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INTRODUCTION

The exploration for oil in the North Sea directs attention of both marine
and terrestrial ecologists to the effects of oil spillage and oil contamination
on organisms of their respective disciplines. Sea-birds and coastal birds
n general, seem especially vulnerable and this study sought to examine
the likely patterns of dispersion of 0il so that some measure of the risks
and possible dangers could he asse:rsed, Although this study was geared
for use in recording oil movement at sea. the basic principles used in the
model could well be used for the study of movement snd digpersion generally,

All programming work has been carried out on a PDP 8/I computer in the time-
sharing mode which was found to be ldeal for development purposes.

GENERAL TNTRODUCTION ON OIL MOVEMENT AT SEA

a) Movement

Knowledge of the way in which an oil slick moves on the surface of
the sea is of value for predictive purposes. Prediction of the possible
ﬁhore;line pollution, following an oil accident and of the probsble

life” of the slick in the light of the current meteorological conditions
and the megnitude of the spillage, are necessary.

Apart from spreading, an o0il spill will move as a whole under the influence
of tides, currents and wind and the efficiency of prediction depends
cn the amount and reliability of the dats available,

A thin layer of o0il on the open sea is affected very largely by the
wind, The exact dependence 1s not known with high sccuracy, but a
movement of between 3-4 per cent of wind speed in the direction of

the wind 1s a good working filgure.

The o1l which escaped from the 'Torrey Canyon' wes driven primarily
by the wind. Although, in some examples of the present work, tidal
movements, apart from giving an appreciable to-and-fro movement of
the 0il, sometimes show a residual net movement remalning at the end
of a tidal cyele. The net effect of the tidal stream on the movement
of a slick which is not close inshore will be of little importance

if measured over the period of a tidal ecyele., but the tidal stream
vector may be very impertant if the slick is within & few miles of
land.

Some Inaccuracies in the predicted movement can undoubtedly be attributed
to the fact that wind data are normally taken at perilodic observations
by neighbouring meteorclogical stations, although this usually agrees
well with wind speeds calculated from isobaric plots.

The movement of the Torrey Canyon ¢il was related fairly closely to

the wind direction and speeds (subsequently predicted with reasonable
success ). Progress of other spillages round the coast have been accounted
for with varying degrees of success, depending on the number of observations
and varlability of the wind.

b} Wind direction and speed

Studies of the Torrey Canyon spill off Land's End, yielded an empirical
rule that the oil drifted in the direction of the surface wind (the
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wind at a height of 10 m above the sea surface) and at a calculated

rate of 3,4 per cent of its velocity. This agrees well with the measurements
made by Hughes (1056) on the determination of the relation between

wind and sea-surface drift. He found that the drift was parallel

to the surface winds, and that the velocity of drift was about 3.3

per cent of the veloeity., Tomezak {1964) reported on a study made

by the German Hydrographic Institute on the movement of oil released

from the tanker Gerd Maersk in the North Sea. They found that slick
drift was 4.3 per cent of the surface wind velocity. Many other studies
have been made on this subject and they all revealed similar results,
Varying from 2.5 to 4.3 per cent of the surface velocity.

Spreading of oil at sea

The basic mechanisms affecting the spreading of an oil slick over calm
water are gravity, surface tension, viscosity, and inertia. Gravity
constitutes the principal driving force during the esrly stages {roughly
the first week for a 10 000 ton spill) and the surface tension spreads
the glick thereafter,

The spreading of an oil slick can be considerably enhanced by turbulence
of the underlying water.

Tidal and residual movement

Movement is not solely dependent on wind, tidal currents will salso
move the water surface and so move the oil, but in many cases these
tidal movements are cyclic with only a small residual movement in any
one direction. The first models considered only used wind data as
sources of movement for the oil. Later models were developed for
use inshore and these used tidal data for calculsting movement.

I{ is hoped that some link will be able to be made between the first

models {wind dependent) and the inshore models {wind and tide dependent).
One method considered was to construct zones around particular areas.

These zones would separate the wind dependent models from the tidal

and wind models. It is planned that these zones will be constructed

in a way in which probabllitles can e attached. Hence one would

be able to predict at what point the tidal currents will have an apprecisbie
affect on the movement of 0il near land given calm conditions.

Mechanisms by which 0il is removed from surface

- 01l that is spilled on the sea surface will form a relatively thin

film on the surface, Part of the oil evaporates into the atmosphere,
and part dissclves into the water, Qil can also be emulsified in
the form of a suspension in the water columm. The oil that is in
solution or suspension can be expected to mix in the water column down
to the thermoecline. In addition some of the o0il may precipitate from
the water column and sink to the bottom, The ¢il on the surface,

in the waler column both in suspension and solution, and on the sea
floor, is subject to biological degradation, Thus the five major
mechanisms by which oil is removed from the surface of the sea are
evaporation, solution emulgification, precipitation and decay. The
rate at which o0il changes phases is highly dependent on the type of
0il; the weather conditions in particular the wind, temperature and
the turbulence of the sea,
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BEvaporation of oil frow a slick on the surface of the sea is most important
in the early life of the slick. The rate at which the oil is evaporated
from the slick is dependent on the temperature the type of oll, and

the exposed area., The higher the temperature the higher is the evaporation
rate. The important role of evsporation in removing oil from the

sea was demonstrated in a study conducted during the 'Torrey Canyon'

spill. The study indicated that 25 per cent of the oil by volume,

was lost in the first few days after the spill {Smith, 1968).

COMPUT ING TECHNIQUES USED

a)

)

System used

All programs used in the models are written in the computer language
BASIC. With the exception of later programs, the programs were run
on the time-sharing system avalleble on the DEC PDP/8/I computer,
Later programs were run on the stand-alone system 08/8 BASIC which
gave greater capacity and speed.

The time-sharing system (TSS/8) provides programs with the facilities

for editing, essembling, compiling, debugging, leading, saving, calling
ard executing programs ON-LINE. This vastly improved the development

of the programs in their initisl stages. All programs use the facllities
provided for two-dimensional array storage of data on magnetic dise

and DEC~tape. It was found that capacity within the TSS/8 systems

was limited and hence later programs were written for use on the 08/8
system. The 05/8 system provides storage of data within core and

does not need to use other sources of storage as used with the TS5/8
programs, Its use is of course restricted.

Bagic model

The basic principle of the model is to represent the movement of oil
within & matrix structure. The movement of oll is recorded within

the matrix by moving from block to bleck. The block being represented
in the mgirix by a single element, The basic model takes the approximate
centre of the spill and represents this by a single matrixz element.

Over a set period of time, vectors, giving wind distance {velocity

of wind x time) and direction, are added geometrically to give resultant
wind distances and direction. At this stage the dependence of the

oil movement is brought into the model. Movement of between 3-4 per
cent of the wind speed in the direection of the wind was found to be

a good working figure.

Wind data structures

Four different sources of wind data have been used

1} Actual data for period for which spill is at sea (with a set time
interval between movements). Hence using this data will give
2 time plotting of movement.

2) Data in the form of a probebility distribution for particular
periods in the year, Meteorological data in this form has made
1t possible to see if there is any set trend for particular areas
for a given season or month. These distributions have been coupled
with a random number generator so as to provide & means of sampling.
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3} The third source of data is similar to the second but makes provision
for forecasting particular trends in direction and wind speed.
A set of distributions have been set up to record the day by day
“chain of events', i.e. if the direction is north one day, what
is the probability of it being north the ne.t day? There are
nine distributiong in this system. Each giving the probability
of the next event for that particular distribution: Suppose
the starting direction was taken to be east: then the model would
predict the next directlon by sampling from the Distribution of
Probabilities from east; supposing this was found t0 be north,
then for the ne:t direction it would sample from the north distribution,

%) The final source of data used is mentioned later and is concerned
with building up a Probability matrix in which directions are
related to speeds. ’

A study was also carried out on meteorclogical data used in the "chain

of events" system, The meteorological data used was from the meteorological
station at Dyce, near Aberdeen, Five different years were chosen

at random and the distributions were constructed for a particular month
in each of the years data, These distributions were first compiled

with the use of a program which set up the data in the form of a file

on magnetic dise, The results showed thet within each year there

were particular trends for each month, wWhen a comparison of the five
different years was made it could be seen that there was little agreement
between the total year trends, It was concluded that for this type

of system unless the data 1is very accurate then to go to such a level

of accuracy does not produce a feasible systen. Hence it was decided
for the trial simulations it would be more feasible to use a single
distribution for the direction sampling and not to break this down

into lower level distributions, i,e, the "chain of events” system,

Computer technigues used for sampling

The initial models use a single Probability Distribution for sampling
direction and speed of wind vectors. These bagic sampling mechanisms
are carried out within each program as a subroutine. A subroutine
showing this basic sampling mechanism is shown in Table 1. (The sampling
is taken from meteorological readings at four different times in the

days 0, 6, 12 18 respectively). '

. Computation of the resultant vectors

- The segment of the program used for computing the resultant is given

in Table 2, A and B are the components of direction, S1 is the wind
speed, T is the time interval and X and Y are the components of its
original pogition.

The new position is then found by taking the components of the new

X and ¥ values. Later models which use wind and tidal current to
estimate the next position have a much more complicated system. A
brief summary of the computing technioues are shown in the program
segment in Table 3, A and B are components of direction for wind, and
C and D are the components for the tidal stream, all other variables
are the same as the previous segment {Table 2).




5.
SINGLE TRACE WIND DEFPENDENT MODEL

The single trace model degls with the single path from & spili, The movement
of the spill is recorded in the matrix in the manner shown in Fig. 1.

There are three main structures of this model:

a) Single path plot

This model Just traces one path of movement through the matrix, When
the plot is completed the results are printed, Fig, 2 shows a computer
printout using thils model.

b) Single path simulation

This model has also been adapted to carry out simulation runs, Hence
obtain probabilities of oil hitting particular coastal sites.

Paking an example, for s particular spill, the model simulates the
effect of the movement of 0il close to shore using the wind direction
and speed distributions for that particular region. After, say, 100
simulations of this supposed spill the matrix will be printed out in
the form shown in Fig., 3, recording the numbers of hits (H), misses
(M} and the spillage point as (¥*).

¢} Single plot {complete trace)

From the complete trace of a particular slick, This model deals with
the problem of the slick moving off the scale of the matrix, In the
earlier model the movement was restricted to the scale of the matrix,
Fig. 4 shows a diagram which demonstrates its use.

CONTINUCUS SPILL

This model deals with the problem of a continuous flow of oil from a ruptured
pipeline or tanker, For a set interval of time a fixed rate of cil escapes.
In the model this is represented similar to that of a patch of oil. The
model works on the principle of a fixed quantity of oil in the form of a

slick being released at set intervals of time. Fig., 5 shows how the o0il
is recorded, moving withlin the matrix, During the first time interval
a slick moves west to B. Then in the next time interval the paths of two

slicks are to he considered, Firgt the slick at B and second the new slick
formed at A, The model continues simulating the paths until the source

of the oil is stopped or runs ocut, The matrix ls then printed out in a
similar form to the other models.

There are two main programs used in this system:

a) Simulstion program ~ sampling from wind digtributions

For a continuous flow of oil from a tanker or pipeline this progrsm
simulates the possible long term effects of the oil. Movement is
calculated from wind speed and wind direction distributions for the
region in the proximity of the spill.




b) Simulation program ~ using actual data for region

This program is similar to the above program, but instead of using
probabilities for calculating directions snd speed, uses actual data
for caloulating the movement of the slicks. This program was used
initially for testing the workings of the model.

In later developments of the above mentioned programs, the capacity of storage
had to be increased. Hence it was necessary to chain several programs
together for reasons of capacity within the time-share system.

TRIAL SIMULATIONS USING STMGIE TRACE AND CONTINUOUS TRACE MOLELS

Introduction

Having bullt up models for single spllls and continucus seepage a test of

the aceuracy of the models by using recorded data from past c¢il disasters

was made, &) First using the substantial data of the "Arrow’ oil spill

in Nova Scotia - good results were obtalned with substantial agreement between
the model and the actual events, The second area of trial work b) was

to test the accuracy of the models using data from the North Sea region.

a) The Arrow spill in Nova Scotis

On 4 February 1970, amidst heavy rain and winds from the south-east,
reportedly gusting up to 60 knots, the Liberian tanker "Arrow" ran
aground on Cerbirus Rock in Chedabucto Bay Nova Scotia. She was under
charter to Ymperial 0il Limited and hsd been enroute to Nova Scobia

Pulp Limited. It is apparent thet the eight days immediately following
the grounding were critical in determining the magnitude of the disaster.

Wind-driven surface currents plsyed a major role in the distribution

of ¢il about the Bay, On the } February winds were 30 knots from

the 3SE, and oil was transported onto the shores of Isle Madane and
Janurin Island. Over the next several days the wind shifted to Nw

and then to north, causing contaminstion of the south shore in the
vleinity of Canso. During this period it was observed that some oil
was also carried out to sea, no doubt, under the influence of favourable
tides and water circulation patterns. Trial simulations on the "Arrvow"
spill have been approached in three ways:

1) Using actual data for first eilght days

2) Using Probability distributions obtained from monthly meteorological
returns,

3) Plot of the path of 0il which escaped from Chedabucto Bay.

Using actual data for Chedabucto Bay

At the time of the "Arrow” grounding, the only source of relevant wind
data was the automatic station at Canso, An alternative source of
wind information 1s the surface pressure charts over the ocean, from
which the winds over Chedabucto Bay can be estimated through the use

of the geogtrophic appro:imation, An anelysis of six-hourly and daily
wean winds (Neu. 1970) showed thet the Canso wind is generally about
one half of the gradient wind over the occean. Southerly winds over
the open ocean become more westerly near shore,

|
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Fig. 6 shows the reduced geostrophic wind calculated from the surface
pressure charts for the period 3 Pebruary to 12 February, and Fig.

7 shows the recordings taken at the Canso Meteorological Station for

the same pericd. It can be seen from Figs. 6 and 7 that the prevailing
direction and mean speed agree favourably.

It was found from the results of the simulation thai the simulated
effect of the oil agreed well with the true distribution of oil.

Using probability distance from monthly meteorclogical data

The second method used for the Arrow disaster was to use the monthly
wind (data) records from the Canso meteorological station. These

were obtained from the monthly summaries published by the Meteorological
Branch of the Department of Transport, Toronto, The data from these
were used in the model in the form of a probability distribution used
in the normal way.

The model was first run using a time interval of 12 hours and the results
showed a very general distribution of oil which only vaguely resembled
the true picture, It was declded that the time interval should be
reduced to six hours. The results from this simulation showed & greatly
improved picture of the distribution of oil which agreed fairly well

with the first simulation,

From the two simulation runs it was concluded that there was guite
reasonsble agreement between model and observed results provided the
wind direction and speed interval were short. From Fig. 8 it can
be seen that there are certain danger aresms where there was a high
deposit of oil,

Plotting of path for oil that escaped from Bay

" The "Arrow" went aground on 4 February, and immediately started to
" lesk oil, some of this (Slick A) moved out to a, This was also suggested
in the earlier simulations,

Using the complete path model with the data obtained from the Canso
Meteorological station it was found that the path was in good agreement
in the vicinity of Canso. But as the slick moved ocut Into the occean
the weather conditions taken at Canso did not give a true picture of
the actual movement, To obtain s more accurate prediction of the
movement more meteorological data is needed from a larger range.

b) Trial runs in Scotland

- A serles of trial runs were also carried out on the North East Region
" of Seotland.

A ten year record of wind gpeeds and direction was obtained from g
meteorclogical station near the coast at Fettercairn. With this data
the wind speed and direction probability distribution were created.
The trials were set up in two main ways:

1) Teking possible spills at random in the area to be considered
{Fettercairn area).

2) Model set up for the area round Cruden Bay (site at which pipeline
comes ashore).

.:r _ ______________;_..J




Fettercairn area

The area to he considered was first mapped into the matrix structure.
Three simulations were then run, each at different starting positions,
From the results it was possible to make a rough prediction of which
areas have a high probability of oil damage in the case of a disaster,

Cruden Bay area

Using the data from the meteorological station used in the Fettercain
arez. The matrix was increaged in size to facilitate the area around
Aberdeen - the approximate route was mapped into the matrix.

The simulation was then carried out along set intervals of the propeosed
pipeline.

Each result of a simulation was then plotted on a "master” plan of

the area with the use of transparencies. The idea was to give a rough
picture of the likelihood of oil hitting particular sites from a particular
break in the pipeline. These models were not considered very helpful
because of lhe great difficulty of deciding or the likely spillege

points (Sir P, Kent (pers. comm.,) was of the opinion that the most likely
point of epillage is at the well head.) This is a long way oub to

sea in the case of the Forties Tield and the danger of shore pollution

in Scotland correspondingly low.

TNSHORE COMPUTER MODEL

a) Introduction

1) Wind snd tidal simulation model

As found earlier in the project, the net effect of the tidal stream
on the rovemznt of an oil slick which is not close inshore will

be of 1little impertance if measured over the periocd of a tidal
cycle, In an estuary, oll slick motion predictions depend on

the relationships relating the drifting motion to tidal currents
anG wind effects and the spreading motion to oil properties.

It was thus decided that a model should be developed to trace
movements of o0il close inshore, e.g. an estuary. Hence for this
type of model a number of new varisbles were introduced. The
movement would now have to be calculated by taking the resultant
of the tidal stream vector and the wind component vector. The
basic model works on the same principie as earlier models, that

is of recording movement within a matrix structure. It was found
that with the tidal streams being reasonably fixed throughout

the tidal cyele, that the variakility of movement is very dependent
on the starting position of the spill and its starting time in

the tidsl cyele.

2) Tidal data

I¥ is commonly assumed that 0il drift will ocecur at the same rate

as the drift of water at the surface of the sea, In shallow

waters, surface flow due to tides, can be reasonably high in velocity;
mich greater than that produced on the open ocean. Tidal amplitude
tables and tidal current tebles are usually available for most

coasts,
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The data used within the model for prediciting tidal stream direction
and speed wags extracted from Admiralty charts for the respective
area being studied. The table below shows a typical set of data
used.

Tidal streams referred to H,W, at Leith for pogition 56018’.5N
2%2", ow

Hours Direction Sp rate {Kn) Np rate (Kn)
6 before HW 5479 .5 3
5 before HW 3o5° .2 1
4 before HW 188° .3 .1
3 before HW 173° .6 2
2 before HW 167° .8 A
1 before HW 1579 .G 5
Hw 148° .8 .5
1 after HW 154° .6 A
2 after HW 062° 3 .2
3 after HW 016° .7 3
4 after HW - oo® 1.2 .5
5 after HW 359° 1.1 .5
6 after HW 353° .7 A

Por simplification purposes the tidal speed was estimated from

the mean of the spring and neap tides. It wiil also be appreclated
that due to the limited number of tidal readings available for

an area that the number within the matrix is limited. Hence
boundaries hiave been built into the matri: to separate different
tidal readings for particular areas.

Wind data

As for the tidal data, the wind data were compiled in a form which
was relative to daily time intervals. With the help of data

from the Meteoroclogical QOffice, monthly reiturns readings, & system
was devised for sampling wind readings, Tnitially to keep within
the capacity of the computer and hence greater speed for sampling,
the swindd sampling system was reduced to six hour intervals,
Table 4 shows a sample set of meteorological data.

Knowing the time of spill the program was constructed in a way

in which the respective wind speed and direction were sampled

from a distribution of within this time interval, As the project
progressed a more accurate system was devised. A system in which
the direction distributions were directly linked ‘o particular
speeds., Table 5 shows a typical set of data used.

b) Brief description of moudels

1)

Model 1 ~ Basic model for use on TSS/8 system

The model was set up in a similaer wey to that of the previous

"fand Hit recording models", Movement was calculated by taking

the resultant of the tide and wind effect and recording within

the usual matrix structure. The main computer program was designed
50 as %o be used for any estuary or close inshore region.
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As mentioned earlier there is an inecreased mumber of variables
uged in this program. Hence the program has been 50 designed

s0 that the operator inputs the values of the variables at the
beginning of the program, These values consist of the following
information:

The area to be studied {i.e, land bearings)

Spillage position of the oil spill

Tidal data to be used (i.e. files containing this data)
Time of spill in tidal eyele

Wind data to be used (i.e. files containing this data)
Time interval between movements

Number of simuletion runs reguired

Printout of results gpacing intervals

Storage of results

- »

L
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This information then forms the basis for the key variables used
in the program, The program then carries cut the set number

of simulation runsg and stores the results within the matrix.

These results are recorded in the form of the number of hits to
certain land sites relative to starting time and sftarting position
of the spill. With these results 'Danger Risk Areas” can be
calculated relative to the time in the tidal cycle.

Flow chart of the "0IL TID" system (Figs. 9a, b).

2)

Model 2 -~ for use on larger system (08/8 Basic)

After development of the first estuary model it was decided that
greater detail regarding movement within the estuary should bhe
included. With the previous model the final results only record
where the oil ended up. Hence the second model was devised to
record actual movement within the estuary, giving information
regarding each area (i.e., each square mile)., This information
would then help to locate where high risk areas are within the
sstuary, This sort of information couid then be coupled with
information about the area (i.e. birds present, marine features,
other species present, ete.). & project concerned with this
type of work 1s considered later, in respect of Eider ducks in
the Tay Estuary.

With this increased capacity required for storage of information

the simulation time of each run was greatly increased. Hence
programs were altered for use on a larger system [0S/8 BASIC system).
This meant that without to0o much extra work in converting the
programs from the time<-sharing system (TSS/8) to the stand-alone
system {0S/3) the speed was greatly increased and alsoc the storage
capacity was enlarged.

The basic principle of this model is similar to that of the first
model, Each elenment of the matrix represents & unit square of
one mile, - Within each element of the matrix is recorded the
time at which the 0il arrived relative to the starting time of
the spill. Fig, 10 shows a diagram of this system,
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Model 3 - Bird hit model (T83/8 version)

The third model of the "Bird Hit Program” was developed for estimating
the number of birds hit in an estuary for & possible oll spillage.
This model works on the principle mentioned earlier, that of coupling
bird distributions within the estuary with oil spill movement.

In the earlier models it was found that the actual movement of

0il within an estuary is very dependent on the start time of the

spill in the tidal cyele. Hence it was decided that the bird

deta used should be in the form of distributions of birds relative

to different times in the tidal cycle.

The program was written similar teo the previous programs. For
each simulation run whenever oil made contact with a flock of
birds, the time and place of contact is recorded within a seperate
file, This file is then processed later by an additional program
which produces the results, The resulig are in the form of the
mean number of hits for the number of simulation runs completed
and also detells of where high hits have occurred relative to

the time in the tidal cyele, A similar program was also written
for this system for use with decreasing numbers of birds, In
this system a more reslistiec picture of the total number effected
ig found. The first program does not take into account that

some birds will be moving from one area to another, hence affecting
the final total. In the 'Decreasing Numbers" program, if the

coil hits a raft of birds, then it is taken that all these birds
are affected and hence will not move on, The next raft affected
by the oil will have its total population cut by a proportion

of the birds hit in the first hit.

TAY ESTUARY STUDY

a) Introeduction

1)

The Tay Estuary

After completion of the initial programming work for the Estuary
model, a test area was sought for trial simulation purposes.

The area cheosen was the Tay Estuary, having a compact area and
Food source of wind and tidal data,

0il pollution in the Tay has occurred for many years and cannot

be eliminated for the future. There are several records of oil
pollution incidents in the Tay about which advice concerning

oil problems has been given by the Tay River Purification Board.

In June 1963, o0il poliution occurred as a result of a pipeline
fracture between a tanker and the refinery. In April 1967 widespread
0il pollution cecurred following a mishap in a refinery. On Thursday,
29 February 1968 a crack developed in the hull of the tanker "Tank
Duchess” as she lay in the Tay Estuary preparatory to discherging

her cargo. As a result, at least 87 tons of oil were lost in

the Estuary. Consequently at lesst 1300 birds were killed.

The o0il remained in the Estuary for some time, moving about the
Estuary with the tide.
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In the winter of 1970 some 12,856 birds, mostly oiled, were recorded
dead or dying on beachas north-east Britein as a result of a possible
discharge of oil off the east coast, probably late in December.

4 later discharge in the mouth of the Tay on 20 January affected

a large nurber of birds in the region,

Fig. 11 shows the area studied.
Wind data

The Tayside region has a relatively high frequency of gales and
strong winds when conpared with other parts of the British Isles.
Two locations in the region, Leuchars metecrologlcal station and
the Bell Rock lighthouse have detalled wind records available

for a reasonably long period of years. The vaslley of the River
Eden, which runs parallel with the Firth of Tay, exerts a chanelling
effect on westerly winds. Twenty eight per cent of all winds

at Leuchars blow seawards down the Eden valley from directions
between 230° and 250°, south-west snd west-south-west respectively.
For initial trial simulations using the first model wind data

was taken from several monthly return summaries at random, Later

more amccurate data was compiled with the help of data from a Meteorological

Office publication (Climatological Memc €5, The Climate of the
Tayside Region of Scotland).

Tidal data
Data used in the form described earlier. Within the Tay several

tidal streams readings are available for different positions
about the Estuary. These were obtained from the Admiralty charts

of the Tay Estuary region.

b} Results

1)

Results of using Model 1

The first set of simulations performed simulated the effect of

a possible splll entering the estuary in the main shipping entry
channel, Initially, the time interval used for this system was
three hours and the number of simulations chosen was 100. Hence
the starting times in the tidal cycle were 3 6, 9, 12 respectively,
from the entry position (6 being High wWater),

As might be expecied, the results showed a cyclic patiern of distribution
of oil about the estuary. From the simulations started before
high tide. 1t could ke seen that the main distributions of cil

were in the west of the area considered. The main areas affected
beling between Tayport and Broughty Ferry and also the approaches

to Dundee, Simulations started at high tide revealed distributions
of oil north of the region in the areas between Broughty Ferry

and Monifieth and also high deposits around Barry Sands and Buddon
Neas. Simulations started after the turn of the tide showed

that most 0il was carried out to sea with the exception of some
quantities being carrlied asround Buddon Ness.

For a more detalled distribution of possible hits to land, the

time interval was reduced to one hour intervals, Thig showed

a much more detailed distribution of oil with more information

on kKey areas at risk. As Tor the simulations mentioned earlier,
these simulations showed high risk areas sround Tayport and Broughty
Ferry and again the entrance chammel to Dundee. Agreement was

alsc goed for the region around Barry Sands and Buddon Ness.




2)

3)

1.

Although more accurate data is required for this region, the results
of the possible distributions of o0ll agree well with the distribution
of o0il released during the Tank Duchess spillage. It was reported
after the spillage that oil was carried into the estuary by the
incoming tide. Heavy pollution was reported from the area between
Newport and Tayport and moderstely heavy pollution was reported
around Broughty Ferry. On the northern shores the deposits were

not as heavy, being meinly concentrated at Douglas Terrace with
traces at high tide mark at Monifieth and Carnoustie.

Tt will be appreciated that a true comparison of the results of

the simulations with the true results at the Tank Duchess spill

cannot be made with any accuracy due to the difference in points
of origin of spilled cil.

Resulis of using Model 2

As mentioned earlier, this system uses a larger system (08/8 BASIC).
With this increased capacity the system was able to produce a

more detailed picture of movement within the estuary. The
simulations were carried out in a manner similar to the previous
simulations, using Model 1. For greater accuracy the number

of simulations was increased to 1000 while the time interval remained
at one hour intervals.

From the final results it was noted that the distribution of oil
around the land sites was similar to the results of Model 1,

Using Model 2 results it was possible to break down each square
mile unit into distributions showing arrival times of a possible
0il slick relative to a starting position and a starting time

in the tidal cycle. These arrival times distributions were then
mapped onto a large map of the area and high risk areas were colour
coded for easy viewing, :

From this map it was then possible to locate for the given spillage
the probability of o0il reaching different areas in the estuary

and at what time they were likely to arrive relative to the time

of release. Fig, 10 shows an abbreviated form of the map showing
low, medium, high and very high risk areas likely to be polluted.
As was expected the main areas for pollution for a spill released
before high tide were in the main entry channel to the estuary,
that is the areas west of the starting positions,

Results of using Model 3

For experimental purposes the Eider duck was chosen for work on

the Tay. With the kind help of Dr. H., Milne of Aberdeen University,
maps were drawn showing the maln distribution of Eider ducks.

The Tay Estuvary is famous for holding the largest winter concentrations
of Kiders in Great Britazin, This is probably between 10, 000

and 20,000 birds, the population varies from time to time, The
Eilder flocks that winter in the Tay Estuary are shown to carry

out a tide-dependent daily movement cycle and it is due to this

fact that the data was so compiled. For each two hour interval

in the tidal cycle a distribution of Eiders in the Estuary was
calculated, From these distributions a picture was obtained

of the total movement of Eiders about the estuary, see Fig., 12,
showing these distributions.
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The simulations were carried out from three different positions
in the main {tidal entry channel. For emch set ol simulations
for a given starting position the results gave information on

the mean number hit for that particular starting posiiion end

at what time in the tidal eycle the Fiders were most vulnerable,
Details were alse complled on which areas were most vulnerable
to oil pollution, As previously mentioned these results were
stored on separate files. These files were then later processed
with the help of a program which was written to summarise the
results, see Pig. 13. Results,

Tt can be geen from Fig. 13 that the printout gives results for

each area for the three possible positions of the spills. Equating
the total number of Eiders present in the area with the number

of times o0il has entered the area give an approximation to the

high risk areas. From the printout it can be seen that Eiders

are especially wvulnerable in the following areas:

Area 23 - Area east of Broughty Ferry
Area 24 - Area east of Broughty Ferry
Area 25 - Area ecast of Broughty Ferry
Area 28 - Area south of Barry Sands
Area 29 - Area west of Buddon Ness

Fig., 11 shows positions of themse areas
CONCLUSIONS

From the results obtained from the models so far, a number of interesting
facts have arisen, An attempt has been made to apply the transport laws
to various oil spills, with the aim of seeing whether a reasonable prediction
af ¢il slick movement could be made after the fact. I have found that
the primary limitation on the success of such an attempt generally is the
lack of complete sets of oil movement and of environmental data, More
complete deta, together with additional interpretation of available date,
are needed for a definite conclusion to be reached on the accuracy of a
particular model for oil slick predietion. It should also be noted that
at this stege the aim was more %o check the workings of the models than
to investigate any given area of a spill.

The results of the inshore model showed that the distribution of oil about
an inshore area is very dependent on the time of the spililage in the tidal
cycle., It is also suggested that a more accurate prediction is possible

if the spillage point is fi.ed. The unloading area for tankers is an ideal
example of such an area. From this position simulations could be run at
different times in the tidal cycle and hence giving different distributions
of oil, Weight could also be given to the different weather conditions

and state of the sea. Thus & picture could be obtained of which areas
could be affected by oil pollution,

An extengive study was made of the various methods of predicting wind direction
and speed, It was concluded from these studies that a wind data system

is best constructed in a form which is not too complex. From the tests
carried out on the structure of data for Dyece it was found that to bresk
distributions of particular directions into further distributions makes

the system no more efficient for prediction purposes. A system which involves
sampling from a single distribution for speed and likewise for directilon

gives good accuracy for the purposes of this study. Improvements on this
could b? made 1f the speed and direction distributions were related (i.e.

Table 5},
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The Tay Estuary study demonsirated how the model can be adapted to finding

the possible dangers to particular species in an estuary. This study revealed
that the extent of demage in the Tay Estuary is determined more by the time

at which a spill enters the estuary than the position it enters. Alsoc

that the distribution of ©¢il about the estuary was more accurate when the

time step size between movements was reduced,

The object of this project was to use computer techniques to simulate the
movement of oil at sea. This has been achleved using wind {direction and
speed) and tidal data, In the initial stages of the project certain variables
concerned with movement were eliminated for simplicity, The models at their
present stages could easily be adapted to facilitate extra variables. One
such variable is spreading. It is hoped that the combination of cil slick
spreading thaory with current and wind surface movement will help to predict
the location and size of a slick as a funetion of time.

A further study which is ezpected to be made in the course of future studies
is using the models to build up "zones" for particular areas. These ' zones"
would be constructed so that they could be used in iwo ways. First e tidal
dependent zone, As mentioned earlier o0il slick prediction for slicks that
are not close te shore is determined by wind alone with the tidal cycle.
Inshore prediction is determined by caleulating the resultant of the wind

and tidal effects. Hence the object of this "zone" system 1s to determine
at what point the slick approaching a coastline is likely to be substantially
affected by the tidal effect and consequently hit the ccastline. The second
use of these "zones” would be for the fixed point source of possible oil
poilution (i.e. an unloading area for tankers). These zohes would be constructed
50 as to provide s picture of the probable extent of damage to surrounding
areas. With these zone systems it is hoped that an interactive system

can be developed so ag to link oil movements with peossible specles movement
(i.e. bird movement and flight paths) and hence provide a means of evaluating
the threat to particular species in a given srea.,
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