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ABSTRACT: The Departrent of the Interior s required to evaluate the -

risks of off spills from ourter continental shelf (OCS) ol leasing ond
must compare these risks to those of other o sources, such as im-
poriing oil. Past practice has been to treat Spill oceurrence as @ Poisson
process, with g rate proportiondl to the amount of oil produced or
rransported. U.S. oil production and accident date and worldwide
tanker data were used. Crivicism of this approach has centered on the
validity of using oil volume as an exposure variable, and the applica-
bility of exising acctdent duta o fientics OCS aitos,

To examine hese questions, the Interior Department recently spon-
sored several studies on OQCS oif spill occurrence rates, One study
compiled an extensive listing of alf known ol spills of recent years ond
is believed 1o be the most complete database on oil spills available 1o the
public. Another study looked at trends in off spills from IS OCS
platforms and discovered a siatistically significant decrease in the spill
rate since 1974, Other studies examined oif spill data for Cook Inlet and
Prudhoe Bay, Alaska, and found that spill rates for these ereas could
not be shown to be significantly aifferent from the U.S. QCS plagarn

spill rate based on trend analysis. L
Studies are continuing to ensure thar oil spill rates used by the Inte-

rior Departtnent reflect the latest data and analyses.

The Minerals Management Service (MMS} ol thie U.5. Depariment
of the Interior conducts 0il and gas leasing on the U.S. duter con-
tinental shelf {QCS) and supervises leases which are sold. The leasing
process is subject to the National Environmental Policy Act (NEPA),
which requires that MMS evatuate the risks of oil spills occurring and
damaging onvire ity it

To address this important question, an oil spill trajectory analysis
{OSTA) mode] was developed.™ A central portion of the OSTA
model deals with the likelihood of spill occurrence associated with
producing and transporting offshore oil. A realistic, abjective meth-
odology for estimating oil spill occurrence fates is essential for prop-
erly balancing the benefits and risks of OCS lcasing.

Intuitive notions reparding exactly what affects oil spill risks
abound and often conflict with one another. For example, one can
make an intjrively reasonable argument that risks should decline as
the industry gains experience. An equally reasonable intuitive argu-
ment, however, can be made that drilling in deeper water or in the
presence of sea ice should be riskier. Who is to say which effect
predominates? )

To address sych questions in an objective manner, the oil spill risk
analyscs performed by the Interior Department have followed the
principles of basing il apill cccurrence rates on historical records,
updating records to reflect recent experience, and using irend anal-
ysis, where appropriate, to expedite adjustments for recent experi-
ence. Following this approach, intuitive notions are treated as hypoth-
eses, which must be tested against the data, znd accepted only if they
meet ohjective tests. Claime of improved or decreased safsty for

355

certain Operations are held to the test of expetience, to fail or succeed
on their own record. Updating and trend analysis ensures that obso-
lete data eventually will be purged from the record. Spill occurrence
must be predicted over two to three decades, the estimated time (0
camplete production from an offshore lease, 5o, 1t is reasonable o
€xamine a comparably long record of expetience.

The primary coacern of the OSTA model has been with accidental
spills of 1,000 barrels (bbl} or larger, and which could originate from
OCS Ieasing vr (fou comparison) from aiterpativey 1o OCS leas-
ing, such s importing oil."® All aspects of OCS production, includ-
ing transpartation of tie oil to the shore, have been considered, so
that spill rates are needed for production platforms, pipelines, and
tankers.

The 1.000 bbl cutaff was selacted to limit evaluations o those spills
large enough to travel long distances on the ocean surface and to do
seripus damage under the right circumstances, though it is recognized
that not all spills have serious ¢nvironmental impacts. Another con-
sideration is chat & 1,000 bbt spill is serious enough not to go ua-
noticed, so reporting records tend to be reliable.

Some of the more recent analyses also have looked at spills of
10,000 bb) or greater," * and there is increasing interest in obtaining
a frequency distribution for spill size, 50 that more detailed exam-
inations of impacts can be made. Frequency distributions also are
necessary for stochastic oil spill simulations ysing spreading algo-
rithms, 25 ihe inital spill volume is a crilical parameler. These new
demands on the OSTA model reflect the increasing sophistication of
users in interpreting its results.

Gil spill occurrence has been treated as a Pojsson process, with the
estimated volume of economically recoverable oil as the exposure
wariable. Thus, the .nP.etad aumber of epille resulting from a prn-
posed sale ig directly proportional o the estimated amoom of ol o
be gained as benefits from the proposed sale, However, other ex-
posure variables have been suggested as better predictors of oil spill
occurrence,

Although the literature abounds with studies of oil spill occurrence
statistics, many are applicable only in limited circumstances. Spon-
soring agencies often have different requirgments. The U.S. Coast
Guard, for example, may be interested only jn spills from carriers
of érude oil. Researchers rarely have made their databases readily
available to the scientific community, so it is difficult to reproduce or
verify results, and nearfy impossible 10 adapi the results (o differeat
situations.

" To belp update its own estimates of spill rates, the Interior De-
partment coatracted with The Futures Group, Glastonbury , Connedt-
icut, 10 prepare a database of historic oil spifls and to perform 2
preliminary analysis of spill rates.™ ' Completed in Septembrr 1982,
the database contains detailed records of platform, pipefine, £nd
tanker spills, It is available in hard copy or electronic formal from the
MMS for the cost of reproduction, Records are in a readable format
that zlsa is suitable for convenient iaput with most modern comptiter
languages. The entire database used by the Interor Department 15,
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Table 1, Ol spilis of 1,000 bbl or more from platlorms on the 1.8,
auter continental shelf, 1964-1980

Table 2. Oil spills of 1,000 bb! or more frem pipelines on the U.S,
outer continental shelf, 1904-1980

MMS Dats- Size MMS Daty. Size

Date base 1D No. Location (bbl) Cavse Date base ID No. Location {bbl) Caase

£ April 64 0 Eugene Inland 208 5,108 Collision 17 Oa, 67 2 W I i

3 0&” [ IO~ 2T 'y _nam.nms) 17 %A  HUITICADE 12 MArch oS N M‘\J“ttnr::;.bs?ﬂ 131 mg:% ﬂggg; g::%
19 July 48 360  Ship Shoal 29 1,688 Blowont 11 Feb. 9 60 Main Pass 299 7532 Anchor dragging -
28 Jan. 64 $%0  Santa Barbana 77,000, Blowout 12 May 3 280 Grand Istand 73 5,000 Corrosion

16 March 69 1,080 S'I‘uP Shos) 72 2,500 Blowout, weathey 18 April T4 32 Eupene Island 317 19,833 Anchor dragging
17 Aug. &7 1.2 N'-lfn Pass 41 16,000  Tank spill, weather 11 Sept, ™ 350 Main Pass 73 3500 Enviropmental
10 Feb. 70 1430 Main Pass 41 30,500 Blowout 18 Dec, 76 49 Eugene Istand 297 4,000 “Dampged™

1 Dee. 0 158 50ulb limbaher 26 33,000 Blowout 17 July 78 530 Eugene Island 215 1.000 Anchor éragging
20 July 72 2000  (Unspecified, 4,300 Unspecificd

Gulf of Mexico)
9 fan 7 2.;% :n;csl Delta 79 9935 Tank spilt
23 Nov, ™ [l ain Pass 152 1,500 Tank spill tains records of 462 platform acaidents worfdwide from 1955 thro
i .

17 Nov. 80 4590  Gabveston 1,500 Tank spill 1080, inrlnding 17 .pl?m af 1. M0 kRl ar mare in 118 waters (Tahle :%h

1. Estimaiti vary!

therefore, evailable 10 the scientific community for examining the spill
rates now used or for Lesiing new hypotheses.

Spills from OCS platforms

Belore 1981, U31A model runs wsed OCS platdorm spill rates
based on Stewart:™ 10 spills of 1,000 bbl or more in handling 5.338
bitlion bbl of o}, for & raic of 1.87 spills per billion barrels.

Samuels and others,” using U.S. Geological Survey (USGS} acd-
dent records™ 1 which reported nine spills of 1,000 bbl or mare from
1964 1o 1979, and using a 1964-1980 federal OCS ofl production of
4.386 billion bbl,™ computed a rate of 2.05 spills per billion barrels
and a rate of 0.91 spifls per billion barxcls for spills of 10,000 bbl or
more.

Nakassjs’ examined the spill record and concluded that a trend
cxisicd. Ling a maximum likelihood approach, he ratimated that tha
present spill rate for U.S. OCS platforms should be 0.79 spills per
billion barrels. This rate hay been applied in all OSTA models since
tate 1981,

The Futures Group and World Information Systems database™ con-
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Figure 2. Log-norma! cumulative frequency distribution of spill size

for spills of 1,000 bbl or more from pipelines on the W.8. OC8

1. Approsimately the totat U.S. federal and state offshore oil pro-
duction from 15564 10 1974,

The USGS data for spills before 1973" contain several discrepancies
but do not negae the conchusions of Nakassis, Ten of the 12 spills
occurred before 1974, reaffirming the existence of a trend. Using the
same methodology as Nakassis, we compute & spill rate of 1.0 spills
per billion barrels for spills of 1,000 bbl or more.

Exposure variables other than volume of oil have been proposed.
Stcwart and Kennedy™ supgested platform-years. Well-years, wells
drilled, and frequency of hurricanes also have been suggested. Large
spills, fortunately (for the eavironment, not the statisticians), are not
very common, and it is difficult with only 12 spills to compare ex-
posure variables Lo see which is a significaply beuier predicior than
volume of oil. To complicate the analysis further, many proposed
exposure variables are closely correlated with volume of oil, and, &
shown by Nakassis, the spill rate, at least on a volume basis, has
chanped with tme. Volume of oil has been used primarily because
most other cxpoturc variables are derived from predictions of oil
resOUrees.

The implication of using volume of oil as the exposure variable is
that past and future OCS production will be similar. One intuitive
notion is fhat this assumption will not hold in parts of Alesky, where
produrtion may occur on gravel islands. This notion can be tested as
follows.

Using data from Prudhoc Bay,™* Samucls and others” tested the
hypathesis that the spill rate for Prudhue Bay was the same as the tpill
rate {or the US. OCS. They concluded that the spill record of Prud-
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Figura 1. Log-normal ¢umulative frequency distribution of spill size
for spills of 1,000 bbl or more from U.§. OCS producion pladorms
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Seq_lo: 6370 DNV _ID: 7803001 Date: 16 MAR 78
Vessel:  Name: "AMOCO CADIZ" Flag: LIB
DWI: 233690 GI': 109700 Built: 1973 Level of Load: FULL
Spill:  Amt: 23369 ton Spill type: 1 "CRUDE OIL TO SEA™
0il: 4 "Light Arabian crude” Specific zravity: 0.8600
Location: Lat/Lon: 043:35N 004:43W JARSDEW Code: 145 Type: REPORTED
Waters: RESTR Sea: HEAVY Visibility: UNSP
Casualty: Sequence: "MACHINE OTHER AGROUND"
Persons lost: O Structural loss:. TOTAL
Source: "DNV MAR WIS"
Notes { > lines): "Descrip. of Location: OFF NORTHWEST FRANCE, ENTERING"

"ENGLISH CHANNLL”

"Casualty: STEERING TROUBLE; TARKEN IN TOW; BROKE TOW IN HEAVY;”
"WEATHER ; AGROUND; BROKE IN TWO; HEAVY POUNDING; HULL SECTION"
"SPLIT, WRECKAGE IN 3 PARTS; HEAVY POLLUTION TO COASTAL AREAS"

Figure 3. Example of a tanker accident record
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oe Bay, one spill (60,000 gallons of fuel oil) in producing 1.8 billion
bbl of oil, was not likely to have resulted from a Poisson process with
& spilt 1ate of 2.05 spills per biflion barrels (1he rate used, ar that time,
for the OCS). However, using a spill rate of 1.0 spills per billion
barrels, there is a (.46 probability of observing zero to one spill in
producing 1.8 billion bbl of oil. In other words, the record of Prudhoe
Bay is very much what we would expect, given its production. Prug-
hoc Bay indeed could be safer, but there is not a long enough record
to prove so, and we cannot reject the hypothesis that the spill rate for
gravel islands is the same as for platforms,

Figurc 1 shows the vumulative frequency distribution for the 12
platform spills of more than 1,000 bbl, A log-normal distribution, with
a mean logis volume of 3.905 and a standard devaition log,, of 0.608
provides a useful approximation ior most il spill modeling purposes.
Nate that the distribution is truncated at its lower end due ta the 1,000
bbl cutoff.

Qil spills from U.S. OCS pipelines

Spill rates for pipelines on the U.S, OCS were, like platform rates,
taken from Stewart.” The rates changed little when Samuels and
others,” using USGS accident data from 1964 through 1979 and basing
exposure an U.S. OCS production {almoast alt U.S. OCS ol is trans-
ported by pipeline), computed a rate of 1.82 spills per billion barrels
[Or spILs Of 1,000 DDE or more.

The new database contains records of 64 OCS pipeline accidents
worldwide from 1967 through 1980, Of these, eight spills of 1,000 bbl
or more occurred on the U.S. OCS (Table 2). These are the same
spills used by Samuels and others." The spill rate, updating for 5.01
billion bbl of il and condensate production from 1964 1980, is 1.6
spills per billion barrels. Unlike platform spills, no trend in the rate
is apparent.

A cumulative frequency distribution for pipeline spills is shown in
Figure 2. A log-normal distributicn with a mean log, volume of 3.875
and a standard deviation 10g.. of 0.648 provides only an approximate
fit. This must be applicd with some caution as a single event, onc
160,000 bbl spill, has a great influence.

Anchoer dragging is the most frequent cause of pipatine spills; with
corrosion, it accounts for 73 percent of the large pipeline spills in
Table 2. Both of these causes appear to have a relationship 1o length
of the pipeling, implying that kilometer-years (km-yr} may be a2 more
accurate exposure variable, With an exposure in the U.S. Gulf of
Mexico from 1969 to 1980 of 24,140 km-yr,"* the spill rate wauld be
0.086 spills per 1,000 km-yr. Table 3 compares km-yr and volume of
oil a5 exposure variables,

Caa likclihood basts, volume of ol is better than kin-yv in caplzin-
ing the spill record. The length of pipelines has increased more than
threefold since 196%. with no corresponding increase in spill occur-
rences. Perhaps km-yr, adjusted for some experience factor, may yet

Tabte 3. Analysis of U.8. OCS pipeline spills of 1,000 hbl or more
fram 196% to 1980, comparing knt-yr and valumne of oil ag exposure
variables

Yolume of oil

Pipelines, and condensate; Spilis
Year (10°km) (billion bbl) observed
1969 - L.15 0.313 1
1970 1.23 0.361 0
1971 1.33 0.41% 0
1972 1.56 0.412 0
1973 1.7 0.395 1
1974 1.84 0.361 2
1974 1.97 0.330 0
1976 2.39 0.317 1
1977 2.50 0.304 0
1578 2.60 0.292 |
1979 288 0.286 i)
1980 2.99 0.277 0
Spill rate:  0.2510°km-yr  1.79 per billion bbl
(1969-1980)
Likelihood: 1.2¢-5 1.9¢-5

t. Guif of Mexico only, diameter greater than six inches'
2. U.5. Geological Survey™

prove to be a superior exposure variable, However, such an adjust-
ment wauld cost a statistical analysis at [cast two degrees of freedom
(for shape and parameter value}, making its superiority very difficult
to demonstrate with only eight spill occurrences.

Ol spills from tankers

The Interior Department did not maintain a database of tanker
accidents as it did for platforms and pipelines. All tanker spill rates
were derived from published studies. Devanney and Stewart,” cxam-
ining spills on major trade routes, reported 99 spills of 1,000 bbl 0‘;
more eccurred in transporting 29.326 billion bb! of oil. Stewart
reported 178 spills in transporting 45.94i billion bbl of oil, for a rate
of 3.87 spills per billion barrels; all of these spills occurred hefore
1976.

The Futures Group and World Tulormation Sysiems daratass pro-
vides the Interier Department with the first opportunity since 1976 to
review and update the tanker spill rates. Because of the difficutty and
expense of collecting spill data, primary cmphasis was placed on
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Figura 4. Log-normal cumulative frequency diskibution of spill size
for crude oil spills of 1,000 bbl or more from tankers worldwide

collecting data on spills of 1,000 bbl or more occurring since 1974,
although spills of all dates and sizes were included. Data from the
U.S. Coast Guard Pollution Incident Reporting System (PIRS), for
example, were included beginning in 1973. The data summarized in
Table 4 contain 885 records of accidents, involving vessels engaged in
transporting oil as a product. The format of a typical record (Figure 3)
includes such details as type of oil, location, and type of water (pier,
hatbor, restricted, or open), as well as room for comments.

Spills of crude oif of 1,000 bbl or more, from tankers worldwide are
shown in Table 5, That at least 31 percent of the spills occurred in
harbors or at piers is particularly important for evaluating environ-
mental impacts, as these spills would not be subject to the same
advective and weathering effects of winds and currents as spills on the
OCS. Earlier analyses did not make this important distinction. Using
an cxposure of appreximatcly 88 billion bbl of oil transprnted be-
tween 1974 and 1980,” the new spill rates become 0.90 spills per
billion barrels for spills at sea (open, restricted or uaknown waters)
and 0.40 spills per billion barrels for spills in port (hatbors or piers),
for a total of 1.3 spills per billion barrels. Spills in port must be
accumad ta he divided suanly bhetwern the inhonnd and outhound
portions of the voyage, as the database does not make this distinction.

The tanker spill rate since 1974 appears to be only a third of that
before 1973, Stewart’ reports more spills before 1976 than are con-
tained in The Futures Group and World Information Systems data-
base, but this could be dus to lack of collection success (emphasis was
on years 1974 and later) in the eatlier years. Goldberg and athers® also

Table 4. Summary of date on oil spills from vessels
carrying petroleum as a cargo

Number of spills

Year Any size = 1,000 bbl

pre-1969 49 33
1969 20 13
1970 40 22
1971 47 19
1972 89 44
1973 78 49
1974 82 30
1975 67 27
1976 57 2%
1977 88 3
1978 Bl 27
1979 111 43
1980 76 27
Total 835 394

report mere incidents for years belote 1972, but about the same
number for later years, {Their classification scheme, however, is not
exactly the same, and individual tecords are not available, so the
comparison Is onty approximate. ) Unless the dalabases are very much
in error, it appears that the tanker spill rate for spills of 1,000 bbl or
more dropped significanily sometime between 1972 and 1974,

The curnulative frequency distribution for crude oil spills of 1,000
bl or more is shown in Figure 4. Alihouph distonted by truncation av

the lower end, & log-awiual distribution gives & reasonable fit, cven
at the upper ends. Using a Kolmogorov-Smirnov test,* we fail lo reject
the hypothesis that the distribution is log-normal, with a mean loge
volume of 4.294 and a standard deviation log,; of 0.872. A minimum
volume of 1,000 bbl should be used because of the truncation.

No the warldwide rates apply tn 11 S waters? From 1974 to 1080,
14 crude oil spills of 1,000 bbl or more occurred at sea near the United
States, while 23.1 billion bbl of oil were delivered.” Allowing for half
of the spills occurring on the eutbound portion of the journey (that is,
from the ol exporting countries}, and assuming movement of crude
oil between U.S. ports is small, we would expect to have observed 10
or 11 spills in this period, with a 0.17 probability of observing 14 or
more, Although the LS. rate seems a little high, we cannot reject the
hypothesis that it is the same a5 the worldwide rate.

Discussion

The statistical evidence now points to a sharp drop in oil spill
occurrences from production platforms and tankers scmetime around
1974, Although the statistics do not explain why this drop occurred,
any number of intuitive theories could claim eredit, including greater
industry concern, increased public pressure, stricter government reg-
ulations, and better technology. Ironically, this better safety record,
particularly in the case of production platforims, has made it difficult
to predict accurately the lower spill rates for spills of 1,000 bb! or
more. This is an uncertainty we should be happy to accept.

When should the 1zend have been deiected? Hindsight veliis us thist
the spill rate has been over-predicted since 1974, but trends take time
to become apparent. Assuming a Poisson process, with a rate esti-
mated as the total number of spills since 1964 divided by total OCS
oil and condensate production, we can calculate the probability of
abserving zero spills from 1974 onward. Not until 1977 would this
probability become less than 5 percent.

Table 5. Crude oll spills of 1,000 barrels or more from tankers
worldwide, by location

At sea In port
Year (Qpenreswicied)  (Harboripier]  Unspecified  Totals
1974 10 8 z 2
1975 9 4 3 16
1976 16 4 1 21
1977 12 4 0 16
1978 8 1 2 1
1979 1 b4 1 21
1980 3 3 1 9
Total & 35 1} 114

Table 6, Swnmary of occurrence rates for accidental ol spills now
used in the OSTA model

Spills/billion bbl

= 1,000 bbl = 10,000 bbl
Platform 10 0.44
Pipeline 16 0.67
Tanker, total 1.3 0.65
at sea 0.90 0.50

in port 0.40 0.15




Thus, one could have only begun tentatively to detect the trend in
platform spills sometime in 1978. Allowing time for data collection,
analysis, and review—and admitting 1o some caution against report-
ing a [alse erend—Ir is not surprising that the OSTA model’s spiil rate
did not refiect the trend until 1981,

Estimating occurrence rates for accidental oit spills does not, of
course, completely describe the risks of OCS leasing, as mere oceur-
rence does not necessarily imply that environmental impacts occur.
These risks only can be studied with models such as the OSTA model,
which consider not only spill occurrence, but also movement of spilis
and contact with environmental resources,

Conclusions

Predictions of oil spill occurrence rates from OCS production plat-
forms, OCS pipelines, and tankers have been revised and updated to
reflect experience through 1980, The statistical evidence points to a
sharp drop, sometime around 1974 in the oil spill occurrence rates
from OCS production platforms and from tankers. The new rates,
recominended for predicting the impacts of OCS leasing, are given in
Table 6. All data in suﬁpon of these rates are readily available to the
scientific community through the MMS.

Valume of 01l produced or transported remains the most practical
exposure variable for predicting oil spill occurrences as a Peisson
process. Although intuitive arguments exist for using other variables,
it is difficult to demonstrate, particularly in the case of platforms and
pipclines, that these capusure valiables are superivr w volume of vil,
because there have been few spills from these sources. The new data-
base, however, provides opportunities for researchers to examine
other exposure variables for tankers.
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