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Appendix 9: Determination of Hazardous Areas for Vent Pipe Terminations.
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6.3 Safety Evaluation - External Safety
6.3.1 Scope and Purpose

It is mandatory to do a guantitative risk assessment (QRZA) for stations in

natural gas pipeline systems.

(QRR) is also required for “pipe only” secticns of the pipeline, if:

- The safety requirements set forth in this standard or in SI 5664-2 are not
achievakle, or;

- changes in the environment immediately contiguous to the pipeline causes
non-compliance with the safety requiremesnts.
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DNPIVIPA TINYY YTMIIANDN DMNDD PO YXIAD W NINNY 1 PON 5664 >N 9 Dy
DNNIAP NIOWIN NDDY

YN DYONANN OININD DNNNAY N2 PN NYPIAN NNDNI DN MY YXID DD PO
.ON2 PN 6.3.2 PYo NRD) 1 PON 5664

DOYNNANI VIPIT T PHY SNNIAPNI FWINT )1DP0N ININT THIW IO YD XN 0PN NN
STNNAPN OYIRN N0 TINYY T DN NIND DIPXA NNIYY INA

6.3.2 Content of a gunantitative risk assessment

The safety evaluation for external safety consists of the following components

(see alsoc Figure 3):

a) Determination the local iso-risk contours and the group risk curve, based
upon:

— {(an analysis of) possible causes of failure and the probability of
failure;

— {(an analysis of) the effect of the loss of containment on the
environment where the station or pipeline is being installed or has been
installed;

b) confronting the calculated risk contours with the environment where the
station or pipeline is being installed or has been installed and assessing
this against PR and GR criteria;

c) 1f necessary, revising the location of the station or its design, or the
route of the pipeline, adopting risk-reductionmeasures and running another
risk assessment.

("7 NADI XDAV) 10 45 DN — 2 PON 5664 77N %90 NNKY PNAMP PRI A

PN RY PNIND NN AYND DN ,MMNVIAN NOTIN DYDY OYIvN HN MY IMMNN1 )
.DXNNN NN ITHIN NIN NN

9N DXN22 NYDIYIIND MY DNY /1 100 -H VPN PHINI DN DIX1PY NP T
WY NN (170D DIWIN 6) INVPNY DIVIN 60 N NMAY NN M 175 -n JOP PRINa

N20N O 1e-6 -n JOP NPNY SYWIRN NDYDN DY 1A YNIIINDN DN IPD YNID
.M9XAPN PPIVIPA TINYD SNNIAPN
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[(k+1)/2]¢/ D
:AUND

K 10590 2N W 989010 DINN ©N> 11 k= ¢,/ Cye

1IN M2y k=1.307.

:1°1 12201 XN9Y N1 1N N 2 onvn110 bar/l bar = 110.

I IRNN NIY 9730 INNYNA DN

[(1307+1)/2]*307/ G370 =1 15442 =184

(110 >> 1.84) nprenn NI ORTN NN DI IO

ARNYNN 29 DY 2IYIND NN NNRE1N DN NPT NPIYIN NN May 8.2
N2N

7 (B£1)/(k-1)
Q=CAkpF (F:_-I-l)
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: INIWNN IN
or this equivalent form:
2 M k Pa\ " Py EHE
o= car|(Z)(E)[(B)"- (B
$9UND

Q = mass flow rate, kg /s
C = discharge coefficient  (dimensionless, usually about 0.72)
A = discharge hole area, m?
k = cp/c, of thegas = the isentropic expansion coefficient

= (specific heat at constant pressure) / (specific heat at constant volume)
p = real gasdensity, kg/m3atPand T
P = absolute source or upstream pressure, Pa

Pa = absolute ambient or downstream pressure, Pa

= gas molecular weight

= the Universal Gas Law Constant = 8314.5 (Pa - m?)/ (kgmol - °K)
= gas temperature, °K

= the gas compressibility factorat Pand T  (dimensionless)

N-HTTZ

: DYN NOY NIPNY DOOVIMNIIN DMNIN
107 9VYPa vent-n NVYYI : PINNH YWNIN

NP2V NININ

293 K n7vnono e
0.8 N DTPN @
N2 110 NNONANND @

710 NAYVIN IO @
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DN NPOD ) KM 970 7D oxnna Whazan moina y¥iaw 2vona : mMNSN
:TPIV\YP 487.5 NN NINDND X NN

lllllllllll %

WHAZAN ITI
05:45 1 Jan 19290

GAS DISCHARGE - PIPE

L T T T T T O T T T T T T T O T O T SO S T T SO S T T T N S T O R S R B R S B SR B A

|||||||||||

Material :Methane
INPUT DATA

Storage Temperature (K) : 293.0

Storage Pressure (bara) o 110.0

Internal Pipe Diameter (mm) 2540

Velocity Head Losses : 5.000
RESULTS

Discharge Rate (kg/s) ;. 487.5

Exit Velocity {m/s) ¢ 389.1

|||||||||||

:AJ  Design software bSv awnmmn  STwnwa wvidva  avin DN

Atmospheric Dispersion Equation Formulas Calculator

Air Pollution Control - Stacks

Solving for plume rise for superadiabatic conditions.

M= 3.4?E+ 5.15 {Ch

i Id
Inputs:
stack gas exit speed p— neter/seoad v
(Vs)

16
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stack diameter (d) 10 | inch M
average wind speed ‘ s | — v|
(u) -
stack heat emission ‘ 5 [hewtonmetersecond <]
rate (Qn)
Calculate

Conversions:

stack gas exit speed (V) = 389 meter/second =389 meter/second

stack diameter (d) =10 inch =0.254 meter

average wind speed (u) = 1.5 meter/second =1.5 meter/second

stack heat emission rate (Qp) =0  watt =0 kilojoule/second

Solution:

plume rise (Ah) = 228.57121333333 meter

710 230 -5 395 XN MWD

9 240 -5 10 VPR VENL/NIN NN

ventnn R¥PD HY NIXaY Non NV NX ALOHA -n nioina avnd ym) X9 INNn

Frank Lees bv mxnwinn Yy 0oannn 9vn Mipda v S1ina wnnw

DYNVANIN DINNNDI OW) YPIPN M9 DYV PYN DTN AR 2WND PIN IO TNND
(D»M2NN

210 W YPIPN DY 115N vent-nn pnan NN PITL) PYN DTN DR AWND OO
S)POYN MPAITN 51200 YOI YPIPN DY 112210 PNIN NHR PHNND MPYOTH

SITE DATA:
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Location: LERMAN, ISRAEL

Building Air Exchanges Per Hour: 0.24 (sheltered double storied(

Time: June 13, 2010 0200 hours ST (user specified(

CHEMICAL DATA:

Chemical Name: METHANE Molecular Weight: 16.04 g/mol

PAC-1: 3000 ppm PAC-2: 5000 ppm PAC-3: 200000 ppm
LEL: 44000 ppm UEL: 165000 ppm

Ambient Boiling Point: -161.5° C

Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA (

Wind: 1.5 meters/second from w at 10 meters

Ground Roughness: open country Cloud Cover: 0 tenths

Air Temperature: 10° C Stability Class: F

Inversion Height: 300 meters Relative Humidity: 50%
SOURCE STRENGTH:

Direct Source: 487.5 kilograms/sec ~ Source Height: 240 meters
Release Duration: 60 minutes
Release Rate: 29,300 kilograms/min

Total Amount Released: 1,755,000 kilograms

Note: This chemical may flash boil and/or result in two phase flow.

Use both dispersion modules to investigate its potential behavior.

18
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THREAT ZONE :
Threat Modeled: Flammable Area of Vapor Cloud
Model Run: Gaussian
Red : LOC is not exceeded --- (44000 ppm = LEL(
Note: Threat zone was not drawn because

the ground level concentrations never exceed the LOC.

Orange: LOC is not exceeded --- (15 % by vol(
Note: Threat zone was not drawn because

the ground level concentrations never exceed the LOC.

SV Y W 1910 INNRD P VN 2409 TY N N NS jet dispersionn nysn apy
VPPN NANA OPIOT DM PR VENTNN NN WININIY NI MIYHWNI YN

NIX9 55 7P NY Do

N¥IN2 ,0DY YY DOINNAY PYIVN DN MY YOTIND DY MNYNN INND : NIYN
9P W Y1ina vinow Ny S1nn

090 .9

1 110 — DTN PN VPIONNDI NNXN MNP VPADNN VENTI YO MMM NNV

I 45 5D NN XY N9INN NNNNND 122 NP PRID -PNIMP N
DYTIN NN NNYN MNPN 510 AN -(MNdVI PNIN) NNSH MMPN DV NN .2
210420 -1 NN XY MIIN PNIND ,90NA /N 110 -n NN XY NI, vent -n 2010

NINY ,MMNLIAN PRIND DXIN NTIONN PRI 1291 NPO NNV NI XY -NTI9N PRI )
0 110

YMNANDN DINDD IPD YNID NN ,DINIIN MNND MOTIN NMON NINDNI 90N
Ra)akaPp;
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NOIYNIIVNIYY MI2D MNP NWINDIN NYNIN 221901).10
(=) =24 vi)
(1) IGEM/SR/25 ,Hazardous area classification of Natural Gas Installations,
Edition 2, IGEM, U.K, 2010.
ANEN 3650- 1,2) 2-1 pon 5664 >'n (2)
NP0 MNPNA NTION SPNIN NPPTH ,NADN INNY TIWHN 9791 N JI0N (3)
.2011 3 — D)

YHPY 16,0100 DIMND ININ YN 1999 ,XININ NI ©IN XANL NOWN YX0 (4)
.1999

(5) "Perry's Chemical Engineers' Handbook, Sixth Edition, McGraw-Hill Co., 1984

(6) "Handbook of Chemical Hazard Analysis Procedures”, Federal Emergency
Management Agency, U.S. Dept. of Transportation, and U.S. Environmental
Protection Agency, 1989 (available at
http://nepis.epa.gov/Adobe/PDF/10003MK5.PDF) provides references to (2a), (2b)
and (2c) below

(7) "Risk Management Program Guidance For Offsite Consequence Analysis"”, U.S.
EPA publication EPA-550-B-99-009, April 1999. [ Equation (D-1), Section D.2.3,
and Equation (D-7), Section D.6, Appendix D. Available at
http://lwww.epa.gov/emergencies/docs/chem/oca-all.pdf ]

(8) "Methods For The Calculation Of Physical Effects Due To Releases Of Hazardous
Substances (Liquids and Gases)", CPR 14E, Third Edition Second Revised Print, The
Netherlands Organization Of Applied Scientific Research, The Hague, 2005. [
Equations (2.22) and (2.25) on page 2.68. ]
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Material :Methane
INPUT DATA

Storage Temperature (K) : 293.0

Storage Pressure (bara) : 110.0

Internal Pipe Diameter (mm} o 254.0

Velocity Head Losses : 5.000
RESULTS

Discharge Rate (kg/s) : 487.5

Exit Velocity {(m/s) o 389.1
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F.3.2.5 Building proximity distances

Takbls F.& sets forth the building proximity distances for transmission pipelines.

Takle F.6 — Summary of building proximity distances (in m)

Nominal diameter Natural gas transport pipelines
with operating pressure in MPa

inch mm 2-5 5-8 8-11

2 20 4 ] 2

4 100 g ] 7

£ 150 £ ] 7

a 200 7 a 10

10 250 9 10 14

12 300 14 17 20

14 350 17 20 25

16 400 20 20 25

18 450 ] 20 25

24 600 o 25 25

30 7350 o 30 35

36 900 o 35 45

2 1050 o 45 35

48 1200 c S50 &0

- Distance to be determined in consultations between
- the parties involved in a project.
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