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. ABSTRACT

0il spilling into the Hudson River from a grounded barge

(carrying 400,b00 galléns) was observed ente;ing the N. Y. Bight
Apex~on 11 February 1977. A computer model was used to forecast
the subsequent trajectory of this oil and.to assess the hazard to
Long Island beaches. 0il was forecast to wash ashore on the 13th
on Rockaway or Long Beaqh? depending upon the initial position of
the oil in the Bight. 0il was observed on Rpck;way Beach on the
13th. Additional daily forecasts indicated no further hazard to
Long Island, also in accordance with observations, and the fore-
casts were terminated on the 16th. The model was also used to
assess a beaching event that occurred a week later. The complete

calculations are available on microfiche in graphics format.

- 141 -



TT.

I1I.

Iv.

CONTENTS

Discussion of Problem
Modef"De§criptioﬁ

Forecast Results and Accuracy Assessment

The Beaching of 0il on February 22, 1977

Tﬁe Microfiche'flots:

- iv -

Page

16

19



I. Discussion of Problem

On 11 February 1977 Mr. Bernard Manowitz of Brookhaven National
Laboratory was informed by Charles Parker of the MESA N. Y. Bight
Project that 0il from a grounded barge in the Hudson River (carrying
400,000 gallons) could be entering the Bight Apex. Since the winds
were southwest there was a strong potential that the oil would wash
ashore somewhere along the southern Long Island beaches. Mr. Parker
inquired whether the computer model previously used in an assessment
of the beaching of floatables on Long Island in June 1976 could be
adapted to provide daily forecasts of the potential hazard until MESA
indicated that no further model rumns were warranted.

Dwight Dieterle and Arthur Tingle agreed that the computer program
could be modified to produce a '"printout" forecast initially, followed
by a more complete analysis .using computer graphics. This meant that
we could answer the following type of question: '"If the o0il is at some
position, where is it forecast to be 24 hours later?" With the graphics;
we could address such-problems as variable release rates of the oil into
the Apex, the relative importance of winds and currents in the transport,
and readily identify a variety of hazardous situations.

Discussions between Charles Parker and Arthur Tingle resulted in
the following approach to the problem. 0il was observed on the Rockaway
side of the harbor, but it was not known wher; it might be in the Apex
or at what rate it was eutering the Apex. Therefore, nine simulated
apills covering an area of about 150 kmz (see"map in Figure 1) were to
be released each six hours and tracked until the end of the forecast

period. By this means, the '"correct" spill track could be used for the
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forecast after:a'helicopter located the oil. Unfortunately, the’
helicopter was not used .and the "nine spill" procedure was followed
throughout the project.  This meant that the forecast product was of
the format: "If the oil is at Ambrose it will reach Long Beach in
tﬁeleve hours; if it is 15 km SE of Ambrose, then it should remain at
sea."

The other inputs required for the model were the observed and
forecast winds for Ambrose (which is in the Apex). These were obtained
by telephone from the NOAA Weather Service Forecast Office in New York.
The observed winds are recorded each three hours and kept for about
three days. The forecast winds are for 42 hours at 6-hour intervals
and are updated each 12 hours (using 00Z and 12Z meteorological data).
However, the forecasts come over the teletype and are not available
until about 9 hours after the observed data. Therefore, the agreed ..
forecast procedure was:

1) - Call WSFO in New York for the observed winds for.the .-

-previous 24 hours and for the forecast winds. (about
1430 EST each day); ’

:2) . Run the model and interpret the results;

3) Call MESA -and discuss the results (about 1600 EST);

4) Plot the fesults on microfiche for later analysis.

II. Model Description

The. model consists of three major components
1) An Eulerian model that computes, dynamically, the wind-

driven currents;



25 A lagrangian modei that computes both the trajectory of

the surface slick and the trajectory of material in the

. water column. This- is a particle-in-cell diffusion model
.if several hundred "paFticles"-are released, depending on
the spill rate; u

3) Various graphic routines for presenting the results.

The current model- (after Platzman, J. Phys. Oceanography, April
1972) is a one—layer-free surface numerical model that responds to
surface wind stress, bottom friction, the geostrophic pressure gradient,
the Coriolis force, and the bottom tdpography. Tﬁe model is apélicable
when the water column ié of constant density, a situation which exists
during winter in the coastal region. The model does not compute tides
or estuarine discharges. The grid spacing is 3 minutes in latitude and
4 minutes in longitude (about 5.67 km).

In the trajectory model, oil was assumed to beach if a particle
representing it came within 3 kilometers of the shore, since the diameter
of an oil spill can be several kilometers aud the cffcet of tides and
waves was not computed. The particles were not allowed to "stick'! to
the shore, but were allowed to. move -along shore or offshore depending
upon the winds and currents. We also assumed that the surfacc oil moves
as the vector sum of the current speed aund 3% of the wind speed. There
is controversy about this assumption, but this is an inpnt parameter to
the computer program and could have been changed if observations were

available.



The model has been validated against drift card data taken by
MESA. The results agreed as to time and distance from shore, the
shore areas impacted, and the monthly statistics. The details are
available from the authors. The computed alongshore currents are
compared against observations taken by Brookhaven off the south shore
of Long Island in February and March 1976 (Figure 2). Only one wind
station was used to.drive the model apd this is not valid for fast
moving storms, e.g., as shown for March 6 in Figdres 2 and 3. In this
case, the model was compufing 5 cm sec-1 eastward flow compared with
the observed 10 cm sec-1 westward flow. We believe that this is mostly
due to the complex geostrophic forces set up by the cold front. (Note
that the storm on March 10 was modeled quite well.) The small high
frequency observed peaks in Figure 2 are the diurnal tides. This means
that we must model the wind field in compufing the general shelf circu-
lation and, of course, that the tides must be considered as the_bil gets
close to the beach. However, for the present problem tbe winds account
for about two-thirds of the transport. The winds were takén at-the spill
site. so we can have reasonable confidence in the results. The compar-
ison in Figure 2 also indicatesvthat we can have reasonable confidence
in the computed currents, usually within 10 cm sec_l,_except for certain
complex meteorological situations.

I1I. Forecast Results and Accuracy Assessment

Mr. Parker asked that we try to assess the accuracy of our forecasts
in addition to presenting the results. The most important component of

the forecast oil trajectory'is the wind forecast. Two 24-hour wind
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forecasts are shown in Figure 4 as compared with the observations.

In this figure the wind is multiplied by 37 to show the effect on the
surface transport. Forecast #1 projects a movement of 20 km east and
10 km north. The observed values (Figure 4a) show 5 km north and 10 km
east. Similar errors are shown for Forecast #2. Note that the origin
of the PVD in Figure 4C starts on 13 February, so that we are showing

a forecast AX of 20 km versus an observed AX of 10 km.

The effect of the wind errur on thc computed current pattern is
shown in Figure 5. 1In this figure, the vectors are proportional to the
current speed (cm sec-l) shown at the top right of each figure, where
the maximum difference is about 13 cm sec-l. If we assume that the average
current speed error is 6 cm sec-1 and add this to the wind transport error,
then the 24-hour forecast position of the oil for Forecast #2 is about
15 km east and 5 km south of where a rerun using observed wind data would
have positioned it. This is about the length of Long Beach and demon-
strates the fundamental importance of meteorology in this type of problem.

The first model forecasL f[or MESA was done on 12 Februuary using
observed winds from 1300 EST on 9 February (for model runup) to 1600 on
12 February, with forecast winds extending to 0400 on 14 February. Part-
icles were released from the positions shown in Figure 1 each 6 hours
starting on 11 February. The forecast indicated that oil floating in the
Apex on the llth and 12th could wash ashore during the early hours of the
13th. The threatened beaches were Rockaway, Long and Jones, depending
very critically upon the initial position of the o0il and upon how it was
entering the Apex. The forecast also indicated that there was little

hazard after about noon on the 13th.
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The forecast is illustrated in Figures 6 and 7. 0il floating
at position 9 on February 11 at 1600 was expected to reach the eastern
half of Jones Beach about 0400 on the 13th (the trajectories are marked
with a '"+" each six hours), whereas there was less threat from the other
two positibns (Figure 6a). However, by the evening of the 12th, oil at
position 3 could reach Rockaway in 6 hours and oil at position 2 could
reach Long Beach in 12 hours (Figure 6b). This 0il could reach the
eastern end of Jones Beach by the end of the forecast period (0400 on
February 14). The transport due to the currents only is shown in Figure 7a
for the other three release positions. The effect of a continuous release
is shown in Figure 7b, where the positions of all particles released from
all nine drop points since 1600 February 11 are plotted at 1000 February
13. The pafticles are mostly bunched along Long and Jones Beaches.

The accuracy of the forecast can‘be assessed by refereﬁce to the
initial discussion of this section. Basically, it appears that there was
less threat from the southern positions than expected and that the oil
would not have moved as far east as forecast for the end of the period.
Furthermore, the plots for forecast #1 in.Figure 4 indicate that the
initial beaching would have been about 5 km west of the forecast.. We did
not rerun this forecast using the observed winds. This could be done if
data is available on the initial conditions of fhe oil spill, along with
beaching observations. It is our understanding that oil was found on
Rockaway on Sunday, thé 13th.

Four more 36=hour forecasts were done for MESA, the last being on
Wednesday, the 16th. None of these indicated that there was any hazard
to Long Island or New Jersey. The surface trajectories for drop points
1, 2 and 3 for each déy are‘shown in Figures 8 and 9. The trajectories

- 11 -
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terminated.



varied from east to southeast. Since no more oil was observed entering
the Apex, it seemed that no further runs were warranted,

IV. The Beaching of 0il on February 22

On Tuesday, February 22, oil was found on Rockaway, and possibly
also on Long Beach. The details were not clear on the 24th as to where
and when the beaching occurred, or as to whether oil was observed enter-
ing the Apex.v However, we agreed to run the model using the obser;ed
winds for'aboﬁg five days encompassiug ghé bcaching event, since this
was an dppoftUnity to test the forecast procedure independent of any
errors in the forecast winds. The complete model results are availgble
on microfiche for comparison with observations as they become available,’
but here we show a few examples to outline what might ha&e happened.

The wind observations were not avdi}aple by telephone (because WSFO .
does not keép them) but Jim Allen of the QSFO in New York mailed them to
us on March 3. The winds were the 3-hour Ambrose observations s#arting
at 00Z 19 February tfor model runup) and ending at 21Z 24 February. The
winds are plotted as;BZ 0f the wiud PVD in Figure 10a (the times are LEST).
The transport of particles in the water column released [rom the western
most drop points at‘1300 February 20 is shown in Figure 10b, The.traject-
orics are marked with a '"+" each 6 hours and are going through a clockwise
motion. The current$ change yuite rapidly during this period. For example,
a sfrong eastward flow changes to a strong westward flow in 24 hours on
February 23 (Figure 11).

An examination éf the computed surface trajectories indicateg that

material floating in thc Apex prior to the 21st would not have beached.

- 16 -
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Furthermore, oil initially at drop points 2 and 3 at 1300'0nvFebruary
21 should have washed ashore on Jones Beach on the evening of the 22nd,
and 6i1 at point 1 might not have beached at all (Figure 12a). 1If we
consider the same ﬁoints 12 hours later (Figure 12b), o0il should have
been washing ashore on Long Beach on the afternoon of February 22, It .
appears from the model results that oil would have to be near Ambrose"
tower (drop point 3) on the morning of the 22nd in order to beach  on
Rockaway. If these model results are realistic, they could be used to
narrow the seach for observations.

;Another way to analyze the event is to treat the problemvas é con-
tinuous.Spill from all nine points, starting at 0700 EST February 20.
In this caée, the ;hreatened area extended from Rockaway Beach to Fire
Island Inlet on the evening of February 22 (Figure 13a). The particles
to the southeast were all released prior to February 21. It is clear
that there is ﬁo threat to Long Island after 23 February (Figure 13b),
but that some later releases could be heading down the New Jersey shoreline.

V. The Microfiche Plots

The microfiche appended to this report contain all the plots made
for each forécast, the plots used for the analysis of the o0il beaching
on February 22, and the winds used for each forecast. The five fiche
labeled SPL-12, SPL-13, SPL-14, SPL-15, and SPL-16 are the forecasts given
to MESA on February 12 through 16, respectively. The format (starting
at the upper left and g§ing down each column) is:

1) A vector plot of the computed currents fﬁr the Bight Apex

starting at the beginning of each forecast peridd and plotted-
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Computed surface trajectories starting at 1300°
February 23 (A) and €100 February 22 (B). 1In (A) the threat
is to Jones Beach and in (B) to Long Beach. From trajecto-
ries like -hese we conclude that the beaching on the 22nd
probably czme from o=l Eloatlng near Ambrose on the morning
of February 44.

Figure 12.
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Figure 13. The positions of all particles released from

0700 February 20.
in (A) but not in (B).

There is a clear threat to Long Island

72.8



2)

3)

4)

5)

6)

7)

each six hours until the end of the period. The vectors

are proportional to the maximum shown in the upper right
corner (cm sec_l) (see Figure 5);

A map showing the latitude-longitude key to the drop points
(see Figure 1);

Surface frajectories, with the starting and ending times
listed at the top. The first plot in fhis series shows
trajectories from points 1, 2, 3, then points &4, 5, 6 and
then points 7, 8, 9. The trajectories are makred with a '"+"
each six hours. The plots continue in this group of three,
with a starting time each six hours until the end of the fore-
cast period (see Figure 6);

The same format is used for the water column trajectories.
This series is labeled "CURRENT'" in the upper right corner
(see Figure 7a);

The particle surface positions are plotted in a series, six
hours apart, represcnting a continuovus releace from all nine
release points (see Figure 7b);

The same format is used for the particle positions in the
water column. |

A PVD of 3% of the wind €ranspurl. Exccpt for SPT.-12 the

PVD's are incorrect (see Figure 4).

The fiche labeled SPL-20 contains the plots of the beaching on kKebruary 2Z.

The format is the same as above and the wind PVD‘is correct, The fiche

labeled SPL-PVD contains the winds used for cach forecast. The last plot

is the observed winds. These are all 3% of the wind transport.
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