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Malin Topics
» Approaches for simulating the transport and fate of oil spills
» Differences and applications of Trajectory (deterministic ),
Stochastic (Probabilistic), and hindcast (backtrack) modeling

approaches, with examples of two recent CPE studies in South
America

 Importance of simulation studies in potential impact evaluation
and decision making

 Real-time (operational) monitoring and modeling for contingency
planning and risk-mitigation

 Implications /Recommendations to the Florida Coast



Physical Properties of Oll

-+ Theterm OIL describes a broad range of hydrocarbon-based
substances.

— < Each type of oil has distinct physical and chemical properties.
These properties affect the way oil will spread and break down and
the hazard it may pose to aquatic life, human life, as well as to
natural and man-made resources.

» The rate at which an oil spill spreads will determine its effect on
the environment. Most oils tend to spread horizontally into a
smooth and slippery surface, a slick, on top of the water. Factors
which affect the ability of an oll spill to spread include surface
tension, specific gravity, and viscosity.




~ Weathering Processes and Time Scales

The physical and chemical characteristics of petroleum change almost
immediately when spilled in the marine environment due to
evaporation, dispersion, emulsification, dissolution, oxidation,
sedimentation, and biodegradation. All of these processes interact with
each other and are collectively referred to as oil weathering.

Weathering Processes and Time Scales
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WEATHERING PROCESSES AND TIME
SCALES

Weathering processes and time scales important for emergency response

Weathering Process

What is It?

Why is it Important?

Time Scales

Evaporation

Emulsification, or
formation of mousse

Matural dispersion

Dissolution

Biodegradation

Formation of tarballs

Conversion of liquid to a gaseous
phase. The lighter fractions in the oil
are lost first.

Very small water droplets are mixed
into the liquid oil. Water content
often reaches 50-80%. Occurs on
water, needs some wave action.

Breakup of an cil slick into small drop-
lats that are mixed into the water by
energqy.

Mixing of the water-soluble
components of oil into the water.

Breakdown of oil by microbes into
smaller compounds, eventually to
water and carbon dioxide.

Breakup of slicks of heavy crudes and
refined oils into small patches that
persist for long distances.

Major process that accounts for the loss of oil,
particularly light oils. At 15°C, gasoline evap-
orates completely over a 2-day period, 80%
of diesel fuel evaporates, 40% of light crude,
20% of heavy crude, and only about 5-10% of
Bunker C.

Can increase the amount of pollutant to
be recoverad by a factor of 2-4. Slows
down other mixing processes.

Removes the cil from the water surface.

The most water-soluble components of il
are most toxic

Rate depends on oil type, temperature, nutri-
ents, oxygen, and amount of oil,

Tarballs are hard to detect, so the slick
appears to be going away though it is still a
threat.

< 5 days

Onset can be delayed for days
but the emulsification process
happens rapidly.

< 5 days

< 5 days

weeks to months

days to weeks




~advection. For small spills (<100 barrels), the spreading process is
- complete within the first hour of the release.

~ Winds and currents are advection mechanisms that can transport oil great
- distances. In general, the oil movement can be estimated as the vector
sum of the wind drift, currents and diffusion processes.
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OIL TRANSPORT
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Coastal Geology and Sensitivity

- Shorelines can vary dramatically in their forms and compositions. From
3 sandy beaches, to beaches formed from cobbles and pebbles, to rocky
~ headlands and steep cliffs. The composition and structure of the coast will
= determine the potential effects of oil on the shoreline.

In the oil spill model the following coastline types can be diferenciated:

| sandy, rocky, mangroves, marsh and vertical wall (need mapping input)




OIL SPILL MODELING

Oil spill model systems are used routinely by industry and
government to assist in planning and emergency decision
making.

“Where will the oil go?”

This is a critical question asked by the emergency
responder during an oll spill. Knowing the trajectory of
the spill gives decision-makers critical guidance in
deciding how best to protect resources and direct
cleanup.




OIL MODEL MAIN COMPONENTS

Spill Information
Spill Location

Current Wind Spill Amount
Data Data et

SCENARIO

Trajectory Stochastic Receptor
& Model Model
Fates Model

Qil spill Contingency Backwards
response, Planning Tool, Probabilistic
planning, Probability of Model.

training (forwards where the oil will FProbability of
and back go where the oil
versions availatie) originated from.




~ Need for Good Hydrodynamic Models

Delft3D
FLOW
Delft3D .
Dart OilMap ONIN
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SPILL INFORMATION

Spill Information

Lattude B [12 [27.1 'y CDD.DD

DD MM_MM
Longtude | 102 [3 [53.0 E DD MM S5

Spill Start Time 87171995 00:00:00 AM ﬁ E':"';"ﬂ'd=3 Model
L P [ LT =
Spill Arnount and Type

| 10000.0 B amels

&' Dimap Database
MEDIUM CRUDE DIL . Dimap Database

" Adioz Databaze

Simulation Length | 24.0 Hours [i.e make & prediction for how
rnary hiours in the fubure)

e - I W i i
Spill Duration | 0.0 aure L8 how long did the ol release
Hours for)

Cancel | - | Mext » |




LOADING WIND AND CURRENT DATA

i SAMPLE

—'Wind Conditions

Grids and Currents
g | =] Water % Celsius
Grd File |GOT.GRD Temperatute 15 " Fahrenheit

Curent File

935 00:00:00 A4

Time Stamped DIX File

Cancel | < Back Run OILMAPMadel |




OIL DATABASE

__4,_-'_’ Dil Database E

0il DataBase MEDIUM CRUDE DIL 7
0il Name MEDIUH CRUDE OIL

Density [gm/cm™3] | 0.837
Viscosity [cP) | 33.000

Intertacial Tension [dynef/cm) W
Maximum Water Content (%) W
Initial Boiling Point (K} [384200
Gradient of Curve W
Evaporation Constant A W
Evaporation Constant B | 12.550

A fufing 0 Databusn x H A ctaxr il Dstahazn k]

AHAILAN HEDILM, AMOLT : AHARIAN MEDIUN, AMOCD
[ Distlltion Custe | i | [astillzhon Culy

Dansly [kofm ™1 0 Gk B Ligud Tempersbene (K] Yape | enpestuns [K) Cumsslstive Niaction
moazired o bengerstun K I 1 S oo
A Geavity nim 0050
LCmeultion 'w'abes Content [raction] [ U 40
Wiccosily

Dreomic Viscesty 1 (kgfemal| al lemgeratwe 1 [E]

Dpmamic YWiscosity 2 [kofomes) ol lemgerstuws 2 [K)

Kinomatc Vicesity 1 [m™28] ol lemgoiates 1 [E]

Einemals: Vincazily 7 [n* 28] Al lnmparsten T (K]
Intmifacial Tancon

Tl alees [H Fo] e e e L4 C

& Seanster [N n) WAL gt tempershes (K] )
Flash Foir

Mirimun Tengeaatus (5] | Maximam Tempialurs [K] 2T 15




= DETERMINISTIC SCENARIO
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STOCHASTIC SCENARIO
500 SIMULATIONS STARTING RANDOMLY ALONG

THE WIND RECORD

Aromatics
Exceeding Threzhold




STUDY AREA — FLORIANOPOLIS
SOUTH BRAZIL

0 B -

E:at'a‘fs;'lq_,..uom, TS Navy, NGA, GEECO
%I ©2010,Eurepa Technologies

" lIs'DeptiofState Geographer

® ©2010 Tele Atlas

HDEOYAF 4 D amiyy . .q..?"’-_\.')‘q.'{ T AN P sl d

E.J.,_HGoogle

EBus alt ERRA 28 wi I



Study Area — Floriandpolis
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Large investment, development, thousands
of new jobs

&

Environmental Sensitive Areas & Hyper-
Active Tourism Industry




HYDRODINAMIC GRID AND LOCAL
BATHYMETRY

Prod. (m)




WIND DATA ANALYSIS

YENTO FLORIANOPOLIS NCEP, 2006
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FLORIANOPOLIS NORTH BAY
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- 3 MONTH SEASONAL CURRENT FIELD

WINTER AND SUMMER PATTERN
- 450 Runs for Each Probilistic Output
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= SPILL SITE SELECTED FROM LOCAL
OPERATIONS




OIL THICKNESS EVOLUTION — SW WIND
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OIL THICKNESS EVOLUTION — P3-INV

DET_AMIMA_FLORIPA_P3_PC_INV G60H 8/12/2007 9:00:00 AM

1.00
I I I

9 Wind Vector E

0il Thickness [mm
< .00l

(AN}

ttttttta,
(I8 2 R0
(WY FHHEHEEE TR Y
L R L L

) krn

T9MHm




OIL THICKNESS EVOLUTION — NE WIND
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OIL ASHORE- P1
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Stochastic Model Outputs

= Water Probability Shore Probability

Legenda
Probabilidade (%)
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DETERMINISTIC MODULE FOR THE
WORST CASE SCENARIO
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STUDY AREA — PORT OF IMBITUBA
SOUTH BRAZIL
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~ STUDY AREA - PORT OF IMBITUBA
SOUTH BRAZIL
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 Month seasonal current field winter and summer

patterns
o Spill sites selected based on local operations




PROBABILISTIC SCENARIO
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WORST CASE DETERMINISTIC SCENARIO
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Final Considerations

 Once the probable locations of impact are defined
agencies can make informed decision about permiting
and stakeholders can enforce their rights

 OIl spill model results are exported as shapefiles and
Incorporated into desktop or web-base GIS in minutes.
In teh GIS environment the model outputs can be
correlated with environmental sensitivty maps for impact
guatification

 Oil companies can use the same information to draft up
contingency plans and risk-reduction strategies

» Real-time monitoring and deterministic modeling (3-day
forecasts issued daily) are of most importance for proper
oll spill response



Real —Time Operational Oceanography
System

Provides everyday answers for questions such as:
*\Where will the oil go?
~ + \What amount is expected at specific sensitive zone? What is the olil state?

» Can | send my marine and aerial combat systems to contain the spill? What is

~ the sea-state?

"1_ *What are the currents like? How will it evolute on the next days? Will be
5 “Skimmers” efficients?

e Can | bring the vessel to the port? Has the rivermouth sufficient depth/draft?
What will be the water level evolution? Do the wind and current allow the
maneuver?

Agencies and stakeholders must enforce implementations of
such systems if not enforced by law.



Real —Time Monitoring and Modeling
(Operational Oceanography)
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Recommendations for the Florida Coast

* Probabilistic simulations are reccomended to answer
guestions in the air, that is to evaluate the trajectory
and fate of spills from possible exploration areas and
transport routes to identify which specific areas can be
Impacted the most

e Decisions should be based on such studies together
with  other environmental and infraestructure

considerations

e Real-time monitoring and modeling at regional and
local scales, can provide crucial information for risk-
mitigation and effective accident response
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