPS”
(RINA SHIP RULES)

These Rules (at Sec. D, Part [, Ch.1, tem 1.3.1 - edition 1996) state that:

“Where the requirements. for some paris of electrical installations are not laid dawn by
RINA Rules, reference is to be made to the standards of the Comitato Electrotecnico
ltaliano (CEl), the standard of the Intemational Electrotechnical Commission (IEC) or
the European Norms (EN) insofar as applicable to shipboard electrical instailations.
Materials, équipment or machinery complying with standards other than those of the
CEl I[EC or EN referred fo in these Rules may be accepted by RINA, prowded they
are in accordance with recognised standards.”

With reference to the classification of hazardous areas, the RINA Rules (at Sec. D
Pari I, Ch.1, Para. 1.3, item 1.3.2) state that:

“The electrical equipment specified in 1.3.1 is fo be construcled in accordance with
the relevant provisions of European Norms series EN 50...or with the IEC Publication
79 series or with other recognised standards. In addifion, the specific requirements in
Appendix A to IEC Publication 92-502 (1980) are also o be complied with.”

A relevant part of the Rules appears to be Section D, Part V, Chapter 3 - Electrical
Installations on Oil Tankers, Chemical Tankers and Gas Carriers. This provides a
definition of a hazardous area (section 3.1.4) as foflows:-

‘Hazardous areas of ships specified in 3.1.1.2 are those where flammable or

explosive gases or vapours may normally be expected fo accumnulate”,
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5.5

5.6.1

o 5.6.1.1

5.6.1.2

At paragraph 3.1.4.3 it is clarified that hazardous areas may extend to such areas in
which flammable or explosive gases or vapours may accumulate but only for short
periods. At paragraph 3.1.4.4 ii is stated “Spaces containing cargae and all zones or
spaces adjacent fo cargo tanks are generally regarded as hazardous™.

These Rules are consistent with the MODU Code and applicable IEC standards,
which are referred to.

INTERNATIONAL. STANDARD [EC 618927 MQOBILE AND FIXED OFFSHORE
INSTALLATIONS- ELECTRICAL INSTALLATIONS- PART 7: HAZARDOUS AREA
(IEC 61892-7)

The provisions of this standard are almost identical to the MODU Code and hence the
RINA Rules. However, para ‘4.4 Mobile production unifs” stales that “Area
classification of mobile production units shall comply with nationaf recommendations.
1EC 60079-10 shall be taken into account”.

INTERNATIONAL STANDARD IEC 60078-10 ELECTRICAL APPARATUS FOR
EXPLOSIVE GAS ATMOSPHERES PART 10: CLASSIFICATION OF HAZARDOUS
AREAS (IEC 79-10}

Zones

This standard is consistent with the MODU Code in that the definitions of zones, as
set out below, is very similar. The standard clarifies that hazardous areas are
classified into zones based on the frequency of occurrence and duration of an
explosive gas atmosphere. The code notes that: “indicafions of the frequency of the
accurrence and duration may be faken from codes relaling lo specific industries or
applications.” This standard is particularly relevant as it sets out safety objectives,
area classification objectives and in. consequence an area classification procedure
that is helpfui with respect to the classification of the DSTs and adjacent areas.

The definition of zones according to IEC 79-10 is:

*Zone 0; An area in which an explosive gas atmosphere is present continuously or
for long periods.
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56.1.3

56.2

5.6.2.1

5.6.2.2

56.3

5.6.3.1

Zaone 1: An area in which an explosive gas atmosphere is likely to oceur in normal

operation.

Zone 2: An area in which an explosive gas atmosphere is not likely fo occur in
nomnal operation and, if it does accur, is fikely to do so only infrequently and will exist
for a short period only.

Indications of the frequency of the accurrence and duration may be taken from cades
refating to specific indusiries or applications.”

A definition of a non-hazardous area is given as:

“ An area in which an explosive gas aimosphere is not expected fo he present in
quantities such as to require special precautions for the construction, installation and
use of apparatus.”

Safety Principles

ik is stated that: “Installations in which flammable materials are handled or stored
should be designed, operated and maintained so that any releases of flammable
malerial, and consequently the exitent of hazardous areas, are kept o a minimum,
whether in normal operation or otherwise, with regard to frequency, duration and
quantity.

In the case of maintenance activities other than those of normal operation, the extent
of the zone may be affected but it is expected that this would be dealt with by a
permitdfo-work system.”

it is clear from this that matters concerning the maintenance and operation of
installations are imporiant considerations with respect fo hazardous area
classification,

Normal Operation

This is defined as the situation when the equipment is operating within its design
parameters. it is noted that faifures that involve urgent repairs, such as breakdown of

yLo
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pump seals or shut down are not to be considered as part of normal operation but
that minor releases may be.

Area Classification Objectives
It is refevant fo quote the IEC standard under this heading as foillows:

*In most practical situation where flammable materials are used, it is difficuft to ensure
that an explosive gas atmosphere will never occur. # may afso be difficult fo ensure
that apparatus will never give rise fo a source of ignition. Therefore, in situations
where an explosive gas atmosphere has a high likelihood of occurrng, reliance is
placed on using apparatus which has a low likelihood of creating a source of ignition.
Conversely, where the fikelihood of an explosive gas atmosphere occuiring is
reduced, apparatus constructed to a less rigorous standard may be used.

It is rarely possible by a simple examination of a plant or plant design fo decide which
parts of the plant can be equated fo the three zonal definitions (zones 0, Tand 2). A
more detailed approach is therefore necessary and this involves the analysis of the
basic possibillty of an explosive gas afmosphere occurring™

This part of the standard is very relevant to the hazardous area classification of the
DSTs as the intended use of the tanks, particularly in terms of the frequency and
circumstances under which they might contain a2 hazardous atmosphere, is
fundamental to the exercise.

Area Classification Procedure

The standard describes a procedure and schematic approach for establishing
hazardous zone types. Every item of process equipmeni Is considered to be a
potential source of release of a flammable material. If an item does not contain a
flammable material or if it does but cannot release it (for example an all weided pipe)
then there is no source of release and there can be no hazardous area around the
item. This leads to the assessment of the grade of any the release as continuous,
primary, or secondary dependent on the nature of the opening and the frequency and
duration of the release, which is assessed amongst other things on the basis of the
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5.6.5.2

5.6.5.3

type of opening. A secondary release for example is defined as one, which is not
expected to occur in normal operation, and if it does occur, is likely to do so only
infrequently and for short periods.

Once the grade of the release has been established the influence of the degree of
ventilation is considered in order to arrive at the area classification. For example a
continuous grade release from a zone 0 area into an area with a high degree of
ventifation with good availability would be classified zone 0 negligible extent and
equivalent to non-hazardous. On the other hand if the degree of ventilation were low
it would be classified as zone 0. Therefore, this standard allows for adjacent areas to
have differences in hazardous area classification of more than one division.

Finally it is to be noted that the standard makes a recommendation on the knoWiedge
of those carrying out the area classification in the following terms: “The area
classification should be carried out by those who have knowledge of the properties of
flammable materials, the process and the equipment, in consultation, as appropriate,
with safety, electrical and other engineering personnel.”
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DST HAZARDQUS AREA CLASSIFICATION ACCORDING TO RINA RULES AND
ASSOCIATED IEC STANDARDS

GENERAL

The guestion addressed in this section is, whether the hazardous area classification
for the DSTs and the aft columns, on the basis of the planned use of the tanks as
indicated in the documents and drawings provided to RINA for information and/for
approval, was appropriate and complied with the RINA rules, including the MOD{J
Code and supplemented as necessary by IEC standards.

DSTs

According to the definitions of zonesif would not have been reasonable o have
classified the DSTs as zone 0 as it is clear that it was not planned that they were to
be used in a way that gave rise fo the likely presence of an explosive gas/air mixture
continuously or for fong periods.

The question is now addressed. as to whether the DSTs should be classified as zone
1. [t is necessary to establish whether an explosive gas/air mixture is iikely to occur
in normal operation. Whilst the RINA MODU Rules do noi define normal in this
context, the standard IEC 79-10 does (refer to 5.6.3 above) and this clarifies that
valve failure, maintenance and emergency conditions should not be considered as
part of normal operation.  They could not contain an explosive gasfair mixiure in
normal operation since this does not by definition allow for failures or emergency

situations. We therefore consider that the DSTs could not on this basis be considered.

as zone 1.

Now we turn to the question as to whether the DSTs might have heen classified as
zone 2. We have already established that an explosive mixture was not likely to occur
in normal operation. If a flammable gasivapour were to occur then this should only
have been for a short period of time whether or not resulting from emergency,
maintenance or valve failure. It is therefore considered that the DSTs could have
been classified as zone 2 as they felf well info the definition of such a zone. We
should also question whether they might also fall into the category of non-hazardous.

368
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6.2.4

6.2.5

6.2.6

As mentioned above, IEC72-10 suggests the use of operational procedures such as a
permit-to-work system or isolation of unsuitable efectrical equipment or shut down of
process elc may be adopted to provide an acceptable level of safety in the case of
maintenance or emergency conditions. As an expiosive mixture should only have
occurred very infrequently and outside normal operational parameters it may have
been appropriate to have considered the DSTs as non-hazardous but only in the
presence of operational procedures that were of a nature that would have provided an
acceptable level of safety.

A further factor to be taken into account is the system fitted to the DSTs to introduce a
flow of nitrogen into them as a purge. The purpose of doing so Is fo expel air (and
hence oxygen) so that an explosive gas/air mixture cannot arise even if a flammable
gasfvapour exists. Neither the RINA MODU rules nor IEC 79-10 provide guidance on
how to account for the presence of a nitrogen purge in such circumstances. However
the combination of infrequency of presence of flammable vapour in combination with
the provision of a nitrogen purge might in our opinion have provided the necessary
conditions for a classification of the tanks as non-hazardous.

Classification of the DSTs may also be assessed in accordance with the systematic
approach according to IEC 79-10 (refer to 5.6.5 above}. We first consider the
sources of release into the tank. [n normal operation of the process plant there
should be no release of flammables info the DSTs. There may be a release in the
unlikely event of a valve malfunclion or resulting from maintenance or emergency
conditions. The release into the tank in such circumstances would be graded as
secondary. The hazardous area classification depends on not only the grade of the
release but also on the degree/avaifability of ventilation. The purpose of ventilation in
such circumstances is to reduce the likelihood of an explosive gas/air mixture by
diluting/removing the gas/vapour. An alternative approach is to remove airfoxygen by
the use of a nitrogen purge as described above. The IEC 79-10 standard provides
that a secondary release info a space equipped with a high degree of ventilation,
which has good or fair availahility, would result in a classification of non-hazardous. if
there were only a medium degree of ventifation the classification would be zone 2,
The tanks are poorly venfilated but they were equipped with a nitrogen purge.
Unfortunately I[EC 79-10 does noi provide guidance on the influence of a purge on

classification. However applying a similar approach in refation fo a nitrogen purge, in
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8.2.7

6.3

6.3.1

6.3.2

6.3.3

place of the influence of a high degree of ventilation, it would appear reasonable, in
the presence of an effective nitrogen purge, to classify the tanks as zone 2 or even
non-hazardous.

In summary we conclude that a reasonable hazardous area classification for the
DST’s on the basis of RINA MODU rules would have been zone 2 or alternatively
non-hazardous.

THE COLUMN SPACES

Possible sources of flammable liquids/gas/vapour entering the column may be
summarised as follows:

Leaks from DST discharge pumps as wefl as associated pipe flanges and valves.
Leaks from DST inlet pipe flanges and associated valves.

[ eaks from vent pipe flanges (if any existed).

Leaks from sounding pipe flanges (if aﬁy existed).

A primary consideration in establishing the appropriate hazardous area classification
is the [ikelihood of release of a flammable gas/vapour. In the case of the column
spaces the likelihood of a release is very much smaller than for the DST's since a
release into a cofumn could only occur after a release into a DST followed by a further
failure and release from the DST piping system to the column. On this basis it would
be reasonable to classify the columns less stringently than the DSTs themseives. We
have concluded above that the DSTs would not have been classified more stringently
than zone 2. As a result it would have been reasonable to have taken the columns as
un-classified.

Classification of the columns can also de judged by direct reference to the definition
of zones. It is clear that zone 0 and zone 1 would not apply, as an explosive gasfair
mixture would not be present in narmal operation.  Considering the infrequent use of
the DSTs in the case of emergency or maintenance and the unlikelihood of a release
from the discharge pump, valves or fittings, bearing in mind the infrequency that they

e e o o,
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would contain a hazardous liquid or gasfvapour combined with the good nature of
ventilation of the space within the column, we consider that a non-hazardous
classification would he reasonable. It would be impartant in such circumstances
however that actual operating procedures were adhered to in the use of the DSTs for

emergency or maintenance only.
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7.2

7.3

APROVAL OF HAZARDOUS AREA CLASSIFICATION DRAWINGS

Hazardous Area Classification drawings prepared by AMEC such as DE-5400-9470-
AMK-120, Rev. B “Hazardous Area Classification - Columns & Riser Platform EL
28956199 - EL 31955 A.B.C." (refer to appendix F} were approved by RINA.

The drawing labels the spaces in the column that were to become the DSTs as Base
Ofl Tanks in accordance with their original use. The drawing has indicated ceriain
areas as hazardous but it has not identified the Base Oil Tanks (DSTs) or areas inthe
aft columns as hazardous.

When approving the plan, RINA made the following remarks conceming the
classification of hazardous areas:-

“‘With ref. to your drwgs a.m. we point out that, according to IEC 61892-7 and
MODU Code (see enclosures), the internal spaces of closed tanks are to be
considered zone 0.

However, note that zone 1 includes, in outdaor or semi-enclosed locations, the
area within 1,5m from boundaries of any openings to apparatus which is a part
of the mud system (see 6.2.3.4 of MODU Code), while zone 2 is relevant to the
areas 1,5m beyond the zone 1 areas specified in 6.2.3.4 of MODU Code and
beyond the semi-enclosed locations specified in 6.2.3.2.7

This remark appears to have been a general instruction to the designers that the
hazardous area classification should exiend to ail those areas required by the MODU
cade and the IEC 61892-7 standard fo be regarded as closed tanks. The remark was
general but with regard to the DST’s what was important was their intended use in
accordance with the operating/operations manuals.
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GAS DETECTION

We understand that gas detectors were not fitted in the columns. This is consistent
with areas adjacent {o DST's as not having been classed as hazard areas. However,
even if gas detectors had heen fitted, it is clear that their presence could not have
prevented the first mechanical explosion. With respect to the second chemical
explosion, it is most uncertain that the presence of gas detectors in the column would
have made any difference o events. The mechanical explosion and subsequent
escape of gas, vapour and fluids under pressure was, in our view, almost certain to
have caused the failure of any gas sensor in the vicinity. In any event, many gas
alarms among those located on the upper decks were actually activated after the first
mechanical explosion. It is therefore clear that the presence of gas was actually
detected and that the presence of additional sensors and alarms are unlikely to have
influenced evenis,
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9.1.3

9.2

9.2.1

CAUSES OF THE ACCIDENT

CONSEQUENCE ANALYSIS

A number of events (failures, defects and damages) have been identified in the
ANP/DPC report as well as by other inquiry commissions as having a particular
causal relationship to the casually. In the Consequence Schedule at Appendix G we
fist the events and make a judgement on their contribution to the four major events
leading to the casualty. These major events were:-

A. The first mechanical explosion

B. The second chemical explosion

C. Progressive flooding

D. Sinking

The schedule summarises the consequences of the absence of an event such as the
biind flanging of the atmospheric vent pipe to the starboard DST on the major events
listed above. It can be seen from the schedule that the absence of any of 14
{fourteen} events would have prevented the foss of the unit.

The guestion that may be asked is, had the DSTs or the column been provided with a
more stringent hazardous area classification whether any of the major events leading

to the casuafty would have been avoided.

THE FIRST MECHANICAL EXPLOSION

The first mechanical explosion resulted from the over pressurisation of the starboard
DST. This was caused directly by faulty maintenance activities and faulty operation
of the port and starboard DSTs (refer to events 1 to 6 of the consequence schedule at
appendix G). It is clear that this was nof refated to the hazardous area classification
of the DSTs or the columns.




Our ref: 4467/AJS/R02A.OCL 41

\J)

“P-36°

9.2.2

9.2.3

93

9.3.1

9.3.2

Hazardous area classification assumes relatively minor accidental leakages. A

catastrophic mechanical rupture of the sort that has been deduced to have occurred
to the starboard DST is a far more severe failure than is anticipated might arise in
normal circumstances. Thus the failure that gccurred fell ouiside the ambit of
hazardous area classification.

it is important to recognise that the mechanical explosion Jed not only to a massive
escape of flammable gas but if afso led directly to exiensive damage to equipment
and systems within the fourth level of the starboard column because of the explosion
itself and particularly because of the consequential fliooding of the coiumn. Thus even
if the columns had been fitied with gas detectars. which apparently they were ﬁot, the
probabifity is that they would have been made inoperative by the mechanical
explosion in any event.

SECOND CHEMICAL EXPLOSION

The rupture of the starboard DST was a catastrophic failure that resulted in the
release of a large volume of flammable gas/vapour that vastly exceeded any quantity
than wouid be entertained when assessing whether or not an area was hazardous. In
simple terms, the catastrophic failure of the tank resufted in the certainty that an
explosive gasfair mixture would develop within he column and in the hull above the
column, thereby providing a very high risk of explosion. This has been demonstrated
by the gas dispersion analysis cairied ouf by MTL Engineering Ltda on behalf of
PETROBRAS. Thus the main factor in the cause of the chemical explosion was the
firsi mechanical explosion, which as we have stated above was not related to
hazardous area classification. The massive over-pressurising and rupturing of the
tank structure was a catastrophic failure. Such an event is not faken into
consideration when assessing whether an area should be designated as hazardous.
The adequacy aof the response of the unit's personnel to the first mechanical
explosion is also open to question with respect to the cause of the chemical
explosion.

Despite the massive volume of release of flammable gas the chemical explosion
would not have occurred in the absence of a source of ignition. Thus, it is not

reasonable {o assume that a more stringent hazardous area classification of the
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column spaces would have resulted in a different outcome. From evidence available,
it is not possible to estabiish either the origin or location of the ignition. As an
example, if the saurce of ignition was outside the column or was a mobile source
within the column such as fireman’s {cols, porfable equipment left in the area, elc.
then a different hazardous- area classification within the colwmnn or the DSTs would
have had no influence.

Taking all the above info consideration, it is impossible to say with any certainty
whether or not the second chemical explosion would have occurred had the DSTs or
column been classified more stringently as a hazardous area. However, béaring in
mind the very large magnitude of the gas dispersion that resufted in areas outside the
column as a result of the mechanical explosion, we consider it as likely that there
would have been no difference in outcome.

The flooding was, in our opinion, primarily a conseguence of the first mechanical
explosion, which resulted in the rupture of the seawater pipe at the fourth fevel and
the consequent flooding of the column. The second chemical explosion did not cause
the hull of the unit fo flood and was clearly therefore insufficient in iself to have
caused the loss but may have, amongst other things. caused damages to watertight
doorsfhatches at the upper levels of the column and /or other equipment. However,
the sinking wouid have not occumred without other deficiencies / faihjres that
prevented action being taken fo restrict the rate of or further flooding of the unit.

OPERATION AND MAINTENANCE OF THE UNIT AND ITS CLASSIFICATION
STATUS AT THE TIME OF THE CASUALTY

Accarding to information provided in the various investigation reports. the unit was
being operated in a manner that contravened the Operating Manual. in addition a
number of the unit's essential systems and equipment were out of order or under

repair, including:

(a) Frequent manoeuvres of the DSTs

(b} DST suction pump removed for repair;

4246
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{c) Valves which were leaking;
(d) Air vent of the starboard DST biind flanged;
(e} Two pumps feeding the seawater ring removed for repair;

(i Watertight dampers of the ventilation system out of use and relevant valves
probably blocked open;

(g9} Cracks in the stability box of the starboard column and compariments left
open for ongoing repairs.

DST Manoeuvres

According to evidence available, it appears that the DST's were used frequently for
the storage of fluids, such as water contaminated with oil. The source of the fluids that
were held in the tanks has not been stated. The use of the tanks in this way was not
something that was anticipated in the Operating Manual. Such a change of use of the
tanks should have been confirmed to RINA and was not. RINA were not informed, as
they should have been according o their Rules, that the tanks were being used in the
way that they apparently were. Had RINA been informed they would have had the
opportunity to carry out a survey and to make recommendations consequent to the
change of use of the DSTs.

DST Suction Pump

In the ANP/DPC report it is stated that the pump of the starboard DST was removed
for repair (on 10 February 2001) and the suction and delivery piping to the pump had
been blind flanged. In ancther source of information it is stated that it was the second
time that the pump was sent to repair. n addition, according to the ANP/DPC report,
the suction pump of the port DST had also experienced problems at the time of the
accident, delaying the start of discharge of the port DST and thereby causing the
flooding of product / gas into the starboard DST through the production manifold.

in our view the removal of the starboard DST pump for repairs for such a long period
of time cannot be considered & normai maintenance operation. Without the suction
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pump, the tank could not be emptied, so it had to be excluded from the closed drains
system and put out of service.

Valves

According to witness statements, it was common for valves to leak. Laoking at the
sequence of alfeged events leading to the casually, the inlet valve V 535 fo the
starboard DST was leaking or was left partially open, causing the inflow of liquid into
the starboard DST and consequent over pressurisation. The Operating Manual
requires that both port and starboard EDT inlet valves be closed when pumping out.
A history of leaking valves should have alerted a responsible person to check for such
a failure prior to any pumping operation. In this instance it is clear that either the
valve was leaking in which case proper checks were not carried out or it was not
properly closed. RINA was not informed of these occurrences.

Air Vent of the Starboard DST

The DSTs were designed to store liquids at normal atmospheric pressure and
temperature. They were not designed as pressure vessels. In the ANP/DPC report, it
Is stated that the air vent of the starboard DST was flanged fo prevent a counter flow
of water in the DST through the air vent system. This action substantially aftered the
tank’s design characteristics:

a) It created the possibility of the fank being subjected to an over or under
pressure. The tank was designed to operate at near atmospheric pressure
and temperature. Such tanks should always be connected to an air or vent
pipefsystem commensurate with any possible means of filling or discharging
the tank so as fo prevent the development of a damaging positive or negative
pressure. [f a tank’s vent pipe is closed off it is essential as a matter of
principle to ensure that the tank cannot by any means become pressurised.
This is a normal basic requirement in operating any ship or unit. By blanking
off the vent pipe without also blanking off the inlet pipe the tank was
automatically exposed to the risk of being over pressurised, causing a
mechanical explosion.
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b} ft caused the nitrogen purge fo that tank to be inoperative.

c) It caused the tank level measuring system to be inoperative. Having blanked
the vent pipe it was no longer possible to monitor how much fluid was in the
tank or to detect fluids entering

The flanging of the vent pipe and the consequeni alieration of the tanks
characteristics is without doubt something that should have been reported fo RINA
and was nevet reported. We are of the firm opinion that had it been reported RINA
would have recommended the tank be totally isolated by blanking off all infet and
outlet pipes. It is inconceivable to us that given that such an action is normal and
roufing basic safety practice that they would not have insisted on it.

Pumps Feeding the Seawater Ring

It is reported that two of the four pumps used for feeding the seawater ring, namely
the forward and aft pumps in the port side pontoon, were out of order. This is
ancther matter that should have been reported to RINA and was not reported.

According to the Qperating Manual, at least two seawater pumps were required for
normal services while one of the remaining pumps was to be on stand-by; this
condition was not satisfied with twe of the four pumps out of order. Moreaver, if a fire
had caused the main elecirical generator to siop, only the emergency generator
would have remained in operation. In this case because the port aft pump was out of
operation only one pump instead of the required two pumps would have been running
to supply water to the seawater ring. This would have been an insufficient condition

for fire fighting purposes and not in compliance with the MODU Code or classification
rules.

Watertight Valves and Dampers of the Ventilation System

According to the ANP/DPC report, the actuators to the watertight valves on the
ventilation system were experiencing operational difficuities. The valves in the
starboard column that should have closed so as to prevent water flowing from one

watertight compariment to another failed to close allowing the entire column to flood.
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There is witness evidence to suggest that the watertight dampers were known to be
defective and that PETROBRAS were replacing them with different arangements.

The watertight integrity of the bulkheads sub-dividing the unit is a primary safety
matter and if there was a defect particularly it it influenced a number of watertight
bulkheads,as it appears that it did in this case, the classification society should
without doubt have been informed. Similarly if i had been planned 1o replace any of
the dampers RINA should have been informed and requested to attend to approve
the work. RINA were not informed or asked to attend the unit.

Cracks in the Stability Box of the Starboard Column

According 1o the ANP/DPC report, some cracks in the welding were detected in the
stability box 618 of the starboard column and manholes of tanks 625 (ballast tank)
and 26S had been left open for inspection and ongoing repairs. These cracks had

been previously paiched from the ouiside by divers without the knowfedge or
approval of RINA.

Such cracks to the hull plating of the unit should have been viewed as a serious
defect requiring that RINA was immediately informed the moment they were
discovered. This is because such cracks have the potential to seriously affect the
safety of the unit by allowing fiooding of compartments, thereby compromising
stability and by causing a structural weakness. i was essential that RINA were given
the opportunity to evaiuate the nature and cause of the cracks in order that they could
be in a position to assess the consequences in iferms of the unit's safely and o
assess the type of repairs that were necessary. it is without doubt worldwide
indusiry standard practice to keep the classificafion society informed of any such
structural defect. The fact that they were not informed demonstrates in our opinion a
disregard by the unifs operators o proper precedures relating fo a primary safety
issue.

RINA should have been informed of these cracks, their planned inspection and
repairs. Tt is clear that by opening up the tank the operator was placing the unit at risk
to fiooding. This was not a routine inspection of a tank but to one known to be

cracked. In our opinion there was consequently a duty on the operator to take special
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precautions to minimise the risk to the unit's safety. Camying out this inspection ata
time when two of the four main sea water pumps were out of action and when the
watertight dampers were inoperative would certainly nof in our view have met with the
approval of RINA had they been consuited as they should have been.
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10.3

104

10.5

10.6

CONCLUSIONS

Investigations have shown that there were numercus defects, damages and
alterations arising from maintenance/operational failures that should have been
reported io RINA and were not. They were matters directly related to the loss. -

These failures led directly to the first mechanical explosion, which was not in any way
retated to the hazardous area classification of the unit. Had the DSTs or indeed the
column been more stringently classified, we have concluded that this wauld not have
prevented the first mechanical explosion.

We are of the apinion that the main factor causing the second chemical explosion
was the first mechanical explosion. The catastrophic rupture of the starboard DST
and the consequent dispersion of a large volume of gas resulted in the cerfainty that
an explosive gas/air mixture would develop in the column and in large areas of the
hull above the column thereby providing a very high risk of chemical explosion. The
first mechanical explosion would probably have damaged and made inoperative gas
detectors in the column had they been fitted. The adequacy of the response ta the
first mechanical explosion is also open 1o question.

The source of ignition for the second chemical explosion may well have been at
second deck or tank top level which are above the level of the column. These areas
were most remote from the DSTs in the columns and would not have been influenced
by a more stringent cfassification. We are of the opinion therefore that it is very likely
that it would have made no difference had the classification been more stringent.

The second chemical explosion had catastrophic conseguences o the sumrounding
areas but was insufficient in itself to have caused the loss as was the first mechanical
explosion. We have concluded that many failures of a) to properly maintain the unit's
process plant and safety systems and b) fo properly operate the unit led directly to the
first mechanical explosion, to the second chemical explosion and ultimately o the
foss. [Fany one of these faflures had not occurred, the loss would not have resulted.

The hazardous area classification of the DSTs and the aft columns was made
correctly according fo the applicable rules, based on the MODU Code and IEC
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stardards, which ir our view were enfirely appropriate in the circumstances. They
coufd have been non hazardous or at the most Zone 2 '

I any event the catasirophic rupiure of the siarboard DST that resulied i the
widespread dispersion of a large volume of gas within the hull and legs is 2 far more
pessimistic scenaric than is normally considered when assessing whether areas
shotdd be ciassified as hazardous.

For and on behalf of
tondon Offshore Consultants

¢ 4Sn—ro

A J SQUIRE, BSc., CEng., FRINA, MIMarEST.
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Figure 1 - The Piatform P36
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Figure 2 — Lower part of the aft starboard column
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Figure 3 — Upper part of the aft starboard column
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“Hull Ventilation System — One line diagram, ver. G”
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Presentation of Petrobras Inquiry Commission. Presentation dated 22 June 2001.
Transtation of report of Rio de Janeiro Harbour Master's Office dated 13 July 2001.
ANP/DPC Investigalion Commitiee Report dated July 2001.

Gas Dispersion Analysis dated June 2000.

Report of CREA-RJ Commission dated 4 September 2001.

Operations Manual Volume 1, 3and 7.

Operating Manual System: O#f Production.

Bundies of design drawings.

ABS Certificate RJ 87901 dated 17 May 2000.

RINA Survey Report, Quebec dated 28 October 1898.

Charges by Brazilian Navy Attorneys Qffice dated 26 October 2001.

CD of Presentation given at Petrobras Workshop, Rio de Janeiro, August 2001.
Defences of Petrobras and its employees with refevant supporting documents.

Translation of official record of statement of thirty-seventh witness.
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CONSEQUENCE SCHEDULE
Event Descnpt&on i AT B e
1 | Filling of DSTs by overﬂow 1 1 1 1
2 ! Removal of starboard DST pump O O o o
3 | Closing of the vent pipe to sfarboard DST 1 1 1 1
4 | Decision to pump fo process infet manifoid rather | 1 T t 1
- than production caisson :
5 | Delayed operafion of port DST pump 1 1 1 1
6 I Leaking or improperly closed intet valve to 1 1 1 1
- starboard DST
7 | Rupture of starboard DST (First Mechanicat 1] 1 t t
| Explosion)
— 8 | Ruplure of riser in starboard column Q 1 1 1
— 123 Opening of doors to level 4 compartment from Y ] t 1
- upper hull
T | Faiture of watertight valve ot vernt pipes i o t ¥ t
colummn to close :
11 | Second Chemical Explosion 0 1 1 1
t2 | Non-availability of portside seawater pumps (two 0 0 1 1
- pori pumps removed for mainfenance}
T3 { Leaving open of openings fo compariments 26S & & 1 1
- and 615 -
14 | Decision to ballast unit reducing list 0 o & 0
15 | Progressive flooding 0 0 1 1
16 | Sinking o 1
Key: 1= in absence of event, main events A, B, C or D would not have occurred
(i.e. absence of event = change of outcome)
—~ 0= in absence of event, main evenis would have occurred (i.e. absence of

event = no change of outcome)
A= First mechanical explosion
B=  Second chemical explosion
C=  Progressive flooding

D= Sinking
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THIS AGREEMENT is made the 2ad day of July 1997 BETWEEN:

1) Petromec Inc. whose address is The Tropical Isle Building, PO Box 438, Road Towm,
Wickhams Cay - Tortola, British Virgin Islands, (hereinafter referred to as the "Company");

and

2) Registro Italiano Navale, whose address is Via Corsica, 12 I-J6128 - Genova, Italy (hereinafter
referred to as the "Contractor”).

In the event of any inconsistency or discrepancy between this Agreement and the Appendices, this
Agreement shall take precedence.

Iz consideration of the Contractor performing the Scope of Services contained in Appendix 'A' hereof
(the “Services"), and of the Contractor performing its obligations, the Company shall pay to the
Contractor compensation as set forth in Appendix ‘B' in accordance with this Agreement.

The Contract shall commence on or about 8th July 1997 or as determined by the Company for a period
necessary to complete the work as described herein, or as may be adjusted in accordance with

Clanse 23.

Except as may be described elsewhere mn this Contract, the Contractor shall be given access to the
whole or part of the Jobsite as may be required to enable the Contractor to proceed with the Services in

accordance with the agreed programme for the execution of the Services.

This Contract (as defined hereinafier) shall constitute the entire Contract between the parties as to the

Services to be performed in accordance with this Contract and shall supersede and take the place of all
" documents, minutes of meetings, letiers or notes, which may be in existence at the date hereof and al]

statements, representations and warranties which may have been made by or on behalf of any of the
_ parties hereto.




L. DEFINITIONS AND INTERPRETATIONS

1.01

In these General Conditions and all other doguments which form part of this
Contract:

In this Agreement the following terms shall have the following meaning:

(=)

®)

{©
@

()

®

(&)
()
@

"Petromec _Associated Parties" shall mean all or any of the following parties:

{©H Petromec Inc.

(i1 Maritima Petréleo € Eugenharnia Lid. -

(iiy Petromec - Societd Armamento Navi Appogid Spa

(iv) Each of its respective subcontractors, affiliates and employees,

invitees and servants.

The "Contract" means this Agreement together with Appendices attached
hereto.

The "Services" mcans. all work to be performed by the Cpntractor as
described in Appendix 'A’ or incidental thereto and includes materials,
articles or substances provided hereto.

"Regulatory Bodies" means organisations or individuals baving authority
established by legislation or industry custom and practice to require or
Tequest actions of the Company.

"Contract Price” means the total of all moneys as described in Appendix 'B'
to be paid to the Contractor for performance of the Services in accordance
with the requirernents of this Contract.

"Subcontractor” means any person or persons, firm, parmership, corporation
or combination thereof engaged by the Contractor for the performance of the
Services or any part thereof.

"Jcbsite" means any location where the Services aré performed.

"Facility" means 'Spirit of Columbus' which is to be converted into “P36°.

"Company Representative” means the senior designated person as appointed
by the Company.




2.01

RELATIONSHIP OF PARTIES

The. Contractor's status shall be that of an independent contractor, and the
relationship of the parties shall in no event be construed to be that of principal and
agent or master and servant. The Contractor shall exercise the control, management
and direction of the Services to be carried out. The presence of a Company
Representative or inspector at the site of the Services shall not relieve the Contractor
from the Contractor's obligations for the proper execution of the Services or at law.

3. COMPLIANCE WITH LAWS

3.01

The Contractor shall comply with, and shall require its Subcontractors to comply
with, all laws, regulations, standards and codes of any government in the
performance of the Services.

4. CONTRACTOR TQ INFORM ITSELF FULLY

4.01

4,02

The Contractor shall be deemed to have satisfied itself as to drawings, plans,
specifications and other documents and as to all conditions and circumstances
applicable to the Services to be carried out under this Contract. The information
which the Company may give to the Contractor shall be the best information
available to the Company. The Company shall not be liable for claims from the
Contractor for additional payments, in excess of the Contract Price, on account of
conditions, circumstances and costs which the Contractor should have dstermined
and understood in advance save for those cccasions on which the Company stops the
work for operational reasons.

Any part of the Services not expressly detailed in the drawings or documents
furnished to the Contractor nor mentioned in the Contractor's tender proposal, but
necessary for the proper completion of the Services according to the provisions of
this Contract and necessary to meet properly the requirements for which the Services
are intended, shall be carried out by the Contractor at the Contractor's expense just as
if such Services or part of the Services had been specifically mentioned or shown in
the drawings or documents. .

5. PERMITS AND LICENCES

5.01

Unless otherwise specified, the Contractor shall obtain at its own risk and expense
from the appropriate authorities all necessary permits and licences for the
performance of the Services.




Y

COMPANY'S REPRESENTATIVE

6.01

6.02

The Company shall designate a Representative who shall have authority to act for
and on behaif of the Company in all matters connecied with this Contract. The
Contractor shall comply and procure that its employees, servants and agents comply
with all instructions of the Company's Representative in relation to the Services.

Whilst on board the Facility the Contractor's personnel or any of its subcontractors
and their respective employess shall be under the Company Representative's control.

-

. CONTRACTOR'S REPRESENTATIVE

7.01

The Contractor shall designate a Representative who shall have full authority to act
on behalf of the Contractor in relation to matters arising from this Contract.

CONTRACTOR'S PERSONNEL

8.01

8.02

8.03

8.04 -

The Contractor shall engage, at its sole expense, all personnel necessary to carry out
the Services. The Contractor's persomnel shall be filly qualified and trained,
instructed and supervised, for their respective trades and callings and for carrying out
the Services. The Contractor's personnel shall, as a minimum, be in possession of all
offshore survival and fire fighting certificates required by the current Company
training standards.

The Company shall have the right to require the Contractor, by notice in writing
specifying the reason, to remove from the Services and/or replace any member of the
Contractor's personnel who, i the Company's opinion, is incompetent in the
performance of his duties or is guiity of misconduct or who is medically unfit. Any
costs associated with such removal and/or replacement will be paid by the
Contractor. The Contractor shall replace such person or persons as soon as possible,
after obtaining approval from the Company, with other suitably qualified and
medically fit person or persons.

The Contractor shall, at its sole cost and expense, ensure that prior to performing any
of the Services under this Coptract/Agreement all personnel employed by the
Contractor, both directly and indirectly, submit to a medical examination to the
current Company standard. The Coniractor shall also emsure that such personnel
subsequently submit to periodic medical examinations in accordance with the current
Company standard. . x

The Contractor shall ensure that eny incident of ill health or persopal imjury
occurring to the Contractor's personnel during the course of the Services or which
subsequently arises at any time afier terminatiod of the Contract and which is
apparently related to the Jobsite is notified forthwith to the Company in writing.




CONTRACTOR'S RESPONSIBILITIES

9.01

©.02

9.03

9.04

9.05

9.06

5.07

9.08

5.0%

8.10

The Contractor shall psrférm iis obligations hereunder in a diligent and efficient
manner and it accordance with good oilfield practice.

The Contractor sha!l submit to the Company its written statement of the Safety
Policy which shall include the Contractor's orgamsanon and arrangements for
ensuring health and safety and welfare of any person who may be affected by the
Services of the Contractor and shall ensure that the Policy is applied.

The Contracter should be aware of and work to the Company's Safety Policy.

Contractor shall inform itself of the activities performed by RINA and support these
providing zll required assistance.

The Contractor shall not at ény time provide alcoholic beverages, narcotics or any
prohibited substance in any form cn the Facility or furnish such to any person
thereon or to any person travelling to the Facility.

The Contracter shall be responmbie for the transportation of its personnel to the
Jobsite.

The Contractor shall ensure it is fully aware of Petromec/Brasoil operating policies,
standards and procedures and shall advise all its employees of these prior to their
being zppointed to the Contract. The relevant Contract conditions should also be
advised to employees of the Contractor to ensure they comply fully with the Contract
terms and conditions. -

The Contractor shall inform the Company in writing and in good time of any contrel
measures by way of but not restricted to plant, equipment or procedure which the
Company needs to take to ensure the health, safety and welfare of its persomnel
during the course of the Contractor's Services.

The Contractor shall inform the Company in writing and in good tme of any

Occupational Health Surveillance or Workplace Hygiene monitoring which is
required by statutory requirement or by recommendation or guidance from any
Regulatory Bodies in connection with the Services.

The Contractor shall maintam records of any Occupational Health Surveilance or
Workplace Hygiene monitoring which the Contractor undertakes in connection with
the Services and keep the records available for access by the Company for a period
of thirty (30) vears from the termination of the Contract,

The Contractor shall maintain and keep the Company advised of 2 contact point
within the Contractor's organisation which is available twenty-four (24) hours a day
for the Company to notify any emergency involving the Contractor's perscnnel or
services o the Contractor. The Contractor's written procedurcs for response to any

emergency shzll be deposited with the Company prior to perfomnng any of ths
Services under this Contract/Agreement. i

T ‘\l




10.

11.

9.11

9.12

Any additional labour or substitute labour to be provided by the Contractor,. at the
Company's request, shall be approved by the Company prior to its commencing the
provision of the Services under this Contract.

The Contractor agrees not to remove the labour from the. performance of this
Contract except as indicated in Subclause 8.02 detailed above.

CONTRACTOR'S SOFTWARE TQ BE SUPPLIED

10.01

-

The Contractor, at its expense, shall supply all the software and corresponding
equipment necessary to carry out the Services, except only in so far as the Company
shall have expressly agreed in writing to supply any of these items. The Contractor
must obtain the prior written consent of the Company to any proposed substinution of
or modification to materials and equipment as specified or referred to in this
Contract. .

COMPANY'S RESPONSIBILITIES

1101

11.02

The Company shall provide at its sole cost and expense:

(i) meals for the Contractor's personnel whilst offshore on the Faciii‘;‘y;
(i) sleeping accommodation for the Contractor's personnel whilst offshore on
the Facility;

(1) sick bay facilities for the Contractor's persénnel whilst offshore on the
Facility;

(iv) full taundry service for the Contractor's personnel whilst on the Facility;

8% onshore Company emergency response facilities includiﬁg twenty-four (24)
~ hour communications and Company Duty Manager.

The Company shall provide transportation to and from the Offshore Jobsite for ail
the Contractor's personnel, and shall provide transport in thc event of a medical
evacuaticn which shall be at the Contractor's cost. :

E



12.

13.

14,

PRICE AND PAYMENT

12.61

- 12.02

12.03

12.04

The Company shali pay the Contractor for the Services or interim portions thereof at
the price or prices set out in Appendix 'B' hereof. The Comtracter shall invoice the
Company when the Services or interini portions thereof have been compieted to the
satisfaction of the Company together with such supporting evidence as the Company
may reasonably require. Payment of invoices shali be made by the Company by the
45 days after receipt of the same.

The Company and Contractor shall endeavour to settle any such dispute at the
earliest possible date and any agreed adjustment shall be made as promptly as
possible following the date of such settlement. ‘

Neither the presentation nor payment of any invoice shall in itself constitute
settlement of any dispute, or otherwise waive or affect the rights of the parties
therennder.

The Company shall be entitled to set off any sums due and payable by the Contractor
to the Company under or pursuant to this Contract against sums due and payable by
the Company to the Contractor.under or pursuant to this Contract. :

AUDIT AND RECORDS

13.01

The Company reserves the right, which shall continne for a period of five (5) years
after termination of the Contract, to zudit all the Contractor's records in conpection
with operations under this Contract and shall, vpon request, have access to any
detailed cost daia necessary for that purpose and be entitled to copies of such data
and supporting decurnents and information. .

ASSIGNMENT AND SUBCONTRACTING

14.01

14,02

The Contractor shall not assign this Contract or any part thereof or any bemefit or
interest therein or thereunder without the written consent of the Company. The
Coripany shall have the right to assign this Contract to any person or company not in
competition with the Contracior, upon giving notice in writing to the Contractor.

The Contractor may make such subcontracts with other companies as it deems
necessary for the performance of auxiliary services to be performed hersunder,
subject to the approval of the Company which shall not unreasonably be withheld,
provided that the Contractor shall discharge any Subconiractor whose competence,
capability or performance, in the Company's opinion, is unsatisfactory. In making
any subcontracts hereunder the Contractor shall not be relieved of any of its
obligations under this Contract. :




15,

LIABILITY AND INDEMNITY

15.01

15.02

15.03

15.04

Indemnity by Contractor

The Contractor shall, save as is otherwise herein specifically provided, indemnify and
hold harmless the Petromec Associated Parties and Brasoil from any and all claims,
liabilities, costs, damages and expenses of every kind and nature with respect to
sickness, injury or death of any person employed directly or indirectly by the
Contractor, and damage to or destruction of any property of equipment of the
Contractor, its subsidiaries or affiliates or their subcontractors or their respective
employees arising during and as & result of the performance of this Contract from
any cause whatsoever including but not limited to the negligence of the Petromec
Associated Parties and Brasoil.

Indemnity by Contractor for Third Parties

The Contractor shall be responsible for mdemmnifying and holding harmless the
Petromec Associated Parries from all claims, liabilities, costs, damages and expenses
of every kind and nature resulting from:

(a)  personal injury including fatal injury and disease to, and/or
) loss or damage 1o property of

third parties arising out of or in comnection with the performance of the Contract
whether or not the negligence or breach of duty of the Petromec Associated Parties
caused or contributed 1o such personal injury or loss or damage.

Indemnity by the Company .

The Company shall indemnify and hold harmless the Contractor from any and all
claims, liabilities, costs, damages and expenses of every kind and naturs with respect
to sickness, injury or death of any person employed directly or indirectly by the
Petromec Associated Parties, its subsidiaries or affiliates or any of their contractors
(other than the Contractor) and damage to or destruction of any pfoperty or
equipment of the Company, Iits subsidiaries, affiliates and conmtractors and their
respective employees arising directly or indirectly during and as a result of the
performance of this Contract from any cause whatsoever including but not limited to
the negligence of the Contractor; its Subcontractors and their respective employess.

Liability for Centractor's Eouipment

The Contractor shall bs responsible at all times, including while in storage or in
transit, for damage to or destruction of the Contractor's equipment regardless of how,
when or where such loss, damage or destruction occurs and the Company shall be
under no liability to reimburse the Contractor for any such loss or damage.




16.

17.

15.07

15.08

Conseguential Loss

Notwithstanding any other provision of the Contract neither the Petromec Associaied
Parties nor the Contractor shall bear any liability to the other under this clause (and
each party hereby agrees to indemnify the party relying on this provision) for loss of
production, or consequential damages arising during and/or as a result of the
performance or non-performance of the Contract regardless of the cause thereof
including but pot limited to the negligence of the party seeking to rely on this

provisiomn.

Continuing Effect

Notwithstanding anything to the contrary in this Contract the Labilities and
obligations of the parties under this Clause 15 shall survive the terminzation of this

Contract.

GUARANTEE

16.01

16.02

The Contractor undertakes and warrants that the Services shall be performed in
accordance with the Contract in 2 competent and workmaniike manner with all skill,
care and due diligence and in accordance with good, sound engineering and oilfield
practices to the satisfaction of the Company and the Company Representative.

If the Contractor re-performs any portion of the Serviess, the provisions of this
Contract shall apply to the portion of the Services so re-performed. Any such re-work .
will be to the cost of the Contractor.

INSURANCE

19.01

Insurance of Centractor .

With respect to and for the duration of this Contract the Contractor shall, for
liabilities assumed by the Contractor hereunder, procure and maintain with insurance
underwriters, and on terms reasonably acceptable to the Company, appropriate
insurance coverage including but not limited to the following: -

0 Employers' Liability insurznce in the customary form of unlimited liability
and Workmen's Compensation (if applicable} for the statutory legal limit of
liability in the country or in the respective countries where the Service is to
be performed including but not limited to the UK Employers' Liability
(Comnpulsory Insurance) Act of 1969 and any amendments thereto or by
the law of any area in which the Contractor may become legally obligated
to pay benefits including but not limited to United States Jones and
Admiralty Acts. Such insurance shall include occupationat disease and
sickness and to be effective with an insurer anthorised to transact business

~ in the United Kingdom;

(1) - Personal Accident imsurance cover for all Contractor's empioyees with
coverage on a sliding scale up to a mimimum of £20,000 for death. This
cover to include loss of imb(s), eye(s) and permanent total disablement;

ERE ST L s o
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17.03

V)

v

{vii)

(viil)

Third Party and Passenger Liability insurance as may be requir
statute or sirilar regulation in the country(ies) of use with respect to motor
vehicles used by the Contractor in connection with the performance of this
Contract. The Contractor shall ensure that its Subcontractors maintain
such insurance in respect of motor vehicles used by them or their

employees.

the above coverage shall contain a waiver of subrogation in favour of the
Petromec Associated Parties;

the Contractor shall furnish to the Company certificates of all msurance
required by this clause giving evidence of the types and soope of each

insurance cover,

policies shall be issued by insurers approved by the Company.

General Insurance Reguirsments

()

®)

(©

Neither failure to comply nor full compliance with the insurance provisions of
this Agreement shzfl limit or relieve the Comtractor of its Habilities and
obligations under this Agreement and in partcular from the Contractor's
cbligation 1o hold harmiess the Petromec Associated Parties in-compliance
with the indemnity provisicns of this Contract.

All policies shall contain a clause to the effect that such insurance policies
shall not be modified or terminated without thirty (30) days prior notice In
writing to the Company and, in addition, shall name, in respect of Clause 19
where applicable, the Petromec Associated Parties as additional assureds.

All policies shall contain a clause to the effect that insurers have sighted and
acknowledge this Agreement and walve all rights of subrogation against the

Mj} f\

:’

Petromes Associated Partiss.,




18,

TAX REQUIREMENTS

18.01

18.02

18.03

18.04

18.05

The Contractor shall pay and shall use its best endeavours to procure that any
Subcontractor employed in connection with this Contract shall pay zll Income and
Corporation Taxes properly and duly assessed om the profits accruing to the
Contractor or such Subconiractors (as the case may be) from the operation of this
Contract and the Contractor shell (subject as hereinafter mentioned) indemnify and
hold harmless the Company against any expense, liability, costs, .clamns or
proceedings howsoever arising in connection with the lability of the Contractor or
Subcontractors of any such taxes levied by any country or political subdivision

thereof,

In the event of the Company being accountable (including without limitation pursuant
to the provisions of the Finance Act 1973) to the United Kingdom Inland Revenue or
to the Canadian or Italian and Brazilian Tax Authorities for any unpaid tax assessed
on the Contractor or on any Subcontractor performing services for the Contractor (in
relation to the operations hereunder) and where such tax is in respect of profits and
gains from the performance of such Services the Company will, within fifteen (135)
days of receiving 2 notice from the Inland Revenue or Canadian and Brazilian Tax
Authorities, provide the Contractor and any Subcontractors concerned with a copy of
such notice and of any document accompanying the same. Within seven (7} days of
receiving from the Company stch copies as aforesaid, the Contractor will pay the
Company the amount required to be paid by the Company under that notice. In the
gvent that any delay in the Company making payment to the Inland Revenue or to the
Canadian or Jtalian and Brazilian Tax Authorities occurs by reason of the Contractor
not paying to the Company, then any interest or penalty payable in respect of such
delay shall be borne by the Contractor.

Contractor shall consider the company or resident abroad for all matiers associated
with AT, loca] taxes in the UK, in Raly in Canada and Brazi].

The Contractor shall defend, indemnify and hold the Company harmless frem any
taxes on income, wages, salaries, profits or gain imposed by any governmental
authority upon the Contractor or the Company in respect of any payment to or eamed
by the Contractor or the labourer,

If required by the laws of any country having jurisdiction, the Company shall have
the right to withhold payments at the withholding rate specified by such laws from
the compensation payable for the Service performed by the Contractor hereunder and
any such amounts paid over by the Company to a government authority, pursuant to
such laws, shall to the extent of such payment be deducted from the amounts owing
to the Contractor hereunder

Netwithstanding anything to the contrary written in this Contract the liabilities and
cbligations of the Company and Contractor under this clause shall survive
termunation or compietion of this Contract.




19.  FORCE MAJEURE

15.01

19.02

iIf and to the extent that either party is hindered, or prevented by circumstances not
now reasonably foreseeable and not within its reasonable ability to control, from
performing any of its obligations under this Contract and promptly so notifies the
other party giving full particulars of the circumstances in question, then the party so
affected shall be relieved of liability to the other for failure to perform such
obligations but shall nevertheless use.its best endeavours o resume full performance
thereof without avoidable delay and, pending such resumption, shall permit and shall
use its best endeavours to facilitate any efforts the other party may make to procure

alternative supplies or services. :

If either party is unable to perform its obligations under this Contract for the reasens
specified in Subclause 19.01, for 2 period exceeding seven (7) days, then the
Company shall be entitled to terminats this Contract forthwith by written notice.

20. TECHNICAL INFORMATION AND CONFIDENTIALITY

20.0}

20.02

20.03

The Company will provide such techmical data and drawings necessary for the
performance of this Contract subject always to:

)] all specifications, drawings, tracings, design calculations, geological or any
other data and information supplied directly or indirectly by the Company
to the Contractor in conpection with this Contract shall remain the property
of the Company and togetaer with depths, formations penetrated, casing
depths, testing and surveying and any other like information cobtained by
the Contractor either by word of mouth, visual cbservation, derivation or
any other way shall be kept in secrecy and treated as confidential and shall
not be used other than for the purpose of this Contract nor be divalged to
any third party without the written consent of the Company provided,
however, that this shall not prevent the divitigence of information to the
Contractor and the designated employess or assigness of the Contractor in
the normal course of carrying out this Contract. Furthermore, the
Contractor shall return to the Company all printed matter, including
drawings and specifications supplied by the Company, as socon as
reasonzbly possible on completion of this Contract or on termination of
this Contract for whatevar reason; '

(i) no design or drawing development under this Contract shall be reproduced
in whole or in part by the Contractor for any purpose not reiated to this
Contract without the prior consent of the Company.

The Contractor shall ensure that its personnel and its assignees and their personnel
shall comply with ail instrucrions issued by the Company to mainiain the security of
confidential information. .

The obligation of Subclauses 20.01 and 20.02 above shail not apply to any
information whickh: ‘ f




21,

20.04

(i} is or becomes within the nublic domain other than by breach by the
Contracter of the obligations imposed by this Clause 22; or

63) was in the possession of the Contractor prior to its acquisition or
development pursuant to this Contract; or

(iii) was lawfully acquired by the Contractor from a third party not under a
similar obligztion to the Comapany-in respect thereof.

It shall be the rBSpOnSIblhty of the Contractor 1o demonsmte that the information
comes within the exceptions aforesaid.

The Contractor shali not publish any information concerning the performance of this
Contract, including the fact of the existence of the Contract itseif, for any
promotional, advertising or other reason, without first obtaming the written

permission of the Compary.

SUSPENSION. EXTENSION AND TERMINATION

21.01

21.02

21.03

21.04

" Where the Company extends the duration of the Services referred to in the Contract

or requests additional labour or materizls, the Contract shall be extended by murtual
agreement of the Company and the Coniractor. Such extensions shall be documented

. by a formal contract amendment duly approved by both parties.

The Company may, at its absolute discretion, suspend or terminate the Services at
any time and where the Contractor is not in defanlt hereunder the Company agrees to
pay the Contractor for all work done and all materials furnished, pursuant to this
Contract, up to the time of suspension or termination.

The Company shall be entitled 10 terminate this Contract with immediate effect and
without further compensation by notice in writing if:

(a)  the Contractor or labour shall have comumitted any serious breach or repeated
or continued (after wamning) any material breach of iis or his obligations
hereunder or shali have been guilty of conduct tending to bring itself or
himself or the Company into disrepute; or

(b)  if the Contractor is unable to pay its judgement debts as they fall due or 2
petition is presented or a meeting convened for the purposes of winding up the
Contractor (except for the purposes of reconstruction) or if the Contractor
enters into liquidation or compounds with its creditors generally or has an
administrative recetver appointed over all or a substantial part of its assets.

’

No failure or crmussion by either the Contractor or the Company to carry out or
observe any of the stipulations, conditions or obligations to be performed hersunder
shall give rise to any claim against the other party or be deemed to be 2 breach of
Contract if such failure or omission arises from a cause reascnzbly beyond the

controf of the partyﬂ_;ig'{ning force majenre. - \
. i i 1

i
i,
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22,

23.

24,

CER’I‘IFICA’I’ION= QUALITY ASSURANCE AND AUDITS

22.01 The Contractor shall provide aH quality assurance documentanon, as required under
the Scepe of Work. :

22.02 The Contractor agrees that deh very -l not take place and payment will not be made
until the provisions of Clause 22 are satisfied.

SAFETY

23.01  The Contractor agrees to maintain the highest standards of protection of persons and
‘property during the Contractor's performance hereunder and the Contractor agrees to
comply with the Company's Health, Safety and Environment Policy during the
Contractor's performance herevnder and to provide its personnel with adeguate
information, instruction, iraining’ and supervision o ensure compliance with the
Cempany's policies and all statutory requirements or written recommendations or
guidance of any Regulatory Bodies.

23.02  The Contractor agrees to provide at:d maintain an up to date written assessment of

the Services. The assessment 10 centain a detailed description of the hazards and
risks presented by the Services and the control measures which are to be applied.

GENERAL

24,01  Time being of the Bssence
In the performance of this Condract it is recognised that time is of the eséenoc.

2402  Waiver
No failure or failures on the part of either party to enforce from time to time zll or
any poriion of the terms cr conditions of this Agresment shall be Interpreted as a

waiver of such terms or conditions.

24.03 Previous Statements

Save as expressly incorporates herein, any and all oral or written statemenss or
agresments given by or made between the Contractor as 2 whole and the Company as
a whole prior to the daie hereof are hereby excluded.

24.04 Changes to the Contract

@ No amendments or changes to the Contract shall be made except wherz the
Company agrees In writing;

(ify ~ when agreement has been reached between the Contractor and the Company
as to the net effect of a chenge to the Contract then the Comtractor and the
Company shall execute a document which wiil become a binding Agreement
supplementing and included by references into the Coﬁimt and shalf be

H , G |
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25.

termed an Addendum to the Contract and ail the relevant terms and condmon
of the Contract shall become applicable thereto.

NOTICES

25.01

Any notice given under this Contract shail be in writing and may be delivered by
hand or may be sent by registered mail, postage prepaid, or by letier or by facsimile
transaction. Notice to either party snall be given at such a2ddress or addresses as such
party shall specify from time to time by written notice to the other. In the absence of
such notice to the contrary, notice to the Company shail be propesly addressed to:

Petromec Ing, ' .
c/o AMEC Process and Energy Lsrmte;d

1 Golden Lane

LONDON

EC1Y ORR

Attention: Dormingos D’Arco

Telephone: (0171) 894-4G99

Facsimile: {0171) 804-4G55

and notices to the Contractor shall be pronerly addressed to:

Attention: Ing Cssare Murgia
Telephone: (00 39 6) 488-3580/ 488-2243
Telex: -

Facsimile: (00 39 10) 538-5570

Any such notics shall be efective:
@ - if delivered by hand, at time of deiivéry;

{)  if sent by facsimile, at time of dispatch unless sent outside normal business
hours when it shall be deemed received at 1000 hours (addressee's local
time) the next succeeding business day;

(iti) if sent by registered mail, three (3) days afier the date of mailing provided
always that intention of mailing such notice is given by telephone or in
writing.

!




26. GOVERNING AW

26.01  This Contract shall be governed Sy and construed in accordance with the laws of
England and the parties hereby agres that any action by either party against the other
in respect of or arising out of this Cortract shall be commenced only in a court of
competent jurisdiction and each of the parties hereby submits fo the non-exclusive

jurisdictions of the English Courts.

IN WITNESS WHEREQOF this Agrecment has been executed on behalf of the parties hereio the day

and vear first above written.

SIGNED BY
for and on behalf of
PETROMEC INC.

SIGNED BY
for and on behzalf of
REGISTRO ITALIANO NAVALE

REGISTRO [THLAAD Al FALE
F. Ziliono

- ‘I =1 ‘!.: [: - ,‘lv-l
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Appendix ‘A’

Scope of Work
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‘Scope of Work

The semi-submersible mobile “Spirit of Columbus™ will be upgraded for processing 180,000 bbl/day of
crude oil, to be installed in the Roncador Field, Campos Basin, offshore the North Coast of State of Rio

“de Janeiro, Brasil, for gas and oil production,

Contractor shall maintain the present class of the whele vessel including topside facilities (Process

system), mooring system and risers during the npgrade and afier, according to the following documents

L

= (attached) which are an integral part of the scope of work:

Brasoil specification: ET-3010.38-1200-940-PPC-001 Rev A
Amnex X of the Upgrade Contract: Deviations

" (Rina’s specific Rules)? *

Metocean data:  ET-3010.56-1200-541.PPC-001

The scope of wark on lump sum basis, comprises but not limited to the following items:

Design appraisal, technical review of the upgrading documents originated by Brasoil,
MSR (OTD) AMEC and Noble Denton.

Survey in Canada during the yard’s upgrading work by a resident surveyor.

Offshore attendance during inclining baliast tests and final process facilities testing/
comrnissioning and the release of final class certificates.

General co-ordination with Purchaser and Sub-contractors {(i.e. AMEC; | Noble
Denton; Davie Industries and Sub- Supphcro)

The Contractor shall issue and present to the Company a monthly report showing the
development of the works in charge of the contractor.

The Contractor shall attend a monthly mesting with the company and Brasoil where
will be discussed technical issues and the development of contractor’s Work

The Contractor shall liaise with ABS Europe to obtain from them all meters tha.t Rina

needs t0 maintain the present class notation during the upgrade and after.

::'. }‘,
. H &
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Appendix 'B'

Compensation

COMPANY shall pay the Contractor during the continuance of the Contract and according to its terms
and the amounts from time to time due and calculated as provided in this Contract. No other payments
shall be due by COMPANY other than those specifically mentioned in this Contract. The Rates
hereunder shall be fully inclusive of all the Contractor's costs, overheads and profits incurred by the
Contractor in the performance of this Contract and in fulfilment of the Contractor's obligaticns and
liabilities thereunder including but not limited to direct labour costs, overtime, payroll burdens, bonuses
pald for handling materials and goods, repairs and maintenance costs, taxes, training, insurances,
financing costs and import and export cuties and shall be payable per day or pro rata thereof. The
Rates herein shall be fixed for the duration of the Services.

Prces/Milestones

A) Design Review US§  38,000.00
B) Survey m Canada

(considered 12 months) US3 442 000
C) Offshore Attendance

(estimated 21 pays) ~ USS 25,000
Payment Terms

Engineering Lump Sum - ftem A above

— 10% upoen issue of purchasing order and rccczpt of acknowledgement form duly signed.
— 20% three months after commencing engineering review/appraisal.

50% upon completion of engineering phase.
20% upon submission of all documentation/approval.

S{Jrvey Lump Sum - item B above

10% upon 1ssue of purchasc order and rcxlpt of aclmowlcdgement duly signed.
25% after 3 months the rig enters the yard

25% after &6 months the rig enters the yard

— 20% after the rig sails away from the yard

20% upon completion of all activities and release of final reports m Canada.

Offshore attendance Lump sum - item C above

- 10% upon issue of purchase order and receipt of acknowledgerment duly signed.
— 90% upon completion of all activities and release of final reports.

Frronr
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ADDENDUM NC. 2

CONTRACTOR

CLIENT:
Registro Italiano Navale

Petromec Inc.

This document is issued as an Addendum to Contract 04/97 between Petromec Inc. And
Registro Italiano Navale in accordance with the requirements of clause 24.04 (11) of the

Contract.

The changes below referenced RINa’s fax ITO - 042942/RRO and Petromec’s fax Ref:
QUE.GE.1781 from which the conclusion are as follows:

- — The Parties agreed to have an extension of the contract related to the RINa survey,

beginning on November 1%, 98.

— The Parties agreed that RINa has to have a monthly compensation tc provide the

activities related to the above mentioned survey for the amount of US$33,150.00.

In witness whereof, this Addendum No.2 has been exscuted on behalf of the parties
hereto on the date written below.

Signed by: o s dra
for and on behalf of o T ML e WSl s
PETROMEC INC. LQ( —/O J ) / )
Dated: ‘é‘y ) "::!':1":37 ) LY Y "}Ql s . .."’?'-’ {L,.. Q:_:;

_ R REGISTRO LTALIANO HAVALE
Signed by: v, €. Murgia
for and on behalf of

REGISTRO ITALIANO NAVALE

Dated: -

Uatempsecirina\contracts\addeontract.doc
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In witness whereof this Addendum No. 1 has been executed on behaif of the parties

hereto on the date written below.

Signed by:

for and on behalf of

PETROMEC INC.

Dated

Signed by:
for and on behalf of

REGISTRO ITALIANO NAVALE

Dated

- T
b A

—
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/ MAS' R SCHEDULE

JPGRADING OF THE SPIRIT OF COLUMBUS TO PETROBRAS P-3€ FOR THE RONCADOR FIELD

1996 o 1897 1098 1999 -

Qir4 Qir 1 Mr 2 Qir 3 - Qird CGir 1 Qir2 Qir 3 Qr 4 QHr 1

ENGINEERING

Concept Engineering
Bagic Engineering
Contract Start

Detall Enginesering

PROCUREMENT
‘Skid/Equip Procurement _

SHIPYARD
Fabrication Facllity
Skid/Equip Delivery

SPIRIT OF COLUMBUS

SOC Sail To Quebec i
8OC Moored To Quay :
Decommissioning Existing Equip
Installation Of New Facilities

FIELD LOCATION
P-36 Ready For Tow
P-36 Sail To Field
P-36 On Location
Instalfation Offshore
Production Start
Operations Support

& |21/9/1098

@ 311998
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APPENDIX 1 |

SCOPE OF WORK

SPIRIT OF COLUMBUS UPGRADE

TN -

Revision 1 - tssue for tender 13 December 1996

Document File Reference:c:\msoffice\word\data\upgryard
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Spirit of Columbus
Upgrade Yard Workscope

1. Introduction

The Spirit of Columbus is a new build semi-submersible currently equipped as a
Floating Production and Drilling Unit. The vessel has been selected to be installed
as a Production Unit in the Petrobras P36, South Marlim Field. The vessel wili
require additional process related equipment to suit the field specific needs, as
exprassed within the project directives and specificaticns.

The upgrade will be progressed within the followir{g phases:

Phase 1 Basic Design

Phase 2 Detailed Engineering
Phase 3 Procurement

Phase 4 Yard workscope

Phase 5 Offshore delivery

The following description provides a brief summary of the Phase 4 requ;rements
the BRASOIL Directives will form the basis for any contractural agreement.

2. Overview

The SoC will be delivered with essential life support, marine and utility systems in
service. The production system is currently equipped with a level of core facximes
The upgrade workscope will be progressed within three distinct areas:

i Removal of redundant équipment, deck preparation.
it installation and hook-up of new, fully outfitted, packaged equipment
iii. Upgrade of existing facilities to comply with project spacifications

The upgrade yard shall be responsible for ail works associated with the removal
and storage of redundant equipment and the receipt, installation and hook-up of
the Field Specific Equipment (FSE) packages. The FSE packages, wili be delivered
fully outfitted with valves and instrumentation, piped and cabied to skid edge
interfaces. In addition, the yard will be responsibie for the provision of all necessary
installation materials and consumables, to be supplied in compliance with the
applicable Project specifications. The work will include for the modification of
existing Core Equipment and utilities, as defined in the Workpacks. The upgrade
yard will be required to develop detailed ptanning and fabrication documents, as
described within the Directives.

The upgrade yard shall be responsible for the testing and on-shore commissioning
pursuant to the issue of the System Acceptance Certification described within
Annex VIII - Directives Tor Commissioning and Pre-operations.
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The upgrade yard shail be responsible for adnherence with the Directives, prevailing
regulatory standards and codes of practice, together with the established principles
of good oitfield practice, in achieving the safe and efficient complietion of the work.

3. Equipment Receipt and Starage

The vyard will be reguired to receive and store the FSE packages, prior to
instaliation.  Upon delivery the equipment shall be inspected, against the
specification, for completensss and darnage. Any shortfall or damage shali be
noted by the yard, with a report issued to the Company and the supplier. The yard
will arrange for suitable storage, preservation, care and maintenance, in
accordance with the recommendations of the supplier. '

Yard supplied materials and consumébles shall be stored and controlled in
accordance with a recognised international guality control standards i.e. BS5750 or
equivaient. '

Redundant equipment removed from the So'CAshaH be stored in suitabie conditions
as required by the Company, in readiness for future deployment.

4, Installation

The yard wiil be provided with a detailed Engineering Design package which will
include:- '

e Process and Utility Flow Diagrams (P/UFD) and Piping and Instrumsent
Diagrams (P&ID). : '

® Project equipment, installation and commissioning specifications.

o Schedule of interfaces.

° Equipment lists, weights and dimensions.

° Structural steelwork scantlings.

° Equipment layouts,

® Equipment specifications and data sheets.

° Piping Line Lists and cabie schedules.

o Project quality plan.

o Current "as built" electrical/controls documentation.

@ Project Procurement Plan.

The yard will be responsible for the daveioprnent of the following:

° Quality assurance / quality conirol procedures.

o Final material take-offs.

° Fabrication detail documents inciuding structural, pipework, cable
traywoerk and equipment mounting suppoerts.

s - Pipe supports and stress analysis. -

® Lifting and rigging arrangements.
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e Routing and distribution of smali bore pipework.

° CA approved Welding and NDT/hydrotest procedures.

° Electrical/controls cable routing and interconnection drawings.

e Function test and onshore commissicning procedures.

o Company supplied documents to be modified to "as-built” status,
° Vendor document control. '

® Fire protection/detection system integration.

The instaliation shall include all necessary skills and resources to complete the

‘work, which will include manpower [superviscry, technical, inspection, trades and

labour] together with machinery, equipment, tocls, scaffolding and consumables as
reguired.

The following list is indicative of the general areas and types of activities currently

envisaged during the upgrade:

s Monitor and centrol progress.

o Remove redundant equipment.

@ Complete structural modifications e.g. aft deck extension steelwork.

o Prepare existing pipework and support systems. ‘

° Lift and install FSE packages.

® Complete process system package instaliaticn and connection tc the
existing pipework and support systams. '

e Complete integration of safety and control system equipment.

e Equipment calibration and function testing

® Complete marine system modifications.

® install, gland, terminate and dress eiectrical cables, as required by the
activities above.

® Install and connect all smalt bore pipework and tubing, as required by
the activities above.

° Make good and repair any damage 1o the existing equipment.

s Make good and repair paintwork and protective coating systems. .

@ Generate work outstanding punchlists.

® Provide supervisory, inspection and quality control services

(radiography, NDT, hydrotest etc.).

5. Function Testing and Onshore Commissioning

The vessel will be delivered tc the upgrade yard with existing marine and safety

" systems functiona! and in service. The upgrade yard will be reguired to provide

continued care and maintenance for the existing systems. The upgrade yard shali
complete detailed system function testing and on-shore commissioning for all
systems added to, or modified during the upgrade. The procedures shall be

—. _effected in accordance with the Directives to the satisfaction of the Company

spresentative(s).
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Completion of the testing and commissioning shall be evidenced by the progressive
acceptance of the Certifying Authority and'.the Company representatives.

Completion cf the systems requiring ¢ mer hydrocarbons or access 10 deepwater,
for final commissioning shali be taken as far as is reasonably practicable.

The yard shall be responsible for the satisfé'ctory completion of Surveys, Statutory
and otherwise, and any related functional 'and performance testing that may be

_ required by the Certifying Authority.

e. Spirit of Columbus Background

6.1 Summary Yessel Descr_ig'tion

The Spirit of Columbus is a 'state of the art’ Floating Exploration and Production Facility,
capabie of drilling and cilfield production activities acrcss a wide range of water depths.
The vessel is based on Friedman and Goidman "Trendsetter' class semi-submersible

‘mobile drilling rig design, and has been deslgned to be suitable for a wide range of field

operating conditions worldwide.

The basic design incorporates all the marine systems, utllities, services and drilling facilities,
plus core production equipment. The core produciion equipment is designed fo cater for a
wide range of operating conditions, but it may be necessary to add 'field development
equipment' to meet the requirements of a specific field (gas:oil ratio, pressure, temperature,
export requirements etc.) Space, payload and utilities have been allocated to cater for
such eguipment.

The Spirit of Columbus is provided with drilling facilities capable of development driliing,
which also provide full workover capability. The core process equipment is designed to
handle up to 100,000 bopd, 120,000 bwpd for water injection and up to 100 mmscf/d of
compressed gas, with oil exported via an offshors tanker loading system up to 3km away.
Facilities for gas export, gas lift, gas injection and oil export via pipeline can be added as
field development equipment, .

The FPF is designed and constructed in accordance with the requirements for Production
Operations in the North Sea as laid down by the UK Department of Industry and the UK

Health & Safety Executive. Lloyds Register will issue a certificate of compliance to this
effect. The vessel is Classified by both Lloyds and the Halian authority RINa.

Dimensions

The main dimensions of Spirit of Columbus are:

Length overali 112.8m
Beam overall 77.8m
Height (keel to top of main deck) 42.7m
Height (keel {0 top of derrick) 85.3m
Operating Draft 24.4m

Transit Draft ' 15.0m .~
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Upper Hull length overall 70.1m
Upper Hull Beam overall . | 68.6m
Upper Hull Depth overall - 7.7m

Note: The transit draft above should be iaken as the maximum expecled draft of the

vessel at the completion of the proposed ouffitling, with thrusters fitted. With the
thrusters removed, the equivalent draft would be 10.3m. The minimum expected
draft during outfitiing is 8.5m. :

Detailed Vessel Description

Drilling Systems

.The Dynamic derrick is 160 feet high with a 40ft by 407t base, rated at 1,000,000Ibs,

static heok load. The Drill String Compensator is 600,000lbs capacity with 25ft
stroke and an integral 500 ton travelling block. The vessel has & 2000hp drawworks
fitted with 1.5" wireline suitable for nominal 6560m (20,0C0f) drilling depth, a 4 § %"
rotary table independently driven by 100Chp dc motor, with a 59ft keily and 500 ton
swivel. The Riser Tensionning is achieved with a 6 x 80,000 Ib riser tensioner

sysiem.

There is a 500 psig diverter with a singie 16" divert line, 10,000 psig cheke and kill
manifeld, mud/gas separator, 50 barrel capacity trip tank and pump. A 193 ton ralil
mounted BOP transporter is fitted, with 2 x 22 ton overhead maintgnance cranes.
The Subsea BOP hydraulic control system with master control unit, accumulators,
duplicate hose reels and pods, drillers control panel and electric mini control panel

The vessel is fitted with 2 x 2950 cu ft bulk cement storage tanks and 1 X 480 cu ft
staging tank. There are also 2 x 2850 cu {t barites tanks with 2 x 1100 cu ft storage
tanks and 1 x 40 cu ft surge tank. Fluidisation and conveying by 60psi compressed
air system. Cementing is by twin diese! driven cement pumps rated at 10,000psig
complete with liquid additive proportioning tanks, displacement tanks, cement
mixing system, discharge manifeld, with dual high pressure lines to drill floor cement
manifold and coennaction to choke and kill manifold.

For Mud Storage/Mixing, there is an Active/reserve tank capacity of 2760 barrels,
two 6 x 5 mixing pumps, twg 700 gpm hoppers, low pressure and high pressure
mud guns. There are two 1600nhp friplex mud pumps fed by two 6 x 5 charge
pumps to supply high pressure mud at up to 5000 psig. Mud Return and
Processing is by 4 double deck shakers with 2 x 8 coneg desilter banks over one
shaker, and a 1000 gpm vacuum type degasser.

There is an 18 3/4" 10,000psig BOP stack consisting of 1 x 5,000 psig annular, 4 x
10,000 psig ram preventers, flexible joint well connector, 21" OD riser with 10,000
psig choke and kill lines, integral boost line and telescopic joint. There is a full pipe
handling set plus a downhole drifl string end complete set of drilling tools.

A central hydraulic unit powers BOP handling and maintenance systen‘i, piperacking
system, varicus drill floor tocis and minor users. Utllities are supplied {o the driiling
equipment from integrated vesse{ systems.
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Provision has been made in the design of the drilling facilities for the installation of
crown mounted compensator, Derrick mounted top drive unit, third 18600hp ftriplex
mud purnp, riser tensioner systern capabie of expansion to 12 X 80,0001bs system,
and high speed and low speed centrifuges for deweighting and fines removal.

Production Systems

The core Qil/Gas separation system comprises one train of 2 stage separation. A
test separator (3 phase) operating at least at 2nd stage separator pressure is also
provided. The test and 2nd stage separaiors have sandwashing facilities and sand
collection trays. Crude heating fs provided at the inlet of both the test and 2nd
stage separators. Provision has been made for instaliation of a 1st stage separator,
as part of further field development.

Qil is exported by 3 motor driven crude booster pumps. There is a singie gas
compression train. The Export and HP compressors are driven by a common
turbine. Space is available for a possible second export, or reinjection compressor.
A glycol dehydration package is provided downstream of the HP compressor and
inlet separator in order to provide dry gas to the final compression stage and for
fuel. Dewpoint control equipment after the glycol contacior is designated as a field
specific development since the required dewpoint specification will be field
dependent.

The hydrocarbons produced are metered to fiscal standards in cormpliance with the
Department of Energy (UK) guidelinas prior to export. Crude cil will be metered
using 3 x 50% parallel turbine meter runs, with a bi-directional prover locp to
calibrate the meter runs. The gas is meiered by 3 parallel orifice plate runs, using
differential pressure transmitters for flow measurement.

Dry fuel gas is supplied from downstream of the glycel contactor tower through a
pressure reduction system. Liquids are separated and the gas superheated by
heating medium. Fuel gas is supplied at two different pressures. Facilities have
been provided for the gas turbines to cperate during start-up with fuel gas taken
directly from the LP Compressor discharge.

Seawater injection Faciliies comprise 2 frains sach with 2 seawater feed pumps,
coarse filiration, high flux mult-media fine filtration, vacuum deaeration, 2 motor
driven water injection pooster purps, and 2 mctor driven water injection pumps.

The feed pumps take their suction directly from dedicated seachesis in the
pontocns and supply sesawater through the filtration system into the deaerator
column. Filtered and de-oxygenated water is taken from the beottom of this column
via the booster pumps to the main seawater injection pumps.

Process Seawater is supplied by the FPF saltwater system for the process/utilities
users. A heating medium system, based on heat recovery from the exhaust of the
gas turbine generators provides heat for the crude heater, test heater and fuel gas
heater. The heating medium is pressurised glycel/water. Waste heat recavery units
are installed at iwo of the three electrical generators. Produced water separated

%..ﬁ._,,_,.wm_m‘_. e
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from the well fluid is treated by a coalescer system. Hydrocyclones may be 'ﬁf‘ié‘a/
upstream and in series with the coalescer.

Facilities are provided for methano! injection at various peints in the gas stream.
Methanol is alsc be available for injecticn info the wells upstream of the choke
valves during start-up and blowdown. Production chemicals are supplied in
transportable tanks or drums. Metﬂrmo pu’ﬂps are used to transfer the chemicals to
the required point of injecticn.

Safety Systems

‘There is a firewater deluge to external process and drilling areas, and halon, carbon
dioxide or sprinkler protection to intermal areas supplemented by portable
extinguishers, and hand held fire fighting appliances. There is gas detection in the
process and drilling areas, and all HVAC air intakes and other areas where there is
a possibility of flammable gas accumulating. An automatic alarm system is fitted. A
manual fire alarm system is also fitted, with stations positioned on main escape
routes throughout the installation. The vessel {s also filted with a fire detection

system, and an integrated productlon a marine ESD systam, and a duplicated PA
system.

There are lifeboats and rafts, and the usual miscellanecus safety equipment in the
form of lifejackets, survival suits, protective clothing, helicopier crash rescue
eguipment, breathing apparatus, and medica! equipment.

internal and External Communications and Navigation

The Spirit of Columbus is provided with INMARSAT system, Lifecraft radios and
EPIRBS, Telephone System, Facsimile and Telex, Drilers Intercom System,
[ntercom Systems, Enteriainment System, Cinema, Crane Radios, Marine Radios,
Aeronautical Radios, NDB Systemn, znvironment Monitoring System, Marine Radar
Systems, Direction finding and navigation systems, and Telecomms power supplies
{UPS's). Provision has been made for the instaliation of Speech and data
communjcation by satellite, Closed circuit TV monitering, and Line of sight telemetry.

Accommodation

The accommodation is designed for a complement of 126 in single and twin
bedrooms., The helideck will be designed for operating a Sikorsky S61 type
helicopter.

Utility Systems

Main electric power is generated by three LM 1600 gas turbine generators at 6.8KV
3 phase 60hz, each is rated for approximately 11.5 MW. There (s also one dissel
driven gencrator at 440V 3 phase 60Hz, 2.25 MW power output. There is provision
for a fourth main generator. Ther@ are four diese! transfer pumps, and one diesel
oil service pump.
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Potable water is produced fror seawater by reverse osmosis units as part of the
vessel utility systems, The fresh water cooling requirements for the FPF equipment
are supplied by two fresh water cooling pumps and two plate coolers.

The helicopter refuelling system consists of two transportable tanks, two transfer
pumps, a hand operated pump and & dispensing unit.

Maring Systems

A ballast system is installed with remotely operated baliast pumps to permit the
filling or emptying of any of the seawater pallast tanks. A ballast pump of 570 m */hr
capacity is fitted in each of the four pump rooms, one room being located at either
end of each pontoon. Each pump room has a cress-over connection both fore and
aft and an aft port to starboard cross-over. An autematic priming system is fitted for
gli ballast pumps.

The ballast system is interconnected with the seawater service and bilge system for
standby operation. The ballast system vaives are remolely operated from the
control console in the central conirol roort and each tank is provided with a remote
reading tank level gauge. A separate tank stripping system is installed in each of
the aft pontoon pump rooms and cross connected to the forward pump room baliast
system,

There are two thrusters instailed, each driven by 2 x 2250Kw 8.6 KV electrical
motors mounted vertically, one on top of the other. There is provision for two
additional thrusters. The thrusters are conirolled from a central control console
located on the bridge. The vessel iz equipped with twelve hydraulic chain
windiasses. There is a cenfral control console located cn the bridge and local
confrol consoles (4-Total) in each control cabin. The vessel is cutfitted for the future
installation of two further thrusters sheould operational requirements dictate them. In
this configuration the vessel would also have dynamic positioning capability.

Two cranes are installed, one starbeard and one port. The starboard (50te) crane
has been designed predominantly for lifting and moving tubuiars on the facllity and
tc and from supply boais and may. also be used for plant maintenance and
replacement lifts. The port (22ie) crane has been designed for maintenance and
replacement lifts and transferring equipmsant to and from supply boats.

Four totally enclosed lifeboats are installed each of 65 man capacity. Two are
located forward and facing away from the vessel while the remaining two are
installed port and starbeard aiso facing away. Five 25 man davit iaunched liferafts
are installed at various locaticns on the vessel, A rescue boat, fully equipped to
meet the regulatory requirements is installed and launched from a single point davit.
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Contro| Systems

Cverall conirol and monitoring of the FPF is managed from a central control room
and bridge continuously manned at all tirmes. Control and monitoring equipment in
this room provide the operator interface to the various systems which control the
field equipment. The major control and monitoring systems in the central control
rcom and bridge include:

cC 00 000

00000000

Production control system,

An integrated marine and.production ESD system:

Monitoring of electrical gereration and distribution system;
Firewater pump monitering system;

An integrated Fire and Gas detection system;

Sounding of all. FFF alarms - fire, gas, man overboard, abandon FPF
via public address {PA) system; '
Qil metering and export/icading system;

Bridge control conscle {propulsion & navigation);

Mooring winch conirol sysiem;

Paositicn reference systems:

Environmental data systems;

Baliast and fluids control console;

Vessel automation system;

Watertight integrity panel;

Helicopter/marine supply boat communications.

Control is effected via VDU/Keyboards dedicated to specific areas of the overali
control and monitoring function. A dual redundant data highway carries signals to
and from the central system to ouistaiions iocated in safe areas. These cutsiations
are hard-wired to fleld equipment and arz capable of performing closed joop control
functions at the various equipment items and packages.

Provision has been made within the configuration and space allocation of the contrel
and monitoring system for easy integration of the fellowing field specific systems:

Q
o}
0

Gas metlering sysiem;
QC/DC riser control system:
Subsez control system.




G

) , . ‘ ? DOC-LIST.XLS - DOCUMENT LIST P . ' })

A B C n E F G ] 1 1 3 | K L i N
b § Document B Rev| lssund by | Issus Dale Agpproved by Client Approved by C. A Prograss Update
;, Number Documen Tilie Scheduled | Acloal Tr ittal No- [ tby | Stalus Transmiltal No Comment by } Stalus | % Compleie
¥
3 . REPGATS
B
7 DESIGN BASIS AlPR 21 May-87
g o|Pi i
] PROJECT QUALITY MANUAL AjPR 23-HMay-a7
[ OiPR
[ PROJECT QUALTTY PLAN A[PR Z3-May-57 )
I S UjPR
:3 PROJECT WEIGHT GONTROL MANAGEMENT AND PROCEDURE AlPR 23-Hay-07
GIFK
E N AlPR Z6-3un-07
3 BlFR 76-Jul.07
7 C{FR 25-Auy-97
8 _ D{PR 24-Sep-97
[] E[PR 240097 -
I FIFR 23 Nov-87
1 o G|PR 23-Det-67
) HIFR 72-Jan5e ”
i|PR Z1-Feb-88 -
JIPR 23 Margk
K{PR 22-Apr-98
LIPR 22-Mny-28 S N S S
M{PH 21-Jun-98 .
(NG5 28-Jul-88 _—— R I
CPR 20-Aug- 9t
FIFR 19-Sep-98
_[FORCEANG WOTION Alaly SIS KGEFGRT ATHA 28-12ay-91 B A
ofiA
ANALYSTS OF RISER SYS7EM REACTIONS ON PLATFORM A{NA 03-Jun-57
nfNA
MOORING ANALYSIS REPORT AlNA 03-Jun-§7
OJNA
ANCHORING ANALYSIS REPORT A{NA 04.Jul-67
ofNA
STABILITY ANALYSIS AlNA 16-Jua-07
; 0{NA
OPERATIONS MANUAL UPDATE AJA 36-5ep-98
| ojnn _
H HULL MODIFIGATIONS - STRUCTURAL DESIGN REPORT AlsT £8-Aug-97 -
3 ; : o7
13 HULE MODIFICATIONS - STRUCTURAL ANALVSTS REPORT AT 09-Jun-97 .
| 6157
I3 HULL MODIFICATIONS - MTO LiST AT 09-Jun-§7 )
g [EL
1] AFT DECK EXTENSION - STRUCTURAL DESIGN REPORT A|ST FINEXTI
T olsT
z AFT DECK EXTENSION - MTO L1ST AlST 03-Jun-97
3 65T
i MAIN DECK MOTIFICATIONS - 5TRUGC TURAL DESIGN REPORT AlST 11.Aug-97
3 ofST
6 MAT DECK MODIFICATIONS - MT0 LIST AT T1-Jul- 87
7 05T
[ MATT? DEGK PACKAGES - STRUGTURAL DESIGHN REPORT AlST 285097

ble Deatou Evcape Lid
6-RONCADOR
S: WA 134

DRAFT
Page | of 4




P ' \
A B [
) ’ ! ) : )) } )
. ¥ DOC-LIST.XLS - DOCUMENT LIST

X . i) C ) E 3 G I i 1 J i 1L [ N
i { Document fevl Issued by | issue Dale Approved by Client Apgproved by C A, Propress Update
i Number Docuraent Fitle Scheduled { Actuai Transzaittal No Commend by | Status Transmiltal No Commenthy | Status | % Camplele
i
] o[S7
) MAIN DECK PACKAGES - MTO LIST Alst 14-Jul- 97
T 0§5T
2 RISER SUPPORE STRUGCTURES - STRUCTURAL DESIGN REPORT AfST 18-Aug-97
3 0fsT
] RISER SUPPORT STRUGTURES - MTO LISTS AST 28-aut-97
3 o[5T - .
i RISER PULLIN EQUAPIAENT - DESIGN REPORT & 18-hug.57
7 [1 6l N
£y RISER PULL-IN EQUIPMENT T WINCHES TEGHNICAL SPECIFICATION AlsT 23-Jul-97 .
5] o[sT
] RISER PULL-H EQUIPMENT - SHEAVESIRIGGING TECHNICAL SPECITICATION ALST 23-Jul-97
I afsT
2 RISER PULL-BN EQUIFMENT - STRUGTURAL MTO LIST B AT 23-Jut-97
K QST
4 UPGRADE OF MOORNG EQUIPMENT -STRUG TURAL DESIGN AlsT 04-Jul-97
3 § o{sT -
"a MODIFICATIONS OF FAIRLEADS -STRUGTURAL DESIGH AlST 18-Aug-87
7 0{sT
I3 MOCIFICATIONS OF FAIRLEADS - M10 LIST AlST 2i-Jul-87
5] [+ X3
[ MOORING 5YSTEM - TECHMICAL SPECIFIGATION FOR FIBRE AOPES AfHia 07-Ju1-97
1] GIHA _
3 MOORING SYSTEM - TECHNICAL SPECIFICATION FOR CONNECTIONS Afrta 07-Jul-g7 . - ol
3 DiNA
4 MOORING SYSTEM - TECHMICAL SPECIFICATION FOR CHAIN AfRA o7-Jul-87 ) '
5 . ofNA
B MIDRING EQUIPEENT - FILEAUSI N RESIGHAINS 1 UPFERS TEOHHICAL SPEGIFRATION AIST JieJueSy - USRS RV
7 - osT
H UPGRADE OF MOORING CONTROL SYSTEM -TECHNICAL SPECIFICATION AjsT 6-Jun-g7 ]
Y 0fsT
0 FENDERING SYSTEM DESIGN AlST 14{-Jun-87
T 0J5T .
2 WORK PLATFORIAS AND LADDERS -STRUCTURAL DESIGH . ARST 18-Aug-87
3 ] 0157
4 | WORK PLATFORMS AND TADDERS - A0S AJST 04-Sep-87
3 =1 olsr
3 FENDERING SYSTEM « TECHNICAE SPECGIFICATION ] Ty Alst T 18-Jun57
7 2 0ST
¥ COLUMN PAGEYES -STRUCTURAL DESIGN AlST 23-Jun-97
] . oIST
1) COLUMN PADEYES - MTO LIST AlST 23-Jun-87
1] — ajsT
7} CRANE BCOOIM RESTS 23T & 50T - STRUCTURAL DESIGN ;5«_'5'3 AIST 21-Jus-07 N
X) @ GJ5T
4 CRANE BOOM RESTS 221 & 58T - MYO LisTS BT AST 21-Jul-g7
I3, N aJsT
I I—)
i DRAWINGS o
; e
I RISER SUPPORTS AND PLATFORMS (o AIET_* B-hug-97
0 e gIs7
I EXTENSION OF CENTRAL CAISSON L f ] AT ¥6-Aug-97
¥l ﬁ“ ’21 uls‘r
3 EXTENSION OF FAIRLEAD BOYES R AlST HOLD

— — o

ble Denton Eurepe Lid h

DRAFT

5-RONCADOR
N Page 20fd

W23




DOC-LIST.XLS - DOCUMENT LIST

A B C D E F G H_ ] 1 1] [ - | L M N
1 1 Dotument Rey ] Issuedby | Issue Date Approved by Client Approved by CA, Progiess Update
3 Number Documerd Tiie Scheduled | Acluat Transmittal No Commont by | Slatus ‘Transmiltal No Comment by | Statws | % Complrde
3
114 ofsT
113 FENDERS Alst 16-Aug-37
116 0[St —_—
1i7 COLUMN PADEYES AT 18-Ang-97
118 [ ofstT
F19 FAIRLEADS AA5T 18- Avug.57
120 0{ST
121 CRENE BOOM REST - 22T AlST 21-Jul-97
121 BJST
23 CRANE BOOM REST . 501 AlST 21-Jul-87
(¥ 15T
) RFT MAINDECK EXTENSION AFT 21-Jul-97 - -
125 oisT
127 MAR DECK - PRODNITEST/GAS LIFT MANIFOLD SUPPORT AIST 11-Aug-97
178 0457
119 MAIN DECK, - Ol SEPARATION PACKAGE TRAWN A SUPPORT AlST 11-Aug-97 L
130, 05T
131 MAIN DECK - OIL SEPARATION PACKAGE TRAIN B SUPPORT ALST T¢.Aug-97
132 0JsT
133 1AIN DECK - OIL SEPARATION HEATING PACKAGE SUPPORT AlST 11-Aug-97
134 B{ST
133 - MAIN DECK - MATN OIL PUMP PACKAGE SUPPORT AlsT 11-Aug BT
[R1] B[St - —
7 MATN DECK - COMPRESSGR UHIT YRAIN A SUPPORT T AlST 11-Aug-87
3% - 6JST S
uul - = . FARINDEGK - COMPRESEOR URNIT TRAIN @ SUPPORT T TRISTC 11-Aug 87 M
740 EE [LEl . M —_—
141 MAIN DEGK . COMPRESSOR UNIT TRAM C SUFPORT AJST 11-Aug-07 - . I AU — o e —
T vt AL LMLILL ALV il LI mmenttrEEEE B p e B — -
43 MAIN DECK - COMPRESSION 'ROGES S PACRAGE TRAIN A SUPPORT AlsT 11-Aug-97
i4d 0]ST
i3 MAIN DECK . COMPRESSION PROCESS PACRAGE TRAIN 8 SUFPORT AT 11-Aug-57
146, ofsT
147 MAIN DECK - COMPRESSION PROCESS PACKAGE TRAIN C SUPPORT AJST 11-Aug-97 SEEE——
148 0|ST
199 MAIN DECK - INLET SEPARATOR PACKAGE SUPPORT A|ST 11-Aug-97
130 6{ST
[E] MAIN DECK - GLYCOL REGENERATIGN UNIT SUPPORY AJST 11-Aug-87 g
152 T A 3 -
153 WA DECK . TEG CONYACTORS SUPPGAT i Alst 11.A0g-87
154 0{sT
153 MAIN DECK -HEATING MEQIUM EXPANSION VESSEL SUPPORT AlsT 11-Au 97
156 0fsT
157 MAIN GECK - WATER INJECTION FILTER PACKAGE SUPPORT AJST 11-Aug-97
158 o)ST ]
159 MAIN DECK - WATER INJECTION MANIFOLD PACKAGE SUPPORT AlST T1-Aug87
1601 oSt
161 MAIN DECE - CODUNG MEDIUES FACKAGE SUPPORT AlST tt-Aug-97 —
162] e
63 MAIN DECK - GAS BOUSTER COMPRESSICN URIT MODIFIED SUPECRT AlST 11-Avg-97
64 afsT
§65 MAIN DECK - GAS BOOSTERISAFETY GAS PROCESS SKID MODIFIED AT 11-Aug-57
E66 g|sT
167 MAIN DECK - CHEMICAL INSECTION PACEAGE (Wh) RELOCATED SUPPORT AST 11-Aug-b7
168 [
foble Denton Evrope L1
36-RONCADOR DRAFT

Y5 1412134

Pare 3 of 4




‘ ) ’ { ) DOC-LIST.XLS - DOCUMENT LIST ) . j )
. ! ]
i
A - B C D E F |- G 1 1 [ T ] I L M N
I | Document - Rev| Issuedby | [ssue Date Agproved by Clienl Approved hy C.A, Progress Update
2 Number Document title Scheduled | Actual Fransmiliat No Commentby | Stahes Transmitiaj No Gonmmit by | Status | 7 Gomplete
k) SN
9] MAIN DECK - CHEMICAL INJECTION PACKAGE (PRODUCT ION) RELOCATED SUPPORT A{ST 11-Aug-97
70 ; of87T
T MAIN DECK - FUEL GAS HEATERUPGRADED PREHEATEREXCHANGER PACKAGE SUPPORT AlsT ¥1-Aug-87
72 o|sT
73 MAIH DECK - SWIMMING POOL - STRUCTURAL DETAILS AlST oo
[ ofsT .
75 MAIN DECK - SPORTS COMPLEX STRUCTURAL CETAILS AlST HOLD i
76 BysT —
Nil MAIN DECK - ACCOMODATION UNITS STRUCTURAL DETAILS AlsT HOLD
78] 045T
79 RISER SULL-IN SYSTEM - LAYOUT REl 13-Aug-87 i
30 afsT [
81 MOORING SYSTEM - LAYOUT AND ANGHOR PATTERN AJHE 07-Jul-97 o
82 a[NA .
83 MOORING LINES - COMPONENT DEIAILS AfHA 67-Jul-97 .
Ba BIHA
185 CHAINBOXESICHAINPIPES - STRUCTURAL DETAILS ANA 18-Aug-97
% ojNA -
87 MOOQRING 5Y53 EM CONTROLANSTRUMENTATION - P&ID's AfNA 11-Aug-97
L QINA
£ HATCHES . STRUCTURAL MODIFICATIONS A[ET G4-5ep-97
(90 ; GJET =
El HIAIN DECK - WONKING FLATFORME AND LADDENE < AFC AlST 04-52p-87 o
EB L _
ER RISER SUPPGAT STRUCTURES - WORWING PLATFORMS AND LADDEBS . AFC AIET 03-0c197 O ] o
] : B{ST - . : — :
LB P - — — - -
PERIECT ] 3 — =
NAVAL ARCHITECTURE —
STRUCTURAL
3 b
560
@0
JSEREE N
e ‘
i P
ty el
=25 o
PSR L
$5 ©
() i H
£ i
b
.
-+
— <o
1
o
&
B ‘
@ L
oble Denton Ewrope Ltd
6-RONCADOR DRAFT
S: i34 Pase 4 of d VRS9




<
-
-

Ay 1 -
) ) { \ DOC-LIST.XLS - DOCUMENT LIST ) _ )
) [ ) )
A : B C D E F G i il 1 J [ K [ L ™ N

1 | Dociment Rev] fssued by § lssuc Dale Appravad by Client Approved by C.A. Progress Ypdate |
2 Number - Document Tille Scheduled | Actuat Transmitlal No Camment by | Stalus Transmitial No Commeni by | Status | % Gomplele

¥ I

169 __JMAIN DEGK - CHEMICAL RISECTION PACKAGE (PRODUCTION) RELOCATED SUPPORT L Vi-Aug 97
170 —alsT——
171 MaIN DECK - FUEL GAS HEAT ERIJPGRADED PREHEAT ERIEXCHAUGER PACKAGE SUPPORT AfST 1i-Aug-87 R
172 — - 6fS¥ -
173 MAIN DECK - SWIMIMING POOL - STRUCTURAL CETAILS AST | jADID R —
TH o5t . -
175, MAIN DECK - SPORTS COFAPLEX STRUGTURAL DETAILS AlsT HOLD

T75) 1553 N ]
177 MAN DECI(- ACCOMODATION UNITS STRUCTURAL DETAILS AlsT HOLG

178 o{ST
179 |RISER PULL-I SYSTER - LAYOUT AlsT 16-Aug-97 T
180) G|ST

131 HDORIG SYSTER - LAYOUT AHD AIGHOR PATTERN [ AJNA 07-Jul-7 i
182 - olNA

183 MODRING TINES - COMPONENT DETALLS [ A[NA o7-Jul-a7

184 Of1da, .

183 CHAINBOXESICHAINPIPES - STRUCTURAL DETAILS AHA 18.Aug-97 _

196 o|tA

157 MOORING SY5TEM CONTAOURISTRUMENTATION - P&I0s AfHA 11-Aug37 N

788 CIFiA R S
189 BATCHES - STRUCTURAL MODIFICATIONS AlST 04.5ep-97 ]
B {57 . . ]

17 MAIN DECK - WORFHIG PIATFORMS AND LACDERS - AFC AlST 04-5ep-97 : L S
193] - i BIST |

193 RISER SUPPORT STRUCTURES - WORKING PLATF ORMS AND LADDERS « AFC AJST 03-0ct§7 I S
[52) " - o[5T

195 o : . T N o]
196{PR T [PROIECT . e . - o
FH A FAVAL ARGITEL I URE N : B : . i : S
T5H]ET STAUGTORAL - - _ . -

r
¥
i

P CEEIATL] Ep 1015111

Noble Denton Europe Lid
P36-ROMCADOR
WS: W1df2134

DRAFT
Page 4 of 4




) j_,m%a" \rf"‘h Eg__'n':f"‘h

Nrn@@ e

Aos S“A" de m-.aw ‘?’5“; pail

trée faeo ostes aulos comchusos a0

E?é‘

IALDG ;gtﬁﬂﬁﬁ BARAUNA

E: Dﬁ!#‘ﬂ'ﬂrfﬂ
b b P




Defiro a produgéo de prova testemunbal requerida em fls. 3021 para
trés testemunhas, a saber: JOSE ANTONIO DE FIGUEIREDO,
ANTONIO CARLOS JUSTI e ALBERTO JESUS PAD]LLA
LISONDO. ‘

Designo o dia 09/07/2003 as 09:00 horas para audiéncia?”

Indefiro quanto ao depoimento pessoal do Sr. EDUARDO
COSENTINO DA CUNHA, por tratar-se de autor da representagao
de parte e ja ter juntado aos autos sua sustentagéo.

Publigue-se.

Intime-se.

Defiro o requerido as fls. 3025 a 3027. Junte-se aos autos.
Publique-~se.

Defiro a produgéio de prova testemunhal requerida as fis. 3052.

Para as testemunhas CARLOS ALBERTO SAMPAIO e
GILBERTO DUQUE DE OLIVEIRA, devera ser efetuado preparo
e apresentado rol de quesitos. Prazo: 5 dias. <~

Para as testemunhas CARLOS JOSE DO NASCIMENTO
TRAVASSOS e JOSE ANTONIO HENRIQUES DA COSTA,
designo o dia 23/07/2003 as 09:00 para audiéncia. <"

Publique-se.

Intime-se.

Em relacio ao requerido em fls. 3055, as palestras e demais
documentos requeridos encontram-se juntados aos autos as fls.
1362, sendo que a fita e o CD estdo com o Juiz-relator. Quanto ao
material distribuido ou gravado em outros workshops realizados no
Brasil e no exterior, por ser de cardter genérico, podera ser trazido

aos autos pelo requerente NoO CUrso da Instrugéo.
Pubhque-se

L © q/os/zooi’.

Sergio Cezar Bpkel
Juiz - Relater
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Defiro a produgho de prova testemunhal requenda as fls. 3057,
3063, 3065 3067 e 3069, devendo ser apresentada qualificacio das
festernunhas pelo requerente. Para as: testemunhas que residirem
fora da 4area da Cidade do Rio de Janeiro, deverd ser efetuado
preparo ¢ apresentado rol de quesitos. Prazo: 5 dias. As
testemunhas que residem no exterior deverdo comparecer a
audiéncia independente de intimacfio, cabendo ressaltar que para os
estrangeiros devera ser providenciado pelo  requerente
mtérprete/tradutor juramentado.

Publique-se.

Indefiro o requerido as fls. 3059, tendo em vista que o requerente
podera, nesta fase da inmstrucHo, apresentar laudo técnico que

substituird com maior celertdade a prova requerida.
Publique-se.

Defiro a producéio de prova testemunhal requerida as fls. 3061.

Para as testemunhas SEBASTIAQ FRANCISCO DE SOUZA
FILHO, EDUARDO RODRIGUES DA COSTA e LUIZ MARIO
LINHARES DE AZEVEDOQO, devera ser efetuado preparo e
apresentado rol de quesitos. Prazo: 5 dias.

Para as testemunbas MARCOS ANTONIO CAHU LAURIA,
ARTUR CESAR HECHT e HELIO GALVAO DE MENEZES,
designo o dia 30/07/2003 as 09:00 horas para audiéncia.

Publique-se.

Intime-se.

Defiro o requerido as fls. 3071, 3072 e 3073. Junte-se aos aufos
itens a, b e ¢ e oficie-se & Petrobras quanto ao item d, efetuando-se
preparo.

Publique-se.

£y ov/os /Lao.S,

Sergio Cezar Hoksl
Juiz - Relgtor
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Processo n® 19.489/2001

NOTIFICACAO

O JUIZ DO TRIBUNAL MARITIMO DA REPUBLICA FEDERATIVA DO BRASIL, Dr.
SERGIO CEZAR BOKEL, Relator do Processo n® 19.489/2001, referente ao acidente e fato da
navegacdo com a plataforma “P-36”, na bacia de Campos, RJ, em 15 de margo de 2001, na
forma da Lei, expede a presente NO TIFICA CA O,por ele assinada e subscrita pela
Diretora da Divisdo Judicidria, a0 Sr. JOSE ANTONIO DE FIGUEIREDO, com endereco na
Avenida Repiblica do Chile n° 65, 18° andar, Centro, Rio de Janeiro, RJ, Cep: 20.031-170,
para comparecer a este Tribunal, sob as penas da Lei, no dia 09 de julho de 2003, as 09h, a fim
de prestar depoimento nos autos do processo supramencionado. QUE SE CUMPRA NA
FORMA DA LEL Dado e passado na sede deste Tribunal, Avenida Alfred Agache s/n°, nesta
Cidade e Estado do Rio de Janeiro, aos 09 de junho de 2003. FEu, ANGELA
CARNEVALE ,ﬁg , Chefe da Segfo de Processamento de Feitos, mandei datilografar e
conferi. E eu, DINEIA DA SILVA % : , Diretora da Divisio Judiciaria, subscrevo.
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Processo n® 19.489/2001

NOTIFICACAO

O JUIZ DO TRIBUNAL MARITIMO DA REPUBLICA FEDERATIVA DO BRASIL, Dr.
SERGIO CEZAR BOKEL, Relator do Processo n° 19.489/2001, referente ao acidente e fato da
navegacdo com a plataforma “P-36”, na bacia de Campos, RJ, em 15 de marco de 2001, na
forma da Lei, expede a presente NOTIFIC A C A O, por ele assinada e subscrita pela
Diretora da Divisfio Judiciaria, ao Sr. ALBERTO JESUS PADILLA LISONDO, com
endereco na rua da Assembléia n° 10, sala 2002, Centro, Rio de Janeiro, RJ, Cep: 20.011-000,
para comparecer a este Tribunal, sob as penas da Lei, no dia 09 de julho de 2003, s 09h, a fim
de prestar depoimento nos autos do processo supramencionado. QUE SE CUMPRA NA
FORMA DA LEI Dado ¢ passado na sede deste Tribunal, Avenida Alfred Agache s/n° nesta
Cidade e Estado do Rio de Janeiro, aos 09 de junho de 2003. FEu, ANGELA

CARNEVALE '&% , Chefe da Sgefio de Processamento de Feitos, mandei datilografar e
conferi. E eu, DINEIA DA SILVA %—f , Diretora da Divisfo Judiciaria, subscrevo.

SERGIO CEZAR BOKEL
Juiz-Rellator




Processo n® 19.489/2001

NOTIFICACAO

O JUIZ DO TRIBUNAL MARITIMO DA REPUBLICA FEDERATIVA DO BRASIL, Dr.
SERGIO CEZAR BOKEL, Relator do Processo n® 19.489/2001, referente ao acidente e fato da
navegacgio com a plataforma “P-36”, na bacia de Campos, RJ, em 15 de margo de 2001, na
forma da Lei, expede a presente NO TIFIC A C A O, por ele assinada e subscrita pela
Diretora da Divisfo Judicidria, ao Sr. ANTONIO CARLOS JUSTI, com endereco na rua
General Canabarro n° 500, 7° andar, Maracand, Rio de Janeiro, RJ, Cep: 20.271-201, para
comparecer a este Tribunal, sob as penas da Lei, no dia 09 de julho de 2003, 4s 09, a fim de
prestar depoimento nos autos do processo supramencionado. QUE SE CUMPRA NA
FORMA DA LEL Dado e passado na sede deste Tribunal, Avenida Alfred Agache s/n°, nesta
Cidade e Estado do Rio de Janeiro, aos 09 de junho de 2003. Eu, ANGELA

CARNEVALE L& ", Chefe da Segfip de Processamento de Feitos, mandei datilografar e
conferi. E eu, DINEIA DA SILVA ﬁ , Diretora da Diviséo Judicidria, subscrevo.
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AC/DS/11

Ne Q%Y

Do:
Ao

Assunto:

Referéneia:

TRIBUNAL MARITIMO

RIO DE JANEIRO, RJ.
Em {o dejunho de 2003

Presidente
Exm?® Sr. Diretor da Procuradoria Especial da Marinha

audiéncia de insfrucdo

processo n® 19.489/2001

1. Solicito a V. Ex2 seja dado conhecimento a Di? Tereza Cristina Bevildcqua

que, pelo Juiz Sergio Cezar Bokel, Relator do processo em referéncia, foi marcada audiéncia
de instrucdo para o dia 09/07/2003, as 09h, quando sera realizada a oitiva das testemunhas
José Antonio de Figueiredo, Antonio Carlos Justi e Alberto Jesus Padilla Lisondo.

Copias:

T™™-10 1
TM-11.1 2
Arquivo 1

POR ORDEM:

DINEIA DA SILVA

Diretora da Divisfio Judicidria

7

JUSE CARLOS pipispy

TEL GUSMAQ

Diretorda n i
GO Aty
i FRE YR

2DisEnde g
4
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De: DINEIA @ TRIBAR {Dinéia)

~ Data: 08-jun-2008 15:25:15 [R-09152515R/JUN/2003]
" Para: mariorebello@uol.com.br
Assunio; depacho p-36

-

Senhor advogado informo V.52 que o M. Juiz Helator exarou o segquinte despacho nos autos da processa n

1483/2001:
Defiro a producdo de prova testemunhal requernida em fls. 3021 para és testemunhas a saber: JOSE ANTO

0 DE FIGUEIREDD, AMTONIO CARLOS JUST! E ALBERTO JESUS PADILHA LISONDO.

Designo o dia 09/07/2003 as 09:00 horas para audiéncia.
Indefira quanto ao depoimerta pessoal do S EDUARDD COSENTIND DA CUMHA, por tratar- -s& de autor d

‘splesehtacao de parte e j& juntado aos autos sua sustentacdo.
Publique-ze.

Intime-se.
SERGIO CESAR BOKEL
Juiz relator

T Feinaldo Rocha Barauna




De: DINELA @ TRIBAR (Dinéia)

7 Data: 09-jun-2003 15:47:34 [R-09154734PLIUN/Z003] !
TTarar tancredo@alternex.com.br J
Assunio: Despacho Processo N¥194898/2001 v

Senhor Advogado informo-a .52 que o M. Juiz Relator exarou o seguinte despacho:
Defiro a producdo de prova tstemunhal requenda em fls. 307 para trés testermunhas,
a saber JOSE ANTONIO DE FIGUEIREDD, ANTONIO CARLDS JUSTIE ALRERTO - JESUS PADILH

ISONDOQ.
Designo o dia 09/07/2003 &s 09:00 horas oarz a audigncia.
Indefiro quanto an depoimento pessoal do Sr. EDUARDO CONSENTIND DA CUNHA, por tra
e de Autor da Represetacio de Parte e §& juntado acs autos sua sustentagan,
Publique-se.

intime-se.
SERGID CESAR BOKEL
Juz-Belator

R Reinaldo Hocha Barauna




_ De iancredo@aiternex.com.br {"Neya")
- Data: © O 11-Jun-2008 17:28:31 [R-11172831F/JUN/2003]
Tara; DINEIA@TRIBARMB
Assunfo: Lidas: Despacho Processo N§18489/2001
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(T OU RAZAO SCCIAL OC DESTINATARIC S0

L g ALBERTO JESUS PADILLA LISONDO
Rua da Assembléia, n° 10, sala 2002
! Centro - Rio de Janeiro ~RJ

| ENDEREGS / ADRESSE

| Fals/Pars

tﬁicac;ﬁo Proc. 19489/01

TO AVERIFICAGAC) / DIBCRIMINATION

:HCDIrAVE 1/52/50\3 ﬁ%ﬁ
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CERTIDAOC

CERTIFICO que nesta data fol encerrado o /LS? volume . do
processe n° 19.489/2001 com suas fis. n°3361 dos autos.
O referido é verdade ¢ dou 18,

Aos 1P de Mg de 2003.

LEE .




