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5. Vessel spills lass than 42,000 gallons

As indicated earlier, the ECO daté is not applicable to
‘smaller operational spills, many of Which occur.during transfef
operations in harbors. Therefore, in obtaining insight on’
fhese spills, we will nse the Coast Guard 1971 and 1972 data.
In 1971 and 1972 the Coast Guard reported 624 vessel-related,
crude spills occurring within harbors. 'During ﬁhat period,
the U.S. imported 1.412 billion barrelé of crude. Under the
assumptions used eafler, that is, that we are dealing with
. a Poisson process in which the exposure variable is amount
of oil landed whose intensity is a Gamma random variable about
which we have no feelings.prior to observiné any data, likeli-=
hoods of the various possible numbersvof spills are shown
in Figures 5.1 , 5.2, and 5.3 for the small, medium, and
large findéL In these figures, since we are deallng with
much larger numbers of spills, 1nstead of plottlng the density
itself, which would involve hundreds of arrows, we have shown
the cumulatlves of these den51t1es. Thencumulatlve is the
probability for any given number of spills, n, that the actual
number of spills will be less than or equal to h. It is
. merély the sum of all the arrows up to and including n. A
'glance_at these three figures will indicate that with respect
to neér~terminal spills basea/on ﬁhe Coast Gnard data, we
are deallng with much larger numbers than we obtained when
we used the ECO data. However, most of these spills are
relatively speaking much smaller hhan_the spills in the ECO

data. Figure 5.4 shows the cumulative of the spill size
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PROBABILITY NUMBER OF SPILLS IS LESS THAN n
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FIGURE 5.1 CUMULATIVE OF THE DENSITY OF
THE NUMBER OF TANKER SPILLS LESS THAN
42,000 GALLONS

mz;_.r FIND FOR FIELD LIFE

Based on all crude vessel spilis less than
42,000 gallons.in USCG 197! and
1972 reports

Number observed = 624 :
Exposure observed =142 MM bbls
Exposure contemplated = _mm MM bbls
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PROBABILITY NUMBER OF SPILLS IS LESS THAN n
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FIGURE 5:2 CUMULATIVE OF THE
NUMBER OF TANKER SPILLS LESS
42,000 GALLONS

Based on all crude vessel spills less

than 42,000 gallons in USCG
1971 and 1972 reports.

Number observed = 624
Exposure observed = 1412 MM bbis

Exposure contemplated =
567 MM bbls

MEAN (n) = 2506
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.density. The mean of this density is.318.ga1ions phile the
variance is close to 2 million gallons squared. The raéio
of the variance to the mean souared is oloseito 20, an
extremely wiaely dispersed densiéy. The only way the Gamma
has of handling these'ektreme combinations of low mean and
high variance is to place a great deal.of the probability
at the very low end, counterbalancing‘tﬁis by a very small
amount o0f probability placed very far out in the rightward
tail.* Hence the form of the cumulatlve shown in Figure
5.4, where the probablllty that the crltlcal spill size w1ll
be less than the mean is about .87. Thls extreme skew may -
be trylng to tell us that we should be modellng spill sizes
by a multi-model density, for it does  appearx somewhat strange

. pto place a significant amount of probablllty (about .05) in-

' ;Spllls below 1 gallon, despite the fact that in the 624 tankerv-

spllls reported no volumes less than 1 gallon were reported
This problem also shows up in numerlcal problems associated
with the integration in the expression oh phevbottom of page
36. For thlS reason, 1n Flgure 5.4 we have approx1mated
" the cumulative by a Gamma with the:same mean and variance as
the actual densities._ The differences involved are not large.
| The foregoing analysis waﬁibaseé on all tanker-barge
spills of all types within harbors in fhe Coast Gﬁard data. .

An issue of some importance 1n the context of Atlantlc—Gulf

_of Alaska 011 is the dlfference in spillage characterlstlcs

~ *The same thing is true of any othex unimodal den51ty
over the lnterval (0, °°) :

N

Ty

AL -y
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of single buoy moorings and fixed berths. To obtain some

iosight into this area, MIT aod ECO Inc. undertook to obtain
what data they could on SBM spillage. Unfortunately, data

| on past SBM spillage is hard to come by. There are no.U;S}-
SBM installations. The excellent oooperation we have received

- from the industry in other areas simply has not been exhibited
with respect to SBM spillage. '

We have essentially three sets of data:

l. A sample of some 55 spills collected'by ECO Inc.

These spills are shown in Table 5.1.

2. A sample of some 200.spills made aveilable‘to UE'
. ‘by'the Anglesey Defence Action Group; ThlS 1s
Shell 0il data which purports to cover all the |
spillage from Shell Gil SBM ;nstllatlons through.. K
Octooer 1971.* The data is summarlzed in Tables.
5.2 and 5.3. The spillage reported in these
i . tables is taken from submittals by Shell to‘the“f
House of Lords during hearings concernlnq the
large SBM 1nstallatlon which Shell is constructlng o
. off Anglesey [5]. During these hearings, Shell wit-
' nesses clalmed these records are complete and that
: any splllage (deflned to_be oil reachlng water)

. is fully recorded.

*We asked for this data direct from Shell but received
no response. We also made repeated requests to the SBM
Forum, an industry organization to promote the transfer of
information on single buoy moorlng installations among users,
to no avail.
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3. A submittal from Exxon covering four of their

installations. This data is summarized in Table

5.4.

 The Exxon data suffers from the fact that spill incidence
is not reported. The ECO data is incomplete, as can be seen

by comparing the ECO Durban spilis with the Shell data. There-
fore, it appears that the beet data we have is the Shell
information received via Anglesey.

Shell w1tnesses at the House of Lords hearings maintained
that the data for the loading ports is not relevant to unload-
ing ports. Loading ports generally employ higher pressures
- {200-500 psi vs. 120-150 psi). Also,:thefe‘SAlessfyalving»

-in ship-to-shore operations due to the 1arger recep%ion tank S
-sizes. Valve operations onshore are usually more highly

automated than those on board ships, wFinally, tank'oveiflows ) ‘
-4inship-to-shore operations are much mo:eveasiiy oonﬁained -

than in operations where the vessel is the receptor.‘.And

+the data indicates that loading 1nstallatlons do have rather

different characterlstlcs than unload1ng.‘ From the point

of view of volume, the reoord of £he loading terminals is

much woxrse than'that of the discharge te;miﬁals. Gamba has

the worst record. - The 1argest,spill'was 3,400 tops which

flowed for 4.5 hours. - T
At Forcados, the three 1argest spills wexe put at 350,
300, and 281 tons respectively. ThlS terminal is 12 miles

'offshore and Shell blames communlcatlons problems from shlp
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to shore for these spills. At Mina-Al-Fahal in Muscat, £he'
largest spill is placed atv36.tons. This was due to pumping
to an unoccupied SBM and blowing out the hose; The next two
spills are 20 tons (failure of an SBM bellowspiece), and 8
tons. At Halul Island off Qatar, the two laxgest spills are
placed at 20 tone'each. There is some confiict.here'within
the testimony. One witness puts the to;al number of spills
at Halul at 34, while the table sajs 9. At Miri, Sarawak, the
largest'séills were put at 375, 231, 183, 179, 75, 53, and 51
tons. They were all blamed on corrosien of'pre—war—laid
'nnderwater plpellne. |

The reported totals are 108 spllls and 8,600 tons out of
5,578 calls and 196 million tons handled, or 1 spill for every
350 ehips.and an average reported spillage rate of 4.3 x 10-5.

Interestingly enough, despite all fhe reasonS‘why one

- would expect spillage to be more frequent in shore—to—shlp

operatlons than sh1p~to~shore, the dlscharge ports report a
con81&erably hlgher frequency of spills than the loadlng ports.
‘(Most loadlng ports are in countries where there is 11tt1e |
~OF . NO non~company monitoring of splllage.) The totals for

~the discharge terminals are 89,tons'en§ 99 spills out of 111
million tons»landed and 1,486 calls, or abouf 1 spill every
15_ehip calls and a reﬁorted ayerage:sPillage rate of B.9 x 10—7.
.Aai_the spill sizes in-the aischarge table were estimated

from the slick size and thus are subject to a number of

exrrors and »iases.

. pemeswe v
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The worst record is Durban,'South Africa, which through
1971 reported about 1 spill evety 5 ship calls and a reported

average spiliage rate'of 5.9 x 10‘6. Shell claims Durban is

. a specxal case due to an unusually sharp vertical current
'gradlent and generally rough water. Nonetheless, 1t is of
interest to study the Durban spllls in some detall (see Table 5. 5).

The largest splll,_estlmated at 4,400 gal, was caused by a deck
line being blown out of an expansion point when a butterfly
valve used to control.hose drips during disconnect closed
‘during pumplng. The next lafgest, 3,000 gal, was caused by
mooxring lines parting duting a squall,.breaking the hoses.
Another'3,000 gallon spill was caused by a collision_with the
buoy. A large aumber of the other spills‘arepblamed on manufac-
turing defects in the hoses. Tt may be possible to eliminate
some of these.caﬁses. Shell claims that redesign of the buoy
makes penetration of the tanker hull in a collision mucﬁ more
enlikely. Several manufacturers now offer self-sealing dis-
‘connect dev1ces. Nonetheless, it appears that an upper |
fbound on dlscharge buoy operations  is the Durban experlence——’__
1 spill every 5 ship calls with spill sizes ranging up to about '

3,000 gal. A lower bound us1ng 1970 -1971 technology, can be

'obtalned by accepting the non~Durban data .at face value, which
would 1nd1cate a mean rate of 1 spill every 30 ship calls.

It is of some interest to compare this experlence with
shoreline flxed berth history. Our best data in thls regard
.is the Milford Haven experience. Milford Haven is a modern,

well-run, large~volume fixed berth complex in whose reporting

-
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,—\‘
we have‘some‘confidence. Milford Haven had pbeen averaging
one spill for about every 60.ship calls and an avexage . |
spillage rate through 1972 of 1.8 X 10f6;

In general, ‘one would expect more small operational
spilis-from an SBM operation than a shore51de fixed herth
operation. The SBM has essentially all the operational causes

that a fiked pexrth has plus ship motion, two sets of flexible
hoses subject to wave aCtion, and the p0551b1e "joss of nooxring.
Therefcre, as a beginning point, it might be reasonable to.

~assume that you will have somethlng better theh twice the
numbeXx of small operational spills from an SBM as from a

. fixed berth for the same nunber of Shlp calls. -

From the data, theredoesn ¢ appear to be much difference
in the ‘size of operational SBM spills and fixed perth spills.
The average of the ‘Milford Haven spills is in the neighborhood
of 300 gallons,‘the average of the Shell dischaxge spills,
,about‘300 gallons. We are more than a bit leery of comparihg
reported small spill-volumes,. and the sane factors that tend
¥o cause more small spills would seelt to also tend to make |
these spills somewhat largerr but from the data it is 1mpos~'

sible to distinguish any significaht differences in small spill
size. \ | '-;
In SWMNAXY e« with_respectato operational unloading spills
and based on data'which on the SsBM side is uncomfortably scarce
. and possibly jacking in quality. the number of small spills
can be expected to be several times that of 2 well-xrun fixed
- 'berth, but we are unable from the data to say that the resulting

- spills will be sanificantly different jn size. .from those

~ -+ a fixed berth.

L e

e
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Statements about loading operations are much.,more diffi-

cult to make. Accepting the.Shell arguments, it appears that
their loading data.does not include a very.laxge portion of
sﬁaller spills.. It may well include most of the volume. .How4:
ever, most of thé volume appears to have been cauéed by what |

' could easily be termed gross negligence and we would expect
bétter performance at an installation of?ithe U.S. coast.

A ballpark estimate of the spillage might be to use the Durban
data. Under this assumbtion and once‘again reverting'to the
assumption tﬁat the relevant.exposure variablevis volume handled,
the densities of the number of spills at SBM's for the small,
medium, and large findé are shown in Figures 5.5, 5.6, and-5}7.
‘They imply fairly large numbers of spills; _Héwever, these densities
should not‘be given much weight. The simple truth is that we have
no trustworthy data on SBM loading terminals operating under
fcqnditibns!comparable to the U.S.:continentalvshelft,

"With respect to iarge spills associéted With'raﬁming,
Agfoundihg or collision, the SBM ggi have a distinct advantage
over an equivalent shoreside facility. Ramming (hitting a
Aberfh) appeérs to be a very unlikely cause of large spills.
No.spilis over 1000 barrels in the ECO data are attributed to
ramﬁing.’ Nonetheless, it is to the SBM's credit that it ié
possibie io ram the berth with littié or no spillage; At the
Anglesey Heérings, a Shell witness stated that the Humber
SBM had been rammed by a tanker on approach, with substantial
damage to the buoy in mooring system; but no oil spillage, .
-due in part to the hoses had been filled with sea water as

far as the subsurface check valve.
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Of more importance to the SBM is the possible reduction

of large tanker spills associated with grounding, and possibly .

very nearshore collisions. In the ECO data, groundings .
accounted for 38% of all the spills and about 25% of all the
spillage. Almost all this grounding spillage was put in the}
harbor or entréﬁéeway category, that is, inside the sea buoy.
of this‘grounding.spillage, 19%, or 5% éverali, took place
within the harbor, the remainder in the apprqaches. " Depending
on loqation, aﬁ'SﬁM might be exﬁécted-fo reduée the probabiii—
ties of a portion of this spillage relative to those éssqciated
with.an equivalént shdfeside'facility, either through réduction
of the number of landfalls or through the fact that the.tankers

x -

‘need not'apprOaéh closexr to land ﬁhan the SBM's. .;;;i. o

Obviously,béhy such reductioniin.spillage Would"bé'% .
extremely site~dépendént; witness the Conoco Brittania‘spillﬂi
in which a tankér overshot the Humber SBM, dropped an anchor:f

in an attempt to check its process, went aground, dverriding'

the anchor which holed a tank, resulting in a large SPill."

. But an offshore SBM might be expected to reduce the mean fre-

" .. quency of large spills.by 5% to 25% over that of equivalent

shoreside facilities, depending on location.

| Iq\sﬁmmary; SBM's appear to have qonsiderably higﬁer
incidenceiof small operational spills than well-run fixed
berths in protected waters per ship call. Howe§er, it is
quite possible the SBM may decreaée'the'total volume séilled
relative to fixed shoreside berths by decreasing the number

of ship calls and increasing the minimum distance to shore.
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Finally, our spill-tracking anaiysiS'[9]lindicates that at

' least in certain locations, e. g. middle of Delaware Bay, SBM
termlnal spills would requlre a day or more to reach land,
which has some advantages both biologically and with respect
to the response time available to containment and cleanup

systems.
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