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8. Total volume spilled

While it is certainly true, as we have pointed out, that
-as far as the environmental impact of marine petroleum activity
is concerned the frequency and'magnitude-of individual Spillé
'is of considerably more importance'than the total volume
spilled, the total volumé spilled,.z, from an activity over
its life is of more than passing interest. This section com-
biﬁes our earliér analyses in order to make statements about
the total volume spilled. |

.Like spill incidence and individual spill size,‘total volume
.spiiled cannot be predicted with certainty. It too is a
raﬁdom variable and as such we must necéssérily be content
~ with obtaining information about its density. It is probably
obv1ous to the reader that for any glven category and potential
development the den31ty of the total amount spllled, z, must
" .depend in some manner on the density of the number of spills,
.n, and the density of the size of an individual spill, x.
And in fact, it is a 31mple matter to write down the equatlon
relatlng the density of the total amount spllled to the den51-
ties of the number of.spllls and the size of an Iﬁleldual
spill. Since.we already have thé latter two animals, at
least given theiassumptions wg/have been Willing to make,
obtaiﬁing the density'of the total volume spilled ié merely
a.numerical computation problem. Unfortunate;y, for the case
‘at.hand, this numerical problem is. anything but simple.

.Thefefore, we will have to be satisfied with approximations

to this density based on the following approach.
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If one is willing to assume, as wé.have; théé-the size of“
‘an indiviaual spill, x, is independent of the number of spills, n,
then the mean and variance of the total amount spilled,-z, is
related to the means and variances of the numberqu spills and

individual spill size in the following simple manner.

MEAN (z) = MEAN(n) *MEAN (x)

VAR(z) = MEAN (n) VAR (x) + (MEAN(x))2-VAR (n)

. As indicated earlier, over 94% of all the volume spilled is

spilled in spills of over 42,000 gallons. 'Therefore, we will

be introducing very little error if in addressihg the problem

of the total émount of o0il spilled, we rgstrict'our atténtion

to spills gréatef‘than 42,000 galloné.' ﬁnder this restriction,
:Table.B.i“shows the means and variances of n and x, which we
-cdhputed earlief for prbduction platforms, offshoreﬁpipelines
and tankers for'séills over'42,000'gallons.froﬁ our_hypotheticai
rgmall, medium and large finds. These particuiar numbers are |

‘based on:

1. A1l reported U.S. productién platform spillsmﬁrom. X

1964 through 1972 over 42,000 gallons;
2. All reported U.S. offshore pipelinevépills, includ-
ing coastal spills, from 1967 through 1972;

3. All tanker spills on major trade routes over 42,000
' gallons worldwide as reported by ECO Inc. for the

period 1968 through 1972.

The last two. columns show the mean and,variances pf the total

amount spilled for each category and each find as computed

=
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.

from the above relationships. 1In general, the means and var-
iances are of the same order of magnitude. There aren't any
-reelly striking differences. Platforms have the lowest means
and variances. - Tankers have the highest -means but

Varlances are lower than the‘pibeline variances. Once again

- we obsegve a situation iﬁ which the.ratio‘of the variances to
the mean are extremely large but less éo_for'the'large find
than for the small find. With the large find, we have the law

of large numbers beglnnlng to work for us, but only very

weakly.

In order to obtain some insight on the meaning of these -

-means and varlances, we have appromeated the den51ty of the

total amount spllled by a Gamma w1th the same mean and variance.

ThlS 1s not completely consistent- w1th our earlier assump- -

“tions but the errors introduced will be small. Figure 8.1

=shows the results for the -small find -and Figure_B.é the results

for the large find. The striking feature about Figure 8.1

is the relatively high probablllty of having no splllage at
.all in spllls over 42,000 gallons, that is, no SplllS over .
42,000 gallons. This 1s reflected in -the helghtw;f the |
wvertical portlon of the cumulatlves to the left of the flgure.
If the find is landed by tanker the probablllty of hav1ng no
spllls over 42,000 gallons is .52. If the flnd is landed by
plpellne the probablllty of no plpellne spllls over 42,000
gallons is .75. The probablllty of no platform SplllS is .73.
‘The most spread out of the densities is:the pipeline. It

Crosses over both the platform cumulative at the low end and-

the tanker distribution at the high end. That ie; despite

ey

-
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the fact that the pipeline mean is higher than the platform
mean there is a higher probability of having no large pipeline-
spills. Similarly, despite.the fact that the pipeline mean

is lower than the tanker mean, there is a hlgher probablllty
of having an extremely large amount of splllage from large
pipeline spills than there is from large tanker spllls How-

ever, the crossover point is quite hlgh about 9 million gal-

lons, at which point there is in both cases a very high proba-

hility, above .99, that this total amount will not be exceeded.
In short, ‘it would take someone who is unusually worried about
extremely high volumes of splllage relative to the more llkely
amounts to prefer the tanker on that account. On the other
extreme, someohe who is shooting for the'highest probability

of no spillage, regardless of what happens 1f there is splllage,v

,would go for the pPipeline over platforms if such a choice were

possible. Despite these caveats, 1t lS Probably safe to say

_that most people would rank these den51t1es in inverse order

of their means. Nonetheless, anyone who expected the. actual

.total splllage to by anywhere close to the mean is qulte .

likely to be disappointed. T C _M;

Figure 8.2's results are somewhat simllar, Both crossovers

still occur. However, because we are now dealing with a mean

number of spills 1n each category in the nelghborhood of 5 rather

than .3 as in Figure 8 1, the law of large numbers implies the

cumulatives are in a real sense tlghter, The ratio of the vari-

ances to the square of the means has decreased by a factor of
The means have also increased by a factor of 10. This

increase in the means is proportional to the volume produced -

under our assumptions.
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8.1 Postscript

Itvis the almost universal practice in oil spill analysis,
to generate "average s pillage.rates", usually obtained by
Smely d1v1d1ng the total amount observed spilled in some -
activity over the volume handled. As we have 1nd1cated this
practice has very little to recommend itself'and by themselves
such average spillage rates are almost:meaningless;Aparticu-
larly Qhen they are offered as a prediction of the amount
which will be spllled

Nonetheless, it is of some interest to compare our mean
spillage rates with the average spillage rates developed by
others. .The whole concept of a "mean splllage rate" only -
makes sense because we have assumed thzt the exposure varlable
in the P01sson process. generatlng epills is volume handled.-3
an assumption for which we were able to obtain some empirical
evidence in the case of tankers (althohgh number of tanker
landings may well be better) but whlch ‘was simply accepted
in the case of plpellnes and platforms. In any event, under.
this assumptlon, the mean spillage rates for our small, .
medlum and large finds are all the same. By category the

ratio of the mean of the total splllage to volume handled is:

\*~ . - Platforms . o .00006
. s

Offshore Pipelines 500011

‘Tankers ‘ _ .00016

Except for tankers, these rates are approx1mately the same
as the “"high" estimates developed in the Georges Bank report [10],

that is, what used to be our high estimates of the mean

AR

2Pt
|S— [
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spillage ére now our average estimateé. This is due primarily
to the:additional platform and pipeline spills in the ‘present
data base. The mean tanker spill&ge rate is about 5 times
themhigh'estimate developed in the Georges Banklstudy, reflect-
ing the tremendous amount of spillage in the ECO data which

we were not aware of when we wrbte the Georges Bank study.

The tanker spillage rate above is somewhat above that derived
by SCEP and its follow-ons (.0001) [11]. The combined offshore
.platform and pipeline rate abové is approximately the same

as that obtained by the University of bklahdma_(&'.OOOZ)[lz],‘_
In short, all analyses which make the assumption that. spillage
is in some sense propértional to the Qolﬁme handled'aﬁd use
"the same data are goiné to come up‘with:about the same estimate
.of the averége spillage réte.* Howevér, even acc?pfing the
linearity hypothesis,by itself this estimate‘of the aﬁérage
'spillage»rate means very little. vThe-variance.of the‘spillage
" is at least as important and, from a‘biological point of

view, the densifies of the frequency andvsize of individual

spills still more important. _ R S

*About the same, but not the samé; The mean of our Gamma-
based spill size density is higher than the classical estimator

for small sample sizes.
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9. Summary

1. The size range of an individual spill is extremely
large~-eight orders of magnitude. The great majority of all
spills are at the lower end of this range. But mpst of the

‘01l is spilled'in a few very large spills.

2. For all the reasons given in 1, point estimates of
‘spillaqe'and spillage rates are practicelly meaningless.
Further, from the biological point of view, the frequency énd
‘magnitude of.individual spills is at least as important as
total spillage. Therefore, we have attempted to estlmate the

probablllty densities of the number of spllls of a given

-category Wthh will occur from a given hypdtﬁetical development1:

- and the probablllty density of the size of these spills. 1In

-s0 doing, we have broken the analy51s into six categor1e5°

"> 42,000 gallons < 42,000 gallons

=y

ey

Tanker/Barge )

Platform

™

Offshore Pipeline

3. In deriving these densities, we have taken a Bayesian

approaeh%and assumed spill incidence is_geherated by a Poisson

process in which the ekposure variable is volume handled and

spill size by a Gamma process. We have'used the available data

to generate probablllty den31t1eg on the parameters of these

processes starting w1th non- 1nformat1ve conjugate prlors. v

L gt 4

.
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4. With respect to tanker spills‘aboveﬁ42;000}gallons,
the results indicate that for a small find (500 MM bbls in
place) likelihood of no tanker spills is about .7, the likeli-
hood of 1 such spill is about'.25,,and it ie quite‘uﬁlikely
there would be more than 1 spill. However, fot a large find
(10,000 MM bbls in place), there will with hiéh probability
be somewhere between 4 and 10 spills{ with the probability
rather-equally spread over these possibilities. The density
of the size of these spills is sptead over three orders of
magnitude, with a ﬁean of 2 million gallons and a standard

deviation of 2.8 million gallons.

5. With respect to tanker spilis below 42,000 gallons,‘
the number of spills is much larger: in the hundreds for the
small find aod,thousands for the large‘find. However,'most.
of these spills are quite small. The mean size is 318 gallons
- and it's guite likely that an individual spill will be smaller
‘than the mean. The avallable data on SBM spills is lacklng
in both quantlty and quallty. However, it appears that with
respect to small operational spills, we can expect an SBM to
have several times the incidenoe rate of a weil—runlshoreside
fixed berth. ﬁowever, the SBM may have a substantial effect
on the density of large tanke;,spills by decreasing number
of arrivals and decreasing the likelihOOd of groundings, which
account for over 25% of all tanker spills over 42,000 gallons.

If the SBM does have thls effect total volume spilled will

almost certalnly be lower for an SBM installation as opposed

to an equivalent shoreside terminal.
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6. With respect to platform spills over 42,000 gallons,
the analysis indicates that for a small find, there is a .75
probability of no such spill, a .2 chance of 1 such spill,
and it is quite unlikely that we will eXpe;ience.Z or more
sucﬁ'spills. For a largebfind with high probability we will
experience between 1 and 7 such spills with the probablllty
- rather equally spread over the p0551b111t1es. The density
of the size of these spllls is spread over two ordere of mag-
nitude, with a mean of about 1 million gallons and a standard
deviation of 1.8 million gallons. The prqbebility that such a
spill will be less-then.lOO,QOO;gellons is about .2. The proba-

bility that it will be greater than 5 million gallons is .05.

- 7. With respect to offshore bipelineAspills over 42,000
gallens, e problem arises whether the coastal spills reported
- in the Gulf should be included in the data bases. Tﬁe results.
eien't all that different, but assuﬁing the coaetal spiiis‘are
iﬁcluded, the‘pfobabiliﬁy that we will have no large pipeline
spills from a small find landed by pipeline isr.75; v?he probe-;
bility we will have 1 spill is about .2 and it ieHEether'gnlikeiy
we will have morevthan 1 such spill. For a large find landed by
piﬁeline, with high.probability we will have somewhere between l
and 9 large plpellne spllls, with the probablllty rather equally
spread over these p0551b111t1es. The density of the size
of these spills is dispersed over an extremely large range.

We are quite uncertain how large these spills will be. The

mean is 1.9 million gallons; the standard deviation is 3.9

million gallons.
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8. With respect to offshore production spills less than

42,000 gallons, it is impossible to separate the pipeline

~and platform spills in the Coast Guard data. The total number

of both sﬁall’platform and small pipeline spillé will be in
the hundreds for a small find and in the thousands for a large
find. Aécording to the EPA daté,,approximately 90% of these
spills wiil emanate from the platforms. Almost all these

spills will be quite small. The mean of these spills is about

100 gallons, and it is quite likely that an individual spill

will be less than the mean.

9. With'réspect to total volume spilled over .the field

life, the mean for the small find is’about 900,000 gallons

for the Small £ind landed by pipeline and 1,100,000 gallons

" for the small find landed by tanker. The variance is quite

large and there is a sﬁbstantial'probability in both cases

- there will be no large spills at all. . The standard deviation

for the small find landed by pipeline is over 2.65 millioﬁ
gallons; if landed by tanker, 2.45 million_gallons.--Thus,

there is a slightly higher chance of both small total spillage

.and very large total spillage with the pipeline rather than

the‘ténker,reflecting our greater uncertéinty about pipelines.

For a large flnd the mean of the total spillage is 15
mllllon gallons for plpellne transport and 19 mllllon gallons
for tanker. The ratio of the standard deviation. to the mean.
is not quite so large fo¥ the large find as the small find,

as the law of large numbers is beginning to work, although
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weakly. . The standard deviation of the total spillage assuming
tanker transport for the large find is 10.3 million gallons,

and for the pipeline option is 11.5 million gallons.

| lO; All the above estimates of probabilities ¢an reason-
ably be regarded as moderately pessimistic. They assume. no
improvement in technology or operations over the recent past.
Also, other assumptions about the'exoosure variable in the
Poisson process, such as platform spill incidence is propor- -
tional to humber of platforms or tanker spill incidence is
proportional to humber of landfalls, wbuld‘decrease the above .
estlmates of spill 1n01dence con31derably, glven the larger |

production per platform and vessel 51zes are contemplated

'.ll. Finally, itqis extremely important to'realize-that-

the above estlmates of probabilities do not represent the

net effect of OCS development. The net effect will depend
on what one assumes about the oil which would be landed in.
the absence of the.development. For example, if one assumes

the same amount of crude will be landed on the East Coaet'

with or without a development, then according to our analysis

there is a substantial'probability that there will be as
many large spills without the flnd as w1th the flnd Such
assumptions are out51de the scope of the primary effects

analysis, and,we have not. undertaken to estimate these net

effects.

[ I
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