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spills in an amount of exposure, T, is given by’

(n + v ~ l)ltnTv
nt(v - 1)1 (t + T)n+v

p(n).=

- Figures 4.7, 4.8 and 4.9 show the resulting densities on the;
number of tanker spills over 42,000 gallons in the field life '
of a "small", "medium", and "large" find respectively if the

finds are landed by vessel, where

1. A "small" find is defined to be 500 million barrels
of o0il in place, 500 billion cubic feet of gas,
situated 146 miles offshore. The other reservéir
.parameters are those shoWn in Table.3.0.l in the
‘Offshore Development Model report. Under the
assumption used therein, this field produces 122
‘million barrels of oil, has a field life ofAS years
.and a péak producﬁion rate of 73 million barrels

j% :per vear. This find then correSpondé in all respects
n'ﬁfto the small find studied in the Offshore Development

‘Model [81.

2. <A‘"medium" find is defined to be 2 billion barrels
7in place, 1000:1 gas/oil ratio, located in two
structures 146 miles offshore. It £oo corresponds
-in'all reépects to thé "ggdium"'find.studied iﬁ
éhe Offshore Development Model report. Under tﬁe
aésumptions used therein, this find prodﬁqes 567
million barrels in 5§ years’with a peak production

year of 169 million barrels.

— 1y
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FIGURE 4.7 DENSITY OF LARGE TANKER SPILLS

SMALL FIND, FIELD LIFE

Based on all ECO spills on major frade routes

over 42,000 gallons.
Number observed =99
Exposure observed = 29, 326 MM bbls

Exposure contemplated = 122 MM bbls

MEAN (n) = .412 ﬁrfk
VAR (n) = . 414 59%
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FIGURE 4.8 DENSITY OF NO. OF LARGE TANKER SPILLS

MEDIUM FIND, FIELD LIFE

Exposure contemplated = 567 MM bbls
MEAN (n) = |91 O~
VAR (n) = 1.95 L qﬁﬁ
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FIGURE 4.9 DENSITY OF NO. OF LARGE TANKER SP!LLS

LARGE FIND, FIELD LIFE

Ex posure contemplated = 2,044 MM bbls

MEAN (n) =
VAR (n) 74
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3. A "large" find is defined to be 10 billion barrels
of 0il in 5 structures'ana it corresponds to the
*large" £ind studied in Section 3 of the Offshore
ADeveloément Model report. Under the assumptions
used therein, this find produces 2,044 million
barrels of oil over 12 yearsAwith a peak production

vear of 327 million barrels.

These three figures arxe based on the fact that ECO has

~

ohserved 99 spills ovexr 42,000 gallons on our 12 major trade

xoutes in the period 1968 through 1972. During that. period,

approximately 29 billion barrels of oil were landed on these

txrade routes, that is, we have observed an exposurg‘of 29 .

biilion-barrels. The total exposure contemﬁlated for the;
hypothesized small, medium, and larée finds is 122, 567,

, and.2.044 million barrxrels tespectively.- Notice that, for
the small find, while the mean, the centrai value, of the
dens1ty is less than 1/2, there is a substantlal probablllty,
-about .30, of 1 splll and a p0531b111ty, about l chance in
40, .of as many as 2 tanker spllls.- For the larger fields,
both the mean and variance increase as the densities shift

to the right and spread out.

”'

Flgares4 10 through4.12 snow the same. den31L1es for all
Spllls over 100 000 gallons (approxxmately the sxze of the
West Falmouth and "Tamano" spills), whlle Figures4.13 through

.. 415 show the densities for all spills over l,OO0,000'gallons

v e
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FIGURE 4.10 DENSITY OF NO.OF TANKER SPILLS
OVER 100,000 GALLONS R

1 -0-'7.5r_ SMALL FIND, FIELD LIFE
T - Based on all ECO spills on major trade routes
over 100,000 gallons.

Exposure observed = 29,326 MM bbls

Number observed = 87 -
Exposure contemplated = (22 MM bbls

, MEAN (n) = .362
: VAR (n) = .363
025
4 ., 1
0 | 2 3 4
050~ FIGURE 4.1l DENSITY OF NO. OF TANKER SPILLS
o -~ OVER 100,000 GALLONS '
 MEDIUM FIND, FIELD LIFE
3 , ‘A- Exposure- comemplated 567 MM bbls
D ool MEAN (n) =1.68 ._.
G VAR (n) = 1.7 o
& foee
1 4 l d
0O 1 2 3 4 5 &6

0.50~ FIGURE 4.12 DENSITY OF NO. OF TANKER SPILLS
- OVER 100,000 GALLONS

LARGE FIND, FIELD LIFE _
: . Exposure contemplated = 2,044 MM bbls
0.25 | MEAN (n) = 6.1 A }
- VAR (n) = o _—
£ § + T I T T T T t 4 & a | |
.0 1 2 3 4 5 6 7 8 9 (01 12 13 14
NUMBER OF SPILLS, n
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FIGURE 4.13 DENSITY OF NO OF TANKER SPILLS
OVER 1,000,000 GALLONS

4
PO

0.751 SMALL FIND, FIELD LIFE
. Based on ull ECO spills on major trade routes
& over 1,000,000 gallons
o Number observed = 32
0.501- . Exposure observed = 29,326 MM bbls
Exposure contemplated =122 MM bbls
MEAN (n) = 133 '
025k VAR (n) = .34
1_‘ . 1
o 1 2 3
0.50- FIGURE 4.14 DENSITY OF NO. OF TANKER SPILLS
™ . " OVER 1,000,000 GALLONS )
‘:_ MEDIUM FIND, FIELD LIFE .
‘1 4  Exposure contemplated = 567 MM. bbls
0.25 MEAN (n) = .619 ol
VAR (n) = 630
o 1 2 3 4
0.50 FIGURE 4.15 DENSITY OF NO.OF TANKER SPILLS
OVER 1,000,000
LARGE FIND, FIELD LIFE
= Exposure contemploted = 2,044 MM bbls
~ MEAN (n) =
= 0.25 VAR (n) = 2.4
) I T 4 | A ]
o 1

2 3 4 5 6 7T 8
: NUMBER OF SPILLS, n
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(apéroximately one-third the size of the Santa Barbara spill)
and Figures4-15 through4.18 show the three densities for 'all
spills over 10,000,000 galloﬁs (abou;vone-third-"Torrey
Cahyon"). Notice the increase in the ratio of the va:iance'
to the mean as the samgle size becones smaller; reflecting
our greaterxr unceftainty about the process generating very large
spllls. ' |
The rather small change between the den81ty of spllls
gréater than 42,000 gallons and the density of spills greater
than 100,000 gallons is perhaps suspicious. There are only
12=§§1115 in the ECO data that are g%eater‘thas 42,?00 gallons
. but 1ess-than iOQ,OOO gallons. Much of our other spill data--
~much of it edmittedly non-tanker*-indicakes'thstdsmaller spills
are much more frequent then larger spills.' This mey'not be
~ true for offshore tanker spllls, as tﬁe ECO'dasa indicates,
or the ECO data may not be catchlng all the spllls 1n thls
intermediate range. Wlth‘;espect to overall volume spilled,
this is certainly ﬁot oritical. However, the 42 OOO gallon'
.spill incidence density nust be used with some caution.
The splll incidence analy31s can be applled-go any-séeCLflc

period- durlng the hypothetlcal developments operatlon. For |
example, one might be interested in the'density of the number

,/ , .
of large tanker spills which will occur during the peak
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100~ FIGURE 4.6 DENSITY OF NO. OF - .
TANKER SPILLS OVER 10,000,000 A - , -

GALLONS ‘ : . - ' g

SMALL FIND, FIELD LIFE

0.75}—Based onall ECO spills on major

trade routes over 10 million gailon

: | Number observed =2 - : :
. Exposure observed = 29,326 MM bbls_ ' , _ o

0.50}- Exposure contemplated = 122 MM bbls

- 0251 Y00 FiGURE 4.17 DENSITY OF E
S NO. OF TANK SPILLS OVER
10, 000, 000 GALLONS

: MEDIUM FIND, FIELD LIFE - []
A 0.75 '
o 1 2 . Exposure contemplated =567 MM bbls "
< MEAN (n) = .039 | i
B L a -V_AR (n) = .040
90 FIGURE 4.18 DENSITY OF No, O-50F .
“OF TANKER SPILLS OVER :
1 10,000,000 GALLONS . o o |
LARGE FIELD, FIELD LIFE . | c - '1
0.75 ' 0.25 |- o | -
Exposure -contemplated = o - : L :
2,044 MM bbls o 1
- MEAN (n) = .14 . e T %
z VAR (n) = .15 $
Z 0.50| ;
2 b ‘ ' o1 2 i
0.25 - e T | :
f I




55

production year of a given find. This can be.qbtained,by
simply using the anticipated peak yéar pfoduction_as the
éxpoéure contemplated value in the'forggoing_analysis;

Figures 4.19, 4.20, and 4.Zi show the results for ourv
small, medium, and large finds for the year oflpeak prodﬁction.

From a biological point of view, the time between largé
spills may be at least as impoitant as the number of ‘such
spills. -Figure 4,22 shows the cumulative of the amount of

0il handled between tanker spills, v. This density is a

. straightforward transformation of our earlier negative binomial.* .

This cumulative can in turn be put in terms of time for any
period for which one knows the produqtion'rate. Figure

4.22 indicates the equivalent time betwéen spilis;asspming'

the smali find at peak production and the large find respec-
tively. By reading up from the lower scalés for. any given time
interval, opé can find the probability-that-thé time between~
successive spills will be less than.the given interval‘ For

example, assuming a small find at peak production, the

- probability that the time between successive.tankerlspills

greater than 42,000 gallons will be less than l- year is .15

.ﬁhilé'for a large'fieid at peak production this probability

*The density of the "interarrival time® for a negative
binomial process with parameters v and T is

EW{v,T) = viv/(v + ;)?+l

The mean ofzthis density is 1/(v - 1) and the variance is
vt2/(v - 1)+ (v - 2)). This density quickly approaches the
exponential for large v. -
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FIGURE 4.19 DENSITY OF NO. OF TANKER SPILLS
OVER 42,000 GALLONS OCCURRING IN PEAK
PRODUCTION YEAR OF SMALL FIND '
Based on all ECO spills over 42,000 gollions
on major trade routes :

Number of spills observed =99

Amount of exposure observed. = 29, 326 MM bbls
Amount of exposure contemplated = 73 MM bbis

MEAN (n)=.25
VAR (n) =.25
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FIGURE 4.20 DENSITY OF .NO. OF TANKER SPILLS

0.50 OVER 42,000 GALLONS OCCURING IN PEAK
e PRODUCTION YEAR OF .MEDIUM FIND '
‘E Amount of exposure contemplated = 163 MM bbis
25| T - MEAN (n) = .55 | |
© VAR_ (n) = .56
b
0 | 2 3 4 . i
4 FIGURE 4.21 DENSITY OF NO. OF TANKER SPILLS
, OVER 42,000 GALLONS OCCURING IN.PEAK PRODUCTION
__ 025} YEAR OF LARGE FIND | S
& Amount of exposure contemplated = 327 MM bbls
o MEAN (n) = L.10 ' '
VAR (n) = !.12, |
1 8 | | ‘
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BETWEEN SUCCESSIVE SPILLS IS LESS

PROBABILITY THAT VOLUME HANDLED
THAN v

[.0O

0.75

0.50

0.25

FIGURE b 22 0c§cr>ﬂ_<m OF THE DZOCZH OF OIL HANDLED
BETWEEN TANKER SPILLS GREATER THAN 42,000 obrrozw

'Based on all ECO spills over Am 000 co:oam on major
trade routes

Number observed =99

Exposure observed = 2936 MM cu_m S
MEAN (v) =299 MM bbls - S ,
VAR (v) = 914 xl0%4 = S

VOLUME HANDLED BETWEEN SUCCESSIVE TANKER m! LLS OVER 42,000 GALLONS, v
i L | _ | | | Y | |-
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is .62. 1In using this graph, it is important to remembeyx
that in our hypothetlcal development, productlon remalns near
the peak for only a very few years.

Let us now turn to the problem of obtalnlng a den51tv

on the size of a large tanker Splll given that a'spill has

~occurred. As Sectlon 3 argues, our assumptlons imply that
hav1ng observed m spllls. l,xz,...k ,...xm where X is the
-quantity of the ith- Splll observed, ' then the den51ty on size

of the net spill, x,- is glven by

£(x) =] 2 PP p)Ep R X

o (rpn™Y +%"+l)ps-(8.prm)
where -
1 = number of spills observed

s = in total amount of splllage obselved

S

P = ﬁki = product of all the Splll quantltles observed
: Flgure 4. 23 shows the cumulatJ.ve of this densn.ty based
on all Ecobspllls»over 42,000 gallons. The-mean is slightly

over 2 million gallons, the mean squared is less than half

the varlance, 1ndlcat1ng a w1de1y olspersed dlstrlbutlon. -And -

as the figure shows, the bulk of the probablllty is spread
over three ordels of magnltude ranglng from 10 000 to 10
hulllon gallons. '

Before turning our attentlon to other sp111 categorles,

'there are a few more qualltatlve insights we can glean from

the_ECO data.

1. There has been considerable dlscu3510n of the effect

of vessel size on splllage -~ some holdlng that

‘%

-
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PROBABILITY THAT SPILL SIZE IS LESS THAN x

.00 FIGURE 4.23 CUMULATIVE OF SPILL SIZE omzm_i
000l TANKER SPILLS OVER 42,000 GAL. ' L
. Based on all ECO spills over kvm,ooo gallons. o ___._
0.8 0 .. | 5 | o
. 'MEAN (x) = 2.03 x 105
0.70l— VAR (x) = 7.78 x 10!2 . ,_,
No observed = 99 . “
0.60}— Vol observed = 1.98 x 108
0.50}— ) |
N
0.40—
0.30}—
0.20
0.10 |
_ . _ _ ] _
10,000 100,000 1,000,000 10,000,000

SPILL SIZE-x IN GALLONS
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increased vessel size will decrease spillage die
to the smaller number of landfalls and economies
of scale withbresPect to navigational equipment
~and crew training, others holding that largerxr-
vessels will execerbate the'problem due to poorerx
maneuverability anallafger-potential spill size.
At least with respect to spill nnmber, the ECO
data comes.down-somewhat'on the side of the large
tanﬁérs, as indicated by Fiqure.ﬁ.24.k o
Number of incidents per vessel—year'appears to'be
only e weak function of size, and this figure is |
biased agalnst the small ships in. one" sense, for
small shlps tend to trade on .shorter route lengthsm

and thus w1ll make a good deal more 1andfalls in

- a year than a 1arge Shlp. If number of landfalls

60

is the best explanatory varlable, then a comparlson

of spllls per number of landfalls would be more : Af;

meanlngful, in whlch_case the apparent superlorlty-

of the‘large shipsﬂin terms of incidents per vessel ’

;year in thls dlagram would undoubtedly disappear.
On the other hand, a good portlon of the incidents
in the very large ship cgtegorles are explosion in
the’light conditions. If and when this problemjis
solved, the large ship's position would improve
considerably. But the factor which tips the scales
in favor of the large sbips,‘as far as number oOf

spills is concerned, is that even if the large .ship

I

I
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has about the same spill "incidence in a year as the

data indicates, in that year a large ship will be
moving more oil than a small ship.

Grimes [13], in examining a sample of 13,379
tanker accidents (not spills) worldwide in the period
1959 through 1968, comes to somewhat 51m11ar conclu-
sions. He finds that casualties petvessel remained

almost constant over the period. 'He found that the

stranding,collision, and fire rate for the tanker less

than 20,000 tons was significantly higher than that
of the rest of the population. The stranding rate
for tankers over 50,000 tons showed no significant
difference, the COlllSlOn rate was somewhat lower
(significant-at 5%), and the fire rate was signifi-
cantly high. ' The overall accident rate for tankers
over 50,000 tons was very slightly lower than that
of the rest of the'population. Gaines s study did
not discriminate between accidents cau51ng spills and
non-spill casualtles.
Interestingly enough;.Figure 4.25 together with
Figure 4.24 indicate that the average'size'of
"the spills emanating from small ShlpS is
larger than the average size of spills Iesulting
from big ships. However, factors other than Size
are probably determinant As-mentioned earlier, a
smgnlflcant portion of the large ship spills are
tank - explosions in the light condition involving
a spill of only bunkers. On the other hand, many
of the large small ship spills are strﬁbtutel fail-

ures which are almost certainly more a function of

Sy, .
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ship age than size. Small ships tend to‘be con-
siderably oider than large ships. In short, Qe

have not been able to identify any siénificant
pattern whiéh appears to be directly related to

ship size and,-therefofe, have not derived aensiﬁies"
by ship size. . l |

This is perhaps unfortunate, for if there's

‘one tﬁing one can say with certainty about tanker

spills, it is that the largest spill will be no
gteater than the vessel's dispiacement. Thus,
changing vessel size ﬁill change the'uéée: tail
of the spill size deﬁsity. But given the effect

of tank explosions and, more importantly, vessel

age, it would be misleading to attempt to analyse
the change in the upper tail.with the available

data.*

It ié of passing interest to’exaﬁine the effect

 of time on large tanker spill incidence, Figure

-%.26. As expécted, there appears to be no strong.

relationship. This supports our working hypoth- -

© esis that the process generating the occurrence of

spills and épill size has been stable over the

'_Eecent paSt. There may,be'a'slight dovntrend in

*Also, slightly different analytical assumptions would

be appropriate to analyzing this change. The Gamma process
allows the possibility of a spill of infinite size, although
it makes the probability of that 'spill astronomically small.
For the purpose of representing the upper bound on spill size
generated by vessel capacity, a different process, such as
the Beta, where such a bound would appear explicitly, would
be a better choice. Unfortunately, the conjugate prior for
the Beta sampling process has not been derived as vyet.

-,
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incidence, especially as a proportion of total
-volume landed, but any such trend is overshadowed
- by the change in the dispersion between 1969-1970

and 1971-1972, for which we have no explanation.

A final comment on ‘the ECO data. Two minor changes would
improye-the usefulness of this data base. One is that each
spill be assigned to a trade route and two is a code which
would indicate, for those spills occurring within the 50-mile
limit, whether the spill occurred at the loading end of the

. Voyage or the discharge end.
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L

© e —d

s savsined





