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Figure 2-4 Reported hazard radiuses resulting from thermal radiation in natural
gas pipeline failures

3 European Commission ,Directorate-General Environment , Assessing the case for EU legislation on
the safety of pipelines and the possible impacts of such an initiative- Final Report ,
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liquid and gaseous fuels in pipelines, 2009, pp-19
> RIVM Report 620550004/2011, Para 3.1.2
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Causes of Significant Incidents
Gas Transmission Pipelines
45
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m Offshore
35 B Onshore
Excavation Corrosion Material Failure  Human Error Natural Force  Other Outside All Other
Damage Damage Force Damage Causes

Figure 4.8- Causes of Significant Pipeline Incidents on Gas Transmission Pipelines from 1988-2008
Source: DOT/PHMSA Pipeline Incident Data

Rupture Cause Comparison
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Figure 4.13 — Comparison of Pipeline Ruptures by Cause (National Energy Board, 2008)

CRS-Keeping America’s Pipelines Safe and Secure: Key Issues for Congress, pp7-8 1
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VP79 TNX2 corrib P9 K91 °N2°207 T°PoNA YOI 5-6 'y ¥°0m3 W, (2010)DNV 'an Hw N1y 5107 02115707
(1272w 9 paoa x)
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Figure 2.1 Conceptual fire hazard model.
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¥ C-FER Technologies, GRI-00/0189 - A MODEL FOR SIZING HIGH CONSEQUENCE AREAS ASSOCIATED WITH
NATURAL GAS PIPELINES, October 2000 , pp-4
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: DONPORART TWOAT

IPI01D ,ORPINK P MR PIND aRNA2Y EPA — Rp MR 722207 DR 7Iwna nemanh arnaa 3.1
mxax 2w (EPA) 72°207 naan nuow Yw (Risk Management Protocol — RMP) oon13°077 91)

: (‘worst case scenarios) N2 YA PRI WOnINY 115N NaY 220k N1

United States Office of Sclid Waste EPA 550-R09002
Environmental Protection and Emerngency Response March 20098
Agency WWW DA .gove Mergencies

CLEAN AIR ACT SECTION 112(r): ACCIDENTAL RELEASE PREVENTION /
RISK MANAGEMENT PLAN RULE

When Congress passed the Clean Air Act Amendments of 1980, Section 112r required EPA to
publish regulations and guidance for chemical accident prevention at faciliies using substances that
posed the greatest risk of harm from accidental releases. These regulations were built upon existing
industry codes and standards (available at: http:/’www epa. goviemergencies/
lawsregs.htm#fraccident) and require companies of all sizes that use certain listed regulated
flammable and toxic substances to develop a Risk Management Program, which includes a(n):

+« Hazard assessment that details the potential effects of an accidental release, an accident
history of the last five years, and an evaluation of worst-case and altemnative accidental
releases scenarios;

ma»nni 40 CFR 1502.22 nynan, NEPA ACT o™ mipn @ n°oR1797 73PN nY7am v 3.2
717277 70121 L "reasonably foreseeable™ xw a2 Aminw WCS awian mision 12 neavam a1 77°na
PPN
"For the purposes of this section, "reasonably foreseeable™ includes impacts which have
catastrophic consequences, even if their probability of occurrence is low, provided that the analysis
of the impacts is supported by credible scientific evidence, is not based on pure conjecture, and is
within the rule of reason." [2.>,2.n now 722177]
,ON1°2 $I7A7T WOIINY 2°112°0 P0 YYD WO 00 YA 12 WK L,INDPA P IR X7 %1 3.3
S TA MDY NP2 %239 NPIvID A97AT P10

(d) Program 1 requirements. In addition to meeting the requirements of section (b), the owner
or operator of a stationary source with a process eligible for Program 1, as provided in
Section 2735 4(c) shall:

(1) Analyze the worst-case release scenario for the process(es), as provided in Section
2750.3; document that the nearest public receptor is beyond the distance to a toxic or
flammable endpoint defined in Section 2750.2(a)_and submit in the RMP the worst-
case release scenaro as provided in Section 2745.4;

Section 2750.1 Hazard Assessment Applicability.

The owner or operator of a stationary source subject to this chapter with a Program 1 process
shall prepare a worst-case release scenario analysis as provided in Section 2750.3 and complete
the five-year accident history as provided in Section 2750.9. The owner or operator of a
Program 2 or 3 process shall comply with all sections in this article for these processes.
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Section 2750.3 Worst-Case Release Scenario Analysis.

(a) The owner or operator shall analyze and report in the RMP:

(1} For Program 1 processes, one worst-case release scenario including an offsite
consequence analysis, for each Program 1 process using the off$ite consequence
analysis parameters in Section 2750.2;

(2) For Program 2 and 3 processes:

(A)  One worst-case release scenario that is estimated to create the greatest distance in
any direction to an endpoint as defined in Section 2750.2(a) resulting from an
accidental release of regulated toxic substances from covered processes under
worst-case conditions defined in Section 2750.2 (b) through (z):;

(B) One worst-case release scenario that is estimated to create the greatest distance in
any direction to an endpoint defined in Section 2750 2(a) resulting from an
accidental release of regulated flammable substances from covered processes
under worst-case conditions defined in Section 2750.2; and,

(C)  Additional worst-case release scenarios for a hazard class if a worst-case release
from another covered process at the stationary source potentially affects public
receptors different from those potentially affected by the worst-case release
scenario developed under sections (a)2)A) or (a2 B).

:NNIX2 DT 210107 DA DY O3 NP2 YIIAT WONIN2 22100 AP0 yx¥2H w00 R 3.4

(b) Determination of worst-case release quantity. The worst-case release quantity shall be the
greater of the following:

(1) For substances in a vessel, the greatest amount held in a single vessel, taking into
account administrative controls that limit the maximum quantity; or

admimistrative controls that limit the maximum quantity.

{2) For substances in pipes, the atest amount in a pipe, taking into account
[ PIpes, e Sealest aImount In a pape. =4

(c) Worst-case release scenario - toxic gases.

(1) For regulated toxic substances that are normally gases at ambient temperature and
handled as a gas or as a liquid under pressure, the owner or operator shall assume that
the quantity in the vessel or pipe, as determined under section (b), is released as a gas
over 10 minutes. The release rate shall be assumed to be the total quantity divided by
10 unless passive mitigation systems are in place.

(2) For regulated toxic gases handled as refrigerated liquids at ambient pressure:

(A)  If the released substance is not contained by passive mitigation systems or if the
contained pool would have a depth of 1 centimeter or less, the owner or operator
shall assume that the substance is released as a gas in 10 minutes;

(B) If the released substance is contained by passive mitigation systems in a pool with
adepth greater than 1 centimeter, the owner or operator may assume that the
quantity in the vessel or pipe, as determined under section (b), is spilled
instantaneously to form a liquid pool. The volatilization rate (release rate) shall
be calculated at the boiling point of the substance and at the conditions specified
in section (d).

72, xR X, 2 [OPS] 2":17%2 nnIx 5y ORINRT 29°X00 TIwn 07p 277K 3 wNTY wn 3.5
DY PR RWIA O3 11D ,2"IR2 NNIXA AYRRTINA DPYAN MIPN NITAT PY O3, 17PN N’

1w ,190-199 ovo°wo (CFR) N19X717977 N1IpNa 7P MY%01 173X MmPvaa muwn mxaT 3.6
:N7IX MRS NIPNITA NIIPNA PAMA2/AP0%T2 MY12° MR TWRD M2 NP ImT MIpn

' http://primis.phmsa.dot.gov/comm/SafetyStandards.htm?nocache=4596
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-7 DR 2071 71 PRI NPT M IR ¥an OPS -1 2w 7500 X Rnn 190 7ovo 3.6.1
T PRI .MIPNT YA DR AIOKRD IpanT 2190 072 002090 DR IRNNY MR P27 p172 OPS
.OPS 5w nvminh 721302 NPAIIR MN2n? WIw NPIWORT NPT NIMITT DR RN O3

MI0°R MINIX ,NIPWRI 72917 NINIX MO 13 NIIX NP OW 2 vonn MweaT Rnn 191 /vo 3.6.2
0%NIW 21T 9210 ,MNPWa% DOV 0°28A1 , 201K ,NIPPN 2237 TR LaP1n Moava

MR NITHT MRD LT3 DIIXD NIORAN DML M7 9w ann 1w wap: 2192 9ovoa 3.6.3
010 49 CFR 192.903 -2 13p°prn nyap ,4 X o2 woannws (Classes 1, 2, 3, 4) 21w mwsa)
MuwY 173K 2°2pn RITW vapl Mepn wabw — (High consequence area =HCE) mai 7ohwn
, ' 200 -7 9172 RIT Y0307 PROXIVID 017,007 P2 PRINTATAY ,00/512°8 2Y/7110980 03/°187 12
"hRRID AYOWT 01T ¥ap: o3 1 Ao bw oona /ov1an 20 Hyn 9an M0 MR
22PIR n"M1 1% (Potential impact radius)

2oyon w1 72w 49CFR 192.917 71pn 807 %1079 0°112°0 0 PUav? nawna mipna IR 3.6.4

5910 2°ORXIVIDI 2119907 DRI 2PN 92 DR YYpwHY 21725 709170 NIX DX PrRbah NIk

: ASME/ANSI B31.8S, section 5 171710077 0°02 ¥ 97197 2911230 P9 77 ARM '3 TIN 703D

"*A§ 192.917 How does an operator identify potential threats to pipeline integrity and use the threat
identification in its integrity program?

(a) Threat identification. An operator must identify and evaluate all potential threats to each covered
pipeline segment. Potential threats that an operator must consider include, but are not limited to, the threats
listed in ASME/ANSI B31.8S .........., which are grouped under the following four categories: (1) .....
internal corrosion, external corrosion........ ;(2) ..... fabrication or construction defects;(3) ... ... damage and
outside force damage; and(4) Human error

.(b) Data gathering and integration. .........ccceee...

(c) Risk assessment. An operator must conduct a risk assessment that follows ASME/ANSI B31.8S, section
5, and considers the identified threats for each covered segment. An operator must use the risk assessment
to prioritize the covered segments for the baseline and continual reassessments (A§A§ 192.919, 192.921,
192.937), and to determine what additional preventive and mitigative measures are needed (A§ 192.935) for
the covered segment...."[».n o 7L277]

DOVART DR 0027 2°°17 NNIX 2won ,N1hRI7om Mapn? 49 CFR 192.935 yob oknaa 3.6.5
.NIIX Yopn 932 737701 (2°Dnn) RITW 01K 192 IAT0 02000
0°112°0 M7 MW7 NAR? ORNTA 19w NRIXT 9259 2911250 mine1 pxab 291 Hovsn
MY PR PaAxT? nan Yy ASME/ANSI B31.8S, Section 5 (ASME, 2010) -2 mn7ami

. M2°XA

20 Subpart O—Gas Transmission Pipeline Integrity Management

2 "High consequence area means an area established by one of the methods described in paragraphs (1) or (2) as follows:

(1) An area defined as—

(iii) Any area in a Class 1 or Class 2 location where the potential impact radius is greater than 660 feet (200 meters), and the area

within a potential impact circle contains 20 or more buildings intended for human occupancy; or"

22 “potential impact radius (PIR) means the radius of a circle within which the potential failure of a pipeline could have
significant impact on people or property.
PIR is determined by the formula r = 0.69* (square root of (p*d 2)),where ‘r’ is the radius of a circular area in feet surrounding
the point of failure ,p’ is the maximum allowable operating pressure (MAOP) in the pipeline segment in pounds per square
inch and ‘d’ is the nominal diameter of the pipeline in inches."
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% The U.S. Department of Transportation’s Pipeline and Hazardous Materials Safety Administration (PHMSA),
Office of Pipeline Safety (OPS),Building Safe Communities: Pipeline Risk and its Application to Local
Development Decisions, Office of Pipeline Safety

October, 2010, pp-28

“ pIpA, Partnering to Further Enhance Pipeline Safety In Communities Through Risk-Informed Land Use
Planning- Final Report of Recommended Practices, November 2010, pp-1

? CRS-Keeping America’s Pipelines Safe and Secure: Key Issues for Congress,2013, pp-25

%6 p|PA, Partnering to Further Enhance Pipeline Safety In Communities Through Risk-Informed Land Use
Planning- Final Report of Recommended Practices, November 2010, ANNEX-I

*’Gas transmission pipeline integrity management regulation

*® C-FER Technologies, GRI1-00/0189 - A MODEL FOR SIZING HIGH CONSEQUENCE AREAS
ASSOCIATED WITH NATURAL GAS PIPELINES, October 2000 , pp-4
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The term PIR means the radius of a circle within which the potential failure of a pipeline could have
significant impact on people or property. The PIR is determined by the following formula.

R = 0.69(pd")"”* (2.1)
where

R is the radius of a circular area in ft surrounding the point of failure

p  is the maximum allowable operating pressure (MAQOP) in the pipeline segment in pounds per
square inch

d is the nominal diameter of the pipeline in inches.

A potential impact circle is a circle of radius equal to the PIR.

RN NININM QD0 PO PAND IRPIVART IPNT WO DR IAORN N7 havs 3.9.4
- 29 gam Py 1A DI W

Pipeline Diameter (inches)
Pipeline 6 8 10 12 16 24 30 36 42
MAOP
(psig) FIR or Planning Area Distance from Pipeline Centerline (in feet)
200 59 78 98 117 156 234 293 351 410
400 a3 110 138 166 221 33 414 497 580
600 101 135 169 203 270 406 507 603 710
800 117 156 195 234 312 468 585 703 820
1000 131 175 218 262 349 524 655 786 916
1200 143 191 239 287 382 574 717 860 1004
1400 155 207 258 310 413 620 775 929 1084

-392000 nwn s73ps 7T IO NAA2 MIREINT T2 3.9.5

1320
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Figure 2.4 Proposed hazard area radius as a function of line diameter and pressure.

* PIPA, Partnering to Further Enhance Pipeline Safety In Communities Through Risk-Informed Land Use
Planning- Final Report of Recommended Practices, November 2010, ANNEX-I

% C-FER Technologies, GRI-00/0189 - A MODEL FOR SIZING HIGH CONSEQUENCE AREAS
ASSOCIATED WITH NATURAL GAS PIPELINES, October 2000 , pp-11
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%! CRS-Keeping America’s Pipelines Safe and Secure: Key Issues for Congress, 9.1.2013, pp7-8
%2 pipeline Safety Improvement Act of 2002, Improvement Act of 2002 (P.L. 107-355)

% Enforcement and Safety Act of 2006 (PIPES Act, P.L. 109-468)

¥ CRS-Keeping America’s Pipelines Safe and Secure: Key Issues for Congress, 9.1.2013, pp 9-10
% Oak Ridge National Laboratory, Studies for the Requirements of Automatic and Remotely Controlled Shutoff
Valves on Hazardous Liquids and Natural Gas Pipelines with Respect to Public and Environmental Safety,
ORNL/TM-2012/411, October 31, 2012

% Oak Ridge National Laboratory, Studies for the Requirements of Automatic and Remotely Controlled Shutoff
Valves on Hazardous Liquids and Natural Gas Pipelines with Respect to Public and Environmental Safety,
ORNL/TM-2012/411, October 31, 2012, p. xxviii.
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Natural Gas Pipeline

Pipeline break occurs
at center of potential
impact circle

160 acre Class 1 Location Uni

Potential impact circle with 10 buildings
intended for human occupancy

Each separate dwelling unit in a multiple dwelling unit building is

counted as a separate building intended for human occupancy.
Based on a maximum density of 12 dwelling units

intended for human occupancy per acre, the

minimum radius ofan area with 10 buildings is 135 ft.

; X 220 yd
- 1 mile (5,280 ft) Loy ‘ 16-?0&.
i 50 ft right-of-way
‘ ‘ centered on pipeline
1/4 mile (ATNT) ¥

(1,320 ff) 0D T
waay |

!

Note:

To qualify as a Class 1 HCA, the potential impact circle must be greater than 660 ft, andhe area within the potential
impact circle must contain 20 buildings or more intended for human occupancy As a worst case, the area within

the Class 1 Location Unit contains 10 buildings and the areas adjacent to the Class 1 Location Unit contains at least
10 buildings. The maximum building density of areas adjacent to the Class 1 Location Unit where the potential
impact radius is greater than 660 ft is 2 multiple dwelling unit buildings intended for human occupancy per acre.The
maximum building occupancy in these areas is 6 dwelling units per building and the maximum building height is 35 ft.

Class 1 - HCA

Fig. 3.2. Configuration of a Class 1 HCA with buildings or dwelling
intended for human occupancy. T

DY X7 3.13

160 acre Class 1 Location Unt

Natural Gas Pipeline

— 1,320 ft Guiliotine
160 acre Class 1 Location Unit Break
f————————————— 5 2380 ft
Potentially Severe Damage
Radius = 1,716 it {(1.54°PIR)
H HEH Heat Flux = 12,700 Btu/h-ft2 at break
— Potentially Moderate Damage
CI0] s Radius =476 ft (0.43*PIR)
Heat Flux = 10,000 Btu/h-ft2 at 15 min. after break
Potentially Minor Damage
K | g ; 45 Radius = 166 ft (0 15°PIR)
ominal pipe diameter = in = ¥ 3 :
MAOP = 1,480 psig Heat Flux = 5,000 Btu/h-ft2 at 30 min. after break
PIR=1115

Upstream and downstream block valve spacing = 20 mi

Block valves closed 8 min. after break
Note:

To qualify asa Class 1 HCA, the potential impact circle must be greater than 660 ft, and the area within the potential
impact circle must contain 20 buildings or more intended for human occupancy. As a worst case, the area within
the Class 1 Location Unikcontains 10 buildings and the areaadjacent to the Class 1 Location Unit contain at least

10 buildings. The maximum buillding density of areasdjacent to theClass 1 Location Unit where the potential

impact radius is greater than 660 ft is 2 multiple dwelling unit buildings intended for human occupancy per acre

The maximum building occupancy in these areas is 6 dwelling units per building and the maximum building height
15 35 ft The radius of potentially severe damage in a Class 1 Location Unit caused by a guillotine break in a 42-in
natural gas pipeline with a MAOP of 1,480 psig and block valve closure in 8 min. is 1,716 ft (1 54*PIR). Areas of
potentially moderate and minor damage are within the envelope of potentially severe damage

Class 1 - HCA

Fig. 3.23. Case Study 1A — areas affected by 42-in. nominal
diameter hypothetical natural gas pipeline release in a HCA in a
Class 1 Location with buildings intended for human occupancy
and a PIR greater than 660 feet — 1,480 psig MAOP and block
valve closure 8 minutes after break.
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*” National Transportation Safety Board
% National Transportation Safety Board, “NTSB Most Wanted List: Enhance Pipeline Safety,” November 2012.
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-39 11972 07 PN AT IR 23 2009 NIwn 3T T AT — (15.07.92) 1992 nwa

Date Substance |Location Owner/operator | Quantity Source
leaked [t;m?]
15.07.1992 |6 Potter, Ontario, TransCanada 3,500,000 m?® | HSE Research Report 036,
Canada Pipelines Limited 2002

Technical data / cause(s) of the failure / damage pattern / comments
d =914 mm; s =9.14 mm; p = 69 bar; cause: stress cracking corrosion; depth: 0.9 m; 46.8 m of pipe torn
open; crater: L=56 m, W=13.6 m, D = 4.5 m; flying debris (fragments of pipe) up to 250 m; surface area burnt:
300 x 200 m; in addition 162,000 m2 of woodland burnt; buildings at 1000 m damaged; thermal radiation could
be felt over 3000 m

, ' 0.9 P2 anTRA PAY , MUR 69 Y2 YR 36 °van 1 MrEA 090572 1217 00 25 vl

WYY NI P5T 14.5%13.6%56 Sw 97132 WM VIV 13 A 1090 3.5 W 19997 1 nibwa

;' 1000 7V prana 11 201012 ;' 200%% 300 5w 57132 mow 210 DY 97w ;' 250 Hw pranb

(1.51-1.68 KW/m2 12 1100 0103 NP 12 prin2) ' 3000 79 wamim 2Ina — Nonana aapm
,P701 'AOR 60 TA92 VIR 36 T M 1w 02002 niwn X0 T2 WANNTW DOYRD ND0 XAMT 4.2

1 264 W PN 7Y ORI MR 2P LM 93 TR wNon DX XITWD NXO1 1AM YXIDNI

Date Substance | Location Owner/operator | Quantity Source
leaked [t;md
14.04.2002 (6 nr. Brookdale, Transcanada 6,812,600 m* |TSB PO2HO01T
Manitoba, Canada |Pipelines

Technical data / cause{s) of the failure / damage pattern / comments
Built 1970; d = 914 mm; s = 81 mm; p = 60 bar; transgranular siress cracking comosion, weakened walls
subjected to internal pressure, assumiption: partial falure of the cathodic comosion protection; explosion and fire,
crater over 93 m long, fing debris consisting of pipe sections in 264 m radius

1w “ows H71m 2000 niwa A7Ip2 nons C-FER Technologies no7ipa om0 smmm nan 4.3
S22 P92 13 DX 9PN /2won yowa N1R MI9XW SYRIRI MW DT 0237 NI 71720

: 9707 7121 0°02 Syw nh1ovg noenn 4.4

TR W12 2TR? 2172 112°0 NNAR NMIPHY WR NIRXING 972377 9120 7123 PRa YA 1A NNIka vap
SWRAPT MOW 237 797V NIWNI WRA NN 7392 RIT N1 0IPMITT 12°07 5w TRY 100
Dnonw 72 M¥H 101 1 91 ,(a credible worst-case event) (N1 YIAT 0207 WORNND YOWINA

TN TXP PAT NNXINT WRT DR P AT TN WK ,N1RA YIPT OWIR ARMWIA D11 NRX DR

** BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009, pp-46

“* BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009, pp-60

" GRI-00/0189: A Model for Sizing High Consequence Areas Associated With Natural Gas Pipelines, C-FER
Technologies, Edmonton, Alberta ,Canada, October 2000, pp-iii
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For methane with an HCA threshold heat intensity of 5,000 Btu/hr f’tz, the hazard area
equation 1s given by:
r=0.685,pd*

where r is the hazard area radius (ft), d is the line diameter (in), and p is the maximum
operating pressure (pst).

N7 2000 NIw 791 1970 NIwn MINRM 2°3179K SMIN1 DY N0DIAAT PR 7271 31 771 2239
.National Transportation Safety Board (NTSB) :2 ypmwn

WO PRAWA MWRI L(MRENI WIINTY DOVITPRA) NAR MIRXING 2700 DRI 2w 2w 1902

03 Yopwn RITWD) YT 2T 9 X 2nmaxa 1a yrb & Nl amp 0902 HY Nak pnn MREIN

: (7N M>237 °%¥2 DPWIRY M2 12’0 MR

TSB-PA5H0035 (42@880)

TSB-P24H0036 (36@1000)

TSB-P24HO003 (42@1207)

NTSB-PAR-5-1 (36@A70)

NTSB-PAR-B7-1 (30@38T)

NTSB-PAR-B7-1 (30@3AT)

NTSB-PAR-86-1 (30@1016)

NTSE-PAR-ES2 (20@E20) WProposed HCA radius

BMaximum offset to bum extent
B Equivalent radius of burn area
OMaximum offset to injury

B Maximum offset to fatality

NTSB-PAR-T7-1 (20@785)

NTSB-PAR-T5-3 (12(@497)

NTSB-PAR-T5-2 (30@718)

TS8 - Transpentalion Salety Board (Canada)
NTSE - National Transportation Safity Board (US)

NTSB-PAR-T1-1 (14@785)

0 200 400 B00 80O 1000 1200
Distance (ft)

Figure 3.1 Comparison between actual incident outcomes and the proposed hazard area model.

* GRI-00/0189: A Model for Sizing High Consequence Areas Associated With Natural Gas Pipelines, C-FER
Technologies, Edmonton, Alberta ,Canada, October 2000, pp-12
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niwn (The National Energy Board) NEB -7 X177 77123 71722 °V20 13 MNIX% ¥A32 37392 02100
.[National Energy Board Act] 17750 nX y2 1 0 nnn %1959
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17w . 2402009  nwn M3 yAva T NI L Nrnwan Mapn oY (10.4.2013) 2013 nwa 4.10

07727 ,M2°87 5V 7337 W TP R SMITPY WYY M1 NI 2PY0n NN DR PN AT

TR DON0TY YW 2PV .A2°20M

ANAAR MW 22 273 MR 9710, M0 wn YW 9170IR CweR 19N R arna nvman 4.10.1

YOWwnY YW 09231 71 NRYNaY D1 ,3In ,moxD anTvaw M2 NN wan nndby  4.10.2

.72°201 W07 ,DOWIR 7Y

S 120D MWITYY 2OIOKRY NN NTRANNT MNPV N1 NI wan nna?  4.10.3

0°112°0 P00 WX LTI YR YAV T3 MIMIE YW 2 03 ¥apl NPAW® NN 230 mwIna mapna 4.11

Q°W°20 ,512 n%onn ' 500 7Y 5w prana ORI O WK IR L1 MY w7 wkd NEB -
4B noo1a ,CSA 2662 ,10Tn T3P BATIVOY ORATA 191 D110 AP0 .2

"HVP Pipelines
10.(1) When an HVP pipeline is to be situated in a Class 1 location and within 500 m of the right-of-way of a

railway or paved roadway, a company shall develop a documented risk assessment to determine the need for

heavier wall design, taking into account such factors as pipeline diameter and operating pressure, HVP fluid
characteristics, topography and traffic type and density of the traffic on the railway or paved road.

(2) A company shall submit a documented risk assessment to the Board when required to do so."

** http://www.nrcan.gc.ca/energy/sources/natural-gas/pipeline-faq/2248#
* http://www.neb-one.gc.ca/clf-nsi/rsftyndthnvrnmnt/sfty/nbsftyfrm2013/xtrnlprsnttn/ken-paulsong-eng.html
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(See Clauses 1.2 and 4.2.1.)
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Table 6.1. Pipeline category type and consultation and notification requirements
Personal consultation
and confirmation of
Category | Name Type | Deseription nonobjection Netification
B,C,0 | Recordscomecton | 000 | Al
B |Pipelnes,gas | 100 | Nauralgas£3239mm0QD | * Landowners and * Crown disposiion holders
(non-sour senvice’) | 101 | Natural gas > 323.9mm 0D occupanis of the right- | + Local authorities along the night-
- af-way afway
:’:ﬂpﬁ::js. ol 110 | Od effluent < 323.9 mm OD « Urban iies i 1.5 km
nerHcur gorvoy = - and B121, landowners and
Pipelines, other 120 Other £ 323.9 mm OD gccupants within 0.2 km
121 (Other = 323.9mm 0D When H:5 2 0.1 molkmal:
+ Residents in the EPZ.

> CSA plus 663 -Land use planning for pipelines: A guideline for local authorities, developers, and pipeline, 2004,pp- 1, 5

“6 ERCB Directive 056: Energy Development Applications and Schedules (September 2011)
*” ERCB Directive 056: Energy Development Applications and Schedules (September 2011), pp 5-6
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Table 6.1. Pipeline category type and consultation and notification requirements

Personal consultation
and confirmation of
Category | Name Type | Description naonobjection Notification
B,C.D | Recordscomection | 000 | A0
B Pipalines, gas 100 | Maturalgas=3238mmOD | * Landowners and * Crown disposition holders
{nont-sour service') | 401 | Natural gas > 323.9 mm 0D occupants of the right- | = Local aulhorilies along the righl-
—— ol-way of-way
?;]d;;s.nl 110 | Oi efuent < 323.9 mm 00 « Ushon ausherfies s 1.5km
. » Far Calagory Type B101, B111
v i1 Ol efflvent > 323.9 mm 0D
il = o and B121, landowners and
Pipelines, other | 120 | Otther £ 3238 mm 0D accupants within 0.2 km
I
121 | Other>323.9 mm OD When H:S 2 0.1 molikma
* Residents in the EPZ.
Pipsline 130 Pipeiine tank farm + Landowner and = Crown disposiion holders
downsineam 11 Pigeline ol Inading or unloading WE N = Local autharities
tacilfies laminal » Residents within 05 km | » Landowners, necupants and
than autherities within 1.5 km
132 | Compressor station sran W
3| Pumo siion When HzS 2 0.1 malkmal:
e + Residents in the EFZ
c Pipalines, gas 10 | Sour sarvice nalural gas * Landowners and + Crown disposifion holders
{sour servics bul £ 3238 mm 00 occupants of the right- | + Local autharities along the right-
s10malkmal [ 381 | Sour sarvice nalural gas oh-way ohwy
Ha51) 13739 mm OO » Urban autharifies within 1.5 km
— — * Far Catagory Type C381 and
H;Jdn;s. ail |2 zmazr;;mgé effiuent I8, yo—
e ) - wihin 0.2 km
= f’g’;j”ﬂ:ﬁ'{gmm When H;S 2 0.1 mallkmol:
* Residents in ha EPZ
Pipeling upstream | 384 | Pipeline line heater + Landowner and + Crown disposilion holders
lacilties tecupants When H;S 2 0.1 molikmal:
+ Residents in e EPZ
{eonfinued)

! For pipeline systems containing a gas phase, sour service is service i which the H,S partial pressure exceeds 0.3 kPa af the licensed MOP. For
pipeline sysiems not containing a gas phase (gass-free Liquid pipelme sysiems), sour service is service i whach the effective H,5 partal pressure

exceeds 0.3 kPa at the bubble point absolute pressure. (See Section 6.9 20)

* A release volume must be calculated for all il efftuent pipelines containing greater than 10 mobkmal 1,5, Applications for these pipelines
nmust meet the personal consultation/confirmatson of nonohpection and notification requinements for Category D pipelines based on the level of

the proposed pipeline as defined in Table 6.3.

>0°0277 ML °2 X7 6-5 Y2 Y9I 2°2WnY 1A HW NN TRDA L "90I0n K2 Svan 1A Sw MMk vy 4.16

1 ' 200 X7
Pipefines, gas 380 | Sourservice natural gas + Landowners and + Crown disposifion holders
{sour service but £3239mm 0D occupanis of the right- | « Local authorities along the nght-
< 10 motkmol 381 | Sour service natural gas of-way obwy
H:8") > 3239 mm 0D + Urban authoribies within 1.5 km
Pipeines, ol 382 | Sourservice ol efiluent ’ g;garguw Type C381 and
effuent? $3239mm 0D 383, landosmers and occupants
Sour senice') 33 | Sourservice ol efiluent wenn L2
> 3239 mm 0D When H:S 2 0.1 molikmol:
+ Residents in the EPZ
Pipefine upstream | 384 Pipaline line heater + Landowner and + Crown disposifion holders
faciltties occupants When H:S 2 0.1 molikmal:
* Residents in the EPZ
{confinued)
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6.11.2.3 CSA 7662

06) For all pipelines, the licensee must submit

a) a description of the methodology or process used to ensure that CSA standards
are met,

b} a list of the licensed substance and MOP of the pipeline(s) into which the
proposed pipeline is tied,

c) a description of pressure control and overpressure protection,

d) mill certificates or other documentation to confirm that the pipe is suitable for the
product being transported,

e) specifications for the valves, flanges, and fittings,

f) documentation of a quality assurance program to ensure that material is suitable
for sour service, and

g} a description or map showing valve locations and spacing.

: NTART NVOITT WA ynwn 4.18
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D°W°2 790N N237T NP°0N NX X7 27 XPW NIIX ORNN 110102 151 PRy SRNN .Mpoava
.9 w235 °2pna 12w RNNT ROR L(2,4,581)
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*® http://www.neb-one.gc.ca/clf-nsi/rsftyndthnvrnmnt/sfty/nbsftyfrm2013/xtrnlprsnttn/ken-paulsong-
eng.html
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""2. This Directive shall not apply to any of the following:
(d) the transport of dangerous substances in pipelines"
NP0 DR 9790777 ROW 172 TINORI M W1 72°0P7° 70 NOTY INR? DPNIEPH IPTAD PN T 5.2

- 0SEVSO 111 722097777 - 2911370 NYPanY 11 72°0P7°TA 1TV N30 M3 PA9I NN
%200 N137 N2 M2WN2 NP0V A2°0P7°72 1°1¥) 0312107 DI T2 naomo nN0Ix npP°72 oy 5.3
- *DIRECTIVE 2011/92/EU , (201 1» n137wn) The EIA Directive navao
YPMID 9IW ML NIA DY MAVAT DR AI°N 20702720 2°PPoN YIXNR MPOTPRI 10T 5.3.1
DTPDH’? 597 LPMNOAY 195 TV 7T 172°200 SV P MyAYwn aYIoh 7133 M0 12 v
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: P22 4 5°Y02a NYAIR SN2°20 °PON OPP NI NPT 5.3.2
" Article 4
1. Subject to Article 2(4), projects listed in Annex | shall be made subject to an assessment in
accordance with Articles 5 to 10.
2. Subject to Article 2(4), for projects listed in Annex Il, Member States shall determine whether the
project shall be made subject to an assessment in accordance with Articles 5
to 10. Member States shall make that determination through:
(a) a case-by-case examination;

(b) tot:resholds or criteria set by the Member State.
Member States may decide to apply both procedures referred to in points (a) and (b)."”
TYOW oY D°0P”1N00 DUPIMA 12°0RP° 72 (1)4 Pvo 7Ion 110K, | o012 pmwn oupna o 5.3.3
.X1 °N2°20 °P0N M2V 092°°17 1971 ,772°2077 OV NOMynwn
40 v 7R 992 ,('PR 30 2y nxp ) n'"a 800 Hyn avip 2ova mnix P70 (16) p'o, I oo 5.3.4
,NIT°02 NP°PR NAN 22101 NP2 D°2°XW ,0°90°°0 IR DP97/2°1RW IR T3 31w anunw n'p
2112720 PPON MY 0°2% 7T MO VPN

"16. Pipelines with a diameter of more than 800 mm and a length of more than 40 km:
(a) for the transport of gas, oil, chemicals;"

49 DIRECTIVE 2012/18/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 4 July 2012 on the
control of major-accident hazards involving dangerous substances, amending and subsequently repealing Council
Directive 96/82/EC

% The initial Directive of 1985 and its three amendments have been codified by DIRECTIVE 2011/92/EU of 13
December 2011.

®1 DIRECTIVE 2011/92/EU of 13 December 2011 on the assessment of the effects of certain public and private
projects on the environment

>2 The EIA Directive (85/337/EEC)

%% European Commission ,Directorate-General Environment , Assessing the case for EU legislation on the safety of
pipelines and the possible impacts of such an initiative- Final Report , ENV.G.1/FRA/2006/0073 , December 2011,
pp 62-63
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"(4) Over the last decade, environmental issues, such as resource efficiency and sustainability,
biodiversity protection, land use, climate change, and natural and man-made disaster risks, have
become more important in policy making. They should therefore also constitute important
elements in assessment and decision making processes for any public or private project likely to
have a significant impact on the environment, especially for infrastructure projects and as the
Commission has not established guidelines for the application of Directive 2011/92/EU on
conservation of Historical and Cultural Heritage, the Commission should propose a list of criteria
and indications , including in relation to visual impact, with a view to a better implementation of
the Directive.”
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% Proposal for a directive of the European Parliament and of the Council amending Directive 2011/92/EU,2013
> BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009

>® European Commission ,Directorate-General Environment , Assessing the case for EU legislation on
the safety of pipelines and the possible impacts of such an initiative- Final Report ,
ENV.G.1/FRA/2006/0073 , December 2011, pp-35

29



WP O3 RIT N L7020 QIR NN DY 70 W YPIP2 DWW NION NIRRT novdna 5.8
T3 NIIX 237 37 WA 1217 PN2°20: °PONT NPT LYY MR OWHW T Y MYIDT NYhang
D°IIR NIX 72917 03 W71 °N2°20 7°P0N 0 WA M w ,a"p 40 Sym n'n 800 upa
.0°7172 112°0 TR O°ITANA NIIX RNNT 2207 2 T PRI M7 10 Hvn qwRd 57(1m’ o°1vp)

1902 NPADY PINT IR AMRY — "3 78 N27YNa" R MINRNY DPIPYT M0 DAR D wATM Y 5.9
YPIP WY NIAN RIT I WA NIAD XY IR NN 12 A0 DIRCN RO MM P20 .NIRYING
NPTV MYPN WRINY 1IN 19IRA YIIAY 70IAY ,A1R3TR D2 MDD DR 79X WK LML) 0]

0°112°0 IP0 W7 172 TIPRA NPT 2R 21N SBA-7-7 9302 Doy 2011 NIwn DIVPRT pnna 5.10
79202 1219°7 VPP WA PION2 NIDOI MIWOIT HY MPIN0T LTI SRR NITAT L7990 Nk

: PRI AT M7 O°NAT DR RN

Other land use
Member states EIAs Specific safety requirement to be
distance observed
Belgium @>800 mm N N
Czech Re- @>800 mm N N
Germany @>800 mm - N
Denmark @>800 mm - N
Estonia @>800 mm N -

Spain N N N
Finland @>800 mm N N
France \ (extended) N N

Italy @>800 mm N N
Netherlands @>800 mm N N
Portugal @>800 mm N N
Romania @>800 mm N N
Sweden Not required N N
United Kingdom \ (extended) - N
Turkey @>800 mm N N
Norway @>800 mm N N
Croatia @>800 mm N -

L2729 BN TSI PR NYIER YIS 201090 IP0 YRIN DRI 0D TSN W A e
L("7R 30 -5 D) »'"n 800 Hyn WP nbya 79T nNIxb

>’ European Commission ,Directorate-General Environment , Assessing the case for EU legislation on the safety of
pipelines and the possible impacts of such an initiative- Final Report , ENV.G.1/FRA/2006/0073 , December 2011,
pp 68

>® European Commission ,Directorate-General Environment , Assessing the case for EU legislation on the safety of
pipelines and the possible impacts of such an initiative- Final Report , ENV.G.1/FRA/2006/0073 , December 2011,
pp 106-108
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Member states

New pipelines

Existing pipelines

Belgium

Competent authority can impose

specific regulation in authorization

Relocation if required

Czech Republic

Detailed land use requirements

Denmark Assessment of environmental EPA resolves issue
effects prior to decision

Germany Competent authority can impose Competent authority can impose
specific regulation in authorization specific regulation in authorization

Spain Competent authority can impose Competent authority can impose
specific regulation in authorization specific regulation in authorization

Finland Land Use and Building Act Land Use and Building Act

France Regulated in Safety Report Regulated in Safety Report

Ireland CER issue consents to design CER issue consents to design

Italy Regulated by mandatory EIA Local authorities must respect positi

transmission lines

Netherlands

Regulated by the EIA. No fragile objects must
be exposed to risk

The operator must ensure that the
pipeline meets the legal safety

requirements

and checked before construction permission

Portugal A risk analysis is required in the application Must be operated in accordance
for license with the result of the risk analysis
Sweden Compliance with zoning system is required Operator must be informed

about building permits close to

safety zone

United Kingdom

Pipeline operators must notify competent
authority by the end of concept design stage

about safety issues

Restrictions for certain
developments within a certain

proximity of the pipeline

Norway

Covered by land use planning

Regulation

Competent Authorities can require

corrective actions

>° European Commission ,Directorate-General Environment , Assessing the case for EU legislation on the safety of
pipelines and the possible impacts of such an initiative- Final Report , ENV.G.1/FRA/2006/0073 , December 2011,

pp 119-121
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"4.1 Health, safety and the environment

The objective of this European Standard is that the design, material selection and specification,
construction, testing, operation, maintenance and abandonment of pipeline systems for the petroleum
and natural gas industries are safe and conducted with due regard to public safety and the protection
of the environment."

X2 12 2P 992 OPIRY LT IR0 DY A TR MOT QIR WP NPNPTAN MWITY 00 TN 5.6 rvoa 5.15
DY 7PRWY 0°°5°X00 23PN 1PN XYY A7M2 7T 1PN 997 D107 197X A1TAT ,N1NPTA NIWSIT Mnp

. MNP

"5.6 Public safety and protection of the environment

National requirements which take precedence over the requirements in this European Standard shall

be specified by the country in which the pipeline is located. The requirements in this European

Standard for public safety and protection of the environment shall apply where no specific national
requirements exist. On-land pipeline systems for category D and E fluids should meet the requirements for
public safety of annex B where specific requirements for public safety have not been defined by the country
in which the pipeline is located."

N Y 907 12,02 D910 2001 720 W0 00 73 NN RN N2 A — 6.2.1.1 apvoa 5.16

:712°207) MR NNV MY AWNNT? WO 0D 98 SNy

"6.2 Route selection ,

6.2.1 Considerations

6.2.1.1 General

Route selection shall take into account the design, construction, operation, maintenance and
abandonment of the pipeline in accordance with this European Standard.

To minimize the possibility of future corrective work and limitations, anticipated urban and industry
developments shall be considered.

Factors which shall be considered during route selection include:

[ safety of the public, and personnel working on or near the pipeline;

”

® EN 14161:2003 - Petroleum and natural gas industries - Pipeline transportation systems (1SO 13623:2000 modified)
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""6.2.1.2 Public safety

Pipelines conveying category B, C, D and E fluids should, where practicable, avoid built-up areas or
areas with frequent human activity.

In the absence of public safety requirements in a country, a safety evaluation shall be performed in
accordance with the general requirements of annex A for:

[J pipelines conveying category E fluids."
0°112°0 N> 1%L han 1w "' Safety evaluation of pipelines™-> i Amooia 5.18
5915 ,712°%7 HY anYOwM 0°112°0 NI 9913 ,7a%A7 271 SHRMDO1M TN AR 19 131 aNaXm
4 hhiziela)

"A.7 Documentation

The documentation on pipeline safety evaluations should include as a minimum:

[ table of contents, [ |summary; | objectives and scope; [ safety requirements; | limitations, assumptions
and justification of hypotheses, (1 description of system; [ analysis methodology, [ hazard identification
results; model description with assumptions and validation; ] data and their sources;

LI effect on public safety;| | sensitivity and uncertainties; |discussion of results; | conclusions;
[Jreferences."

RNN MR DX 390P2 TR VTN PO 7107 PHR NBXT ML DM M7 Yy 12790 B nooia 5.19
XN AP 1.5 * % 400 Hw 21259 mow Npv7a) 02112900 NIV YW 11V IR DOWIR NN NN
(nnaxn

NX 92117 NI ORNN DR MN2% w00 973 Pipeline route selection process" C nooia 5.20
2 NP2 DORNAT RAT INVA IR ORNNT THN R 91 ,0°°1001 02MITPY ,0°N2°207 DOPWn

""C.3 Preferred corridors of interest

A preferred route corridor should be selected, taking into account all the technical, environmental and
safety-related factors that may be significant during installation and operation of the pipeline system. It
should be noted that the shortest corridor may not be the most suitable"

D°9°Y02 W7 77 JpN .0NITA 07197 0PN MP0°03 N130nd wawn 2EN 1594:2000 o1 R pna 5.21

PIIN2 7 NN ORNN 091 ,WIHWw 78" NNIRY MY Y1 NI DY 37pa 1w XY O°K37
7 93 5w IpNa DweIT? ORNTA 09100120 DORND

"5.2 Appropriate safety measures

Possible measures to ensure safety in design, ..................

When selecting measures, consideration shall be given to the safety and environmental conditions existing
at the time of construction for which firm details are known:

— Control zone should be established to control all third-party activities in order to safeguard the pipeline

against interference.

— The route of the pipeline should be at an appropriate distance from buildings. The distance should be
fixed by the particular parameters and/or national requirements.

®! Supplementary requirements for public safety of pipelines for category D and E fluids on land
82 EN 1594:2000 -Pipelines for maximum operating pressure over 16 bar functional requirement
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""5.3 Routing considerations
5.3.1 Introduction

”

Safety, environmental and technical considerations are the primary factors governing the pipeline route.

8335531% 1139 71T ADIRA 27PN YW 0MWP IR X1 Tw owana 5.23

Developed from
IGE/TD/1 lo address
pipeline systems for
transportation of natural |
gas for on-land supply
IGETDA systems
Other BS [ e _i_ oY |
publications
| — 1.S. 328 |
Filas="0]
BS 8010
EN 1584
Other National ‘ BS 8010 withdrawn |
Standard # When EN 14161 published
Other National
Standard
Other National
— 1SO 13623
Standard ag it
Developed from a
number of different
National Standards
including BS 8010
Developed from R, SN
ISO 13623 10 address Developed from
il PD BO10
p'p:la"r: ot ;s;:(or EN 14161 et s el | parts 1,283 |
po . publications to : |
petroleum and natural gas & address areas not | ErE iR el o)
industries (excluding on- covered by
land supply systems) EN 14181
High pressure untreated
natural gas pipeline <
project

8 Advice from the NSAI letter explaining the pipeline regulations 7.2010
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* http://www.sodm.nl/english/subjects/gas-pipelines
® European Commission ,Directorate-General Environment , Assessing the case for EU legislation on
the safety of pipelines and the possible impacts of such an initiative- Final Report ,
ENV.G.1/FRA/2006/0073 , December 2011, pp-57
% Dutch Ministry of Infrastructure and the Environment (1&M)
.10 -5 yap1 pawrn 002 pranm ,(SR) "2 (IR) WK N12°0 20179 ¥12p5 W &7

® www.risicokaart.nl
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Calculation Methodology Bevb: calculation method associated with the Decree on external safety fittings, consisting
of the Risk Calculations Manual Bevb, version No. 1, published in 2010 and, in the case of underground pipelines.

19 natural gas: Carola, and

:awa1 NEN 3650-1 va7ivoa 6.12

:6.1.2 7y01 6.12.1

"6.1.2 Basic Principles

Each pipeline shall be so designed, installed and operated that, with regard to external safety, pollution of
the environment and devaluation of property, and the safety of public works, the additional risk to the
environment where the pipeline is placed, is considered acceptable. The additional risk which results from
the presence of the pipeline shall comply with the safety level formulated in Section 6.2."

: 719°07 W — 6.2 {Pyoa 6.12.2

"6.2 Required Safety Level

6.2.1 External safety

The required safety level for external safety is formulated by means of the conceptions Local (individual) Risk
and Group Risk and the set acceptance levels thereof............cc.cooe e

: D12°077 N2 DX YXAY TOX TR TN 6.3.2 voa 6.12.3

6.3.2 Content of Safety Evaluation

The safety evaluation for external safety consists of the following components (see also Figure 3 )

a) route orientation to find the safest possible route ;

b) 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 of the pipeline ; the effect of the loss of containment
on the environment where the pipe is being installed or has been installed ;

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

d) if necessary, revising the route, adopting risk-reduction measures and running another assessment'* .
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Figure 3 — Content And Scope Of External Safety Evaluation :7°%777 °21% 772 Y007 0007 6.12.4
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Table 3.6 LOCs for pipes

LOCs for ppes

.1 Fullbore mipture
- outflow is from both sides of the full bore rupture

.2 Leak

- outflow is from aleak with an effective diameter of 10% of the
nommnal diameter, a maximum of 50 mm

% RVIM, CPR-18, *Purple book’-Guidelines for quantitative risk assessment, PGS 3 edition (2005), pp-47
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3.5.2 Loss of Containment Events

For underground pipelines two LOCs are defined [SAVE95b]. The LOCs are:
- leakage from a 20 mm hole in the pipeline;
- rupture of the pipeline.

: (GP) »m2°x7 nx am (IP) *w R 112°077 nX a3 717272 71 w° NEN 3650-2 1pnb oxnna 6.16

"F.3.3 Group risk

F.3.3.1 Rules of thumb for natural gas transport In order to judge whether the requirements for group risk
have been satisfied, a supplementary assessment shall be conducted for natural gas transport pipelines.
For this purpose, rules of thumb can be used through which (quick) insight can be obtained with regard to the
group risk into the actual risks and the possibilities for spatial development. The rules of thumb indicate the
lower limits with regard to the group risk. If a rule of thumb indicates that, given the size of the pipeline
(mass of the gas), the risk requirements cannot be exceeded, additional assessment of the group risk is not
necessary. If the rule of thumb indicates that exceeding the requirements is possible, then an additional
assessment shall be conducted with the risk pattern (see F.3.3.2).

Rule of thumb 1: when ever there are apartment buildings and/or particular object swithin the building
distance (see table F.6), the risk pattern shall be applied.

Rule of thumb 2: if all of the requirements in table F.7are satisfied, the risk pattern shall be applied.”

Table F.7 — Rule of thumb 2 for natural gas transport pipeline
Requirements
FParameter single-sided two-sided
building building

diameter in inches = 42 = 24
inhabitant population density per ha
(determined up to a max. of 175 m of the > 120 > 60
pipeline)
distance from building to pipeline, in m < 100 = 100

: TIN27 77202 02M%7 Y7190 0TIV VD7 NNAY WO, AYswT /0pen ey 6.17

Table F4 — Informational summary assessment distances (in m) from circulars [1] and [2]

Nominal diameter Flammable liquids Natural gas transport pipelines®
operational pressure up to 8 MPa operational pressure in MPa
inch mm KA1 K2 and K3 2-5 5-8 8-11
2 50 20 20 20
4 100 17 17 20 20 25
6 150 22 22 20 25 30
8 200 27 27 20 30 40
10 250 32 32 25 35 45
12 300 35 35 30 40 50
14 350 38 35 50 60
16 400 42 40 55 70
18 450 45 45 60 75
24 600 55 60 80 95
30 750 61 75 95 120
36 900 65 90 115 140
42 1050 105 130 160
48 1200 120 150 180
: Interpolate or extrapolate for fluctuating diameters.

"® RVIM, CPR-18, ’Purple book’-Guidelines for quantitative risk assessment, PGS 3 edition (2005), pp-221
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Figure 4 : Minimum Distance to Buildings (in m) from notes [1] and[2) NEN 3650-2:2003
Mominal Diameter Flammable Liguids, Pipelines for Natural Gas Operating pressure in MPa *
Operating pressure up to 8 MPa
Area class 1and 22 Area class 3 and 4
Inch mm Ki K2 K3 2-5 5-8 g-11 2-5 5-8 §-11
2 50 4 5 5 [ 5 5
[] 100 5 5 4 5 5 [ 5 7
[ 150 5 5 4 5 5 [ 5 7
] 200 5 5 4 5 5 7 8 10
10 250 10 5 5 4 5 5 g 10 14
12 300 16 5 5 4 5 5 14 i7 20
14 350 5 5 4 5 5 i7 20 25
16 400 5 5 4 5 5 20 20 25
18 450 H 4 5 5 ! 20 25
] 600 5 4 5 5 ! 25 25
30 750 H 4 5 5 ! 30 35
36 200 5 4 5 5 ! 35 45
¥ 1050 4 5 5 : 45 55
i3 1200 4 5 5 ! 50 B0
! For the "other objects™ a deviation of the minimum distance o buildings may be agreed between the Pipeline Manager and the Landowner, see [1] and [2].
* For area classes 1 and 2 for pipelines with & maximum operating pressure of SkPa minimum distance = 4m; Higher than SMPa, minimum distance = 5m.
! Distance o be determined by parties involved in the project.
Area classification
Type of building | use of the area Area Class | Objects Typel:
No or incidental bulldings 1 Haospitals, schooks, shopping areas, hatels, office buildings (mara then 50 staf],
Special Objects Type |l 2 Important buldings for Infrastructure like ,computerfielaphone centres, aviation control centre etc
Living area andfor recreation area andfor 3
industry buld up area Objects Type lI:
Multi story buildings and/or object Type | [l Sport accommodations, swimming pools, shopping malls, hotels and office accommedation not

being Type |, Industrial complexes, production facilies, workshops not being Type I
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Article 20 Plan approval, plan authorisation

(1) Projects listed in Annex 1 under Nos. 19.3 to 19.9 and alterations to such projects require
plan approval by the competent authority, insofar as an obligation exists pursuant to Art. 3b to

3f to perform an environmental impact assessment for the project.

40

No. Project Col.1[Col. 2
19.6 Construction and operation of a pipeline system for the transport
of substances within the meaning of Art. 3a of the Chemicals Act
[Chemikaliengesetz], insofar as it does not fall under one of
numbers 19.2 to 19.5, and excluding wastewater pipelines and
installations which do not extend outside a factory site or which
are accessories to a facility for the storage of such substances,
having
19.6.1 |alength of more than 40 km and a pipeline diameter of more than | X
800 mm,
19.6.2 |alength of more than 40 km and a pipeline diameter of 300 mm to A
800 mm,
19.6.3 |alength of 5 km to 40 km and a pipeline diameter of more than A
300 mm,
19.6.4 |alength of less than 5 km and a pipeline diameter of maore than s
300 mm,

' BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009

2 BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009, pp-5
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" Article 3¢ -EIA obligation in the individual case
(1) insofar as Annex 1 provides for a general screening for a project, an environmental

impact assessment shall be performed if, in the opinion of the competent authority on the basis of

an overall examination having regard to the criteria listed in Annex 2, the project is capable of
having significant adverse environmental impacts which would have to be taken into account
pursuant to Art. 12."
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IFigure 5: Documented hazard radiuses resulting from thermal radiation in natural gas pipeline failures

> BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009, pp-15
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" BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009, pp-21
> BAM Federal Institute for Materials Research and Testing , Research report 289:0n the risks of transporting
liquid and gaseous fuels in pipelines, 2009, pp-22
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’® Control of Major Accident Hazards Involving Dangerous Substances Regulations 2006 (S.1. No. 74 of 2006)
(major hazard sites) and the siting of new major hazard sites.

” INSTITUTION OF GAS ENGINEERS AND MANAGERS, IGEM/TD/1 Edition 5, STEEL PIPELINES AND
ASSOCIATED INSTALLATIONS FOR HIGH PRESSURE GAS TRANSMISSION , pp-44
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11.4.5.3 (b) and (c)

11.4.5.3(b) and (c) 11.4.5.3 (a) Materials, design and Section 11
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FIGURE 13 - OVERVIEW OF UPRATING PROCEDURE
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* INSTITUTION OF GAS ENGINEERS AND MANAGERS, IGEM/TD/1 Edition 5, STEEL PIPELINES AND
ASSOCIATED INSTALLATIONS FOR HIGH PRESSURE GAS TRANSMISSION , pp-113
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"11.4.5.3 Assessments
Once a proposed up rating has been determined viable, the following assessments should be applied:

A risk analysis of the infringements shall be carried out, for the proposed revised MOP, in
accordance Wlth Sub-Section 6.8. If required by legislation, the level of risk
must be agreed between the pipeline operator and the regulatory authority,
taking into account the requirements of Section 6.

”

: DON12°0 PO YN0 020 (46 ) 6.8 7Y 9% 7wn? K71 8.12

"6.8 RISK ANALYSIS

Any risk analysis performed as part of a safety evaluation shall take into account the frequency and
consequences of all significant pipeline failure modes. Care should be taken to ensure that the methodology
adopted is consistent with the criteria used to assess the results.

It is not intended that risk analysis is used to justify deviations from the design criteria included in this Standard.
Where the design requirements cannot be achieved, risk analysis may be used to investigate and justify
alternatives. In such cases, the justification for any deviation from the design requirements shall

be fully documented and include an “as low as reasonably practicable” (ALARP) assessment.

Note 1: Guidance on risk assessment techniques and criteria is given in Appendix 3 together with examples.
Further information can be found in IGE/SR/24.

Note 2: The results of such a risk analysis may need to be considered by the relevant statutory”
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Figure 1. Consultation distance and zones
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81 APPENDIX 3 : RISK ASSESSMENT TECHNIQUES, [ pp- 168-178]
82 NEW UK PIPELINE RISK ASSESSMENT CODES — IGEM TD/2 AND PD 8010 PART 3, SYMPOSIUM SERIES NO.
155, 2009 IChemE, p-309
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"The planning authority will usually refuse planning permission for a new development if
PADHI indicates that the risks posed by the hazardous pipeline are too high , .................... The
PADHI process uses risk-based inner, middle and outer zones combined with the sensitivity level of
the development which is proposed, to assess the acceptability of the development with respect to
the pipeline risk. The zones are calculated by the HSE using pipeline details notified by the
operators of major accident hazard pipelines as required by PSR 96"
N7 NDITA DITOVRT 2911250 NSV 21900 NP0 vt N2 as v axm 1 8.14.4
. 8% nmax Supmp Sw IsnT Shwa nwYa ,nbapn TPeRaD
2¥ TP M0 L7720 DY 7AN0AY DIPR2 WXV BP*1197 NUDPXODN AW YIVI Suwa PN
OMYRWAY 0°212°07 0 MIRXIN DX 1272 NI ¥ DOWITIT DPARM YT 2W°nn Mas1n
1PN 8 "aya ,(nrnwa maxa powsn ponn) 3 pon, PD 8010 X1 a2 »Mpovi v9aNa 1pna Ry 8.15
, (Twnn2 32w 993) 3 'on 2°WIN2 2RI NNIKY 0°110°0 NI IIX°AY 0025w 0D 000N T
:0°25W 4 Sy 0°001am
;PDYPIR ADIMIRYA 237, 1P, R 0 8.15.1
;:3NN2N0M YWt wenan noavn 8.15.2
N2IY ,ANXA NRY DT NP WON ,ANXAN N12°0 , AR 2XP 2WOn) MLwan noava 8.15.3
;(2°201 AP0 DY DI NP
;Novon awen 8.15.4

Figure 3 Risk calculation flowchart for flammable substances

Pipe geometry, material properties, operational parameters
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# NEW UK PIPELINE RISK ASSESSMENT CODES — IGEM TD/2 AND PD 8010 PART 3, SYMPOSIUM SERIES NO.
155, 2009 IChemE, p-310
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Figure A.1 Planning application process and need for site-specific risk assessment

Application for Planning Permiszion submitted to Local Planning Autharity

PADHI + aszessment applied by
Lacal Planning Authority

HSE Advise Against letter
No safaty or risk may prompt developer to
iszuas for LPAto request further information
consider with this from the pipeline operator on
Planning Application the pipeline design in the
‘ vicinity of the development
Y i
Pipeline design different Pipeline details
from notified details as notified
HSE reassess rizks which may
revise LUP zone distances r
Developer may request
Pipeline Operator to
Do not consider further risk
- Mﬂﬂ reduction / mitination
Against measures in vicinity of
NOTE 1 proposed development
! NOTE 2
HSE reassess risks which may | Rr:f:amdum;:::;nn;?iﬁn
change advice su“a Ealu ated
Do not Cost effective risk
Impm:aamer:s Ad o Ad reduction may not be
_ agreed anc vise vise possible. Results of risk
implementation Against assessment can be given
planned NOTE 1 to LPA for consideration

NOTE 1 In all cases where the PADHI+ decision is “do not advise against”, the pipeline operator needs to
consider the impact of increased population within the consultation zone and the effect on the original
routing decisions made for the pipeline, especially if the development is within 1 MDOB. If significant
population increase is likely to occur if the planning development goes ahead, the pipeline operator might
need to carry out a societal risk assessment to allow comparison with the societal risk criteria in Figure 6. if
unfavourable results are obtained from the societal risk assessment, the pipeline operator might consider

objecting to the proposed development.

NOTE 2 In cases where risk mitigation measures are being considered, the land use planning individual risk
assessment and the pipeline operator’s societal risk assessment need to be carried out in parallel, so that a
common understanding using the same data and risk assessment assumptions allows the effectiveness of the

mitigation to be agreed.
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Table A.1 Typical (1 x 10~*) and (0.3 = 10™°) risk distances for ethylene, spiked crude and natural gas

liquids (NGLs)

Content of Distances to risk zones

pipeline MAOP Diameter Wall Material® Distance to Distance to
thickness (1 = 107%) risk (0.3 x 10%)

contour risk contour
bar mm mim m m

Ethylene 95 219 7.03 x42 150 200

Ethylene 95 273 7.09 x52 190 230

Ethylene 99 273 5.56 X52 240 320

Spiked crude 64 914 9.52 X65 380 435 )

—/o NGL 69 508 9.52 X52 432 485 . Gem—

NOTE The land use planning zones defined in Table A1 as (1 x 10°) and (0.3 x 10°°) risk distances were

calculated by HSE using historical rupture frequency data.

A As specified in 15O 3183-2:1996.
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Table B.12 Critical defect lengths and equivalent hole diameters for UKOPA pipeline cases operating at a

design factor of 0.72

Dimensions in millimetres (mm)

Diameter Wall thickness Material grade Critical defect Critical hole
length diameter limit

rupture/leak

168.3 5.6 Xa2 28.97 2.41

219.1 5.6 X4a6 31.72 2.98

273 5.6 x52 33.09 3.42

3239 5.6 x52 36.03 4.05

406.4 79 X52 47.92 5.09

508 7.9 x52 53.53 6.35

609 7.9 X680 57.99 7.52

762 7.9 X60 64.72 9.38

914 9.5 X65 85.91 12.73
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Figure C.1

Proposed development
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"Computed distances from the centre line of the pipeline to an individual risk of death of 1
X 10 per year, a common assessment criterion, are shown in Table 2-4.
Table 2-4 Distances from the centre line of a pipeline to an individual risk of
death of 1 x 10-6 per year (HSE 1995)

Pipeline Distance to 1 x 10-6 per year

Natural gas, @ = 6-inch 70 bar 60 m

Natural gas, @ = 42-inch diameter 70 bar 230m
pipeline

Natural gas, small diameter low pressure Risk level not exceeded

Gasoline 30m
Ethylene 200/260 m
Ammonia 530m
Spiked crude 100 m

NGL 180 m

# NEW UK PIPELINE RISK ASSESSMENT CODES — IGEM TD/2 AND PD 8010 PART 3, SYMPOSIUM SERIES NO. 155,
2009 IChemE, p-317

¥ European Commission ,Directorate-General Environment , Assessing the case for EU legislation on the safety of

pipelines and the possible impacts of such an initiative- Final Report , ENV.G.1/FRA/2006/0073 , December 2011,

pp 42-43
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"The study presented computed societal risk results using f-N diagrams. The pipeline
showing the greatest likelihood of one or more fatalities is ammonia, at a frequency
exceeding 1 x 10 per km/year. The remaining pipelines show one or more fatalities
occurring at a frequency of about 1 x 10” per km/year. Invariably, large parts of the f-
N diagrams clearly exceed the Dutch recommended acceptability limits for society
risk as defined in VROM (2005), the most recent criteria available but may satisfy
older UK criteria. This is particularly true for the 24-inch natural gas pipeline
traversing a residential area."
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""The results of this study therefore indicate that the risks posed by pipelines,
expressed both as individual risk and society risk, are significant, at least at par with
the risk from land-based installations, and exceeding the society risk criteria
proposed by the Netherlands."
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PROXIMITY TO BUILDINGS Metres IN ACCORDANCE WITH BS PD 8010 Equation (1)

Natural

Gas
Max Design Pressure Ethylene LPG Liquids

Substance Factors Q from Table 3 BS PD 8010 0.80 1.00 1.25
345 217m 271m 339m
Max Design Pressure 200 136m 170m 213m
barg 150 108m 135m 169m
100 81m 101m 126m

TIARY 79°R 9211 19 DY ,O¥a0 17 2OPRn Mpoon 10K 917 0°027 NIRDAY %D WA 1MTT WK
nPa? X, MR 110 Y221 'PR 36 q01pa "onn XY 1D 70 IPY L 19K 221101 IRD 0D
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0°112°077 IP0 VIX°2 DOV DPORW 02190117 192 NN ML IR DPY 7070 700X 7pn o2
TN AWOAT 22PN 0°02 DY NOTI0Y AIPPT2 VXIAN OX 1IN0 L9000 KD 1) D910 1AD
MMV 13 MY 5071 YW 2177w 2P 12w ,'137 R"ANT 1391077 NI ORNN M2 10K
SRNNTR 7 200-5 Sy TV NOIET ORMNG WATIT AT7I970 2PRn N0 DR 2T7AN X0, condensate

T8 990
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8.19.5

8.19.6

PO P92 P 12 1w 1", Report on Corrib Gas Pipeline Design-Proximity to Buildings, 2005
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production/publications/gas-terminal.pdf
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"We recommend that the pressure in the onshore pipeline should be limited to no greater than 144 bar ,
with a design factor not exceeding 0.3, and the pipeline design revised accordingly."
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"We recommend that the pressure in the onshore pipeline should be limited to no greater than 144

bar ,with a design factor not exceeding 0.3, and the pipeline design revised accordingly."
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Probability of Failure Mode [/
Release Type Interference Event
JP Kennmy UKOPA V1.1
Leak (25mm) 2 55E-04 2 5E-04
Rupture (Full Bore) 6_09E-05 8.7TE-D4
Total 3.16E-04 1.1E-03
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Building Burning
Pressure Escape Distamce (mi) Distance (m)
(barg)

Max. Miir. Max. Min.

120 181.2 47 .0 1559 Ta4.8
144 2031 57 .4 166.6 80.7
240 267.1 87.6 193.7 93.3
345 315.2 1121 2171 110.6

Table D8: Harzard Distances for Ruptures
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PROXIMITY TO BUILDINGS Metres IN ACCORDANCE WITH BES PD 8010 Eguation (1)

Natural

Gas
Max Design Pressure Ethylene LPG Liquids

Substance Factors Q from Table 3 BS PD 8010 0.80 1.00 1.25
345 217m 271m 339m
Max Design Pressure 200 136m 170m 213m
barg 150 108m 135m 169m
100 81m 101m 126m

DR 03 1972 1991 ,997001 R1 7Y 139 DOPAA NMPDOA 10K "1 070277 MKYAY *D wWOXTA 1T TWRD
MANT YAPY XDIDIOPK WEA WD P10V 13T 7707 PN DWXAT L NPWYNM PTIRT 1PN

:'mor 100 2v7
Details of Proximity to buildings using IS 328 and IGE/TD/1
Maximum Operating Pressure barg 100 150 250 272 345
Minimum Distance from Occupied Buildings m 63m 86m 132m  142m 176m

T3— 99107 132 2NV 2°NITD AR DY 2NNY? ONNAY TPIX POI0N MKW 1A 02300 WAATA 1MTm
J(7R 20) 77 0192 M0%2 NR 345 yna b ' 176 p] v
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JATIPR DPI92 DYOIN NINTIN TITN .0YPNN 12700 YNIN 12 2%10 NIVNI DNPIY DVDINI0T

"1’1950” 121730 M9 ,( BS8010, 1S328 and IGE/TD/1) Dypn 3 Y32 01T 4 Y3Y 0awvin 2.5 T YW 40 1Y DwnInwn 101
. INY M2 NWITIN MINYDIN NI DAY 112397 17 71PHYMY 1IN NN 'RIND MON»NN Y
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Report on Corrib Gas Pipeline Design-Proximity to Buildings, 2005,p-3
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STANDARD PROXIMITY TO BUILDINGS

UK Standard 8010 part 1 between 217m and 319m see Appendix 2

IGE TD1 UK Code of Practice not stated but 176m if extrapolation is carried out.

Irish Standard IS 328 176m as extrapolated in accordance with the
standard see Appendix 2

SRNN2 7O 1407 NI v °0 Advantica nnan Hw nv2vwp»IRa 702 vap: 1987 NIYapT NKY 9.8.14
T 7NN WY DY 002NN, 2WINAT 112707 IR 01T ,'A0R 144 -1 701 8D N1°7 T7°IX 9D9°¥0D NI
1% 190 79v2 X3 2°3PNT M2237 NIR? NWATI TRDIDI00PR TN

Dvon 0M30m , 2010 nawn DNV nan Sw o107 npv7a 2% 2010 sk DNV maanape 9.9

105939555 n3avm1 namon aear 1% snavaon 1pona nooia Tvem

(T3 13X SRNNY 2°9°¥00) 2w RN 32 TN 1naIw awenana 16 7995 (DNV 5w) w72 9.9.1
IR IR ,IPET 20192 IR wenan o) S°°PD 8010 Part 1 nrwan mipna oTana
DY PR TX MY 9N FIN02 DMWY PRI NI ANKN APY AYIST (NNWN / 17120 2mIna A9pn

(@I NYIWRAWHI 2°PN2 YW WORIN T A0PRa) QMR 229w YRR M / AnTR

TA XD 52 FIP0N? AYOATY L2700 MN2AN0T NRTY SYn NAR 73072 27X% 112°0 P72 DNV nrna 9.9.2
2970 111 w71 1ovo7 prn 'R 20 07, Aok 100 prva

risk level of

i dose as in
An Bord 's letters of 29™ ion 3a and 2"*February 2010

Individual Risk of a Dlﬁanaa
Dose or more per year from LVI

1x10% Cannot be:

1x10° &3m

1x107 1110

Note 1) Highest risk (base case) at of the pipefine is 3 x 10
Note 2) Nearest dwelling to LVI, 280m.
Note 3) Plotted for Information.

13 46_Safety _management_part_2_of 2- DNV corrib onshore pipeline QRA, 2010

104 Appendix Q6.4 in the EIS

1% Document No.16 Quantifies Risk Assessment Corrib pipeline -DNV- 2010

106 06_Safety_management_part_2_of 2- DNV corrib onshore pipeline QRA, 2010, pp 5-6
97 g6_Safety_management_part_2_of 2- DNV corrib onshore pipeline QRA, 2010. pp-66
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Table 19: Sensitivity Studies
Description Risk of Risk of Description | Risk of Distance to a
receiving a receiving a receiving a risk of
dangerous dangerous dangerous receiving a
dose or more dose or more dose or more dangerous
at the pipeline at 246m from at the LVI dose of 3E-07
(per year) the pipeline (per year) per year
(per year) (m)
Base Case 2 92E-09 1.5E-11 Base Case 6.91E-06 91
Moving away at | 2.93E-09 2 29E-11 LVI 2.52E-05 132
1 m's Genernic
1.73E-08 6.38E-10 Third Party | 6.91E-05 129
Landshp Intentional
Third Party 1.98E-08 1.52E-11
Intentional
.109 ) 9 5 5 n 5
SURA%W NDIDT STRaRY WWONT IO MITYI WONTY [P°727 DOWONIN 197017 WK 9.9.4
Table 4: Predictions for the Determining Cases
Parameter Criteria Determining Cases Qutcome
Case 2 Release Case 1 Release
Group B Dwellings | Group A Dwellings
Maximum pressure 100 barg 150 barg
Release mode 2 ends open 1 end open
Distance of person beside dwelling from rupture 2Um" 280m
1. Highest thermal flux received 31.5kWim2 25 KWim2 14.5 KWim2 All cases below criteria
2. Building Burn Distance, BBD UK HSE 180m 155m All dwellings are outside BBD
3. Dangerous dose moving to dwelling as shelter
Ja. 55 slood still then 5m @ 2.5m/s 1,000tdu 580 tdu 247 tdu Criteria not exceeded for base
3. 5sstood sill then 5m @ 1mis 1,000idu 830 tdu 352 tdu cases
4. Maximum distance without exceeding dangerous dose
4a.  5s stood still then maximum distance @ 2.5m/s 1,000tdu 1Tm 183m
4b.  5s stood still then maximum distance @ 1m/s 1,000tdu m 73m
5. Piloled Ignition Distance UK HSE 205 m 178m All dwellings outside PID
6. Distance to thermal flux threshold of 31.5kWim® VROM 216m 192m All dwellings outside PID
7. Dangerous dose moving away from the dwelling Not relevant as all dwellings are outside PID
Note 1) 230m has been used as the basis for madelling

Contour Distance, m
Code Based
Building Proximity Distance based on LS. 328 and PD8010 with a Design 3

Factor not exceeding 0.3 (Corrib Pipeline)

Building Proximity Distance based on PD 8010 formula and Design Factor
exceeding 0.3 but not exceeding 0.72

- Upstream of LVI (150 barg) 81.3
- Downstream of L'VI {100 barg) 60.4

Building Proximity Distance based on LS. 328 (Graph Figure 1, line D) for
Design Factor exceeding 0.3 but not exceading 0.72

- Upstream of LVI (150 barg) 88.0

- Downstream of LV {100 barg) 63.0
Consequence Based

Building Burn Distance 180

Distance calculated in accordance with the process outlined in An Bord 216

Pleanala's Letters of 02.11.09 and 29.01.10

108

q6_safety _management_part_2_of 2- DNV corrib onshore pipeline QRA, 2010. Pp-70
1% COR-14-SH-077, 2010, p-3
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' CORRIB ONSHORE PIPELINE, Proximity of Pipeline Route to Local Housing, May 2010
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2013.html
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