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2. METHODOLOGICAL BACKGROUND

BLM-New York Outer Conti nental She1 f Offi ce (Andl~rson and

for further supporting work.

"1
l
"

1982; Spaulding and Reed, 19821

1981, 1982a, 1982b, 1982cI Reed et

1982) •

This report includes a brief description of the underlying

methodology followed by an overview-of the 16 simulations,,,
performed, case-by-case analyses of the surface and subsurface

hydrocarbon trajectories, ichthyop1ankton and fishery impact

1981), as further refined under contract *AA851-CTO-75 to the,

In response ~o a reques~ from ~he U.S. S~a~e Depar~men~

estimates, a summary of findings, and a set of recommendations

SpaUlding, 1981; Lorda et a1.

Spaulding and Saila et a1.

1. INTRODUCTION

on the Georges Bank cod fishery. The modeling methodology,
follows that of Reed, Spaulding, and Corni1lon (1979, 1980,

f!xecu~ed 16 simula~ions (four spill loca~ions (Fitg. 1>, four

seasonal scenarios a~ each si~e) of ~he behavior ';and fa~e of oil

I
I!.pi 115 on Georges Bank, and ~he es~imated impact of these spi 11 s

,
through ~he-U.S. Depar~men~ ofIn~erior, Bureau CJf Land

Managemen~ (BLM), Applied Science Associa~es (ASA) personnel have
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The basis for the present work is an oil sp'ill - fishery,
•

impact assessment computer model system composed of .n oil spill

-fates model, a continen~al shelf hydrodynamics niodel, an
I

ichthyop1ankton transport and fates model, and D fish population
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Figure 1. Study area map, showing the four selected spill s,ites and
U.S. and Canadian boundary claim lines.
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threshold (50 parts per billion) Reed (1980) or under a surface

oil distributions resulting from the spill with ,the distribution

fi shery through hydrocarbon-induced egg and 1ar",al mortali ty.

of water with hydrocarbon concentrations in e)'CE'SS of a specified

Ichthyoplankton :entering a volume

,1

model. The model system addresses direct impacts of oil on a

This early life stage mortality is estimated by dynamically

mapping the spatial intersection of the surface and subsurface

spillet are assumed lost. Model ouput is given in terms of

differential catch at uniform effort, comparing the non-impacted

of developing eggs and larvae.

I!

".'•.I'
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il.
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1:1
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and the hydrocarbon impacted fisheries, stochastically including

the effects of environmental variability.

In the present study, the hydrodynamic field is composed of

a long. term net transport regime inferred from several decades of

drifter observations (Bumpus and Day, 1957; Butr,pus and Lauzier,

1965). One net transport field has' been compile'd for four

seasons centered on January I, Apri 1 I, Jui y 1, ',and October 1.
';,

To obtain transport estimates at intermediate days, the. currents

are linearly interpolated in time at each node cri the transport

grid (Fig. 2). Thus an annually repetitive 1on 131 term net

transport field varying smoothly from day to day is provided.
i!

. Noti ng that thi s net transport f i el d alreadly contai ns the

effect" of the net wind forcing, seasonal means .Ire removed from a

wind record for the time period of interest. This de-meaned

record is then used to drive a slab flow model clf the upper 10

meters of the water column. This second transpc.rt field,

"incorporating transport phenomena with coherenCE! scales ranging

.from approximately 1 to 10 days, is then juxtapc.sed with the

;,,
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drifter inferred field described above. A random walk model

simulates dispersiv~ processes occurring on shorter time scales.

For more information, the reader is refe~red to Reed et al.

(1980). In addition to this flow regime, the surface Bpillets

are also transported at 3.57. of the wind speed (full wind, not

de-meaned) in the direction of the wind.

The wind record used here is taken from Nantucket Airport,

and spans from September 1972 through August 1973. This record,
can be considered typical for the Georges Bank a~ea, with the

qualifications discussed in Appendix A. Comparison of the wind

record from 'Nantucket Ai rport wi th that taken at' the spi 11 si te

during the Argo Merchant oil spill of 1976-77 suggests that the

airport data underestimates peak wind magnitudes by as much as a

factor of two (Grose and Mattson, 1977>, although Godshall et al.

(1980) suggest that an overall multiplication factor of 1.1 to

1.5 is representative. The latter reference also suggests

spatially and seasonally variable adjustments to wind direction

as reported at Nantucket, with values ranging from -20 to ,+30

degrees. To maintain consistency with earlier work (Spaulding et

al. 1981, 1982a, 1982b) none of these corrections has been

incorporated in the worl: reported here.

It should be noted that a sophisticated continental shelf

numerical hydrodynamic model for the Georges Bank - Gulf of Maine

,I"egion e):ists as a functioning part of the oil spill - fishery

impact model system. The complexity of the topography of the

Georges Bank region results in complex flow f,ields, especially in

ithe area of the Northeast Channel. The authorsst~ongly believe

that scientifically sounder estimates of the sur'face and
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Figure" 2. Rectangular transport grid used fori tbe oil spill and ichthyoplankton
transport and fates models. Land cells are shaded. The two circles
designate the modeled cod spawning grounds.
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subsurface fates of hydrocarbons and icht'hyopianl<ton can be made

Idth this numerical hydrodynamic model. This opUon was not

employed for the work discusssd here due to time,constraints.. '

:5. OVERVIEW OF PREVIOUS SYSTEM SENSITIVITY ANALYSES

Di ffi cufti es in establi shing stock-recrui t I~el aU onships,

and the current inability to pre6ict recruitment "even one year

ahead make the qUantifica~ion Ofl absolute catch:losses

impossible. Output of the model system discussed here is

1982; Spaulding et al.
!!

1982c).

have been evaluated (Reed, et Ill.

ocean current transport fields, can place the sp'ill outside this

the planktonic eggs, larvae, and post-larvae are susceptible to

the toxic action of hYdrOCarbonJ. The impact window also has two
I

horizontal spatial dimensions, defined by that a,rea of the ocean
, ,I

occupied by the developing ichthyoplankton.

Clearly, the location of a spill, combined with wind and

avoided. This window dimension reflects the ass~mption that only

or pelagic and self-motile such that polluted areas can be

of days required for the larvae or post larvae to become demersal

j
For any given species, we can define an "impact window" with

, '

that species·'to the last day of spawning plus the ma>:imum number

timing, ,stochastic environmental variability, and transport field

,
a temporal range from the beginning of the spawning season for

;

therefore limited to relative ra1ther than absolu~e catch losses.

The sensi ti vi ti es of these impac1t esti mates to pl"e-recrui t (year

0) mortal i ty formul ations, hydrocarbon to>:i ci ty 'threshol d, spi 11. ,

:,
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month of September. For spills of release duration less than

Spaulding, and Cornillon, 1980; Reed,Spauldin9, and Lorda, , ,

1) .Ii 11 al so be

and an oil well blowout

at each site for each of

sites have been selected

and in Section 8.,

underlying the simulations,~he hydrodynamic fields

in the previous sebtion

For the present study, foul spill

by the U.S. State Department (Fig. 1),
I

of, 30 days' 'duration has been simulated

as discussed

around the perimeter of Georges Bank (Fig.

sensitive to

4. CASE DESCRIPTIONS

probable, the magnitude of this impact is most dependent upon the
"

characteri<:ation of the stock-recruit relationsl1;ip (Reed,

1982), and is much less sensitive to the toxicit,y threshold level

or the hydrocarbon entrainment tate.

Impact vari ations associ ated wi th different: .pi 11 si tes

about 30 days, the transport regime during October and November

is sufficient to remove all resJdual hydrocarbons from Georges
J ·1- .....~. .

Bank by the time cod spawning begins in early December.

Thus it can be said that t~e impact estimat~s are most

sensitive to spill timing and llcation, in that these two

factors, together with the tranlport mechanisms of wind and
, I

currents, determine whether or not any impact occurs, at all.

However, given a situation in W~iCh an' impact iE, found to be

impact window, regardless of spill duration. For cod, the

'species considered here, the tejporal dimension ~f the impact

window begins with the initiatiJn of spawning on December 1, and
, I ' " '

ends 120 days after cessation o~ spawning at the ~nd of April.

Thus the window is closed, regaJdless of spill location, for the

~I"I'..:1 '

!I '

:I!.
Ii
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TABLE 1
FATES MODEL INPUT DATA

~Lbl!.!I!:!PE !L!:Q~§.!I!mE
66
67
68
67

42
42
42
41

10 ETERS

NAN~UCKET WEATHER STATION
1972-73, 3 HOUR INTI::RVALS

DEdIVED FROM BUMPUS et al.
(1965), SEASONAL DRIFTER DATA
PLUS WIND-DRIVEN SU~B FLOW

OIL SPILL

CURRENTS:

SPILL LOCATIONS:

IHND:

. MIXED LAYER DEPTH:

.'1

TIME STEP (OIL SPILL MODEL): 3 HOURS

TOTAL SPILL SIMULATION TIME: 90 DAYS

OIL FRACTION (STATFJORD NORWAY CRUDE) Y. BY IWEIGHT

SPILL SIZE AND RELEASE RATE: WELL BLOWOUT, 68,000,000 GALLON
RELEASE OVER 30 DAYS (60 SPILLETS,
1 RELEASED EVERY 12 HOURS)

15.0
13.0
14.0
12.0
7.0
3.5
3.5

32.0

GM/CMU3
DYNES/CM**2
CENTISTOKE

0.8338
30.0
7.95

VECTORAL SUM OF CURRENTS PLUS
3.5Y. WIND SPEED DOWNWIND

PARAFFIN C6 - C12
PARAFFIN C13 - C22
CYCLOPARAFFIN C6 - C12
CYCLOPARAFFIN C13 - C22
AROMATIC C6 - Cll
AROMATIC C12 - C18
NAPtHENO-AROMATIC C9 - C25
RESIDUAL

OIL:

DENSITY
INTERFACIAL TENSION
KINEMATIC VISCOSITY

lmRFACE OIL
J)RIFT RATE:

1.11
!I

III
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HORIZONtAL DISPERSION.RATE: 10 M**2/SEC
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These figures represent

!i

~I
'Ii.,

:1.•I!

'I

,'.;1

••~; -

four starting days: March 1, June 1, September Il, and December,
1. Other details of the simulat'ions are summaril:ed in Table 1.

5. SURFACE AND SUBSURFACE HYDROCARBON TRAJECTORY ANALYSES
i

Figures 3 through 18 show the trajectories of the surface
.',

and subsurface hydrocarbon centers of mass for 91) days subsequent

to the initiation of each SPill)
, ' ' , I

Iilummari'esof the transport properties associated'with each of the
, !!

16 cases simUlated, as governed by the combined drifter-inferred

(Figs. 19 through 22) and de-meaned-wind driven I:urrent fields

and raw wind data as described above.

Certain seasonal patterns of ocean currents and winds have

been historically typical of the Georges Bank - Nantucket Shoals

~ Gulf of Maine region. Because this area lies between the

summer and winter normal positions of the North ~merican polar

front (see AppendiX A), seasonal shifts in wind direction usually

occur in April and September. Winter winds come typically from

the northwest, summer winds from the southwest. Long term ocean

transport velocities in this area are on the order of 5-10

em/sec. Wind-induced drift magnitudes of surface hydrocarbons

are estimated, here at 3.5Y. of the wind speed, so that surface,

wind' effects in excess of, the background transpc,;tli are not

"
unusual. Figures 19 through 22 show seasonal lcmg term transport

fields. The reliability of these estimated fields depends on the

number of returns from drifter releases. Thus the reliability is

generally high on Georges Bank, except during the winter, and low

on the Scotian Shelf. For detailed analyses, the reader is
'1

referred to Bumpus and Day (1957) and Bumpus ancl Lauzier (1965) •
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Spill Site: 42° N. 67° W Spill Start Day: March 1

Figure 4.
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•

measurement!5.

, ,~:.- -

divergence is probably a reality (Bigelow, 1927; Godshall et al.

clearly shows a transport divergence along paral.lel 42. This

Inspection of the governing net current fields (Figs. 20 and 21)

il
To summarize the information in this family~of trajectory

hydrocarbon' trajectories. Of particular interest is the

striking divergence between the surface and submurface

southwe!5terl y ,summer' wi nd!5 in the study area, expl ai ni ng the

on the !5outh !5i de of Georges BanI:, whi ch oppose the typi call y

patterns north and south of Georges Bank during the spring is

(2) Spills beginning on June 1 (Julian Day 152) ,

As is true with all oil spills, details of the surface,

on this day (4266.060, 4267.060, 4268.060). These patterns

Ca!5e 4167.152 (Fig. 10) reflect!5 the !5outhwesterly currents

concur with those reported by EG&G (1978b) for moored current

during the first 30 days of the spill. The difference in flow

trajectories are dominated by wind, events. This explains the

characteristic signature evident in the surface track of Figs. 3,

also eVident from 4167.060, as compared to the ether three sites

4, and 5. The same signature e>:ists in Fig. 6 (spill location

41 N, 67 W, Julian Day 060, hereafter 4167.060), but is

obscured by the dense overlays of surface and subsurface 'tracks

prediction that summer pollutant releases between 66 Wand 68 W

plots, it is useful to consider them first in seasonal groupsl
"

'"

!I

(1) Four spill sites, spills beginning on March 1 (Julian Day 60)

. on the northern edge of the bank will be transported north.

ill
:,1
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divergence occurs 50 km farther north, the trajectories from

current data (EG~G, 1981).

model, as discussed earlier, and recently collected in situ

1982c), but
"

If this transport

bathymetric slope on the north flank of the bank, and therefore

because it is probably induced by westerly flows entering the

1980; Bumpus and Day, 1965; Spaulding et al.

This question can be adequately addressed only with,a proper

integration of the three dimensional numerical hydrodynamic

appear farther north (e.g. at 42.5 N).

sites along parallel 42 will be south or east rather than nOl'"th.

circulation in the Gulf of Maine! one might expec:tthe surface

layer divergence to be more closely related to the steep

Gulf of Maine through the Northeast Channel, a f~owto the north

around the tip of NOva Scotia, and a counter clockwise

ill
II
I'ii,
,~ IIi
""i:.I·
ii
'I

II

ji.
IIil.
11'

I:.'I
11

producing highly convoluted surface trajectories.

winter wind and net current field (Fig. 22).

(3) Spills ,beginning September 1 (Julian Day 244)

In Figs. 11, 12, and 13, the wind

trajectories are similar due to the strength and coherence of the

and currents north of the bank oppose each other to some extent,

down wind and down current.

subsurface components of 4167.244 (Fig. 14) are approximately

Again, 4167.244 underscores the difference in transport

patterns north and south of Georges Bank. Because autumn and

winter winds come typically from the northwest, both surface and

(4) Spills beginning December 1 (Julian Day 335),

Here 4266.335 is the exception, although all four surface
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If the 16 trajectory plots of Figs. 3-18 arR arranged by

site, other generalizations can be made:

(1) 42 N, 66 W

This is the site least likely to impact Geo,"ges Bank

fisheries. Smallest cod fishery impacts are associated with this

site for all seasons.

(2) 42 N, 67 W

At this site, the summer and fall seasons show surface and

subsurface transports toward the north. Winter brings

hydrocarbons south across the banI:. (Because of the hi gh sea

state typically ,associated with this area during the winter, well
,

blowouts and tanker accidents are most probable at this time of

year (Devanney et al. 1974). Thus winter traje'ctories are

perhaps more important to consider than summer trajectories).

The spring case (Fig. 7) begins towards the sout.h, with the

surface track eventually veering north with the wind shift from

the winter to the summer regime.

(3) 42 N, 68 W

Seasonal transport at this site is similar :to that at 4267,

although impacts on the cod fishery are slightly higher due to

the location of the cod spawning area relative to the spill site •

(4) 41 N, 67 W

The impact associated with a March 1 spill at this site is

"
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Figure 19. Julian day 60 drifter inferred advect1ve surface currents.
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figure 20. Julian day lS2 drifter inferred advective surface currents.
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6. \ COD ICHTHYOPLANKTON TRANSPORT AND FATES ANALYSIS

(1966-1976) wind record (Appendix A).

event may be associated with a northward surface trajectory,

At 4167, spring, aut:umn and winter
.j

ond~y 120, and planktonic time is taken as 120 days, oil spills

Using as input the surface and subsurface hydrocarbon

di stri buti ons esti mated by the oi I .pi 11 behavi 01" and fates,

model, the ichthyoplankton transport and fates model was run for

each case inside the time. range of the cod impac·t window;

Because cod spawning begins on Julian day 335 in.the model, ends

subject to typically northeasterlYllummer winds. The seasonality, .
I

of .winds in this region is consistently reflected in the 11 year

nearl y as hi gh .as that of 4268.060, even though t;he IIi tes are on

r.pill events are governed by southerly transport. Only a summer

apposite si'des of the Bank.

"ii

1.

11:!!

~:I
·11

1:1I]

of 30 days' duration beginning on Julian day 244 (September 1)

impact windows for certain other species (e.g. herring) are open

sp.ring and summer months (Figs. 20 and 21, as cc>mpared to

It is noteworthy that the
,

are outside the cod impact window.

to/pollutant impacts at this time of year.

The estimated losses of cOd ichthyoplankton resulting from
I

the spills simulated here are summarized in Table 2 and Fig. 23.

The table clearly shows that the spring months carry the highest

impact potentials for this species. This is a clirect result of,

polar front and the associated wind shift towards the northeast,

an~ the more gyre-like form of the transport fi~lds during the

the intense cod spawning that typically occurs on Georges Bank in

March and April, combined with the northward movement of the
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Figure 23. Ichthyoplankton losses associated with each of the
12 cases inside the time range of the Georges Bank
cod impact window.
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Table 2. Percent Losses of One Year's Spawning Products
for Georges Bank - Nantucket Shoals Cod Stock

·':1

*Imp'acts below 57. are near the error margin of the methodology,
and are therefore neglected.

*

*

22.9

60.6

*

7.0

11.7

63.6

42 N, 68 W 41 N, 67 W

*

*

6.3

48.7

42 N, 67 W

Spill Site

*

*

*

18.6

42 N, 66 W
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Figure 27c.

Surface Sp1l1ets (circles) and Subsurface SO ppb
Contour (rectangular region)

SpUl Site: 41 0 N. 67° W Spill Start Day: March 1
(50 days after spill start)
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Figure 29b.

Spill Site: 42° N, 67° W Spill Start Day: September 1
(30 days after spill start)
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Fig. 19). ,The September spills result in zero

illII

ii', '
I'illI'!
; ;

(see above), while for December only 42b8.335

impact
,I

results

estimates

in an

Details of the spatial and tempo~al dynamicB of the

1, and December 1 at 42 N, b7 W, the middle of the three

beginning on March 1 at each of the 4 selected sites. These are

Consideration of these plots, complete at one time for all sites

1055 exceeding 570.

and one site for representative times, combined with the 16

shown 10, 30, and 50 days after spill commencement.
•

northern spill sites. For each of these cases, snapshots are

the spills associated with the highest losses of ichthyoplankton.

figures 28 through 30 show events starting on June 1, September

ilchthyopl ankton

I

Figs. 24 through 30. Figures 24 thro~gh 27 show "snapshots" of

od spi 11 and ichthyopl anl:ton transport events for spi 11 s

hydrocarbon and ichthyoplankton distributions are shown in
l' ,
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obscuring rather than illuminating its implications.

felt that' these would simply increase the bulk of the report,

Georges Bank cod population are estimated here in a stochastic

manner which takes account of natural' recrui tme,;t vari abi 1 i ty.

It is

,':

(1982c), Reed et ale

(1982), impacts of oil spills on the

I'
I ' As described in Spaulding et al.

(1982), and Lorda et ale

I,
7., GEORGES BANK COD FISHERY IMPACTS

seasons, 3 plots per spill event) have not been included.

trajectory summaries (Figs. 3-18) and the current plots
~

(Figs•.19-22), should give a relatively complete understanding of

the simulations reported here. The other 27 picts (3 sites, ~
I
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For each case summarized in Fig. 31, ~he equilibrium popula~ion
t '

vec~or was projec~ed over 2000 years ~o genera~e a baseline ~ime

neries of yearly nonimpac~ed popula~ion vec~ors 4nd annual ca~ch

es~ima~es, sUbjec~ only ~o randomly fluc~ua~ing recrui~men~

ra~es. Spill even~s were simula~ed by adding ~he oil-induced

larval mor~ali~ies predic~ed by ~he oil spill fates and'

ich~hyoplank~on ~ranspor~ models ~o ~he s~ochas~ic larval

densi~y-independen~ mor~ali~ies for each spill scenario being

modeled. For each scenario, a ~o~al of 200 spill even~s (of

equal magni~ude) was simula~ed independen~ly wi~h ~he yearly
,;

s~ar~ing poin~s chosen a~ random along ~he baseline ~ime series.

In each simula~ion ~he impac~ed popula~ion vec~or was
I

projec~ed using ~he same random inpu~, ma~ched year by year, as

in ~he baseline ~ime series. The annual ca~ches during ~he 50

years f,ollowing each spill even~ were recompu~ed and ~he rela~ive

ca~ch losses were obtained as ~he difference between the

nonimpac~ed and ~he impac~ed ca~ches over ~he same period. The

ca~ch loss, rela~ive ~o the nonimpacted ca~ch during each year,

VL (~), and ~he cumul a~ive ca~ch loss n years aft'er ~he 'oi 1 spi 11,

The medians of ~he ~wo loss measures, VL(~) and CL(n), were

es~ima~ed ~o summarize ~he resul~s of ~he 200 random spill even~s

'simulated for each scenario. Thus each of ~he 50 medians (one
I

for each year af~er ~he spill even~) was es~imated from a sample

of 200 random and independent observations (one ,for each spill

event). The simulation "summaries" for all of t.he scenarios are

"shown in Fig. 31 with the"maximuni values of VL(t) and CL(n), and
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A: MAX. YEAR LOSS (occurs in the 4th yr. after the opi:':')
B: MAX.CUMtTL LOSS (occurs in the 7th yr. after the spill)
C: LONG l'ElUl CUMULAIIVE LOSS
.: Cases with ichthyoplankton losses below 5% (TableS) have 'been: dropped.

C

15:65%
6.35%
*
*

,

37.13%
14.02%

*
*

'TYPE or LOSS
BA

9.22%
3.48%

*
*

S1JIfIlARY OF CATCH LOSSES

YEARS AFTER THE' OIL SPILL

.... 8

MAR. 1 2.82% 11'.38% 5.20%
JUN. 1 * * *
SEP. 1 * * *
DEC. 1 * * *

MAR. 1 ,7.41% 29.85% 12.88%
JUN. 1 0.96% 3.87% 1.81%
SEP. 1 * * *
DEC. 1 * * *

MAR. 1 9.68% 38.98% 16.32%
JUN. 1 1'.07% 4.32% 2.02%
SEP. 1 * * *
DEC. 1 1'.78% 7.19% 3.34%

Sp111 DATE '

,MAR. 1
JUN. 1
SEP. 1
DEC. 1

o

"
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w
a..

Sp111 SITE

41°N 67°W
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t'l Fiqure 31. Summary of Median Catch Loss Measures
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,II
!

the computed catch losses due to the 200 random Bpill events

!Simulated for each Illcenario. Tables:3 to 10 summarize these

these loss measures are lognormally distributed •• The two

1982c) have shown that the probability distributions of

parameters of these lognormal distributions were estimated from,

the long-term cumulative loss listed in tabular ·form.,
1

Previous numerical analyses (Lorda et al., 1982; Spaulding

et 'al.

"~I,

:jj
Ii

::1
"

: ,may be added to obtain the probability corresponding to any

"l!lpecified loss and the last one listed. Similarly, probabilities

ri~k of a 1055 being larger than a specified maximum admissible
! '

•lOSS; by simply adding the probabilities in the table between the

incremental probabilities for each scenario.
I

probabilities permit the estimation of the,The tables of

,
desired loss range. This is equivalent to integrating the area

under the curve of the Probability Density Function (PDF) over a

f
parameters and the

I'ul"

:1"

"

:~,:.:I
,"!

"

Iii
!1

given interval.

the maximum cumulative l~ss is about 13.3% of one year's catch.

For example, with reference to, Table 5 and the corresponding

Fig. 32 (case 4266.060), we see that the most p~?bable value of
I,

ma>:imum cumulative' catch loss will be less than ,25% can be, ,
I

calculated from Table 5 as
"

'" 0.8140.083 + 0.260 + 0.224 + 0.151 + 0.096I

~ :
It can be seen that these tables and figures are extremely,

I ,

valuable for assessing the probabilities associated with the
i

Figures 32 throughpotential ranges of a given ~mpact estimate.

Table 5 shows the probability of a 1055 between 10% and 15% as
I

being about 0.224. This corresponds to the area under the curve
f "

of: Fig. 32 between these two values. The probability that the
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,il

','I"
.I

,'1

::j

i !I,';1
.~.
::

il':.",

:1'

":;.
"

)1
iii,"
:~:

~~I

',':.'.~

:~~i,.
lj

.;.



:1
il

"

I
II

I
:
I
I

I
i

I
!,
I,

I
I
I,
I,

I
I

I,
,
I
i

I
I
I

I
I
I

I

II
I

II

I
I

I

;

I

I
I
I
I

i

II
I
I

I
• , I

• I
I

I"
I,

I
I

I
I

!,
I

I
I

j
I,

•

,Ii

I

I

!i

, I,

Ii

;

I

I

I

,iii

I
I



,:1
"I

, .

,:1
r

"I
":1
i'l"
,.

"I
",I
"

iii
"I
I,i,lil
~ .

"

11.
.I~

"::.

':.
I

••

LOG-NORMAL Parameters and Catch Loss Probabilities
for Oil Spill at 41oN. 67°W. on March 1st'

--------------------------------------------------,

Max. YEAR-Loss: Ked. = 0.0972
G.H. = 0.0926
Hode = 0.0694 ,
Std. = 0.5803 <-- Log. scille

Max. CUH. Loss: Hed. = 0.4291
G.H. = 0.4080
Mode = 0.2673
Std; = 0.6878 <-- Log. scale

,
MAXIMUH YEAR-LOSS Probabilities

P

HAX.IR.LOSS > o J and <= 5 J 0.126.. .. .. > 5 J and <= 10 J 0.394.. .. .. > 10 J and <= 15 J 0.253.. .. .. > 15 J and <= 20 J 0.'20.. .. ' .. > 20 J and <= 25 J 0.055.. .. .. > 25 J and <= 30 J 0.026.. .. .. > 30 J and <= 35 J 0.012.. .. .. > 35 J and <= 40 J 0.006.. .. .. > 40 J 0.007

II

MAXIMUH CUMULATIVE LOSS Probabilities
I?

HAX. CUH. LOSS > o J and <=, 10 J 0.017.. .. .. > 10 J and <= 20 J 0.116.. .. .. > 20 J and <= 30 J 0.168.. .. .. > 30 J and <= 40 J 0.158.. .. .. > 40 J and <= 50 J 0.129.. .. .. > 50 J and <= 60 J 0.099.. .. " > 60 J and (=, 70 J 0.075.. " " > 70 J and <= 80 J 0.056
" .. " > 80J and <= 90 J 0.042
" " .. > 90 J and <= 100 J 0.031.. " " > 100 J and <=' 110 J 0.024.. .. " > 110 J and <= 120 J 0.018

' .. " " > 120 J and <=' 130 J 0.014... " " > 130 J and <= 140J 0.011

" " " > 140 J 0.i43

Losses expressed as J of a nonimpacted average year-catch
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--------------------------------~-----------------

LOG-NORMAL Parameters and Catch Loss Probabilities
tor Oil Spill at 410 N. 67°W. on June 1st

Max. lEAR-Loss: Had. = 0.0367 •
G.H. = 0.0350
Mode = 0.0262
Std. = 0.5808 <-- Log. scale

Max. CUM. Loss: Had. = 0.1635
G.M. = 0.1552
Mode = 0.1009

• Std. = 0.6946 <- Log• scBle

MAXIMUM YEAR-LOSS Probabilities
P

MAX.IR.LOSS > OS and <= 1 S 0.013
" " " > 1 S and <= 2 S 0.136

" " " > 2 S and <= 3 S 0.217

" " " > 3 S and <= 4 S 0.195

" " " > 4 S and <= 5 S 0.144

" " " > 5 S and <= 6 J 0.098
" " " > 6 S and <= 7 J 0.065
" " " > 7 J and <= 8 J ,0.043
" " " > 8 J and <= 9 J 0.029
" " " > 9 J and <= 10 J 0.019
" " " > 10 J and <= 11 J 0.013
" " " > 11 J and <= 12 l! 0.009
" " " > 12 J 0.021

•Table 4
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LOG-NORMAL Parameters and Catch Loss Probabilities
tor Oil Spill at 42oN. 66oW. on March 1st

--------------------------------------------------
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Table 6

LOG-NORMAL Parameters and Catob Loss Probabilities.
for Oil Spill at 420 N. 67°W. on March 1st

--------------------------------------------------

Max. YEAR-Loss: Hed. = 0.0781
G.M. = 0.0744
Mode = 0.0558
Std• = 0.5804 <-- Log. scale

Max. CUM. Loss: Hed. = 0.3452
. G.M. = 0.3288,

Mode = 0.2143
Std. = 0.6903 <- Log. soale

MAXIMUM YEAR-LOSS Probabilities
P

MAX. YR. LOSS > o , and <= 5 J 0.221

" " " > 5 , and <= 10 J 0.444

" " " > 10 , and <= 15 J 0.205
" " " > 15 , and <= 20 J 0.078
" " " > 20 , and <= 25 " 0.030

" " " > 25 , and <= 30 "
0.012

" " " > 30 , and <= 35 " 0.005
" " " > 35 , 0.005

MAXIMUM CUMULATIVE LOSS Probabilities
p

MAX. CUM. LOSS > o , and <= 10 , 0.036
" " " > 10 , and <= 20 , 0.178

" " " > 20 , and <= ' 30 , 0.205
" " " > 30 , and <= 40 , 0.165

" " " > 40 , and <= 50 , 0.120

" " " > 50 , and <= 60 , 0.084
" " " > 60 , and <= 70 , 0.059
" " " > 70 , and <= 80 , 0.041
" " " > 80' and <= 90 , 0.029
" " " > 90 , and <= 100 , 0.021

• " " " > 100 , and <= 110 , 0.015

" " " > 110 , and <= 120 , 0.011

" " " > 120 , and <= 130 , 0.008
" " " > 130 , 0.027

,
Losses expressed as' of a noll1lllpaoted average y,~ar-catob
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Table-7

LOG-NORMAL Parameters and Catch LOBs Probabilities
tor Oil Spill at 42oN. 67°W. on June 1st

----------------------------------~---------------

Max. YEAR-Loss:

::1
""; ~

:i!1
""

Max. CUM.' Loss:

, , I
MAXIMUM YEAR-LOSS Probabilities

P \

MAX. YR. LOSS > o J and <= 1 J 0.493
• • • > 1 J and <= 2 J 0.385
• • • > 2 J and <= 3 J 0.091
• • .' > 3 J and <= 4 J 0.022
• • • > 4 J and <= 5 J' 0.006
• • • >' 5 J 0.003

MAXIMUM CUMULATIVE LOSS Probabilities
P

MAX. CUM. LOSS > o J and <= 1 J 0.017
• • • > 1 J and <= 2 J 0.108
• • • . > 2 J and <= 3 II 0.156
• • • > 3 J and <= 4 II 0.150
• • • > 4 J and <= 5 II 0.125
• • • > 5 J and <=

6 "
0.099

• • • > 6 J and <=
7 "

0.076
• • • > 7 J and <=

8 "
0.058

• • • > 8 J and <=
9 "

0.045
• • • > 9 J and <= 10 :& 0.034
• • .' > 10 J and <= ' 11 :& 0.027
• • • > 11 J and <= 12 J 0.021
• • • > 12 J and <= ' 13 J 0.016
• • • > 13 J and <= 14 J 0.013
• • • > 14 J and '<= 15 J 0.010 '
• • • > 15 J 0.046

f Losses expressed as J of a non1mpacted average year-catch
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LOG-NORMAL Parameters and Catch Loss Probabilities
tor Oil Spill at 42oN. 68oW. on March 1st'

----------------------------------~---------------

Max. YEAR-Loss: Had. = 0.1021
G.M. = 0.0972
Hode = 0.0729
Std. = 0.5802<-- Log. scale

Max. CUM. Loss: Had. = 0.4505
G.M. = 0.4281 .
Hode = 0.2809.
Std. = 0.6871 <-- Log. scale

'.

. r
HAXIMUM YEAR-LOSS Probabilities

p

----
HAX.YR.LOSS > o J and <= 5 J 0.109

II " " > 5 J and <= 10 J 0.377
II II II > 10 J and <= 15 J 0.261
II II " > 15 J and <= 20 J 0.130

" II " > 20 J and <= 25 J 0.062
II II II > 25 J and <= 30 J 0.030
II II " > 30 J and <= 35 J 0.015

" " II > 35 J and <= 40 J 0.008
II " II > 40 J 0.009

MAXIMUM CUMULATIVE LOSS Probabilities
P

----
HAX. CUM. LOSS > o J and <= 10 J 0.014

II " " > 10 J and <= , 20 J 0.104

" " " > 20 J and <= 30 J 0.158
.,J " " II > 30 J and <= 40 J 0.154

" II " > 40 J and <= 50 J 0.129

" II " > 50 J and <= 60 J 0; 101

" " " > 60 J and <= 70 J 0.078

" " " > 70 J and <= 80 J 0.059

" " " > 80 J and <= 90 J 0.045

" " " > 90 J and <= 100 J 0.034

" " " > 100 J and <= 110 J 0.026

" " " > 110 J and <= 120 J 0.020

" " " > 120 J and <= 130 J 0.015

" " " '> 130 J and <= 140 J 0.012

" " " > 140 J and <= 150 J 0.009

" " " > 150 J 0.040

Losses expressed as J of a Donimpacted average year-catch





--------------------------------------------------

LOG-NORMAL Parameters and Catoh Loss Probabilities
for 011 Sp11l at 42oN. 68°W.onJune 1st I

Max. YEAR-Loss: Had. = 0.0113
G.M. = 0.0109
Hode = 0.0080
Std. = 0.5869 <- Log. scale

Max. CUM. Loss: Med. = 0.0506
G.M. = 0.01184
Mode = 0.0306
Std. = o.708~ <-- Log. scale

•I

MAXIMUM YEAR-LOSS Probabilities
P

-----
MAX. YR. LOSS > o , and <= 1 ~ 0.418

It It It > 1 , and <= 2 , 0.1117
It It It > 2 , and <= 3 , 0.117
It .. ' It > 3 , and <= 4 II 0.032
It .. .. > 4 , and <= 5 II 0.010
It It .. > 5 , 0.006

1

MAXIMUM CUMULATIVE LOSS Probabilities
p

MAX. CUM. LOSS > o , and <= 1 , 0.011
It It .. > 1 , and <= 2 , 0.0811
It .. It > 2 , and <= 3 , 0.135
It .. .. > 3 , and <= ' II , 0.1110
It .. .. > 4 , and <= , 5 , 0.123
It .. It > 5 , and <= ' 6 , 0.102
It .. .. > 6 , and <= ' 7 , 0.081
It .. It > 7 , and <= 8 , 0.0611
It .. It > 8 , and <= 9 , 0.051
It .. .. > 9 , and <= 10 , 0.040.. .. .. > 10 , and <= ' 11 , 0.032
It .. .. > 11 , and <= 12 , 0.025.. .. .. > 12 , and <= 13 , 0.020.. .. .. > 13 , and <= 14 , 0.016.. .. .. > 14' and <= ' 15 , 0.013.. .. .. > 15 , and <= 16 , 0.010.. .. .. > 16 , 0.052

Losses expressed as , of a Donimpaoted average yaar~oatoh
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TaP1e 10

"

,
LOO-NORMAL Parameters and Catch Loss Probabilities'

tor' Oil Spill at 42"N. 68°11. on December 1st,

------------------------------
oil

"Ii'

"

'1',1r

Max. YEAR-Loss:

Max. CtIM. Loss:

Hed. = 0.0188
G.M. = 0.0181 -
Hode = 0.0133
Std. = 0.5869 <- Log. scale

Hed. = 0.0842
G.M. = 0.0806
Mode = 0.0510 ,
Std. = 0.7082 <-- Log. scue

.i:

:~I..

il
,

i'l"

J
;1,1
~.J'

".~ i

'iii"

;,

"ill
":.1

,il

MAXIMUM YEAR-LOSS Probabilities
P

MAX. lR. LOSS > o J and <= 1 J 0.141
.. .. " > 1 J and <= 2 J 0.401
.. " " > 2 J and <= 3 J 0.245
.. " " > 3 J and <= 4 J 0.114

" " " > 4 J and <= 5 J 0.051
.. " " > 5 J and <= 6 J 0.024

" " " > 6 J and <= 7 J 0.011 .

.. " " > 7 J and <=, 8 J 0.006

" " " > 8 J 0.007

MAXIMUM CtIMULATIVE LOSS Probabilities
P,----

MAX. CtIM.LOSS '> o J and <=, 5J 0.231

" " " > 5 J and <= 10 J 0.365

" " " > 10 J and <= 15 J 0.197

" " " > 15 J and <::; 20 J 0.096

" " " > 20 J and <= 25 J 0.049

" " " > 25 J and <= 30 J 0.026

" " " > 30 J and <= 35 J 0.014

" " " > 35 J and <= 40 J 0.008

" " " > 40 J 0.014

Losses expressed as J of a non1mpacted average year-catch
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MAX,CUM,LOSS AS PERCENT OF AN AVERAGE NONIMPACTED YEAR'S CATCH

Figure 32. Catch loss probability distribution.
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Figure 33. Catch loss probability distribution.
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If winter spills

Assessed by site, a spill at 42 N, 66 W is least

'1
I

pollutants released along the northern edge of Georges

are more probable, then 42 N, 68 W has the highest

approximately equal damage potential.

a spill regardless of season), these two sites carry

being approximated equal for 42 N, 68 W, and 41 N, 67

constant throughout the year, (i.e. equal probability of

sum of the impact estimates for the four seasonal cases

south, the total probability of an impact increases, the

likely to cause cod ichthyoplankton mortality on Georges

Bank. As the potential oil spill site is moved west and

•

,
Figures 32 to 35 illustrate the agreement between the

•

f W. Given an oil spill event probability distribution

,.,

(2) The trajectories of both surface and subsur~ace

., damage potenti al •

(iI'

graphical realizations of the data given in Tables 3, 5, 6,

,
•

8~ SUMMARY OF FINDINGS

arid 8.

fwith the largest oil-induced mortalities (March·1 spills) and the

~ • J

PDF of. their corresponding estimated lognormal probability
1

distributions plotted in the same scale. These four plots are

,
histograms of the computed MAX. CUM. LOSS for the .four scenarios

increases, so does the standard deviation of the associated

probability density function.

35 also show that, as the magnitude of the median impact estimate

I.
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Bani: (Le. nea.... latitude 42 N) are governed largely by,
the interaction of the currents set up by the dominant

southwest flows Oh the Scotian Shelf with the relatively

deep Northeast Channel and Gulf of Maine,and the shallows

of Georges Bank. This complex topography produces a

strong north-south flow divergence in the No.... theast

Channel. The transport of subsu.... face hydrocarbons in

Figs. 24a, .b, and c .demonstrates the effects of this

divergence. The drifter-inferred current patterns

underlying the simulations presented here place this

divergence a little south of 42 N latitude (Figs. 19-22).

Poor drifter returns from this region ( 5%) give low

confidence in the placement of this flow detail.

Application of a fine gridded numerical hydrodynamic model

f • is the suggested remedy for this problem.

(3) The clockwise flow around ,Georges Bank during the

spring and summer (Figs. 19-20) combine~ with the high cod

spawning activity in March and April produce the high

impact estimates associated with spills beginning on day

60 (Figs. 24-27).

9. FURTHER SUPPORTING STUDIES

There are several ways in which the work described here

could be scientifically strengthened. Ranked in order of

priority, these are:
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- ... -.

al., 1982)

of spati al and 'year-to-year,
I
I

I,
of Gulf Stream rings is known t~ alter the

'The effect of such an event ion both oil and

The passage

and Brown's Bank species.,

local flows.

numerical hydrodynamic model of this region (Isaji,
,I

Spaulding, and Swanson, 1982) could be used to assess the,
I

potential impacts of Sable Island spills on Georges Bank
~

perform additional simulations for better',estimates of

. ,
questionable in that area. The ASA three dimensional

Bumpus-derived transport fields used here highly

ichthyoplankton is of potential importance to questions of
j

Apply alternate formulations of the wind field to

,Poor' dri fter returns for the Scoti an Sh~l f malte the

recruitment and impact assessment.

I
Given improvements (1) and (2) above, and the

information gained from the 16 simulationri described here,

biological and coastal impacts.

investigate the effects
I

vari abi li ty. (Isaji et

hydrodynamic model, evaluate the seasonal and geographical

details of the circulation patterns along the northern
~

flank of Georges Bank~ to better assess the probable
.' .

surface and subsurface trajectories of oil, apills •

.1

, Using extant oceanographic observations and a numerical

i
,

t ,
r
•r

", ,,.

(5),
r

•
(4)

r, I

~
(3) ,

I
I
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I
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Although we believe that the simulations reported here give

, .
an excellent first order estimate of both trajectories and

f '.!
. I ,

impacts, we recommend at least efforts (1), (2), and (3) to bring
I .

this evidence in line with current state-of-the-art capabilities.
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ENVIRONMENTAL DATA INPUT: WIND

(Appendix' A)
~

. The wind data used as input to the model runs presented in this report
••

is,a one year long actual record, (Julian day 72-244 to 73-243) collected

at, Nantueket Airport, and archived on a standard National Cl~tic Center

TDF-14 weather tape. The sampling interval· is three hours, giving eight
, I

observations per day. Table 1 shows monthly statistics for the two compo-
r, ,

nents of velocity for this wind record:U positive East, V po~itive North.

WSbar is the monthly mean wind speed. The oceanographic convention is used,

a:northerly wind flows northward. Units are meters per second; NMS shows

•the number of missing values by month.

In anysimulation requiring environmental input data the' question of
f ,
I

representativeness of this data must be addressed. Comparisons of

••
TABLE 1

Monthly Simulation Wind Statistics

YR MO NMS Ubar Usig Vbar Vsig
m/sec m/sec m/sec m/sec

1

73 01 0 3.05 4.02 -1. 22 4.67
73 02 0 0.51 4.62 -2.63 5.02
73 03 0 -1.19 4.66 -1.05 4.93
73 04 0 2.06 5.02 0.48 3.50
13 05 0 0.87 3.68 1.23 3.50
73 06 0 1.48 3.38 1,66 3.07
73 07· 0 1.38 3.21 1,67 3.41
73 08 0 0.41 3.38 0.64 2.92
72 09 0 0.02 4.07 -0.12 3.14
72'10 0 -0.02 3.56 -0.54 4.14
7211 0 -0.87 3.36 -1,50 4.37
72 12 0 0.80 4.72 -0.75 3.77

WSbar
m/sec

6.41
6.69
6.13
6.09
4.91
4.60
4.68
4.12
4.47
4.98
5.23
5.54

. -" • _'_"._" 0;- .•• ,' .

I the 72-73 wind dataset used to drive the model simulations with ten

Table 2 gives

The total windother contiguous years of the same wind dataset follow.

record examined spans the calender years 1966 through 1976.

.'
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'thE' spring and fall transitions than during the middle of either the summer

f
are presented as the vertical lines. The horizontal marks arethe ensemble

j
!

data (bottom) for
I

152, 244, and 335;,

, ,
-------------'--'--"----"---------"--"----~

TABLE 2
Statistics of Ensemble Averaged Monthly

i Means Over Years 1966 through 1976
I,
"
,MO Ubar Usig Vbar Vsig WSbar WSsig

m/sec m/sec m/sec m/sec m/sec m/sec

;01 2.17 0.30 -1.54 0.90 5.98 0.30
02 1. 73 1. 21 -1.36 1.91 6.30 0.65

I "03 1.33 1.18 -0.84 0.59 6.26 0.04
04 1.44 0.66 -0.45 1.15 6.12 0.38
05 0.84 0.53 0.77 0.57 5.57 0.35
06 0.80 0.66 1.4'9 0.25 4.95 0.08
07 1.24 0.52 1.66 0.40 4.61 0.17

'08 0.99 0.34 0.99 0.28 4.54 0.10
"09 0.40 0.45 -0.00 0.33 4.83 0.15

10 0.76 0.98 -0.40 0.86 5.31 0.20
11 1.14 2.23 ~1.19 0.23 5.71 0.34
12 1.47 0.87 -1.35 0.45 6.05 0.42

Figure 1, a plot of the eleven year U component monthly mean range and

,dataset. Figure 2 shows the characteristic suminer - winter shift of north

south'net wind drift. The ranges of both components tend to be greater during

the between year monthly variability. The eleven year monthly mean ranges

averaged monthly means, and the circles are the monthly means for the 72-73

, '

Figure 2, the corresponding V monthly range plot gives a graphical feel for
t •

the ensemble averaged monthly statistics for the eleven year dataset.
I

,
,or wihter season. January, March and November of the 72-73 dataset are

,the 72~73 wind data (top) and an overlay of all 11 years',
:
, the four s:lmulation t:lmes. 'The start days are Julian 60,

,
'extremes of their respective monthly mean ranges.

~ more useful comparison is to display'a progressive ve?tor diagram for
,

'the wind data. Figures 3 through 6 show the progressive vector diagrams of
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each plot covers ninety days duration, and in each case the starting loca

tion for the plot is on the center of the cross-hair. The ex"pected .general
I
•
eharaeteristics of the seasonal winds for this location are evident. The

summer (152) plot shows the result of the prevailing northeasterly wind.
t ,

,
All four plots show eastward drift associated with the overall prevailing,
~ind pattern. The plots for the summer (152) and winter (335) runs show

'the most directional consistency among the eleven years presented, and the
: ; ~

:wind statistic. The 72-73 U component means for April and May show greater

:the summation of the eleven year runs.

:72-73'data track lies in a mediate position. The 72-73 tracks for the

,spring (6) and fall (244) simulations show less westward drift than does,

Figure 1, month 3 (March) shows a 72-73 value at the western extreme

spill locations have the highest impacts, one must look closely at this

,
the eleven year range. Since the March simulations for all four

,
'of
I
t

I
I

I
I

:eastward net flow and equivalent net flow to the ensemble averaged mean,

,May 72~73 values push the eventual termination of the 72-73 progressiye

'respe'ctive1y. Comparison of the top and bottom of Figure 3 shows the

The April and

: progressive vector position at the end of March, and the extreme westerly
I, ,
'drif~ compared to the eleven year ensemble average for March.

I
II

.I
I

,I
!I

.I

vector to a position closer to the center of the cluster of ' the eleven ninety

, day endpoints.

"This comparative net westward drift of the first month of the 3 month

sjmuiation would tend to keep ,the surface oil within the spawning areas in
,

, the' Vicinity of Georges Bank for a longer t'ime than the "average" of the

"I

1
eleven years, and thus could be expected to result in relatively greater

larval mortality ("worst case" estimate).

,I

; ,



· I
· I

I I
I

I I
:
;

I
. I

~ ',! I
" I
I'

I I
!
; !I I
, I;<

I
I

,
I ·. I1

1
•

Iii I

I
)

,• ,
• !, ~

il I·I! . i
~

f
I •
I!. Ii:
" {

ii IiL
I!'
~

!i
=: ~I Il

ii•ii'
t I•,
~
'iii
~ Il

. t
I

"
~ It

,.

I
; ;

, . I~
,

!i

'I
,
_Ii

I I!!!

•
'1

• /



I
:j'

I

"
11

I
;;

,I
II

I
il

I
:,

I,
II

:','1,

I

III
i'
"II
'I.

i:1
"
~!

ii'"
!'

e

l
,

"
i'

Scanning the length of the range bars in Figures 1 and 2. it is clear

'that the greatest among-year variability of the monthly means occurs during

I .
the spring and fall. The relative consistency :of the summer and winter

,
(seasons'is evident also from the coherence of the progressive diagrams for

; these months as mentioned above.
k
rAs discussed by Godshall et al. (1980). the dataset reflects the
I" ..

; consistent passage of the North Polar front through the 40'0 N- 45
0

N
I , • 1

, latitudes during spring and autumn. This frontal passage can be seen in

, the wind shift from southeaSterly (wint~r) to northeasterly (summer). as

:, welltas in the increased variability associated with the transitional

seasons.
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Figure 1. 11 Year U Component Range of Monthly Mean Winds
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Figure 2. 11Year V Component Range of Monthly Mean Winds
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Figure 3. 90 Day Progressive Wind Vector Plot
Start Day: 60
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Figure 4. 90 Day l'rogressive Wind Vector Plot
Start Day: 152
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Figure 5. 90 Day Progressive Wind Vector Plot
Start' Day: 244
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Figure 6. 90 Day Progressive'Wind Vector Plot
Start 'Day: 335
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