Developing Decision Support Tools for
Offshore and Nearshore Marine Operations «’

woodside

Matthew Zed — Snr Metocean Engineer | July 2017
Grant Elliott — Chief Metocean Meteorologist



Disclaimer and important notice «’

woodside
-

This presentation contains forward looking statements that are subject to risk factors
associated with oil and gas businesses. It is believed that the expectations reflected in
these statements are reasonable but they may be affected by a variety of variables and
changes in underlying assumptions which could cause actual results or trends to differ
materially, including but not limited to: price fluctuations, actual demand, currency
fluctuations, drilling and production results, reserve estimates, loss of market, industry
competition, environmental risks, physical risks, legislative, fiscal and regulatory
developments, economic and financial market conditions in various countries and
regions, political risks, project delay or advancement, approvals and cost estimates.

All references to dollars, cents or $ in this presentation are to US currency, unless
otherwise stated.

References to “Woodside” may be references to Woodside Petroleum Ltd. or its
applicable subsidiaries.
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Safety Moment - El Faro «’

LAVIN ) W — woodside

El Faro - A 700 foot liberty ship based in
Jaxonville was en-route to Puerto Rico

33 Crew on board

Vessel due to arrive in San
Juan at 5:00pm Friday October 2@ e

source: http:/seshippingnews.typepad.com/south_east_shipping_news/2015/10/el-faro-700-foot-liberty-
ship-based-in-jaxonville-lost-in-joaquin.html|

Vessel sailed into the path of Hurricane
Joaquin

At 7:00am on Thursday the vessel, in the
cusp of a category 4 Hurricane, the vessel
lost power and began taking on water
Shortly after the vessel sank

None of the crew survived

G Captian

source: http://gcaptain.com/ntsb-releases-el-faro-vdr-bridge-audio-transcript/
0.00 0.00 0.00
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Last
recorded
position
of El Faro

Joaquin
winds:

http Iwww. mlamlherald comlnewslweatherlhurrlcanelartlcle37779879 htmI
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Safety Moment - EL Faro
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Weather Underground  source: https:/Amww.wunderground.com/blog/Jeff known-position-of-the-missing-ship-el-faro-the-eyewall-of-catego.html NPR source: http:/Aww.npr.org/sections/thetwo-way/2016/12/13/505422633/maybe-im-just-being-a-chicken-itle-transcript-describes-ships-final-hours
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Safety Moment - EL Faro: Some Outcomes... «’
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$7M lawsuit targets weather company for sinking of El Faro

Several insurance companies are suing a company that provides weather forecasting services, claiming one
of the company's products is to blame for the sinking of the cargo ship El Faro.

The suit, filed in Florida federal court, alleges the Bon Voyage System version 7 (BVS 7), used by El Faro,
“provided delayed, inaccurate, and misleading information the Vessel about the position of the storm and
was a substantial factor in the Vessel sailing nearly directly into the eye of the hurricane.”

Source: http://wgme.com/news/i-team/7m-lawsuit-targets-weather-company-for-sinking-of-el-faro

NTSB Recommendations Aimed at Getting Better Weather Information to
Mariners

The National Transportation Safety Board issued 10 safety recommendations aimed at enhancing the
availability of weather information to mariners after it was revealed that critical tropical cyclone information
issued by the NWS is not always available to mariners via well-established broadcast methods.

Further, factual data on the official forecasts for Hurricane Joaquin and other recent tropical cyclones
suggest that a new emphasis on improving hurricane forecasts is warranted.

Source: https://www.ntsb.gov/news/press-releases/Pages/pr20170629.aspx
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Decision Support Tool Essentials

An effective decision support tool must:
= Provide timely information

= Provide effective information (multiple sources, accurately defines risk)

= Meet the needs and capabilities of the customer
= Be accessible to all key stakeholders
= Be reliable (consider failure modes?)

= Be auditable (enable interrogation by an expert)

15 August 2017 Insert Title Here | DRI 8
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Wood5|de Metocean Team «’
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Grant Elliott

Chief Metocean Meteorologist

3Yrs Woodside

Matthew Zed
Senior Metocean Engineer
3Yrs Woodside

Alessio Mariani
Metocean Engineer

2Yrs Woodside

Ron Hille

Senior Metocean Forecaster

Casual
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Focus areas for a Metocean Engineer at Woodside «’
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; Data Analysis ; Hindcast Studies
—— Marine Operation

Metocean Data Support Systems

~ Tropical Cyclone

Qorecasting

Development
Screening Studies

<  Tow-route / Installation )
i - Metocean i
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Metocean Concerns for the Oll and Gas Industry «’
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Key Inclement Metocean Concerns

= Tropical Cyclones
= Squalls

= Persistent strong winds (non-
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Developing Decision Support Tools — The Process «’
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No Need to reinvent the Wheel > Utilise Woodside’s Project Delivery Process
~ ASSESS SELECT

Opportunity

Build & Trial: Prototype Deploy & Document:
developed and deployed for

Fit-for-purpose design: Evaluate Success:
Metocean Engineer creates a

roadmap to understand current
system and end-user
requirements/procedures
. Y,

GOOD EXECUTION

GOOD DEFINITION D

POOR EXECUTION C

GOOD EXECUTION %

POOR DEFINITION
f POOR EXECUTION

15 August 2017 Insert Title Here | DRIMS# 15



Developing Decision Support Tools — The Process «’
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Understanding The Customer:

1. Their metocean tolerances and response procedures

2. Accuracy requirements i.e. their acceptable level of uncertainty

3. Required forecast horizon Internal Customers to Metocean

4. Communication Platforms MANAGEMENT DRILLING LOGISTICS

5. Expertise of the end-user e

DEVELOPMENT METOCEAN ONSHORE ASSETS
PLANNING

OPERATIONS AVIATION GEOSPATIAL
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Accurate vs. Effectlve Forecastlng

w
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Many operators rely on deterministic guidance only i.e. forecast providing single

most detailed estimate of future conditions (P50)

Integrity (accuracy) of the forecast is challenged when the outcome differs from

the forecast > Forecaster tries to capture this with an uncertainty estimate

Uncertainty estimate generally based on past performance (forecast vs. actual)

i

woodside

or climatology, which doesn’t capture “physically” plausible future conditions from

the current systems state

Forecast becomes less effective when it
captures these physically unrealistic cases

Solution =
ensemble-based approach

Saturday
Jul 15
o me 1z 18

Initial condition

Sunday
ul 16

oo 08 4z 18

A

v

uncertainty

Forecast uncertainty’ '~

Monday
ul 17
o008 1z 18

Tuesday
ul 12
oo 0s 1z 18

Wednesday
Jul 12
o me 1z 18

- —

Thursday

Jul 20
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Friday
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Source: https:/Avwww.yr.no/place/Norway/Hordaland/Bergen/Bergen/long.html
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Accurate vs. Effective Forecasting «’
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Rather than using a single (deterministic) forecast run, forecasts make use of multiple
ensemble forecasts which investigate the space of possible outcomes from a given
Initial state (nowcast).

Ensemble spread is used to define the range G N

. . . T0-day wave epsgram for s.-g.rr.n_,*'xcr.-nlr_wfu;el ]re.-g.r?.r.‘.rne:."es,u
of potential future conditions (hence quantify e dte Toestay T 12 UTE
uncertainty based on current system state) :

Tuell Wadl2 Thulz Fril4 SatlS Sunle MonlT Tuelg Weadls Thuzi Fri2l

10-day wave epsgram for mean wave period (5]
Base date: Tuesday 11 jul, 12 UTC

Low spread = high confidence = more
predictable future state

Tuell Wedl2 Thul2 Fril4 SeatlS Sunle MonlT Tuelg Wedld Thuzo Frizl

10-day epsgram Thm wind speed (mys)
Base date: Tuesdaoy 11 jul 12 UTC

Customer can apply their risk acceptance
to this spread

(Generally expressed as % of ensemble exceedances above tolerance)

Tuell Wedl2 Thul2 Fril4 Satls Sunli MonlT Tuel® Wedls Thuzi Frizl

ECMWEF source: http://eccharts.ecmwf.int/dashboard/
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Where are We Now «’
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Decision Support Tools Currently in Operation

Applying ensemble-based forecasting for TC/Non-TC conditions

Tropical Cyclone Dashboard
Case Study — Tropical Cyclone Dashboard Development Process

ROWSv2
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Metocean Decision Support Tools at Woodside

ROWS
Moorin
Facility
Tropice
Tropice

Vessel
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Environmental Monitoring System

TROPICAL CYCLONE FORECAST

228

NR Complex Directional Waverider
Wave Height, Direction and Period

< North Ra‘(nkin Complex

—_—
PEMS - Pluto Envis

- Anemometers

- Met Station

Legend

+ NJEMS - Ngujima Yin FPSO
4 NGEMS - Nganhurra FPSO (Enfield)
WEMS - Okha FPSO

AEMS - Angel Platform

PEM - Pluto Platform

GEMS - Goodwyn Platform
REMS - North Rankin Complex

o emmde

Directional Waverider

MEMS - Mooring Land and Environmental Monitoring

NGEMS - Nganhurra Environmental
- Anemometers

- Met Station

- Vessel Motion Monitoring
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- Met Station

- Vessel Motion Monitoring
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Enfield - Directional Waverider
Wave Height. Direction and Period
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- Australian Government
| e No. 1 for 15U
"~ Bureau of Meteorology
lssu = Issue Time: 0925 Mon 06 Feb 2017 WST Next Issue: 2125 Mon 06 Feb 2017 WST
—
Prepared for Issued by Matt Boterhoven Contact Phone 08 9263 2205
=L Tropical Low 15U large degree of o‘\.
Sta uncertainty in the forecast ®
the §
The
REMS - Rankit MOV v
_SAAB WaveF Offs| Details at 0800 WST Mon 06 Feb 2017 —
- NR Complex 4 Cyclone Name 15U
-NR Complex ( An |
“NR Complex! fron Severity Category Below TC Intensity
Max Winds Forecast 15 gusting to 35 kn
A's¢ UpperBound Winds 20 gusting to 45 kn
@ Central Pressure 996 hPa
Ple: Recent Movement Wi16kn las_ .. il oo pooo.o.o]
GEMS - Goodwyn Environmenta € "Location 16.35 124 2E
- Anemometers.
- Met Station Liki Location Accuracy Accurate within 90 nm
Radius to Gales - :
The grey shaded track uncertanty areas show the probable range of - :
tropical cyclone tracks at 24, 48. 72 and 120 hours. The impacts of the /i Uncertainty 126 72 48 )
tropical cyclone may extend outside of the uncerainty area on occasion. o Galé ——
Forecast Commentary H15E ! yose H3E
The system has been located with surface observations but there is a low confidence in the analysis position as the system is still very weak.
By Tuesday most models agree that the tropical low will be develo&m over waters north of the Pilbara.
By Wednesday morning the system is likely to be located north of the Pilbara coast in a for There is a
large amount of uncertainty in'the model guidance, both in system track and development. The system is likely to move west or south due
to the mid-level steering flow associated with an ugper high over based over the continent. Regardless of the development of the system, -
?:ales maybe possible in eastern quadrants aided by the active monsoonal surge, and mawaxtend onto the Pilbara coast between Pardoo and
ape Preston. Some guidance has the system crossing the coast near Port Hedland late Wednesday. In this scenario the system is unlikely to
reach "-?ﬁml cyclone intensity.
During Thursday the system could be developing very close to the coast between Karratha and Exmouth. There is a chance that the system
could reach tropical cyclone intensity. However, even if the system does not become a tropical cyclone, it is possible that gales could extend
through the eastern quadrants and be felt over parts of the coast between Karratha and Exmouth. Some recent model guidance has the
system crossing the coast in the Exmouth Guif.” The system is likely to be limited to a category 1 system, given the likely forecast speed and
movement of the system.
Friday models generally agree on the system moving to the west of Camarvon, and tracking southwestwards over open waters
Note: There is a large degree of uncertainty in the forecast as present
Current and Forecast Positions nm=nautcal mies, hPazhectopascais, WST = Western Standard Time, ail degrees are decimal degrees, wind gusts wil be 40% higher than winds.
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Low 5% - 20% JRMATION]
Moderate  [20% - 50%
High 50% - 100% FOR ANY QUERIES OR ISSUES CONTACT
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06:00 WST 18:00 WST
Get PDF
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Where are We Now — Ensemble-based for‘ecastlng
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Computer Model Tropical System Forecast

Issue Time: 0600 Thu 28 Nov 2013 WST Next issue: 1600 Thu 28 Nov 2013 WST

Contact Phone 08 53999 39959

Computer modei ensemble tracks
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Spread of ensemble members
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Graphics courtesy of Aust.
Bureau of Meteorology
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Tropical Cyclone Dashboard -
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TROPICAL CYCLONE DASHBOARD

BY CRITERIA I BY ASSET 3 DAY HISTORY
Gales (> 34kn) v | | 4 |-?2 hrl-so hr |—4s hrl-ss hr |—24 hr|-12 hr |D hr[Current]l > |
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OKHA Gales | >34kn ) 16 10| 2
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NY Gales | >34kn ) 12 | a
NG Gales | = 34kn ) 12 | a
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h Mo Risk 0% 'WE ARE HERE FOR THE LONG TERM. WE LOOK AFTER EACH OTHER, OUR COMMURNITIES AND THE ENVIRONMENT. WE KEEP EACH OTHER SAFE.
Very Low 1% - 5%
Low 5% - 20% DATA PROVIDED BY THE BUREALU OF METEQROLOGY, DERIVED FROM 51 ENESEMBLE ECMWF MODEL RUNS. CLICK HERE FOR MORE INFORMATION.
Moderate 20% - 50%
lHigh 50% - 100% FOR ANY QUERIES OR ISSUES CONTACT
Morning (0:00 - 12:00)
Afternoon/Night (12:00 - 24:00) CLICK HERE TO VIEW HISTORY
Last Issued: |Model Base Time:
21/12/2016 20/12/2016
06:00 WST 18:00 WST
Get PDF
View History

Let’s look at the Tool Development Process as it was applied to this scenario ...
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Tropical Cyclone Dashboard — Problem Definition «’
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____ASSESS SELECT __ DEVELOP ~ _ EXECUTE _ __ OPERATE

Define the Ensure Fit-for- Build and Trial
Problem Purpose Design Prototype

Evaluate
Success

Document
Deliverables

Design a tool that can be used to report on tropical cyclone risk

to assets in the North West Shelf and effectively inform
Woodside decision makers.

13 February 2017
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Tropical Cyclone Dashboard — Fit-for- Purpose De5|gn «’
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SELECT
Deflne the Ensure Fit-for- Build and Trial Evaluate Document
Problem Purpose Design Prototype Success Deliverables
A Collaborative Approach
EMERGENCY
DRILLING
= |dentify & interview key stakeholders -
ONSHORE

i iti i i TECHNOLOGY &
= Collect requirements & additional information e Vel OB

PLANNING

= Manage Scope

BUREAU OF
METEOROLOGY
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Troplcal Cyclone Dashboard — Prototype Development «’
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__ ASSESS SELECT __DEVELOP EXECUTE _ __ OPERATE

Define the Ensure Fit-for- Build and Trial Evaluate
Problem Purpose Design Prototype Success

Document
Deliverables

TROPICAL CYCLONE DASHBOARD
BY CRITERIA I BY ASSET
Gales [> 34kn) L A
Asset: Risk Criteria: 06 Mon
. SeL: IS riteria: 05 612 |12-18| 1824
= Prototype trialled by a select user-group OkFA | Gales (> 3kn ) 2
NRC Gales | > 32kn )
o . . GWA Gales [ = 3%kn )
= Preliminary output distributed to key stakeholders under (e — 2
test conditions NG Gales [ > 34kn )
= Feedback sought and recorded e .:;Im ]
Asser: Risk Criteria: 06 Mon
Set. I= riteria: 06 512 |12-18] 1522
OKHA Gales [ > 34kn ) 2
OKHA Hurricane [ = 62kn )|
OKHA Waves [ >3m) 2 &
OKHA Waves [ >5m)
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Tropical Cyclone Dashboard — Evaluation
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Tropical System 14U
__ ASSESs SELECT _ |NNDEVENCPINN " EXECUTE ' ININOPERATENIN

Ensure Fit-for- Build and Trial Evaluate Document

Define the

Problem Purpose Design Prototype Success Deliverables
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TROPICAL CYCLONE FORECAST: Probability of Gale Force Winds ( > 34kn) at Karratha Gas Plant | January 2017
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Tropical Cyclone Dashboard — Evaluation

AP A woodside

Tropical System 14U
__ ASSESs SELECT _ |NNDEVENCPINN " EXECUTE ' ININOPERATENIN

Ensure Fit-for- Build and Trial Evaluate Document
Purpose Design Prototype Success Deliverables

Define the
Problem

DATE 20 Fri 21 Sat 22 Sun 23 Mon 24 Tue 25 Wed 26 Thu 27 Fri 28pat 29 Sun 30 Mon
TIME 0-6 | 6-12 |12-18[18-24| 0-6 | 6-12 |12-18[18-24| 0-6 | 6-12 |12-18[18-24| 0-6 | 6-12 |12-18[18-24| 0-6 | 6-12 [12-18]18-24| 06 | 6-12 [12-18|18-24| 06 | 6-12 [12-18|18-24] 06 | 6-12 [12-18fh18-24] 06 [6-12 I12-18 18-24| 06 | 6-12 [12-18|18-24| 06 | 6-12 [12-18|18-24
20 Fri 2 2|6 |2 |2[2]10[/126 [12]18 I12 6|4]6|10(122 ]2

20 Fri 4 2 | 2 Q10| 16| 1214 16|12 (12| 12| 10
21 Sat 4 §10| 16 & 18| 8 (4| 2|2 |2
21 Sat 2 |2 |2Q2 |4 |18k 9 12| 6 6| 4
22 Sun 2|4 0 29 39 4 ‘MWLM 14| 8 (10| 6 | 4 | 4
22 Sun 8 | 14 gpiN M 16|10| 4 | 6 2
23 Mon 14| 14 43 4 64]|2]|2
23 Mon 2 |6 9 61 pNEY

T4 H |
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oo 06 fvsT)
Tue 24 Wed 25

dirfiction

TROPICAL CYCLONE FORECAST: Probability of Gale Force Winds ( > 34kn) at Karratha Gas Plant | January 2017

LEGEND

[ INoRisk (0%) [ Iverytow (1%-5%) [ Jiow (5%-20%)  [IlModerate/High (20% - 100%) [ |Day (6:00 - 18:00) [ |Night (18:00 - 6:00) [__]Data Not Available
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Tropical Cyclone Dashboard — Evaluation
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Tropical System 14U
__ ASSESs SELECT _ |NNDEVENCPINN " EXECUTE ' ININOPERATENIN

Ensure Fit-for- Build and Trial Evaluate Document
Purpose Design Prototype Success Deliverables

Define the
Problem

DATE 20 Fri 21 Sat 22 Sun 23 Mon 24 Tue 25 Wed 26 Thu 27 Fri 28ppat 29 Sun 30 Mon
TlME 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-1818-24| 0-6 | 6-12 I12»18 18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24
20 Fri 2 216|222 |10|126 |12 18'12 6|4]|6|10[12] 2 | 2
20 Fri 4 2 | 2Q410(16| 12414 16|12 |12]12|10
21 Sat 4 10| 16 & 18| 8 | 4|2 |2]2
21 Sat 2|12 |22 4 |18k 9 121 6 |4 |6 | 4
22 Sun 2 |4 0 9 9 4 9 ‘N14| 8 |10| 6| 4 | 4
22 Sun 8 | 14 il N 16(10| 4 | 6 2
23 Mon 14 | 14 4 4 61422
23 Mon 2|6 cHNCYRN 16 | 2
24 Tue 18 | 18 i 8
24 Tue 16 | 16
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2
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TROPICAL CYCLONE FORECAST: Probability of Gale Force Winds ( > 34kn) at Karratha Gas Plant | January 2017

LEGEND

[ INoRisk (0%) [ Iverytow (1%-5%) [ Jiow (5%-20%)  [IlModerate/High (20% - 100%) [ |Day (6:00 - 18:00) [ |Night (18:00 - 6:00) [__]Data Not Available
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Tropical Cyclone Dashboard — Evaluation
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Tropical System 14U
__ ASSESS SELECT | NNNDEVEIGPINN " EXECUTE! | INNOPERATENIN

Ensure Fit-for- Build and Trial Evaluate Document
Purpose Design Prototype Success Deliverables

Define the
Problem

DATE 20 Fri 21 Sat 22 Sun 23 Mon 24 Tue 25 Wed 26 Thu 27 Fri 28pat 29 Sun 30 Mon
TIME 0-6 | 6-12 |12-18(18-24| 0-6 | 6-12 |12-18(18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18(18-24| 0-6 | 6-12 |12-18(18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18|18-24| 0-6 | 6-12 |12-18§18-24| 0-6 | 6-12 IlZ-lS 18-24| 0-6 | 6-12 [12-18|18-24| 0-6 | 6-12 [12-18|18-24
20 Fri 2 2 (6|2 |2|2]|10({12§86 |12]|18 I 12| 6 | 4 | 6 |10(12| 2 | 2
20 Fri 4 2 | 2Q§10|16( 1214 16|12 (12| 12| 10
21 Sat 4 §10| 16 | 18| 8 |4 | 2|2 |2
21 Sat 2 2| 202 4 |18 L 9 12(6 (4|6 | 4
22 Sun 2 | 4 0 29 39 4 MPY8 14| 8 (10| 6 | 4 | 4
22 Sun 8 |14 9 4 M 16(10| 4 | 6 2
23 Mon 14| 14 43 4 64|22
23 Mon 2 |6 N 16 | 2
24 Tue 18 | 18 Q- 8
24 Tue 16 | 16
25 Wed 18 L 6 84 80 69 i 2
25 Wed 4 112116 9 4 18| 4
26 Thu 2 4 1 4
26 Thu 2 | 18 B K: 49 Nioj 2
27 Fri | 12 @& 98 96 6 2|22

|WindsatLegendreIs|”| ||||| || ||||||

TROPICAL CYCLONE FORECAST: Probability of Gale Force Winds ( > 34kn) at Karratha Gas Plant | January 2017

LEGEND

[ INoRisk (0%) [ Iverytow (1%-5%) [ Jiow (5%-20%)  [IlModerate/High (20% - 100%) [ |Day (6:00 - 18:00) [ |Night (18:00 - 6:00) [__]Data Not Available
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Tropical Cyclone Dashboard — Evaluation «’
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__ ASSESS SELECT __ DEVELOP EXECUTE __ __ OPERATE

Define the Ensure Fit-for- \, Build and Trial Evaluate Document
Problem Purpose Design Prototype Success Deliverables

“For me the value in the simply tabular format is that it quickly and concisely communicates the
range of outcomes we should plan for when run against a number of criteria (for example 3, 5, 7m
waves) or against a single criteria which may be a trigger point for disconnect, down man, shutdown
etc. It addresses what can be a tendency to be somewhat blinkered when reviewing deterministic
forecast tools” — Woodside Operator
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Preparing for the Next Cyclone Season «’

— AP A B YOS

_—

__ ASSESS SELECT __ DEVELOP ~  EXECUTE _ __ OPERATE

Define the Ensure Fit-for- \, Build and Trial Evaluate Document
Problem Purpose Design Prototype Success Deliverables

= Document dashboard design _
Nwoodside

= Record stakeholder feedback System Requirements

Specification:

= Obtain final approval from Operations Lead and SMEs Tropical Cyclone Dasgbqaro:
rojec

Emma Congear

= Operationalise system on real-time infrastructure
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Where are We Now @/
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ROWSv2
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Swell Forecasting across NW Shelf

Woodside ROWS employed by KGP Marine Operations since late 1980’s

System effective during certain Tropical Cyclone conditions, however, accuracy in
capturing critical swells limited due to lack of available measurements upstream

Large southern ocean swells responsible for mooring line failures at KGP Berths
AND critical parameter during sensitive offshore operations (topside and pipe
installation, landing BOP’s etc.)

Required expansion of system to capture swell

propagation across the NW Shelf /
/

{

NRA GAS
PRODUCTION
PLATFORM

s
7z

HPR 3 Buoy

,—""'Jﬁ"“loo,rm

G

Submarine
Pipeline

Navaid 9 Buoy
D

(=]
/]
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Swell Source for NW Shelf
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‘ Grant Elliott | Sign out
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ROWSv «’

— = A A B A i, [

GOOD (CURRENT) — Offshore wave transformation for early Tropical Cyclone swell
warning for KGP Maine Operations

BETTER (2016 Update) — Expansion of tool to incorporate southern ocean swell and
improved berth operability curves

BEST (2017 Update) — Increase forecast
locations, improved reliability through
cost-effective redundancy and expansion
of tool to provide swell forewarning for
multiple locations on the NW Shelf

Basemap source: SRTM-3 from NASA/JPL SRTM
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Being a Metocean Engineer at Woodside

Key Concerns for the Industry

Developing Decision Support Tools

Accurate vs. Effective Forecasting
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Where are we Heading «’
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Digital forecast displays with user-group optimisation

Motion-based forecasts and heading optimisation
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Digital Forecast Displays — User-based Optimisation
O ——— NSV XSy S W — — W /e

woodside

|

= Insight

North Rankin, WNRC FORECASTS OBSERVATIONS ALERTS

july 13 2017 7:00 AM

E/SE morning surges expected on Thursday through Sunday, reaching to between 12-18kts.

With a high pressure system bullding over central WA expect a surge In E'ly winds each morning expected over the next few days. likely to be between 12-18kts,

Winds may ease from early next week as another significant cold front impacts the southwest corner of the state. eroding the E'ly gradient over the Pilbara and offshore waters. A moderate long-period swell is forecast to move up the west coast peaking at your location later on Friday and
early Saturday morning, although significant wave heights will remain below 2.0m. The next long period swell pulse onsets on Sunday and peaks on Tuesday.

THURS

Confidence: High

Precis: Sunny. VIS 0600-1800WST: 10kms+,

SST: 25

Sunrise: 06:50

Sunset: 17:52

Wind Wave AM: Mean winds 2/10 knots<br>Total waves 0.7-0.8 m
Wind Wave PM: Mean winds 7/13 knots<br>Total waves 1.1-1.2m

Thresholds Total Wave - Peak Dir (*) = Seas 2
ving e 1= b
re R AN
ave DS
v 5
a0 1.}
= Swell #2 =

Seas Peak Dir (*) - Swell

Wind Direction (*) oY Wind Speed S0m (kn) = Alr Temperature (*C) =

X 5 N A
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Digital forecast displays

Forecasts

nventory

Forecast API

woodside

03.0~

Documentation for accessing forecast data

Data

Data - Data Query.

/api/forecasts/data

curl -X GET -
curl =X GET
curl -X GET

Header

Field

Parameter

Field

[ optional |

Success 200

s

020«

Description

Type Description

15 August 2017
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Motion Operability Module — Simple Theory @’
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Source: http://www.mcskenny.com/support/flexcom
/rao_response_plot.html
A = .
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Motion Operability Module — User Interface
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Ded e k\\\@?@@/ @D@\I@
Vessel Operability Planning Software (VOPS)

Select Spectra and RAO Files

5582'& £

Tols)

DirPoak ()
s 83 §o;f.

o

Energy Density (m“/Hz)

Energy Density (m*/Hz)

Wave File:|C:\Projects\VOPS\a67_WW3_2000.mat

RAO File: |C:\Projects\VOPS\DDKG2_RAOs_Matlab.xisx

JNW«W {M&Nﬂ

A

Aot S

1 L 1

1

Feb-00 Mar-00 Apr-00

May00

Wave Spectra over all Directions

Jun-00 Ju-00 Aug-00 Sep-00

[

0 0.2

F‘r’étvemy ?p&)

08

Wave Spectra over all Frequencies

0 4 90

recu

_cose |

22? 270 315 360

RAO Specification:
You can translate the RAO from its point of
refernce using the X, Y and Z values below

From Data Lake X0 m

Y: |0 m Relocate RAO

Variable Selection:
Hs: Hs vt
Tp Var: Te v:
DirPeak: e |
WindSpd: Wis...

Long: 114
Lat: -21

Z. 0 m

Current Selection:

Hs = 3.45m
Tp=954s
DirPeak = 249

["] Calc. shape parameters

—— < 5 knots
—— 5 knots
10 knots
. 45 knots
\\NE 50 knots

WindDir: Wed... v
Site Depth: 350 m

MO
surge = 0.03
sway = 0.01
heave = 0.08
pitch = 0.15
roll = 0.02
yaw = 0.02

Tools:

STEP 1: Run Motions Calculator

STEP 2: Run Threshold Module

Date Selection
vrow

12-Jul-2000 08:00
12-Jul-2000 09:00
12-Jul-2000 10:00
12-Jul-2000 11:00
12-Jul-2000 12:00
12-Jul-2000 13:00
12-Jul-2000 14:00
12-Jul-2000 15:00
12-Jul-2000 16:00
12-Jul-2000 17:00
12-Jul-2000 18:00
12-Jul-2000 19:00
12-Jul-2000 20:00
12-Jul-2000 21:00
12-Jul-2000 22:00
12-Jul-2000 23:00
13-Jul-2000 00:00
13-Jul-2000 01:00
13-Jul-2000 02:00
13-Jul-2000 03:00
13-Jul-2000 04:00
13-Jul-2000 05:00
13-Jul-2000 06:00
13-Jul-2000 07:00
13-Jul-2000 08:00
13-Jul-2000 09:00
13-Jul-2000 10:00
13-Jul-2000 11:00
13-Jul-2000 12:00
13-Jul-2000 13:00
13-Jul-2000 14:00
13-Jul-2000 15:00
13-Jul-2000 16:00
13-Jul-2000 17:00
13-Jul-2000 18:00
13-Jul-2000 19:00
13-Jul-2000 20:00
13-Jul-2000 21:00
13-Jul-2000 22:00
13-Jul-2000 23:00
14-Jul-2000 00:00
14-Jul-2000 01:00

Either manual or automated

heading optimisation to

minimise motions (i.e. align
heading with dominant swell)

15

August 2017
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Motion Operability Module — Campaign Planning
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woodside

Weather Window — Sustained 36hr period below limits shown

Mon Tues Wed Thurs Fri Sat Sun Mon Tues Wed Thurs Fri Sat
Heave 1.5m 49% 57% 52% 51% 46% 45% 44% 37% 42% 51% 50% 59% 58%
Heave 2.0m 61% 68% 65% 64% 56% 59% 55% 50% 55% 60% 62% 70% 68%
Heave 2.5m 66% 69% 69% 69% 60% 64% 61% 57% 60% 65% 67% 75% 72%
Heave 3.0m 67% 70% 71% 70% 62% 67% 62% 58% 62% 67% 69% T7% 73%
Heave 3.5m 68% 70% 71% 70% 63% 67% 63% 59% 62% 67% 69% T7% 73%
Heave 4.0m 68% 70% 71% 70% 63% 67% 63% 59% 62% 67% 69% 7% 73%
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Breaking Technology Limitations @’
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Global forecast model resolution (temporal and spatial) improvements

How does this help?
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Global forecast model resolution improvements 45

VAP A R WO

Continual improvements to model resolution (ECMWEF, CFS, BLUEIink,
HYCOM etc) is enabling smaller scale features to be captured

Deterministic atmospheric forecasts approaching resolutions where
parametric nesting of Tropical Cyclone wind fields is no longer required

Deterministic circulation models now
capturing eddy formation and dissipation at
much greater accuracy

Deterministic wave models resolving more
bathymetric features = capturing shoaling
processes at a finer scale

> Ensemble solutions will eventually follow

So what new opportunities does this ™ o
p reS ent fo r th e OffS h O re O&G I n d u St ry’? MPAS-O: Ringler, T., Petersen, M., Higdon, R. L., Jacobsen, D., Jones, P. W., & Maltrud, M. (2013). Ocean

Modelling. Ocean Modelling, 69(C), 211-232. doi:10.1016/j.ocemo d.2013.04.010 (pdf) source: https://mpas-
dev.github.io/ocean/ocean.html
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One thought... Soliton Forecasting

— . A AT B (P A S e AP

g

i

woodside

Emerging circulation models with tidal forcing (OzROMS, OCEANmaps-
ROMS) enabling internal tide to be forecasted out to ~7 days

Understanding the
generation mechanisms
enables favourable
conditions for formation to
be identified in forecasts

Could enable potential
forewarning such events

Horizontal plane A-A

Tide (m)
o
i)
L

)
._:\V.
=
-
.
l'/‘.

70-170 m isobaths
@ 10 minterval

E
=
=
a
150 At RPS mooring . .
78.25 785 78.75 79
Time (Day of Year)

Depth {m)

& ‘
; .. Cross section B-B'

194 18.5 19.6 19.7
Latitude {*5)

Temperature (“C) - right

g

Mngcm 24 25 2/ 28 28
North Rankin region o 2 21 o6 28 a0 el
2014-03-20 17:00:00 Temperatura (°C) - laft B RPS

Animation courtesy of K. Shimizu & S. Buchan
@ RPS Australia Ltd.
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Takeaways... «’
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An effective decision support tool must:
= Provide timely information

= Provide effective information (multiple sources, accurately defines risk)

= Meet the needs and capabilities of the customer
= Be accessible to all key stakeholders
= Be reliable (consider failure modes?)

= Be auditable (enable interrogation by an expert)
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