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Tutorial Agenda

1.  Overview of the basic concepts of Hazardous
Area Classification

4

o,

2. Discuss the various Codes, Standards and
Recommended Practices for classification
design with an emphasis on IEC 60079-10-1

3. Provide guidelines on how to properly
document your analysis

VS
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Definition of a Hazardous Area

An area in which an explosive gas atmosphere is or may be expected to be
present, in quantities such as to require special precautions for the
construction, installation and use of equipment

IEC 60079-10-1
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Primary Objectives of a Hazardous Area Classification

e Primarily used for establishing the type of electrical equipment and wiring
methods that can be used within a hazardous location
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Secondary Objectives of a Hazardous Area Classification
I

e ATEX Directive

— Essential Health and Safety requirements with respect to:
e Potential ignition sources from equipment in hazardous locations
e Applies to non-electrical equipment

e Local Occupational Health & Safety Requirements

— Hazardous area classification is now being used as a basis for implementation of
the OH&S codes and standards

e The hazardous area classification design is being used as a tool for performing
the hazard risk assessment

» Regulates the work activities performed within a classified location
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Scope of a Hazardous Area Classification

e Fugitive emissions in plant operations are Industrial Fugitive Emissions Sources

Tanks

normal and expected

— An area classification is valid under “Normal” and
defined “abnormal” operating conditions

(F1)74 Valves
e An abnormal condition is where a leak is F,anges&‘
detected but the process continues until such —p
time as a repair can be made |
e Catastrophic releases where large amounts of
flammable material are released due to an
equipment containment failure are not
considered

PCIC energy

Application
I

e Applies to the “normal” operation of
facilities
—“normal” is when equipment

operating within its normal
parameters

— Does not apply to “rare
malfunctions” or “catastrophic
failures”

— Does not apply to activities such as
commissioning or turnaround
activities

PCIC energy 7




Who needs this information?

* Engineers
— Equipment selection
- Equipment placement
— Ventilation design

0
00 Y
: L 15« Equipment Suppliers
* Component selection
= * Certification requirements

Who needs this information?

* Installers
— Assembly component selection
- Wiring methods

= |nspectors
- QA/QC

* Code
compliance
PCIC energy 9




Who needs this information?

» Operations
- Safe Work Procedures
- Hot Work permitting
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What do they need to know?

Zone or Division classification

Extent of the classified area

Group Classification of the flammable materials
Auto-ignition temperature of the flammable materials

A LN R

PRV
R=3m 7 ~R=15m

//5‘"’%@ /4%

D ZoneO Zone 1 Zone 2 ‘:’ B

Group IIA, AIT = 200°C (T3)
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Ione 0
= 4= Jone | =—b
“— Divisionz —> |- 25 —— lone2 ——>
3 % :
Not Classified BEA Not Classifd
— % ]
1 hr/Year 10 Hr/Year 1000 Hr/Year 1 He/Year 10 Hr/Year
Duration of Time Gas Is Present
Class | Definition of the Hazard

Zt_)r]e. 2] Probability that a hazard may exist

Division

Grotl Characteristics of the Hazardous
P | Materials

AIT Auto-ignition temperature of the
PCIC energy Hazardous Materials 12

Group Classification
I

Group Material MESG MIE
J . .
o) ] MESG - Maximum Experimental Safe Gap
Metha 142 028 MIE — Minimum Ignition Energy
Propane 097 0.28
A Butane 1.07 0.25 Current i
Heptane 0.91 0.24 “ .
Pentane 093 0.28 Intrinsic safety
H2s 089 | 0068 ignition curves Group Classification Cross
1B - -
Ethylene 065 0.070 - B-efer ence Table
1A
Hydrogen 028 | 0019 Division Zone
ic
Acetylene 025 | 0017 A lc
Hot Gases are forced through B 1IB + H,
threaded connections g 300
fittings c B
D A
100mA
30ma
Gases must be cooled sufficiently to
prevent external atmosphere from being

ignited 10mA

PCIC energy 1
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Auto-lgnition Temperature (AIT)

IEC 60079-0

“Lowest temperature (of a surface) at which under specified test conditions an
ignition of a flammable gas or vapour in mixture with air or air-inert gas occurs”

Published
Autoignition
Temperature

Mixture
Vapor
Pressure

Upper Flammable Limit

v

N

Heater Elements: gzﬁ; / |
AR

\

| A e |
T s st

|

21 65 won

i

2277

Inflatable
Reservoir

“~Electric Furnace

Vapor Pressure —

(Curve may shift based
‘on less ideal conditions)

Flash Point
Temperature

| To Instrument |
Monitors 1

2

Lower Flammable Limit

To Heater Controls

Mixture/Surface Temperature ——

IEC Test Apparatus
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Temperature Code Application
I

e Maximum surface operating
temperature of the device cannot

PCIC energy

500°CH exceed the AIT defined for the area
LT1
A00°C] T1-450°C T3A- 180°C
ToA T2-300°C T3B - 165°C
300°CH T2 T2B‘_ 0
AT =270°CH—" S T2A - 280°C T3C - 160°C
— 2§
. T2D =0
200°C L_ 2 £ T2B - 260°C T4 -135°C
T4 ET
. T4A ol T2C - 230°C T4A - 120°C
100°C{=T5_+4 e
(7]
k= T2D - 215°C T5-100°C
. T3 -200°C T6 - 85°C

Temperature codes in yellow are IEC standard

Intermediate temperature codes are used in North"America




When do thex need this information?

e In the early stages of a design project
before any major equipment is
purchased!

® Prior to construction to select the
appropriate wiring methods

Project Scheduling
Management

Tesk1 —

ocr
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Who is responsible for providing it?
I

= The Owner
» Usually performed by an engineering consultant contracted by the Owner

= Considered to be an important
safety document that must be
maintained over the life of the
facility a8

= Must be provided upon request [
by safety inspection authorities

PCIC energy 17




Hazardous Area Classification (HAC) Risk Assessment
I

eNot an Electrical Engineering design function!

— An Electrical Engineer is an end User who uses the information to select
electrical equipment appropriate for the classification

® Requires input from:
— Process Engineering

RISK

* Properties of the flammable materials

* Pressures and temperature of the process
— Mechanical

e |dentify sources of release

¢ Enclosed area ventilation design
— Operations

¢ Hot work permit and housekeeping procedures “
PCIC energy 18

HAC Design Issues

e Based on the likelihood of a flammable mixture
being present under “normal” and defined
“abnormal” conditions

— Must be carried out before the choice of equipment
and wiring methods are made
e Source of ignition is not a criteria for classification
e Often treated as an afterthought after a facility is
constructed

* HAC Documents issued and used with incomplete
information

e Undocumented designs

— No way of maintaining the classification design over

the life of the facility
PCIC energy 19




Common issues found in many HAC designs
I

* No group classification or Auto-ignition temperature
and/or T-Code indicated on the drawings
— Errors in the group classification of materials
— Errors in determining the appropriate auto-ignition temperature
and equipment temperature code
e Classification of locations where no flammable materials
are present

e Over classification of areas relative to the risk

e Inconsistent application of classifications surrounding
similar equipment items

e Unsupported classification of enclosed areas where
adequate ventilation is required

PCIC energy 20

Competence of Personnel
I

“The hazardous area classification should be carried out by

persons who understand the nature of flammable substances,

gas dispersion and ventilation and are familiar with the process KNOWLEDSE

aspects for the plant under consideration. It may be beneficial for @

other engineering disciplines, e.qg. electrical and mechanical BRRECRMANEE penoR
engineers, and personnel with specific responsibility for safety to all W
be part of and have an input to the hazardous area classification

process. The competency of the person shall be relevant to the COMPETENCE

nature of the plant and methodology used for carrying out the e oL
hazardous area classification. Appropriate continuing education @@
or training should be undertaken by personnel on a regular basis

where required”

IEC 60079-10-1 L @

PCIC energy 21




Competence
[

e |EC Certificate of Personnel Competence IECEx Certificate
. . L. — i SN Personnel Competence
e Verifies competence of an individual to perform

defined tasks related to explosion protection

® Proctored exam performed by IECEx approved
certification agency

e Successful candidates are provided with a
certificate and are listed in IECEx COPC database

PCIC energy

PCic
energy

Method of
Classification




Design Objectives: IEC 60079-10-1

e “Zone 0 or zone 1 areas should be
minimised in number and extent by design
or suitable operating procedures. In other
words, plants and installations should be
mainly zone 2 or non-hazardous”

—Implies that flammable releases should not
be intentional

—Where a process is operating abnormally, the
amount of flammable material released
should be minimized

PCIC energy

IEC

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE

Explosive atmospheres -
1: Classification o

Atmosphires explosives -
artie 10-1: i des

t areas - Explosive gas atmospheres
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Area Classification Methodologies

e Simplified Methods
—Use of diagrams to convey zones and extents
e Source of Release Methods

e Operating experience

similar installations

e Combination of Methods

PCIC energy

—Based on calculations to determine zone classification and extent

—Facilities are classified based on operating experience with same or

25




Simplified Methods

e Used where it is not practicable to make a
proper assessments from individual sources of
release

Zone 2,
31t (915 mm) radius

— Process information is of poor quality
— Plant documentation is incomplete

— FEED stage of a project

Zone 1,
51t (1.52 m) radius
around vent

«~——2Zone 2,
10 1t (3.05 m) radius
mmmmm t

e Involves applying standard diagrams depicting

the classification surrounding typical sources of 1 P—
. Tank l’GVﬁde
release Diagrams may be based on:
— Industry publications — e
. . ugmon * | % | e
— Operating experience. =T T e
PCIC energy 26

Use of Industry Codes and National Standards (IEC 60079-10-1)
N

e “Industry codes and national standards may be ] R
used where they provide guidance or examples — o
appropriate to the application and comply with ﬁTA”DARD
the general principles of this standard” NTERNATIONALE .

* Annex K of IEC-60097-10-1 provides a list of —

“acceptable standards” T e

— APIRP 505, NFPA 497, EI 15

e  “The diagrams provided in the publications must
be applied with “Good Engineering Judgement”
taking in account the basis for the diagram in the
publication and the actual situation to be i
classified” ;

PCIC energy 27




API RP 500 & RP 505

e AP| 500 refers to Division Classified areas as
defined in Article 500 of the NEC

e API 505 refers to Zone Classified areas as defined Bl
in Article 505 of the NEC

— Prescriptive in nature

— If this is the situation — this is how you should
classify the area

— Does not attempt to describe the properties of

flammable materials Recommarsedrcie fr
= References NFPA 497 for flammable fluid data Faciltes Classiied as Zon 0

Zone 1, and Zone 2

THIRD EDITION, JANUARY 2025

Note that the APl documents reference NEC requirements. In some
cases, the APl Recommended Practices may not be compliant with
other national codes and standards AP

PCIC energy 28

API RP 505 Figure 20

- >’?5m(25ﬂ)
|’ S L I
75m (258} 7 7 :r v + ~06m 2
Grade ‘ 7 - 75"1(25 ) v
,{-,-m " wev il A IR ORGSR T

i

.30 m (100 ft) =)

7 Additional Zone 2 area
% Zone 1 //A Zone 2 - suggested where large
releases of volatile
products may occur

-4——15m(50ﬂ)*>‘

NS )‘J Source
Below grade location

such as a sump or trench

®a

TILD PO
ono [

19,99,

<5

[1] Distances given are for typical refinery installations: they shall be used with judgment, with consideration
given to all factors discussed in the text. In some instances, greater or lesser distances may be justified

Figure 20—Adequately Ventilated Process Location with Heavier-than-air Gas or Vapor Source Located
Near Grade (See 9.2.1.1)

PCIC energy 29




NFPA 497

Recommended Practice for the
Classification of Flammable

Liquids, Gases, or Vapors and of
Hazardous (Classified) Locations
for Electrical Installations in
Chemical Process Areas

2024

0]
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251t (7.62m)
Source |
| 251t (7.62m)
I
I
I
J

25 ft(7.62m)

2t
Grade (610 mm)
l I —
¥

| soft(is2em) |

<
L le 100 ft (30.48 m) ol

Below-grade location such as a sump or tranch

Material: Flammable liquid

Smalliow | Moderate [ Largetigh | [ Zone 1
Process
equipment x Zone 2
P 7|
Pressure X X Aditional Zone 2 location. Use extra
i precaution where large release of
low rate X volatile products may occur.

FIGURE 5.10.1(g) Leakage Located Outdoors, at Grade. The material being handled is a

flammable liquid. Source —

31t (915 mm) radius
Grado v v
iein in
—l 457 mn) (57 mm)

f 1011(3.05 m) radius Below-grade
location such as f

a sump or trench—

Table 5.7.4 Relative Magnitudes of Process Equipment and

Piping that Handles Combusiible Materials P

” Smalllow | Moderate | Largerhigh
Process Small Large Process ] zere
iy ; 5 one
Equipment  Units (Low)  Moderate  (High) Squpment X X
n ~ Pressure X X Zone2
Size @l <5000 5000-25000 525,000 ore T X .
Pressure psi =100 100-500 =500
Flow mate gpm =100 100-500 >500 FIGURE5.10.1(a) Leakage Located Outdoors, at Grade. The material being handled is a flam-

mable liquid.

30

Area classification for installations handling
flammable fluids

4th edition

PCIC energy

El 15 Model Code of Safe Practice

* Incorporates three different approaches
to area classification
- Introduces the concept of a risk-based
approach to area classification

- First code to use dispersion modeling as a
basis for defining the extent of classified

2.4 m minimum

Figure D29: Typical hazardous area zone classification for an oil/water separator

Note: Ullage space in the road tanker should be classified as Zone 0. 31
Figure D16: Typical hazardous area zone classification of a read tanker during
unloading




Source of Release Methods: IEC 60079-10-1
I

Choked Gas Release

Identify potential sources of release . =r‘dsp\/yL{L}(“W” )
Determine the release rate and grade of : S
release for each source based on likely e
frequency and duration of release T —
3. Assess ventilation effectiveness;
Determine the appropriate zone based on s [ [ e
grade of release and ventilation 7
effectiveness.
5. Determine the appropriate extent of the ; / .y
zone 7 g = ::
PCIC energy s ' 32

Operating Experience

“When classifying areas consideration should be
also given to a careful evaluation of the same or
similar installations...

... Where documented evidence indicates that a
particular plant design and operations are sound
this may be used to support the classification
chosen...

....furthermore, it is conceivable that an area
could be reclassified based on new evidence”

IEC 60079-10-1
NFPA 497

33
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Combination of Methods
e

e Different methods may be appropriate for classification of a facility at various
stages of its design development
— Preliminary (FEED) design: Simplified Methods
— Detailed design: Point Source Methods
e Simplified methods can be applied to a group of similar equipment items (e.g.
sections of piping with flanges, such as pipe racks) while applying a more
detailed assessment to the more significant potential sources of release
(Process buildings, gas compressors, pumps)

PCIC energy 34
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Design Objectives

= “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”

PRV

N 1. Zone
-
///ﬁgé@ ///// - 2. Extent of the zone
/ 3. Material Characteristics

/ //////////////// /// v e Group classification

e Auto-ignition temperature (AIT)

I:I Zone 0 %*; 2 Zone 1 Zone 2 |:|

PCIC energy Group A, AIT = 200°C (T3) 36

When should it be done?

e Start when initial P&ID and plot plans are available
e Preliminary design

—Equipment specifications for long lead items
e Detailed design

— Optimize classification extents

— Define ventilation requirements

PCIC energy 37




Source of Release Method: IEC 60079-10-1

Annex F
Schematic approach to classification of hazardous areas

Identify potential sources of release

Determine the grade of release and
the release rate

3. Assess ventilation effectiveness
Determine the zone

5. Determine the extent

The grades of each release must be delermined

‘CDM\WDUS;MMH!\!N&' ! PRONARY grace o elezse ‘ [ seconosay ateot s |
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Sources of Release

Pressure Relief e Sealing Elements on fixed parts
Valves (PRVs) with ] )
moving elements e Sealing elements on moving parts
a ; * Releases resulting from the
T® T 11 process being open to atmosphere

e All welded piping is not considered
a source of release

Parts
moving
at high” B gt

speed .

Flanges and Piping Connections

Valves with sealing elements

PCIC energy 39




Grade of Release

Frequency of | Duration of
Release Release

Continuous Frequent Long
Primary Periodic Long
Secondary Infrequent Short Continuous

Secondary 20

PCIC energy

Determine the Rate of Release

Gases Low Pressure Lighter Than Air ‘
— and

Heavier than Air |

High Pressure H Sonic Gas Jet }— Arty

Density
Highl : -
EZ:g;:eOf V:ﬂatﬂ'e Flash Evaporation H Heavier than Air |
Liquids

Boiling Pool H Heavier than Air |

Flammable

Liquids Non-Boiling Pool H Heavier than Air |

Combustible
Liquids

PCIC energy 41




Low Pressure Gas Release Behavior

Gas —| Low Pressure Lighter Than Air |

H?\Utﬁ HIS |1 VWH Release
E e
i k /’—1\ Heavier than Air
w |

-

5/ 6/09 12.51.12PM|
r
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High Pressure Gas Release Behavior

Low Pressure

Obstructed
Release
Any

High Pressure H Sonic Gas Jet |—- Density

Gas
Release

Direction
-—y —— ]

ﬁ
" Release
Lo

r1

43
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Calculating Gas Release Rates
I

Subsonic Release = W, = mass release rate of gas (kg/s)

= Source of release properties
2y

W, = C4S; id 1 (P v Pa R k + C, = discharge coefficient of the release
e S e R —) (ke/s) a=
¥ P opening

« S = cross section of the hole opening (m?)
* pa = atmospheric pressure (101 325 Pa)
Sonic Release p = pressure inside the container (Pa)
= Material Pr: i
M 2 QIR ° eM ?molaor‘r)neai ffsgas or vapour (kg/kmole)
W, = CqSp |y =—=|—— (kg/s) ©M= vapou
. : ZRT \y +1 4 e Z=compressibility factor (dimensionless)
e R =Universal gas constant (8314 J/kmole K)

e T=Absolute temperature of the gas (° K)

e y=polytropic index of adiabatic expansion (Ratio
of Specific Heats) (dimensionless)

PCIC energy a4

Determining the Hole Size
I

Table B.1 - Suggested hole cross sections for secondary grade of releases

Leak Considerations

Subsonic Release

conditions at which the | conditions at which the | conditions at which the

Type of item item release opening will not | release openingmay | release opening may
expand expand, e.g. eosion | expand up to a severe
failure, e.g. blow out

5 (mm?) S (mm?) 5 (mm?)

-1y 1/y
W. = C,S iz_y 1— & & k: Flanges with fsector etucen two
g — bd P ZRT y— 1 p p ( g/s) f,‘;':';’;’:zﬁi‘: 20,025 up t0 0,25 5025upto25 N N
>1mm

or similar

Flanges with

(sector between two
spiral wound boits)

sealing 0025 025 *
elements on  [gasket or {gasket thickness) usually
fixed parts | Similar 20,5 mm
Ring type
join 0.1 025 05
S . R I connections
onic ~elease TS
connections 20025 upt00,1 >01upt0 025 10
up to 50 mm*
To be defined according
SEiliiig Valve stem o 5 to Equipment
(y+1)/(y-1) s on |Packings - . Manufacturer’s Data but
2 Vit st not less than 2,5 m

M Ll d
W = C S ! [ e (k /s) e PSS osb | 0.1 = (orifice section) NA NA
g = b V7RT\y +1 g

Sealing

s i W srwns | Mmesnsis
at high speed Configuration Bz\ldl ﬂg‘ less.
han § mm?® 929 e

3 Hole cross sections suggested for ring joints, threaded connections, compression joints (e.g. metallic

compression fittings) and rapid joints on small bore piping

This item does not refer to full opening of the valve but to various leaks due to malfunction of the valve
compenents. Specific applications could require a hole cross section bigger than suggested

©  Reciprocating Compressers — The frame of compressor and the cylinders are usually not items that leak but
the piston rod packings and various pipe connections in the process system

Equipment Manufacturer's Data — Gooperation with equipment's manufacturer is required to assess the effects
in case of an expected failure (e g_ the availability of a drawing with details relevant to sealing devices)

Process Unit Configuration - In certain circumstances (e.g. a preliminary siudy), an operational analysis to
define the maximum accepted release rate of flammable substance may compensate lack of equipment
manufacturer's data.

PCIC ener NOTE Other typical values or guidance on erosion and failure conditions may also be found in national or
industry codes relevant to specitic applications.




Highly Volatile Liquids (HVLs) (Liquified by Pressure or Refrigeration)

HVLs

Flash Evaporation

Heavier than Air

PCIC energy

Boiling Pool

Heavier than Air

W =CyS\2pAp

W, = mass release rate of liquid (kg/s)
Source of release properties

« C4=discharge coefficient of the release
i opening
N : » S =cross section of the hole opening (m?)
o | «  Ap = pressure difference across the leak (Pa)
c . .
h g‘ = Material Properties
= T *  p=liquid density (kg/m?3)
O i
|
v //’f‘—:‘_i_,?/‘\\\
Ground ~—"' .~

46

Liquid Releases

-| Heavier than Air

Flasnmable Non-Boiling
Liquids Evaporative Pool
Combustible

Liquids

PCIC energy

- Flammable Mist |




Liquid Releases

W, = release rate of liquid (kg/s)
= W, = Evaporation rate of a liquid (kg/s)
= Source of release properties

W = (43S 2pAp (kg/s)

_ 18,3 x 1073u,, "84, p, M*°¢7

W, (kg/s) - C, = discharge coefficient of the release
RXT opening
« S = cross section of the hole opening (m?)
| :I: | + Ap = pressure difference across opening (Pa)
A, = Pool Surface Area
Ambient 6 = Material Properties
Temperature e M =molar mass of gas or vapour (kg/kmole)

e R =Universal gas constant (8314 J/kmole K)
e T=Absolute temperature of the gas (° K)
e p,=Vapour pressure of liquid at temperature

Pool is evaporating

PCIC energy Not boiling e

Assess Ventilation Effectiveness
I
Purpose of Ventilation

1.Dilute and disperse a flammable release

2.Ensure that a release does not persist

3 V Pm Louvres Release |
iing = Al T |
¢ ; H :j_% L ;

L T J— )

—

PCIC energy 49




Effectiveness of Ventilation
[
Effectiveness depends on:

*Degree of dilution

*Availability

*Ventilation system design

Table D.1 — Zones for grade of release and effectiveness of ventilation

Effectiveness of Ventilation
. e . . Low
Grade of High Dilution Medium Dilution | Dilution
release Availability of ventilation
Good Fair Poor Good Fair Poor Good, fair
or poor
Non- Zone 2 Zone 1 Zone 0 Zone 0
Continuous hazardous (Zone 0 NE) | (Zone 0 NE) Zone 0 + + Zone 0
(Zone 0 NE) Zone 2 | Zone 1
. Non- Zone 2 Zone 2 Zone 1 | Zone 1 5000 4 o
Primary hazardous (Zone 1 NE) | (Zone 1 NE) Zone 1 + + Zone 0
(Zone 1 NE) Zone 2 Zone 2
Non- Non- Zone 1
Secondary hazardous hazardous Zone 2 Zone 2 | Zone 2 Zone 2 | and even
(Zone 2 NE) | (Zone 2 NE) Zone 0
PCIC energy 50

Dilution — Assessment

QC = Volume Release Characteristic

N /
Ce = Pg*LF’ L( e / o |

W, — Mass release rate (kg/sec) / D..;tion
p, — Gas Density (kg/m?) o

LFL — Lower Flammable Limit (Volume fraction)

Ventilation velocity u,, (m/s)

U, = Ventilation Velocity (m/sec) ‘ L

W IEC
Figure C.1 — Chart for assessing the degree of dilution

PCIC energy 51




Availability of Ventilation

I
® Good: ventilation is present continuously

e Fair: ventilation is expected to be present during normal operation. Discontinuities are
permitted provided they occur infrequently and for short periods

e Poor: ventilation that does not meet the standard of fair or good, but discontinuities are
not expected to occur for long periods

Table D.1 — Zones for grade of release and effectiveness of ventilation

Effectiveness of Ventilation
. PR . PR Low
Grade of High Dilution | Medium Dilution | Dilution
release Availability of ventilation
Good Fair Poor Good Fair Poor Good, fair
or poor
Non- Zone 2 Zone 1 Zone 0 | Zone 0
Continuous hazardous (Zone 0 NE) | (Zone 0 NE) Zone 0 + + Zone 0
(Zone 0 NE) Zone 2 Zone 1
. Non- Zone 2 Zone 2 Zone 1| Zone 1 ;000 o
Primary hazardous (Zone 1 NE) | (Zone 1 NE) Zone 1 + + sone 0
(Zone 1 NE) Zone 2 | Zone 2
Non- Non- Zone 1
PCIC energy Secondary hazardous hazardous Zone 2 Zone 2 | Zone 2 | Zone 2 | and even 52
(Zone 2 NE) | (Zone 2 NE) Zone 0

Types of Ventilation

» Open Air
« Wind
* Building Ventilation

* Natural ventilation
« Artificial Ventilation

=

(20 ey

PCIC energy Open Air Building Artificial ~ **




Table C.1 — Indicative outdoor ventilation velocities (u,,)

= Elevation from

- 1 leval Unobstructed areas Obstructed areas
~ ground leve —m —5
TR <2m|upto5|>5m |<2m |upte5|>5m
Type of Release e m m
Lighter than air gas/vapour 05 0,5 0,5
releases mis Tmis 2 mf mis J/ mls 1mis
Heavier than air and neutrally 03 0,6 — 0,15 0,3 T—
bouyant gas/vapour releases mis mis e s mis
liquid pool evaporation rate at
ahy elovation > 0,25 mis >0,1mls
PCIC energy
L

Degree of Dilution: Open Air

a. (')

£,| Figure C.1 - Chart for assessing the degree of dilution
— | Degree of
Duten | dilution is
i defined as
05— “Medium”
Dilution
medium
01 — T
001 (<o | =
=t
f=
fe=
0,001
0.001 0.0 o1 ! N
% 1.33x 10 kg/sec
= 0 :
Qe po LI 0.643kgimx 0.04vollvol 0-046 misec

54

— Availability: Good

— Availability: Fair

—

PCIC energy

Availability — Open Air

e Lighter than air release (relative density < 0.8)

e Heavier than air release (relative density > 1.2)

Table D.1 — Zones for grade of release and effectiveness of ventilation

Effectiveness of Ventilation
. PR . P Low
Grade of High Dilution @m DllutmE) Dilution
release Availability of ventilation
Good Fair Poor Good Fair Poor Good, fair
Q or poor
Non- Zone 2 Zone 1 Zone 0 | Zone 0
Continuous hazardous (Zone 0 NE) | (Zone 0 NE) Zone 0 + + Zone 0
(Zone 0 NE) Zone 2 Zone 1
. Non- Zone 2 Zone 2 Zone 1 | Zone 1 Zone 1 or
Primary hazardous (Zone 1 NE) | (Zone 1 NE) Zone 1 + + 2one 0
(Zone 1 NE) one Zone 2 | Zone 2 one
Non- Non- Zone 1
Secondary hazardous hazardous Zone 2 @ Zone 2 Zone 2 | and even
(Zone 2 NE) | (Zone 2 NE) 55| Zone O




Dilution: Enclosed Spaces

¢ Determined by volumetric flow of the
ventilation system divided by the cross-sectional
area perpendicular to the flow

* Background concentration calculation required
to ensure an adequate air exchange rate to
prevent persistence of a flammable atmosphere

PCIC energy
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Background Concentration

X, — Background concentration (vol/vol)

_ Sx0Oq =fog(

Xb voI/voI)
Qg +04 0))

X, < X

crit

X..it = 25% of the LFL

If the background concentration exceeds 25 % of the LFL, the
degree of dilution should be defined as being “Low”
PCIC energy
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Degree of Dilution

X, < 25% LFL

Medium dilution is achieved!

PCIC energy

0.006

o

Figure C.1 — Chart for assessing the degree of dilution

Dilution
high

Ventilation velocity u,, (m/s)

Dilution
medium

/

0,1 /
Dilution
low
0,01
0,001 /

0,001 0,01 0,1 1 10 100
© Q. (m%s)
< IEC
Q 58
o

Zone Classification

Effectiveness of Ventilation
. . . . Low
Grade of High Dilution edium Dilutio| Dilution [
release Availability of ventilation
Good Fair Poor Good Fair Poor Good, fair
or poor
Non- Zone 2 Zone 1 Zone 0 Zone 0
Continuous hazardous (Zone 0 NE) | (Zone 0 NE) Zone 0 + + Zone 0
(Zone 0 NE) Zone 2 Zone 1
. Non- Zone 2 Zone 2 Zone 1 | Zone 1 ;000 4 o
Primary hazardous (Zone 1 NE) | (zone 1 NE) Zone 1 + + Zone 0
(Zone 1 NE) Zone 2 Zone 2
Non- Non- Zone 1
Secondary hazardous hazardous Zone 2 Zone 2 { Zone 2 ' Zone 2 | and even
one one one
Z 2 NE Z 2 NE Z 0

PCIC energy

Table D.1 — Zones for grade of release and effectiveness of ventilation
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Natural Ventilation

* Requires assessment of:
—Wind induced ventilation

Negative
~._  pressure

i
Positive |
’pressure[
region !

Wind -

direction

Wind Driven Flow

PCIC energy

- Buoyancy (stack effect) induced ventilation
- Combination of wind induced. and buoyancv induced ventilation

+ Positive with respect +

Flow pattern for outside
temperature less than to outdoor pressure

inside temperature —
"Neutral*pressure
plane

Negative with respect "W
= to outdoor pressure

Stack Driven Flow
60

2X06mx0.7m
Fixed Louvers LxH

PCIC energy

Natural Ventilated Design Example
I

Indoor Ambient = 30°C
Outdoor Ambient = 28°C

0.6m x 0.7m
Fixed Louver

4m

2X0.6mx0.7m
Fixed Louvers
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Extent of a Zone

e The distance in any direction from the source of release to where a gas/air
mixture will be diluted by air to a concentration below the lower flammable
limit

Exte

LFL — Lower Flammable Limit
UFL — Upper Flammable Limit

Volume -_ind Direction
Between LFL Volume
and UFL Between 25% LFL :
ard 100% LFL Level _of unce_rtamty
i associated with release
Atmospheric Vent Atmospheric Vent
PCIC energy 62

Factors that influence Extent:

Density relative to air

— Lighter than air releases will accumulate in the upper regions of
enclosed spaces

— Heavier than air release may flow into areas below ground level

| T

Lighter than Air Neutral Density Heavier than Air

PCIC energy 63




Topography:

#,

Zone 0 Zone1 Zone2 Non-

hazardous
Y+n

Elevated Roadway
‘ Drainage
Ditch ’/
V7

‘ f f ' G

Pressurization and Vapour-tight Barriers

L
/A

ZoneO0 Zone1 Zone?2  Non-

hazardous
mMcc

»
2

Gas ) Process
Io Pressurized . E
ompressor Location H Equipmen '573’
5
o
Q
o
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Estimating the Extent

Figure D.1 — Chart for estimating hazardous area distances

Jet release
e High pressure choked gas releases -
Diffusive release il

e Low pressure subsonic gas releases

vl
Heavy gas release ’ | /

e Heavier than air vapour release

Not applicable to indoor extent /
applications : o o
VVg ° IEC
Qc =
PCIC energy Py LFL 66

Extent Example

Stream: Propane Figure D.1 — Chart for estimating hazardous area distances

Group l1A 100
AlT:445° C 6 m (DFF) £
Vapour Density:1.56

Hazardous dist

\\I

= 3
g

ES 2

g

<

H

?‘C’;’;’,‘C‘C",’j Source AL ITITTN
| T i 0™ 12m |
12 m (HG) > 6I1’0T
[ Zone 0 [ Zone1 [ ]zone2 | |Non-hazardous

0,01 100

Q, (m°ls)
IEC

PCIC energy Qc = 2m3/sec 67




Zone of Negligible Extent (NE)
I

* [ncreased air movement reduces the classification extent
* May permit the area surrounding the release to be designated “non-hazardous”

¢ Subject to an ignition risk assessment
— Implies that should an explosion take place, it will have negligible consequences

¢ Gas distributed at > 1000 kPA requires a specific risk assessment
¢ Shall not be applied to gas distributed at > 2000 kPA

l_ Extraction air flow

ﬂ

C/:':\‘F\\A Dilution

P volume

AN

S

Source of release
with very low velocity
IEc

Zone of Negligible Extent

Enclosed Space
Table D.1 — Zones for grade of release and effectiveness of ventilation

ctiveness of Ventilation
Q-Ii h Dilution ) | Medium Dilution Low
9 Dilution

/ \ Gr?de of | e Availability of ventilation
r
Good,
Source of Release @ Fair Poor Good Fair Poor le;ot)rr
Zone 0 reduced Non- Zone 0| Zone 0
To negligible extent hazardous Zoznoeng IZ\IE) (Zozn(:en?) :\IE) Zone 0 + + Zone 0
(Zone 0 NE Zone 2| Zone 1
NUII- Zone 1| Zone 1 | Zone 1
. Zone 2 Zone 2
Primary hazardous (Zone 1 NE)|(Zone 1 NE) Zone 1 + + or
L (Zone 1 NE) Zone 2| Zone 2 | zone 0
Non- Non- Zone 1
. Secondary | hazardous | hazardous Zone 2 Zone 2 |Zone 2| Zone 2 |and even
Continuous Grade Release (Zone 2 NE)|(Zone 2 NE) Zone 0
High Dilution
Good Availability
69
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Documentation

Documentation
I
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HAC Drawings
k3
LEGEND
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Section Drawings and Details

Jzone1 [ Jzone2 | | Non-hazardous

Process Vessel

Zone 0

[ zone 0 [

PCIC energy

Zone1 [ |Zone2 [ |Non-hazardous

Inadequately Ventilated Process Building
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|[EC 60079-10-1 Flammable Materials Worksheet

Hazardous area classification data sheet- Part list and
FM Name EngWorks HAC Course Dehy Facility
1 2 | 3 4 | 5 | 6 T 7 1 8 9 11 12 13 | 14 15
Flammable substance Vol LFL/ UFL ExC isti
Polytropic index
Molar mass  [Relative density jof Adiabatic Flash point [ignition temp.* [Boiling point [Vapour pressure Equipment any other relevant information or
IName lc (kg/kmol) _|gas/ air ionfy) |° © (GRS o) lat 20° C(kPa) vol (%) (ke/m3) roup.”  [Temp.class |remark
10.50%n-Octane, 0.50%n-Heptane,
10.50%n-Hexane, 3.00%n-Pentane, 35 0.034
" [1.50%n-Butane, 2.50%Propane, .
1 |Gas Mixture l6.00%Ethane, 60.00%Methane, 233 0.81 1232 1716 515 -114.6 3263.588 A T1  |AIT estimated using mole weight average
13.50%H2S, 3.50%C02, 6.50%H20, 17.57 017
[2.00%N2
10.50%n-Decane, 0.50%n-Nonane, 11 0.033
2 Water Mixture 10.50%n-Octane, 0.50%n-Heptane, 7215 249 1122 -40 243 90.6 1.698 A T2C  |AIT estimated using 3% Rule
195.00%H20, 3.00%n-Pentane 87 0.261
3 Normally the value of vapour pressure s given, but in the absence of that, boiling point can be used;
b Value in second line is user defined.
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IEC 60079-10-1 Source of Release Worksheet

lazardous Area Classification Data Sheef ources of Release
Tant Dehy Plant Reference
fprea: il Iorawing: W40178-01
2 T 4 5 6 7 T 8 9 10 11 12 13 14 15
Source of Release Flammable Material Ventilation fazardous Area
No” Description Location Gradeof | Rateof Release Reference’ | Operating Temperatureand | State’ | Type' | Degree of [avail-ability| Zone Type Zone Extent Reference’ | Any othe relevantinformation and
Release’ Release Characteristic Pressure Dilution” -1 (m) remarks.
?
(kg/s) (m/s)
Co (kpa) lVertical __Horizontal
alves, flanges, [puilding Naturally Ventilatedat 4
1 fnstrumentation, open :;'u‘ﬁ;‘s:p/w"”m s 2.676-04 9.886-03 (1) Gas Mixture 55 630 G N Medium Fair 2 Extent of Building + 1.0m | 1EC 60079-10-1 JACPH
ended devices e
Jpuilding ventilated at 6 ACPH.
1 Extent of Building APIRP 505 fuilding incorporates gas detection
fanalyzer tubing, analyzer s s Panng o
2 ents, sales gas valve IMeter Building P natyer (1) Gas Mixture G A | Medum | Fair et Fo e e L and ventilate
ent) 2 |1.5m surrounding Building| 6.82 buildingat 12
lacrh
alves, flanges, 1) Gas Mixture Puilding forced ventilatedat 3
3 fnstrumentation, open [pehy Building s 4.006-04 1.006-02 55 610 G A | Medum | Fair 2 | extentof Buildng + 1.0m | 1EC60079-10-1 jaceH
2) Water Mixture
fended devices
Juilding forced ventilatedat 3
Compressor and pump. 1 E"‘E"“‘;Z"I‘;C‘:? Areain
4 eals Regen Gas Compressor s 3.00€-03 2.00E-02 (1) Gas Mixture 120 4300 G A Medium Fair |EC 60079-10-1 [Vapourtight Barrier between
ents, sales gas valve lBuilding process and electrical room
Non-Haz £/1Room
“APIRP 505
5 [langes [Regen Gas Cooler s (1) Gas Mixture 120 4300 G N | Medium | Good 2 Perimeter of Cooler 659.11
101511
Heater is Nonhazardous due t
6 [Flanges [Regen Gas Heater s (1) Gas Mixture 120 4300 G N | Medium | Good Non-Hazardous APIRP 505 leateris Nonhazardous due to
659.2 |ppen flame
uel gas skid handles very low
alves, langes, pressure fuel gas
P
7 |nstrumentation,screwed Heater Fuel Gas Skid s Low Presure Fuel s N | Medum | Good 2 1 1 APIRP 505 For the fired heaterandis
Gas 101521
onnections onsidered very low
is
APIRPS05 [rone 1 surrounds tank vent
8 frankvent [produced Water Storage | P - Vent (2) Water Mixture 40 Amb G/L N Medium | Good 2 3 3 108113
fTanks s
Figure 50
[Flare KO Pump Seal, “APIRP 505
g i 1 4
9 [renopening fare KO Drum s Slop i 0 Amb oL N | Medium | Good 2 3 3 Haure 100
10 None Flare Stack Al 0 Amb G/ N Medium | Good Non-Hazardous A: :r;szos fare s Non-hazardous due to open
1 | 1.5 from Launch Receiver
11 [iglaunchingand receiver IPig Launcher P (1) Gas Mixture 20 Amb G N Medium Fair APIRP 505
foperations Figure 49
2 153 rom Launch Receiver
I
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Change Management ieces0079-10-1
[

® “Once a plant has been classified and all necessary records made, it is important
that no modification to equipment or operating procedures is made without
discussion with those responsible for the area classification.”

e Unauthorised action may invalidate the area classification.

Review Approve
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Summary
I

e Risk assessment process that covers
— Properties of flammable and combustible materials
— Probability of release
— Sources of release
— Normal vs. abnormal operations
— Effects of environmental parameters
e Ventilation
e Based on the likelihood of a flammable mixture being present in normal
operation
e Must be carried out before equipment is specified

e Supporting documentation is extremely important!
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Est-ce que je peux poser une question ?

Can | ask a Question?
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