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¢, Conventional Process Safety Design

Design on context based references in accordance with the following
order of precedence; -
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|.  Country Laws and Regulations

ll. International Codes and Standards

Armerican

Petroleum
Institute

lll. Company Standards
V. General Best Practices/Guidelines

V. Internal/External Lessen Learns

Conduct PHA study to assist the design
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«% Problems and Limitations

&Y based;

* = Unable to implement
= QOver design (over budget)

= Under design (ensure safe?)

= Unclear

= Too general

= Not define/Not relate
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¢, Consequence based Approach — Way of Solutions

: Apply the physical effect model by consequence modeling tool(s) to
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1% quantify the hazard impact i.e. dispersion, fire and explosion to solve
8% engineering design problems

GUIDELINES FOR
Consequence Analysis
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¢, Consequence based Approach — Benefits

Process Safety!harlaj

Offer effective solutions and optimum safety design

e.g. Limit firefighting resource for spray cooling
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e B Pool fire

\. ‘e Standalone Pool Fire Radiation on a Plane

1-dia of burning tank (NFPA30)

needs exposure protection.

Code based
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=* Person pain after 20 s (world bank)
=> Max heat limit for fire responder (IP19)
= Fire escalation if long exposure & no protection (IP19)
= Safe operating maximum for steel structure & process
equipment with no protection (API2218)
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«% Consequence based Approach — Suggestions

ks Select the right consequence modeling tool(s)

= Validated and technically proved math model for the hazard scenario studied
= Known features and appropriate use of each model for the hazard scenario

= Known limitations of those consequence modeling tool(s)

Select the reliable impact criteria source(s)

= Dispersion (flammable/toxic) impact
* Fire (Thermal) impact
= EXxplosion (Overpressure) impact
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1. Gas 1900 kPa (275 PSIG) or less
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Direct example
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Ignition probability on Zone 2 boundary. (Pign)

1@

Table 5.3 Example calculation for compressors — leak hole size and hazard radius (R,)

Release hole Hazard radius R, (m)

Release frequency Seal type .

diameter (mm) G(i) Gii)
Floating ring 5 4 6
LEVEL I -

Purged labyrinth 12 10 13
LEVEL II N/A 22 T T
LEVEL IIT N/A 70 T i

'N/A Not applicable since hole size is independent of seal type.
+  These hole sizes are considered greater than should be used for hazardous area classification purposes. This Code
does not therefore give hazard radii for these hole sizes. The user may determine the hazard radii by calculation.

B2

e
o

15 ~
J EVEL Individual Risk (/yr) from a number of ignited
« secondary grade release sources 15 defined as:
\\\ N ™
~ TRigpited retease (YT} =
CEVEL Feal/telease source-yr)* P *Poc.® V * N,
= = -~
ML N
|
N
1 Exposure (Exp.) 10 100

3
-

Frequency of release of 1,0E-2iyr
== == = Frequency of release of 1,0E-3hyr

Point source/Risk-based
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-6 Applications of Consequence based Solutions

Hazardous Area Classification
Code based - API500/505, NFPA 497, IE(IP) 15

Scientific and lower budget !!!
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Direct example Point source/Risk-based
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Applications of Consequence based Solutions

Hazardous Area Classification

Conduct dispersion modeling

Code based = Point source/risk based

Not applicable for chemical plants !!! Reference may not reflect to real conditions !!!
Table C2: Physical parameters used in dispersion modelling
Stream Fluid category LFL }ll)ll?tu]a]' Boi]ling
"'2201’;";/:;“ N B p P c@) (vol %) &f}ﬂ‘l‘) 1’(28‘ Paraf‘neter Value used in EI15
N, Nitrogen 0.00 0.00 0.00 2.00 2.00 - 28.01 ~106 Ambient temperature 0°C
C, Methane 0.00 4.00 0,00 88.45 10.00 5.00 16.04 -161 Storage/process temperature 20°C
C, Ethane 0,00 0.00 0,00 4,50 3,00 3,00 30,07 -87 Relative humidity 70 % \/,
C, Propane 70,00 6.00 1.00 3.00 3.00 2.10 44.09 -2 Wind speed Tl
C, Butane 30,00 7.00 1.00 100 1.00 1.80 58.12 -1 Stability class D
C, Pentane 0,00 9,00 2,00 1,00 0,00 1.40 72,15 36
C, Hexane 0.00 11.00 3.00 0.00 0.00 1.20 86.17 ) Surface roughness length 0.03m
C, Heptane 0.00 16,00 3.00 0,00 0,00 1.05 100,20 08 Release direction Horizontal
C, Octane 000 | 200 | 2700 | 0% 0.00 095 114.23 126 Release height ForR, 5mForR: T m
C, Nonane 0,00 0.00 25,00 0.00 0.00 0,85 128.26 151 -
C.D 0.00 75.00 38.00 0.00 0.00 0.75 12208 73 Release angle For R,: horizontal For R,: unknown
H,O Water 0.00 0.00 0.00 0,05 0,00 - 18.02 100 Sample time 18,75 s
Carbon dioxide 0,00 0.00 0.00 0.00 1.00 - 44.01 -78 Reference height 10m
Hydrogen 0,00 0.00 0,00 0,00 80,00 4,00 2,02 -253 -
Average MW Hazard distances To LFL
P 48.30 100,06 125,03 18.74 7.03
(g/mol)
LFL (vol %) 2.00 1.05 0.86 46 .00 The dispersion modelling contained in El Research Report: Dispersion modelling and
LFL (ke/?) 0.039 0.042 0.043 0.034 0.011 calculations in support of El Model code of safe practice — Part 15: Area classification code

for installations handling flammable fluids was carried out using DNV PHAST. The results
were sufficiently consistent with those in the previous edition of this Model Code? to support
using DNV PHAST without modifying the standard approach to modelling these releases.
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Applications of Consequence based Solutions

Plant layout and sitting

Process SafetyQhari

= nio spacing reguirements
* = spacing given in Table 3
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GE GAP Guidelines
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How to solve when unable to comply ?

Table A {metric)

Horizontal Distance {m)

TYPICAL SPACING FOR PLANT EQUIPMENT FOR FIRE CONSEQUENCES
Explogion and toxic concerns may reguire greater epacing
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Applications of Consequence based Solutions

Chemical s

Plant layout and sitting

Impact Criteria for design parameter Impact Criteria for design parameter
Unit Description T-“:

Thermal Radiation | 125 kW/m2 | Clazed building impairment

Topic

Unit Description

Location for non-rated {(no-ex- | 1000%LFL | Located away from this contour coverage

Levelimpacton | 3¢ pwy/m2 | Complete failure of the structure or significant

. . proof) electrical equipment plus =xx m margin.
equipment unit damage to wall or roof

350 KW/m32 | Structural steel and reinforced concrete framed Location for equipment 100%LFL | Located away from this contour coverage
building initiated failure and up to 30 minute creating source of ignition J.e plus xxx m margin.
impingement lead to total failure hot surface, open flame)

35 kW/m2 | Failure an building with combustible materials i.e.

wood paneling

=i | ranre onbiang winorepaims e oo | QUANTITY the possible hazard impacts of facilities

Thermal Radiation 4 kWim2 working area (personnel starting pain/injury)
Level impact on

manned

oCcupancy

Explosion <0.02 barg | Mo damage: Potential damage to window glass but C = = =
onduct dispersion, fire &

Overpressure no structural damage p ’

Level impact on 0.02-0.07 | For glazing and lightweight structures building ;

explosion modeling

building barg * Large windows shatter at 0.03-0.069 bar,

* At 0.069 bar corrugated asbestos
shatters/fastenings on corrugated steel or

aluminum panels fail,

* Minor damage to house structure at 0.048 bar
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Process Safety

Chemical "

Applications of Consequence based Solutions

Fire proof design for building structure

Equipment

Protection Level®

Section in APT 2218 or Other Reference

LPG vessels if not protected by fixed water

spray systems.

1709 (or functional equivalent).

Fireproofed equivalent to 1 12 hours in UL

Pipe supports within 50 ft or in spill contain-
ment area of LPG vessels, whichever is greater.

Fireproofed equivalent to 1 12 hours in UL
1709 (or functional equivalent).

Critical wiring and control svstems.

15-to-30-minvte protection in UL 1709 {or
functional equivalent) temperature condifions.

API 2510 (1995) Section 8.7
Section 6.2.2
Sections 6.2.2 and 6.2.3 Over-design or Under-design
API 2510 (1993) Section 8.8.5
Section 6.1.8.1 ?

APT 2510 (1995) Section 8.11

Note: *Some company standards require protection greater than that shown in column 2.

o0 OO0 0 o

=== Firepracfing

Consider
T 1 € fireproofing
-~ L
30t ‘: 'j
L~
20 00007
7 54 -+
A L-
- A v
Fire ” A
scenario - ¥
area .
“’OQDOOQD,()« () Fire-
o .
.~ L~ Scenano
¥ £ R Consider fireproofing k area
¥ - onsider fireproafing knee °
y Large bracing supporting No firaproofing
r pumps ” vertical load on nonload-
+ Q Q 4 bearing bracing
b - f—
Y -1 e
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Conduct fire modeling

Determine
I.  The contour of thermal impact

ii. How long does the burning
last ?

Floor an which
liquids can
accumulate
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Applications of Consequence based Solutions

Process SafetyQhari

Firewater supply duration

= NFPA 15

A.4.4.8 Itisdesirable to contain runoff for the anticipated dura-
tion of any fire. However, in large chemical or petrochemical
facilities, a major fire can last for 8 hours or more, resulting in
extremely large holding basins or retention ponds. Where the
anticipated incident duration results in retention basins that are
of impractical size, methods to limit the duration of runoff might
be required.

When an extended duration is anticipated, a duration of
4 hours is usually considered the practical maximum. During
that time, it is often possible to i1solate equipment and reduce
the flow rate of water and other materials so that the continu-
ous discharge flow rate is less than the initial flow rate. If a
significant amount of flammable materials can be removed
from the protected area, it could be possible to shut down
water spray systems and manually fight the fire, greatly reduc-
ing the amount of material that needs to be contained.

= CCPS (AIChE)

7.4.1.2. Tanks and Reservoirs

Limited capacity sources such as tanks and reservoirs can be provided as a
source of water. The designs of tanks and reservoirs should be for the minimum
judged necessary for fighting fire within the facility. This may be as little as a two
hour supply for a relatively low risk plant, but a minimum of 4 hours is typical,
based on the largest fire water demand. Within a facility, there may be certain
units that require more than a four hour supply, i.e. due to a larger inventory of
flammable materials. In such cases, additional sources of fire water will be
required. This may mean temporary hook-up of a neighbor’s system, use of
cooling water, storm impoundment ponds, or reliance on municipal systems. A
larger capacity may be warranted for larger and more complex facilities. Fire
water pump suction tanks should be on ground level. Freeze protection should

Too general ?
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e, Applications of Consequence based Solutions

Firewater supply duration
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Not specific !!!

= API1 2030

areas can be based on the potential fire exposure, the
expected fire duration and dramage capacity. If process
equipment cannot be isolated and de-mnventoried quickly a
fire can have a duration longer than the 1 to 4 hours protec-
tion that passive fireproofing can reasonably provide. Appli-
cation of cooling water from spray systems (or firewater
monitors or hand lines) should be given consideration in such
cases smce this can provide contimung protection for as long
as the water supply lasts.

Conduct fire modeling

Assist to determine;
How long does the fire burning possibly last ?
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Chemical "

Applications of Consequence based Solutions

Fire/'Smoke & Gas Detectors mapping study

17.8.3.2 Spacing Considerations for Flame Detectors.

“]J 17.8.3.2.1% The location and spacing of detectors shall be the
IZNIFNTENITNYATHINTITY result of an engineering evaluaton that includes the following:

2 N Goe nsflasfunez sz iudandeluTsam (1) Size of the fire that is to be detected
(2} Fuel involved

A bEsb (3) Sensitvity of the detector
(4) Field of view of the detector
WA o (5) Ihstance between the fire and the detector

(6) Radiant energy absorption of the atmosphere

(7) Presence of extraneous sources of radiant emissions
(8) Purpose of the detection system

(9) Response time required
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Distance and size
criteria for application
should fall in shaded
area.

Mormalized fire size

Not define !!! Conduct dispersion &

fire/smoke(CFD) modeling

I T I T I
1 2 3 4 5
Mormalized distance between detector and fire

FIGURE A.17.8.5.1.1 Normalized Fire Size vs. Distance.
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Thank you for your attention
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