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Environment and Infrastructure Solutions

Working with you to plan,
design and build infrastructure
and tackle complex
environmental challenges

Our multidisciplinary experts

offer diversified services to
support your needs

A presentation by Wood.

Environmental studies,
permitting and compliance

Environmental remediation

D

Public infrastructure services

-

Geotechnical and materials

Engineering and construction
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Wood Metocean Services

Weather and ocean experts mitigating financial and
safety risks for clients whose businesses are sensitive to
high impact weather events or severe ocean conditions

24/7 anywhere in the world

Over 60 full time meteorologists, oceanographers,
climate and data scientists

Approx. 2,500 users for our Information
Management Tools and Services

Met-Ocean Office Locations
St. John's, NL @ Halifax, NS @ Ottawa, ON
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Themes to remember

« Common QOperating Picture

» What threshold triggers a change (n
decision?

» Quantification of uncertainty
* Access to data

A presentation by Wood.
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Operational use cases in a range of industries

Ports ana ‘
— Severe event response/agite

» Marine sports events (sa|I|ng competi g
Coastal communlt . ——
- ~ . oir ~
on municipal infrastructure
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Looking Back in Time: A Different Field of View



Using Prediction Systems in Aviation Setting

New York Prototype Integrated Relative proportion of
weather type to annual
7érm/na/ " Weather S ysz‘em (] TWS) e e

=\

 Lincoln study ATC-291 - departures benefit the
most from NY ITWS

« NY air traffic controllers operate within most
complex airspace in USA

 Relationship drove new areas of research

A presentation by Wood.



Growing Up: Corridor Integrated Weather System

NEXRAD — Cincinnati

FORECAST — Dayton [PAUSED] - 1al= ASR — Columbus =]
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Route Avalilability Planning Tool Algorithm

Departure Route

w, =0.1
w, = 0.2
B e L w; =04
w, = 0.2
w. =0.1

W, = subsegment weights

Convective
forecast

Route Status at

Departure Time —— ] ]



The RAPT Display

RAPT Archive: /home/redeye/3/RAPT /cases /030705 /outputs,/rapt_030705_10min_41_125_i60_eq

0710512003 20:27

IS =

A ion Speed: T

Controllers wanted J80
to

remain closed.
Managers used RAPT
plus storm tops

to convince them
otherwise.

__ Managers estimated 30

Departure Time

Route | 2027 | 2032 | 2037 | 2042 | 2047 | 2052 | 2057 | 2102 | 2107
LGA CORTE J36
LGA ELIOT .60
LGA ELIOT J64
LGA ELIOT .80
LGA PARKE J6
LGA LANNA 18
LGA BIGGY J75 e
LGA WHITE .J209 [ R N S I R R S el e B

first prev next last end Foreca st Time: 2027

extra NY departures
were able to take off
based on this decision.
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That was then...

Marine Site Forecast for ConocoPhillips.
Sample AMEC Forecast
Issued Tuesday April 21, 2009, 15:30 NDT

ConocoPhillips

Canada s

AMEC Warning (for 10 m height):
MSC Warning (N. Grand Banks):
Synopsis

STORM WARNING FOR THURSDAY
STORM WARNING FOR THURSDAY

amec®

[Moderate southeasterly winds today as & weak |ow appraaches from the S0ULh. Winds drop to light early Tussday in the wake of the low.
Winds fresen to moderate o strong northerlies Wednesday as a low appraaches from the south. Wind Freshens to stom strength
[Wednesday night as the low passes east of the Bay, Generally good visibilly drops to fair to paor Wednesday.

2 Day Forecast Starting Tuesday, April 21, 15:30 NDT

Tuesday April 21, 2003, 2130 NST
Duty Forecaster at 709 738-7775 {Phona): 70-753-2790 (Fax), weather@amec com (Email}

e Foresast Issue Time:
Contact Information:

A presentation by Wood.

Tuel2t | Tuel21 | Wed22 | Wediz2 | Wedi22 | wearzz | Thu23 | Thu2s | Thuza
DatefTime (NDT) 18:30 21:30 03:30 09:30 1530 | 2130 0330 | 09:30 15:30
Derrick (82m) Wind Direction {trueffrom) n 260 30 20 210 20 210 210 20
Derrick Wind Speed (kt) 17 9 % a2 48 52 ] €0 55
ick Maxi = ) E) P 5 5 ] & o
10m Wind Speed (k) 11 ] 3 5 5 a 50 a5
Om Maxi 15 16 I3 £ 4 50 % 57 52
Wind Wave Height(m) 08 08 [ 2 5 1 6 3 9
Wind Wave Poriod (s} 4 4 4 4 4 5 6 i ?
Primary Swell Direction (ruefrom) 350 0 @ 0 [ [ [ WL [
Primary SwallHeight () a1 s 32 2 NL HL 0 ) 0
Brimary Swoll Peiod (5] 1 1 i i NL HL 0 0 0
‘Secondary Swell Direction (trueffrom) NIL ML NIiL NIL NIL HL NIL NIL NIL
‘Secondary Swell Height (m) o o o o a a 0 o 1]
‘Secondary Swell Peried (s) a o o o a a 0 o 0
‘Combined Sea Significant Height {m) 38 38 33 28 2 22 73 28 8
i Maximum Height (m} iz 68 LE] 53 15 43 a4 48 53
Weather ok FEW BRN ovc BRN ST R R R
Visibilty (o} 2 6 b & G E 58 £ B
25 23 i) 15 a5 05 T B 2
(NILLGTADTHVY) 16T LoT LeT [ NI [ NI NI [T
i 03 03 [} 0 ] [ 0 [ 0
Pressure (mb) 1026 1027 1027 1020 1010 836 984 o2 23
Vessel Motion, Issued at Tuesday, April 21, 15:30 NDT
Date/Time !D 15:30 21:30 03:30 09:30 15:30 21:30 03:30 09:30 15:30
MODU Heading ftrus] 290 290 200 20 200 200 20 290 20
Waximum Helideck Heave (m) a1 26 26 22 22 25 35 + 5
Maximum Heldeck/Rig Floor Pitch (deg) 05 05 05 04 1 1 1 15 15
Maximum Heldeck/Rig Floor Rollidog] 14 12 1 [ 1 1 1 15 15
ioor Hsave () 23 2 19 18 2 22 28 35 4
3 Day Outlook Starting Friday, April 24, 03:30 NDT
Friroa Friza | Sau2s | Saws | Sum2e | Sum2s
Date/Time (NDT) 03:30
10m Wind Direti 163
10m Wind Speed (ki) B
ir 0
75
Height (m) 5
Visibility (nm) 2

Conocgﬁhillips

Wind Speed (Knots)
©
&

Temperature (C)

Marine Site Forecast for ConocoPhillips
Sample AMEC Forecast
Issued Tuesday April 21, 2009, 15:30 NDT

Canada ¥
Wind and Wave Chart
Wind Direction

304 208 287 280 273 266 241 215

NW WNW WNW WNW w w w WSW sw
30
2
—— 26
Hurricane 24
22

Storm

Tue-21
15:30

Tue-21
21:30

Wed-22 Wed-22 Wed-22
09:3

Wed-22 Thu-23 Thu-23 The-23
03:30 0 15:30 1:30 9

03:30 09:30 15:30

« 10m Avg Wind

=== Derrick Avg Wind [ Combined Sea Hsig I Combined Sea Hmux{

= 10m Max Wind == Derrick Max Wind

30

Tue-21
21:30

ORO/

Sunny

Sunny

Temperature, Visibility and Weather Chart

Wed-22  Wed22  Wed22  Wed22  Thu-z3 Thu-23 The-23
03:30 09:30 15:30 21:30 03:30 00:30 15:30
r ‘ F' ‘ r “ N EEEs ERas %
Cloudy Cloudy Cloudy Mist Light Light Heavy

Rain Rain Rain

(==Temporature B Visibility

Visibility (nm)



Beyond tables—Harnessing a world of data

Remotely Sensed Digital and Imagery o
Data (GOES, MetOp, Sentinal) Digital Geospatial
Remotely Sensed Data

Marine (Vessel)
Monitoring Data

MetOcean Monitoring &
Prediction Operational
Platform

pr

Marine (Buoy)
Monitoring Data

Climatological
Data Sets

Cloud-based Production &
Information Disseminatjon Platform

International

Metocean = v
. N 40w ’
Modelling :|l— gy i Y
and dnflrmu e - ==
nMMM ﬂ\ﬁf 189 LR
Monitoring = i \WMM\ Tax Wt w3
Data Sharing BT I L3 O S
Gimn 3. 40m 33w  irn  a3en

oo P P P Pl P | G Pl G

_ Real-time Web Visualizations

on
Model Analysis, Nowcast
and Prediction Data
(Wood-produced for NL
Offshore)

Risk DashboardL/ HEDSS (Harsh
Environment Decision Support System)
Dashboard



This is now...Threshold based risk prediction

 Risk Dashboard

Hazard

Poor Visibility

High Winds

Low Visibility

High Waves

Low Alt. Icing
Potential

Mid Alt. lcing
Potential

15

Observed values
Times observed(UTC)

Visibility 0 NM 4

May-07 18:20

Windspeed 32 kis [=

May-07 18:20

Windspeed 32 kis ©

May-07 18:20

Visibility 0 NM 4

May-07 18:20

2 Mo observations &

No observations &

No observations &

A presentation by Wood.

Aggregated Risk Levels
uTC
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https://u0wa27gmii.execute-api.us-east-1.amazonaws.com/staging/dashboard/grandbanks
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Met-Ocean-Ice Data for Operational Decisions

Met-Ocean-Ice
observation data is used
as inputs to making
operational decisions
related to:

— Proximate ice
“threats” that require
tactical activities to
mitigate risk (e.g.
iceberg towing)

— Severe conditions
that prevent
operational activities

(helicopter transport,

crane lifts,
oceanographic
deployments, etc.)
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= Layers /# Tools Q Search @ Help isks s z'h [
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Blce
| @ Daily ice Charts (CIS)
Ice free
Less than one tenth (open water)
[ 1710-3/10 (very open ice)
4/10 - 6/10 (open ice)
. 7/10 - 8/10 (close ice)
. 9/10 - 10/10 (very close ice)

. Fast ice
P -

f Laﬂmge 47.844 Longitude: -43.710




Met-Ocean-Ice Data for Operational Decisions

Observations (iceberg
positions) and model data
(current, wave and wind
models) are integrated in
iceberg drift models to
generate predictions of
future positions and risk
posed by icebergs

Information is used to
identify threats and take
actions, e.q.:

— Tow iceberg
—  Disconnect from well
— Move platform

= Layers / Tools Q Search @ Help

B
¥ \\ U g5
f J
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Visibility Prediction on the Grand Banks

woodplc.com



Collecting data in a harsh environment

a2 o 1 hmony Location of Instruments 2016
Buoy FM120 Fog Monitor
f Horizontal wsibilty ‘Water vapor content
« sreciptation type. droplet distibution
N (ad Joa BAWEAM™ . Obscuration type « Effective droplet size
Ba.\ 3 - precipitation rate * Horizontal visibiity. mstalltion 2
K vyl Lewispone » Temperature Present Weather and Visibility T
3 A ¢ Humidity Sensor
: Gonder + Dewpomnt « Procipstation type Pt
Comer Brook. * Air pressure Obscuration type ‘Morizontal:
Newfoundland o e & ""“"‘m’:‘m e
el — e o5
temperature + Cloud heights %
Chametport : * Cloud frctons 3 Ppemionre
e~ e i,
conception Coiometer
By Soun 5
Saint Pjerre 3 e
and Miguelon © Vertical vy
o HEW
SGlace Bay. iave Buoy
o s
‘Sea surface temperature.
‘Surface currents.
s (]
sstBuons E
S5Tsensors X2
+ Seasurface temperature =n

A presentation by Wood.






AJpresentation by Wood.
Random Forest Method applied to Model Data

Six probabilistic fog forecasts Pz

(We use RIOPS/GIOPS for SST forecast) . '.

NAM ECMWF
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Apresentation by Wood.

Case Study

Fog Event May 11 2018; Forecast from May 10 00:00Z

GEOCAT LIFR : 05-11 00:00:00Z

ECMWF 051000Z: 05-11 00:00Z
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Ensemble techniques for visibility prediction

_ _ P(S _
P(S |E) = P(EIS)%,WhereS = State, E is set of forecasts

Bayesian Approach:

This example: Ensemble is +48hrs probability that GEOCAT
probability > 50%

GEMGLB GFS GEMREG
] T -

- 48°N

o 46°N |

| 44PN

48°N

) 420N______5 i

46°N}-

44N gats R S S it

42°N ... S

ENS
. 40°Nm_m
A . 60°W58°W 56°W 54°W 52°W 50°W 48°W 46°W
4 ]
4°N |- : 5 01 02 03 04 05 06 07 08 09 1.0
NI 40°N : 40°NL—_ r —
60°W _ 55°W 50°W  45°W 60°W _ 55°W  50°W  45°W BO'W _ 55°W 50°W _  45°W
[ e — [ — ]

0.01 020 040 0.60 080 095 1.00 0.01 020 040 060 080 095 1.00 0.01 020 040 060 080 095 1.00



Extracting more value from prediction systems

Categorical Visibility Forecast/Model Validation

0-6H Rank :
Rankir?gl;sr BAS POD FAR HSS Score Rank © otudy Period 1lJune 2018 to 31

August 2018: "Advection Fog
Season”

RAPLSTVAN [ I3 o IS 583 jmany *  FOg versus No-fog
GFSIBDEA™ 3 9T 4 1683 5 » Best POD ~90%, FAR ~10%
WAVIESTWAT ST S ST O SSE 6 . 1y 3 skill best at short range

GDPSBDEA |12 12 3 | 7 817 & ° Native visibility models have poor

MMBNATV 6 7 12 6 833 9 skill in fog versus no-fog
GFS_STWA g 10 8 10 900 10 T ,
NAMBDEA 10 4 13 12 933 1 discrimination (are not applicable

RAP_NATV 14 6 14 11 1083 12 to Grand Banks)

RAP_BDEA % 13 16 15 1250 13 o Best7mode|s have been
NAM_NATV 5 14 15 13 1267 14

GFSNATV 16 16 6 |16 1267 14  developed for this project!
ECMNATV 15 15 9 14 1283 16

26 A presentation by Wood. Terry Bullock — 2018



The Future: Deep Learning and other methods




1hr Predicted 1hr Observed




Estimated satellite-based wave height measurements

1 2 B 4 S5 6 ‘7 @ 'S 10 11 12

Significant Wave Hei%bt on main altimeter frequency band (m)
ESA WAV ALT 2019-05-07 18:00

(2019-05-07T00:00:002)
Data courtesy of NCEP

A presen tation by Wood.



Risk Dashboard R&D

. . Prototype Hazard Dashboard: Hibernia Platform . E—
Risk Engine: e

Evaluates environmental inputs and 1l EREECE R
predicts potential for met-ocean e
Conditions (Visibility’ Waves) to exceed 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

sl LI I
.
High Waves Oct 29 Oct 30 Oct 30 Oct 31 Oct 31 Nov 01 Nov 01 Nov 02 Nov 02 Nov 03
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0 MaAB
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01
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Risk Dashboard R&D

« Risk Dashboard R&D project was
self-funded by Wood

» Goal was to create an easy-to-
interpret, at-a-glance view for
clients to identify their risk

« Risk system is comprised of:

— Risk Engine: sophisticated
statistical analysis and algorithms
to predict “probability” of
exceeding thresholds

— Risk Dashboard: Web-based

display that communicates an
at-a-glance view of potential risks




Risk Dashboard R&D

» The risk determination starts with spatial mapping of the risk

Tech Nolas

Aggregated Risk Levels (UTC)

Nov 02 Nov 02 Nov 03
00:00 12:00 00:00

Nov 03
00:00

&

Windspeed knots.
]

10

2
s

warnings [%)
°
b

00

20181031
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pecific locations for the client
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High Winds - Hibernia Platform
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Case Study on Practical Use of Environmental
Prediction Systems for Industry Decisions



Marine Operations — Metocean Requirements
Platform Tow & Installation

Inshore
Tow Route

Offshore Tow
Route

Tow to Field — Inshore Tow

REGIONAL BATHYMETRY AND LOCATION MAP T ey |
HEBRON TOWY TO FIELD ROUTE SURVEY VT ~_ WHITE ROSE
SURVEY RESULTS Y = s +

G Fropmed 605 Inusiaton Sie < S W\IBERN[A
4 Dmslogmart Arans , g E
= S ) \ WooksllBank | —————————————

] Mt Prepessent Tw st Hoding Avaa \ L

e Hetrn Propsec Tow Rty Goriraing i \ =

— — GBOOC Ar-Buk Providsd by Ghnty g

4

GRAND BANKS OF NEWFOLNDLAND

Offshore
0 2 = . - ~ Installation Site

E
»

Tow Fleet Re-configuration & Approach

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned « Bullock, Beale, McCarthy & Kelly



Marine Operations — Metocean Requirements

Constraints & Criteria Solutions & Measures

* Critical Path Schedule » Experienced Marine Management Team

» Weather Restricted * Forecaster(s) w/ local expertise & experience
» Design ‘Alpha’ Factors » Forecaster(s) embedded w/ on-site teams
 Limited Weather Window » Qualitative Improvement

Successful Outcomes
» Confidence for “go / no-go” decision

» Capitalize on Weather Windows
* Minimize waiting on weather

Preparing for Towing Operations

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned < Bullock, Beale, McCarthy & Kelly



“Tools of the Trade” - Climatology

Finger Pier Wind Reduction Factors

345-015

1.1
315-345 1 15-45
0.9
0.8
0!
285-315 0 45-75
()
U

255-285 75-105

225-255 105-135

195-225 135-165
165-195

Climatology:
v Winds
v’ Sea state

V' Air/sea temperatures
Observations versus

model predictions:

v' Ambient versus
meso/micro model
predictions

Mean winds versus gusts
Turning angles and gust
factors

AN

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned « Bullock, Beale, McCarthy & Kelly



“Tools of the Trade” - Modelling

P . itialized:
SWAN Significant Wave Height nitialized: 2013110300

Forecast valid 02:30 NST Nov 03 2015 (06:00 Z Nov 03 2015)

*  Meso WRF Model:
v Winds
v' Air/sea temperatures

 Micro LES Model

« SWAN Sea state model:
v' Coastal / Shallow Water
v' Hsig/Tp

»  Site-specific fetch-limited sea state
model best for extreme events

47 82°N

47.8°N

53.88°W 53.86"W 53.84°W

) ) L )
0o 0l 0z 03 04 05 06 o7 08 049 10

) Significant Wave Height (m) .
Centre for Applied Ocean Technology www.smartatlantic.ca AMEC Enwvironment & Infrastructure

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned « Bullock, Beale, McCarthy & Kelly



Living Quarters Load Out, Sea Transport and Installation

* Most environmentally
sensitive marine
operation of project

« 72 hour weather window

«  Wind limiting factor as
low as 9 m/s (17 knots)

» Forecast procedures
developed over the two
and %2 year period prior
to operation execution

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned « Bullock, Beale, McCarthy & Kelly



Topsides Lift-off, Transport, Float-over and GBS Mating

Historically high water levels
Needed to lift off in a rising tide
(added to the weather window
constraints) - ?«'
Strong jet over reg i'.[j\._:‘i—;fr;e uent

—"

== S
1 AT e
y o RLLLETS ~ =
. IRl El, TS -~
) 2 - s g

— A

. et - r
. Yot e

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned « Bullock, Beale, McCarthy & Kelly



Tow to Field & Installation

v' Transit of Jrinity Bay (winds)
v Installanw(wmds visibility
» and seas) £

",

e

Paper # OTC-29422-MS « Metocean Decision Making Lessons Learned « Bullock, Beale, McCarthy & Kelly



Prediction of thermocline depth

 Daily oceanographic
analysis and forecast of
sea surface temperatures
and expected variability
of thermal structure.

* Predictions based on
potential contribution of
upcoming weather
events toward surface
layer mixing or
stratification.

A presentation by Wood.

AMEC Environment & Infrastructure

Oceanographic Analysis: Tangier Seismic Survey Area — May 5, 2014

. Temperature and salinity profiles from May 3 indicate a top mixed layer with a depth of

12 m and temperature around 11 °C. This top layer is slightly stratified, with the
temperature in the top 5 m being approximately 0.5 °C warmer than at 12 m. Below the
mixed layer the profiles show strong stratification in temperature and salinity down to a
depth of 30 m. Overall the profiles indicate a shift in the femperature profile of
approximately 3 to 4 °C, and approximately 1 ppt in salinity in the top 30 m.

. Maps of SST continue to indicate a relatively uniform distribution of temperatures near

11 °C throughout most of the survey area. The forecasts suggest that surface
temperatures would remain relatively stable in the next day over most of the survey
area, with no significant water mass change expected. The surface warming trend is
likely to be temporarily countered by enhanced mixing of the shallow surface layer on
Saturday night and Sunday.

. Winds and seas are expected to be light to moderate with mainly clear skies through

Friday. These conditions are expected to promote near-surface warming which is likely
to enhance the near-surface strafification. Saturday night into Sunday, strong winds and
moderate to rough seas are expected to develop along with fog and mist, leading to a
mixing of the shallow warm surface layer.

Sea Surface Analysis
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Thermocline depth

* Assessment based on analysis and
interpretation of observations and
forecasts:

—  Profiles of temperature and salinity
from CTD casts

—  High resolution SST Analysis from
NOAA based on real-time, global SST
observations from satellite, ships and
buoys

—  Wood's weather forecast

— NOAA's Real-Time Ocean Forecast
System (RTOFS) forecasts of surface
currents, temperature and salinity
structure

—  HYCOM Consortium forecasts of
currents, temperature and salinity
structure

— Anticipated improvements with new
developments: RIOPS and related
models

A presentation by Wood.
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Marine EEM and Research

*  Environmental DNA (eDNA):

— New field of research and monitoring
— Reduces sampling effort (water sample analysis)

— Especially valuable for rare or hard to sample organisms
» Invasive Species (vessel inspections)
»  SARA listed Species (Atlantic salmon)

— Collaboration with CEGA
*  Nunavut / Nalcor
. DFO
. PRNL

A presentation by Wood. . . .



Marine EEM and Research

* Hydro Acoustics:

— Expanding Capabilities / Distribution
«  Many taggers but not many listeners

— All tags can be heard

— Collaboration with DFO, OTN, ASF
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A presentation by Wood. . . .



Marine EEM and Research

Habitat Probability Modelling:

— Deep Water Corals
*  Can be modified to model any species distribution probability
Will Enable more informed assessments and permitting
Existing NSERC Industry Grant with MUN

. Dr. Julissa Roncal

Background points

Mean annual I rainfall

Probability density

Adapted from Elith et al. (2011) A statistical explanation of MaxEnt for ecologists. Diversity and Distributions, 17, 43-57.

A presentation by Wood.
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Industry Trends in Services and Datasets

« Trend toward open source development of
scientific models and software

» Increased access to global and regional
datasets and vast computing power

— benefits industries with a stake in the
oceans

« Lowered barriers for industry participation
and collaboration

— Feasible for private consultants to
develop local high-resolution flood
hazard/impact forecasting systems,
leveraging global/regional efforts by
academia government agencies

* Availability of in-situ oceanographic
datasets and atmospheric inputs still a key
challenge

* Example: Wood's (Dr. Juan Gonzalez- : i
Lopez) ongoing engagement with -65° -63° -62° -61° -60" -59°
CARICOOS (Puerto RiCO) to deve|op a Note: Modelled current vectors near Barbados (ADCIRC-SWAN

. ] . model, by Gonzalez-Lopez et al)
regional operational modelling system for
the ‘Caribbearid (N )
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