H.QRA - HSEAII Tools for Quantitative Risk Asses_s:n'i'ent

HSEAIl ORA Tools Kit: 04 modules

1. H.QRA Plant - HSEAII QRA Tool for Onshore Instaitms;

2. H.QRA Pipelines - HSEAIl QRA Tool for Onshore Hipes;

3. H.QRA Platform - HSEAIl QRA Tool for Offshore Ptatms;

4. H.QRA Subsea Pipelines- HSEAII QRA Tool for Subsea Pipelines.

H.QRA-Subsea Pipelines Module

1. HSEAIl ORA Methodology for Subsea Pipelines:
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Hazards | dentification: Identify all

potential hazards for subsea pipelines
system;

Frequency Analysis:

» Quantitative Methodology for identified
threats/hazards;
» User-friendly & Out-of-box calculations

Conseguence Analysis:

* Qualitative Methodology for Human
Safety, Environment and Economics;
» User-friendly & Out-of-box calculations

Risk Analysis & Assesment:
» Transparent Calculations and visualized
on the Field Maps.

H.ORA Subsea Pipelines M ethodology Statements:

of Pipeline Protection, October 2010.

» Commonly recognized Methodology for QuantitatiiskRAssessments (QRA);
* Being developed and designed in accordance withl BR F107 — Risk Assessment
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H.QRA-Subsea Pipelines Module

2. H.ORA Subsea Pipelines ORA Flowchart
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Visit www.HSEAIl.comfor the most updated HSEAIl QRA capabilities.
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H.QRA-Subsea Pipelines Md<ul.lwe

3. Risk Acceptance Criteria

The Risk Acceptance Criteria shall be establistee®etd on Company‘s Policy for the
Activities. In this document, HSEAII proposes thislRAcceptance Criteria
recommended by DNV RP F107 — Risk Assessment ofiRgBrotection.

Consequences Legends
- Mot acceptable
|:| ALARP region

- Acceptable

H.QRA Subsea Pipeline software tool can reset/&efjuss set Risk Acceptance
Criteria to be compliant with the Client’s Policy.

The Risk Acceptance Criteria is
presented in the form of Risk Matrix

Frequency

4. Hazards | dentification

Hazards Identification (HAZID) process for Subsgaeknes mainly focuses on
identifying potential threats / impacts those masutt in releases of hazardous
substances. HAZID can be in the form of Expert doelgts and/or HAZID
Workshops.

Bascially, H.QRA Subsea Pipelines todINo.] Threats / Hazards Sub-threats
has integrated following Threats: [ nrsnal Damag=s Cormasion
1.2 Others
] ) 2. | Dropped Objects
H.QRA Subsea Pipelines can also alloys. | Shipping Operations _
. e 3.1 Collisions
to integrate any additional Threats as [33 Emergency Anchoring
i i i H i 3.3 Sunken ships
being identified during HAZID sessions. i Fishing Boats (boflom Fawing)
5. | Subsea SIMOPS
51 Drilling
5.2 Completion
5.3 Intervention
54 ROV impact
6. | SIMOPS-Construction
7. | Natural Hazards
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H.QRA-Subsea Pipelines Mod:ul.lke

5. Leak Frequencies Analysis

Generic Leak Frequencies:

Pipelines and its integrated systems have its generic leak ri@gsiethose are leaks frequencies by
the nature of the systems. Generic Leak frequencies can be found iorliheide accident

statistics and to equipment failure databases.

Dropped Objects Impacts

The dropped objects from the potential heavy lifting activities on neigidpptatforms, ships, etc.,
may hit the subsea pipelines leading to accidental damages andseldas lifting activities are
specific for the pipelines system in consideration.

Shipping Operation | mpacts

The Ship Operations may cause adverse impacts to the subsea pipelnas sollisions,
anchoring, dropped objects, sunken ships, etc. leading to accidental damagdsased.rThe
shipping operations are different for specific pipelines systenalandspecific segments of the
pipelines.

Fishing (trawling) Impacts

Trawling impacts are one of concerns for subsea pipelines systeanding impacts may cause
adverse impacts to the subsea pipelines such as displacements, pradectiagss, break and
ruptures, etc. leading to accidental damages and releases. Trianyexgs are considered third
parties activities and are different for specific pipelinetesy and also specific segments of the
pipelines.

SIMOP Drilling Activities & Construction Activities Impacts
When drilling campaign is carried out, it will cause adverse impadtse subsea pipelines. Similar
to drilling, SIMOP constructions and modifications may badly influensibsea pipelines safety:

Natural Hazard I mpacts. Natural disasters can be one of concerns for the safety of the subsea
pipelines systems, such as earthquakes, land slides, tsunami, ect.

Table 13 Annual failure frequency ranking for one pipeline/umbilical

Leak Frequencies by all identified caeson | Descriprion s
. Jfrequency
hazards WI” then be Summed an (Iulw} So low frequency that event considered negligible. <10
ranked in 5 categories as follows: Event arely expected fo oceur TREI
3 Event individually not expected to happen but when summarnised over a large 107 = 10
(medium) number of pipelines have the credibility to happen ence a year. .
4 Ewvent individually may be expected to occur during the lifetime of the pipeline. 102 =107

(Typically a 100 year storm)

{hj_zh) Event individually may be expected to occur more than once during lifetime. =107
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H.QRA-Subsea Pipelines Module

6. Conseguence Analysis

Consequence Analysis for offshore pipelines caodmsidered semi-quantitative
methodology, where the consequences are ranked baggpelines fluid, human
presence and technical judgments. No detailed ledlons on dispersion, ignitions,
heat radiations, etc. are required. It can be expdbthat for the subsea pipelines,
there are many uncertainties such as hazardoudflibaited to sea surface, low
possibility of ignition sources, low possibility bfiman presence, etc. Hence, fire and
explosion are rare occurrences; together with lamdmn presence, it makes fire and

explosion and their impacts are not major concerns

POte nt|a| con Seq uences Of accCl d e ntal eve ntS to Table 14 Identifying potential consequences for pipeline
. . o . and umbilical damage
pipelines and umbilicals must be established — : _
. . . . Pipeline Hinman safety | Environmental Material
with consideration human safety, economic conteris mpact damage
. . Gas Relevant Nomm.ll}r not Relevant
loss and environment impacts. The Table relevan
. . Lo Condensate Relevant Relevant’ Relevant
below presents a matrix for identifying of o ot Relcvmt e pe—

H T. . 5 -
potential consequences for damage to Water Normally not | Relevant Relevant
pipe"nes and umbilicals. Umbilical | Normallynot | Normallynot | Relevant

relevant” relevant™
The consequences are ranked on 5 categories
for Human Safety, Environment & Economic
losses as follows:
Caiegory Description Catagory Description Production
1 (low) No person(s) are injured. D::;f;m
3 (ml::l.imnj (St::;:d]:::‘lury ome fatality (working accident) “01“,] Insignificant effect on operation. small or insignificant cost of repair 0 days
1 (wot 3 2 Repair can be deferred uniil scheduled shutdown, some repair costs will occur. ‘1 month
- 07 use — — 3 Failure causes extended unscheduled loss of facility or system and significant
5 (high) More than one fatality (gas cloud ignition) repair costs. Rectification requires unscheduled underwater operation with pre- 1-3 months
(medium) qualified repair system before further production.
Faume causes mﬂeﬁmre sh\ﬂdo\m and significant facility or system failure costs.
aires d underwater without pre-qualified
““““““““““““““““ Tepair system before further production.
Caiegory Descripiion Amaunt of release 4 Or 3-12 monthy
(lolwl m\m gfﬂ ‘?&%ﬁ&f? a:tnr gg:‘gvucmm Either due to no release of intemal ) gﬁiﬁ;ﬂﬁi\?&m ﬁgﬁ;f shut down of major parts of (or all of) the
Minor release of polluting media. The released media will decompose or be B0 e Total loss of pipeline and possible also loss of other structural parts of the
neutralised rapidly by air or seawater. N platform Large cost of repair including long time of shut down of production.
3 Moderate iel ease of polluting medium. The released media will use some time to 10000 $orinés (].u)gh) Or 1-3 years
by air or seawater, or can easily be removed. Failures resulting in shut down of the total hydrocarbon production for a longer
4 Large lele:wc of polluting medium which can be removed, or will after some time 100000 tonnes period.
decompose or be ntun'ajised by air or seawater.
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H.QRA-Subsea Pipelines Mod<ul.lke

7. Risk Assessment

Consequences Legends

- Mot acceptable

|:| ALARP region

- Acceptable

The final risk assessment consists
of coupling the relevant frequency
rankings with the consequence
rankings and then comparing the
result against the acceptance
criteria.

Frequency

H.QRA Subsea Pipelines tool calculates Risk legtH| pipelines segments:

SUBSEA PIPELINES RISK ASSESSMENT RESULTS |

No. Segment Frequency Analysis Consequence Risk Combinations Risk Risk Zone

Analysis

Walue

Level Range

Segment 1

2.00E-04

Il (Mediarn)

I {tlediurm)-c

“fellow

ALARP

Segment 2

2.00E-05

-

Red

Intolerable

Segment 3

1.00E-05

| (Low)

| (Low)-E

Red

Intolerable

Segment 4

1.20E-02

Y (High)

Y (High)-A

Green

Tolerable

Segment & 2.00E-03 [

IW-C

Green

Tolerable

Segment B 1.00E-06

L ow

Red

Intolerable

(ellelielb-dinileliz]

(
Segment 7 1.00E-05 11l

L ow

C
C

Red

Intolerable

||~ || ok —

[=1

H.QRA Subsea Pipelines tool will
then present the pipelines segment
Risk Levels, by colors set for
specific Risk Levels, to the Pipelines
system Field Map.

If the risk level is not acceptable,
then mitigation measures should be
taken to reduce the risk. The length
of pipeline to be protected should be
so that the overall risk of both the
protected and the unprotected parts
are acceptable.

www.HSEAIl.com
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H.QRA-Subsea Pipelines Module

8. H.ORA Subsea Pipelines | nterfaces:

Project Settings

Segment |
Segment 2
Segment 3
Segment 4
Segment §
Segment 6
Segment 7

Update |

RN N T -1 -|B 71|
Project Generate - - P
Segment Inputs M
Assumptions

Subsea Pipeline Sections

- i) Bl Edt View Inset Fomet Tools Dsbs Window Help

B $ % %8 03

Type & auestion for help

R0 |

Al B I c [ D I E I F 9 H

GENERAL PROVECT INFORMATION

Project | Instaliation

Risk fssessments

Risk Results Seqment Risk

Pump Stop Time

V. Safety Systems
Emergency Shutdawn valve
ESD Time

11 ProjectName ABC Subsea Pipelines
12 Location Block ABC - Offshore Vietnam
13 wiater Depih (m) 50

| 9 (0 Site Maps & Arrangements

Area Type Open
[ 11| biaps etings
[12] Wictth () 7.000 Grid ()= 1,000

Height () 10,000
No. of Maps 4 Maps max)
D Layout Cipa)
[ET] Site Map 1 Parirait Ubseasysterjpg| - Add Map 1
[
18] [ 1 | |
18] [ 1 [ [
| 21 |l Subsea Pipeline Design Specifications
[ 72| Fuid chemical METHANE
| 73| FuidPhase Gas
34| Flow Rate (kafsec) 14
| 75| Density (k/m3) BB
| 76| Design Pressure (bai) 125
| 27| Design Temperature (C) an
Open | | 23|V Operating Conditions

30| Operating Pressure (bary |00
[ 31| Operating Temperature (C) -]
[ 32] Purnping ? (Yes/Noj Yes

“ 4 » n\Global Inputs { Weather /PREifeSegmertany, Site Map Risk Assessment Results 4 [<
iDraw - L | Autoshapes- N\ N 1 O A o &2 8] | & - o -
I Ready |

Navigator Section
guides Users throught
out the QRA process.

Consequence calculations and Risk

results.

Calculation Worksheets section presents Project
Inputs and Data, Maps, Frequency and

E Microsoft Excel - QRA-Offshore pipelines-V01.xls

(5] Bl Edt View Insert Formet  Jools Data  Window Help
RN NIRRT !;mm 10 -|B I U|
E2 - 5 |
A ] ] c [ o] E [ F G e e | K [T WNToTlTPFTT@ =]
1 PIPELINES SEGMENTS SETTINGS & LOTATIONS Step 2: =
Settings|
| 2| 1
3 Decartes Coordinates
Ho.| Segment KP Zone Type Manning Fluid Type Pipe | Pipe | Pipe | Pipe Protection | Adwanced || Start Point | End Point
4 [m) Class Tape 0D _| Length i
5 EPStart | KFEnd {inch) m P o T e e
& | 1 |Segmenti Flatiorm Riser tManned | Gas, Wel Fluid Steel Fipe |12 400.0 | Conventional Coating 225 @200 2225 7800
k' 2 |Segment 2 Plattorm Satety Zone (500m)| Manned Gas, Semi-Processed Steel Pipe 12 I7E5 Concrete Blanket!Slab 2225 FTa0 2550 Te00
% | 3 |Segments Un-manned SweelFipe | 12| 20218 | Conerete BlanketéSlab /50 TEOD  IT0 430
k) 4 |Seqment 4 Occasional Steel Pipe 12 18233 | Trenching I 4510 5480 4370
n 5 |Segment§ Steel Pipe 12 43747 | Trenching 38 4310 2320 BES
| & |Sepmentt Condens ate. Semi-Froved Steel Fipe | 12 620.0 | Trenching 230 BB 700 BES
2 7 |Seqment 7 Steel Pipe 12 4350 Trenching 17on BES TFo0 100
[ERlE
8
5 10
CHIT]
7 12
] 13

i —

Operational parameters are input into H.QRA software
tool: Pipelines segment Names and IDs, KPs, Fluid,
Types, Manning, Pipes Specifications, Length, Segment
Coordinates, Protection measures, etc..

www.HSEAIl.com
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H.QRA-Subsea Pipelines Module

8. H.ORA Subsea Pipelines | nterfaces: (continued)

HSEAILQRA - Offshore Pipelines [Z\ E3 Microsoft Excel - QRA-Offshore pipelines-V01.xls
e (] Ble Edt Wew Insert Format Tooks Data  Window Help Type & question
H L I . L b v 6] ! Arial i i === =0 .00 | 3= =
Project Generate | Qlu}a‘ 7| = Hﬂlﬂnz‘ = ._r.gj B_Ana : -m £ ‘ Bl lles _El I I "ulf? =
C15 x 5
Seqment Inputs Seament Settings A | B [ C ‘ b ‘ = | i [ 6 THT ! o
it | 1 SUBSEA PIPELINES RISK ASSESSMENT RESULTS
Weather KX
No. Segment Frequency Analysis C 1 e Risk Combinati Risk Risk Zone
Assumptions 4 Analysis
5 Value |Level Range |
— Subsea Pipeline Sections 5] 1 |Segment 1 2.00E-04 1l (Mediur) c Il {Mediurm)-c Yellow ALARP
Segment 1 7 | 2 |Segment 2 2.00E-05 Il c I-C Red Intolerable
Segment 2 8 | 3 |Segment3 1.00E-05] | (Low) E: | (Low)-E Red Intolerable
Stgmenh. 9 | 4 |Segment 4 1.20E-02] % (High) A W [High)-A Green Tolerable
ey 0] & [Segments 200E03] W B -G Green | |Talerable
Segment & 11| 6 |SegmentB 1.00E06] | (Low) c | (LowrC Red Intolerable
Segment 7 12| 7 |Segment7 1.00E05] [ {Low) c | (Low)-C Red Intalerable
13| 8 -
14| 9
18] 10
16 11
171 12
18] 13 “ —
19] 14 [ |
20] 15 i L
Update I Open l 211 16 o =
_ 2l H.QRA Subsea Pipeline
— Risk I H H
i i software tool will calculate Risk
Risk Resul Seament Risk
%[ 21 level of each Segment.

B3 Microsoft Excel - QRA-Offshore pipelines V01.xls EEx
0] Fle Edb Wew Insert Fomat Toos Chart Mindow Help T

B e mwl~ o B T lssulss=Slsoce
- =

o0

3000

S 1
)
Y

H.QRA Subsea
Pipelines tool will
then present the
pipelines segment
Risk Levels, by colors
set for specific Risk
Levels, to the
Pipelines system
Field Map.

s
f4.9, Site Map (L FiEGUANGES ANalYSE ) Risk Assossment Results 4] <
aEE > E-A-==caall

ioraw= L | Aushapes -

Ready

Email Us atHSEAII@HSEAIl.comto request further demonstrations.
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