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EXECUTI VE sUMMARY

This report was commissioned by the Proponents in order to respond to
questions and interventions raised to the E I.S., particularly by Dr. Ray
Lemberg (Specialist to the panel) and Dr. Phil Cohen (Environnent Canada) and
to clarify differences between published work of Fenco Consultants Ltd. and
F.G. Bertha and Associates Limted. The work was undertaken jointly by Fenco
Consultants Ltd. and F.G. Bertha and Associates under the guidance of a
steering conmttee drawn from the Proponents, interveners, panel specialists
and panel secretariat.

The nethod used was to prepare historical statistics for each conponent in the
production and transportation systems. The statistics were:

Mean spill size (barrels);
Frequency of spill (spills/year); and,
Spill size probability distribution.

These statistics were then nodified to nake them appropriate for Arctic °
operation. In general, a more severe environment increases the risk whil st
the remoteness from third parties and inproved engineering decreased the risks.

These statistics were then used to predict the resulting oil spills for both
pi peline and tanker systems w th a base throughput of 100,000 barrels per
day.  Subscenarios were al so considered, taking sections of the whole system
and secondly, showing the effect of increasing throughput.

In preparing this report a conprehensive study was made of all available oil
spills, both conventional and Arctic. This was nade possible through the
cl ose co-operation of all parties concerned in using the supply of infornation
from various regulatory, quality assurance and industry nonitoring groups.

Wth mnor exceptions where slightly nore up-to-date statistics have been
used, there are no significant changes from the information already tabled by
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the Proponents. What has been achieved, however, is that apparently
conflicting data has been conpared on the sane basis and has been found to be
conpati bl e.

The report shows that the various conmponents conprising an Arctic production
and transportation system have different characteristics. Figure 1 shows the
risk characteristics of each of the principle conponents. Fromthis figure,
the follow ng may be noted

Devel opment drilling has a low probability of spills occurring but that
these spills may be large if they occur.

A higher incidence of small spills are anticipated for pipelines, but
the chances of large spills are nuch less and their spill volune is
limted by pipeline size.

Tankers have simlar risk characteristics to those of production and
devel opnent drilling with slightly |ower probabilities of a spill and

slightly smaller maximum spill vol umes.

Storage and cargo transfer have a relatively high probability of smal
spills and a small probability of a large spill.

(iv)
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1.0

| NTRCDUCTI ON

The original Envi ronnent al Inpact  Statement  submission contained
sections dealing with both the possible environnental inpacts under
different scenarios and the risk of oil spills. As a result of various
interventions and questions raised, particularly by Dr. Ray Lenberg
(Technical Specialist to the Panel) and Mr. Phil Cohen (Environment

Canada), it was felt that it would be helpful to show how the risks and
the possible inpacts link together.

By the end of June, a nunber of reports and documents had been tabled
which by their very nunber had served to confuse rather than clarify.
These are |isted bel ow

1. The EI1S

VOL 2 - Devel opment System
VOL 6 - Accidental Spills

2. EIS Support Docunent

“Final Report on Arctic Tanker Risk Analysis” (F.G. Bertha and
Associates) [1l1report to Dome Petrol eum

3. "safety and Reliability Analysis of Arctic Petrol eum Production and
Transportation Systens”. (Fenco Consultants Ltd.) Conm ssioned by
Envi ronment Canada [21.

4, Ray Lenberg Critique of the EIS (1 and 2 above).

5. Phil Cohen Critique of both the Bertha repert (2 above) and the
Fenco report (3 above).

6. Bertha' s response to both critiques (4 & s above).



1. El S deficiency response to the panel, “Supplenmental Information -
Environmental and Technical [ssues” June 1983.

8. Pipeline Installation Protection and Repair Feasibility Study R.J.
Brown report to Gulf, Dome and Esso [3].

The proponents, therefore, conmissioned F.G. Bertha and Associates Ltd.
and Fenco Consultants Ltd. (and its successor conpany Lavalin Offshore)
to work together to produce a report identifying, explaining and
hopeful ly resolving apparent differences. The work was carried out
under the guidance of a steering group conprised of:

H. Brett More - Environment Canada

Dr. Phil Cohen - Environment Canada

Dr. Ray Lenberg - Lenberg Consultants - Technical specialist to the panel
Fir., Larry Wlfe - Panel Secretariat

Dr. Hans Kivisild - Lavalin Offshore - Fenco Consultants Ltd.

Dr. Frank Bertha - F.G. Bertha and Associates

Mr. Archie Churcher - Done

M. Ed caldwell — Esso

Mr. Jerry Gainer - Gulf

The proponents restricted the mandate of the group to risk analysis
since that was the primry expertise of the group assembled. It should
be noted however, that Ray Lemberg's Critique extended beyond risk into
the areas of inpact and cleanup capabilities. These are addressed in
EIS Volume 6 and the response to deficiency statement pertaining to oil
spill issues (June 1983).

Wil e the proponents would like to extend their thanks to Messcs Mbore,
Cohen, Lemberg and Wolfe for their guidance, responsibility for the
report rests solely with the proponents, F.G. Bertha and Associ ates and
Fenco Consultants Ltd. who prepared the report.



The proponents included both tankers and pipelines in their EI'S proposa
since engineering and economcs indicated that the choice could depend
upon the devel opnent scenario under consideration as well as other
factors. No direct conparison between the tanker transportation node
and pi peline node was presented. The statistical base for marine
(tanker) systens is significantly different (e.g. 1000 bbl m ni mum spil
vol une data cut-off) from production/pipeline statistics (50 bbl m ninmum
spill volume data cut-off). For this and other reasons as noted in the
Appendi x C, “The Tanker/Pipeline Controversy”, a conparison is rather
|i ke conparing apples and oranges and the reader is cautioned against
maki ng such an overly sinplistic conparison

The primary objective of this document is to show how data from both the
original  Environnental Inpact Statement and the Fenco report to
Envi ronment Canada can be used in order to calculate risks at various
levels; first, for a specific community; second, for a general area,;
and, third, for an entire system Carification is also given in areas
where various interveners found anbiguity.

The nmethod used is to show how the risks can be determned for the
components of a base case. These risks are determned initially for
conventional  conponents (Section 3) and then nodified for Arctic
operation (Section 4).

The component risks are then used to calculate the risks for a nunber of
different scenari os, particularly those scenarios used in the
Environnmental Inpact Statement for the assessnent of environnenta

i npact (Section 5.0).

Appendi x A gives a description of the mathematical approach used.
To avoi d confusion between units, barrels have been used throughout this

report as the unit of volume. Conversion factors are given in Section
2.0.



The EI'S deficiency statenent requested that risk be assessed for both
chronic and episodic spills. For the purposes of this docunent, the
following definitions are adopted. First, the distinction between
intentional” and accidental spills. Some  conventi onal non-Arctic
petroleum activities, such as non-segregated ballast tanker operation,
intentionally discharge small volunmes of oil on a regular “basis.
Because these discharges occur frequently, they may be called chronic.
Such sources would be very few, and are limted to small concentrations
of oil in produced water. Since accidents are individual by nature,
they could be called episodic. W do know, however, that accidental oil
spills have a size distribution. Experience world wde has shown that
there are many nore small oil spills (100 barrels) than there are |arge
spills (100 000 barrels). The size distribution can be divided into
three sections:

1) Small, frequent, chronic spills;
2) Medium infrequent, spills; and,
3) Large, rare, episodic spills.

This analysis deals only with the probability or risk of spills of
various quantities of oil; no other possible waste naterials or
pol lutants have been consi dered.



. 2.0

BASE CASE AND GENERAL DATA

As the vehicle for this report, a base case has been chosen which
represents an early production start point. Exanples in Section 5.0
show how the base case can be used to calculate the risks for cases with
differing throughputs or differing Iifespans.

The base case supposes a hypothetical reservoir of some 750 mllion
barrels of recoverable oil in a water depth of approximtely 25 m

Gven a 20 year life, this means a production of 100,000 barrels per
day. This typically relates to a 16" pipeline or to two tankers.  For
the purpose of this analysis, it is assuned that production would be
achieved from 2S producing wells situated on two islands sone five km
apart.

The water depth of 25 mis appropriate since at this depth, both
transportation systens are suitable. The water depth of 25 mrepresents
a distance of roughly 65 km from the shore.

The overland pipeline fromthe Mackenzie Delta to its crossing of the
Al berta border at 60-N would be approximtely 1300 km | ong.

The pipeline would require a 12 hour storage volume, which is 50,000
barrels.

The tanker route woul d be approxi mately 4300 km (2300 nautical mles) to
the sane latitude of 60”"N of which 2100 km would be within 50 nautica

mles of land and is termed ‘restricted water’ and 2200 km woul d be in
the ‘open sea’

The tankers woul d have a capacity of 1,400,000 barrels (approximtely
200,000 metric tons deadweight) and the tanker termnal would have a
storage capacity of 2,300,000 Dbarrels. Each tanker would nake
approxi mately 14 conplete voyages per year. The |loading time would be
12 hours.



A barrel is a neasure of volume and is the standard oil barrel which was
once used to transport oil by truck. There are 42 US gallons to a
barrel, but only 35 Canadian gallons to a barrel. A cubic metre is also
a neasure of volume and there are .1591 cubic metres in a barrel. Mre
conveniently, there are roughly 6 barrels to a cubic netre. A netric
ton is a neasure of mass and the density of the oil is needed to convert
to barrels. There are roughly 7 barrels to a metric ton.

2.1 COVPONENTS

Components are the parts that are required to assenble a conplete
system For instance, if the conplete systemis required to

produce .0il and nove it south by pipeline, then the conponents are:

1) Devel opment  Drilling;
2) Producti on;

3) Sub-sea Pipeline;

4) Overland Pipeline; and,
5) St or age.

The total list of conponents for the systens proposed in the
Environmental Inpact Statement is as foll ows:

1) Devel opment Drilling;
) Producti on;

) Subsea Pi peline;

4) Overland Pipeline;

) St orage; and,

) Tanker .

For each of the components, historical data have been used in ‘order
to deternmine probabilities and spill sizes.



The first statistic determned is the frequency of oil spills. It
is expressed as the nunber of spills per year. In the case of
conponents involving distance, it is expressed as frequency per
kilometre per year. It is found by considering the total nunber of
recorded spills, and dividing by the length of tine that these are
recorded. Mat hematically, when the frequency is smll, it is
i nterchangeable with probability. Many very small spills are not
recorded in world statistics. The ‘cut off’ indicates the size
bel ow which spills are not recorded

Associated with the probability of any spill larger than the cut
off is the average Or nean spill size. This is determned sinply
by taking the total volume spilled and dividing it by the tota
nunber of spills.

Probability of a spill and average spill size are inportant in
determning the total volumes of oil spilled per year or for the
life of the project.

There is a second environnental inpact which may occur and this is”
due to the release of a large volune of oil in a single accident.
To exanmine this, a probability/size distribution graph is needed.
In essence, we know that whereas small spills occur relatively
frequently, large spills occur infrequently or have a | ower
probability of occurence. A probability/size distribution has been
determned for each conponent.



- 3.0

CONVENTI ONAL  SYSTEM PROBABI LI TI ES

3.1 | NTRODUCTI ON

In presenting oil  spill statistics regarding drilling and
production, preferential use was made of the U.S.G’S. information
regarding the Offshore Continental Shelf - GQulf of Mexico (CCS -
GoM) [41. This is the largest organized collection of spill data
in existence and is virtually the only one with statistical
significance. As such, it has been used extensively as a basis for
estimating spill probability, both here and in the Supplenental
Information - Environmental and Technical Issues filed by the
proponents in June of 1983 and to which the reader is also referred.

It should be noted, however, tnat other data bases do exist. For
instance, the Al berta Energy Resources Conservation Board (AERCB)
has extensive data regarding the incidence of blowouts, as well as
pi peline spills. Wiile the AERCB data is not drawn from an
of fshore operation, they do clearly indicate Canadian climte .
operating  experience. It is worthy of note that Canadian
performance, particularly in the area of blowut prevention,
conpares favorably wth worldw de statistics.

3.2 DEVELOPMENT DRI LLING

Two categories of spills were analysed for Developrment Drilling
(devel opnent drilling pertains to all drilling activity after
exploration is conplete when a reservoir has been identified as
comercial and wells are being drilled for the purpose of
produci ng) . These categories are non-blowout related spills and
bl owout s.



Non- Bl owout

As one woul d expect, the non-blowout spills tend to be snall
since they usually consist of spills of fuel oil or oil based
drilling fluids brought to the rig. The upper limt of
possible spill volume is wvirtually dictated by on-site
storage capacity ( about 500 bbl). Using data fromthe
U.s.-GoM and [5], spill risks are estimated as 4.5 x 10'3
spills per well drilled with an average spill volune of 100
Bbl's .

Spill sizes for rig spills are roughly exponentially
distributed such that the probability that, given a spill, it
, . won , _ . -x/].00

will exceed size “x" is givenas: P (spill > x) "=e .

Bl owout s

Vel control problenms may be categorized into two classes:

1) Bl ow; and,
2) Uncontrol led Bl ow or bl owout.

A blow is defined as a flow to the atnosphere of gas,
oil, water or drilling fluid which is brought under
control by closing appropriate equipment within a very
short time frame (control regained alnost inmmediately) .

An uncontrolled blow is defined as a conplete |oss of
control in which control can only be regained by the
installation of equipment, killing the well, or
drilling a relief well.



The latter incidents are generally called blowouts.

During 1970-1980, AERCB records show 19 drilling blowouts out
of 45,062 wells drilled. The US-0Cs-GOM statistics indicate
e hi gher incidence of blowouts. This, nore conservative,
data base was used in the analysis but the reader should keep
in mnd the Canadian conpani es’ superior record.

Using U S. statistics from 1955-80 [5] sone 12,400 wells were
drilled resulting in 36 blowouts. During the same tine
period, there were 32 blowouts during production and workover
operations. O these 68 blowouts, only 8 released nore than
50 bbls of oil (an additional 11 indicated a “trace” of oil)
[4l. Only one of the oil releasing blowouts, which occurred
during workover, can be categorized according to production .

or drilling. The other 7 events could have occurred during -
ei ther phase of operation. Therefore, the probability of an

oi | blowout during development drilling is estimted very
conservatively as being less than or equal to 8 in 12,400 or
6.5 x10'4 per well drilled with an average spill size of.
1300 bbis.

It is interesting to briefly consider how a well is likely to
be brought wunder control. O the 30 blowouts occurring
during drilling on the US. o.c.s. from 1971 to 1978, 23 or-
77% were controlled by natural bridging in the well bore
while 7 or 23% were brought under control by surface kill

net hods. None of the blowouts during that period required

the drilling of a relief well.

10.



Larger spills can occur. In 1979, an exploration well in the
Qul f of Mexico (Penmex - 1Ixtoc well) blew out producing the

|l argest oil spill in history, roughly 3,100,000 bbls of oil,
and requiring a relief well to bring it under control.

“Clearly the 1Ixtoe wWell was not subject to significant
bridging in the wellbore. The hydrocarbon bearing formation
in that well was a carbonate, whereas nost of the Beaufort
area is characterized by somewhat poorly consolidated
sandst one. The latter type of geology woul d be expected to
be somewhat nore prone to “bridging” wth consequent
reduction or elimnation of fluid discharge.

The matter of well productivities is also relevent to this
discussion. \Whereas the Penex Ixtoc well initially flowed at

a rate of 30,000 BopPD, well productivities tested in the
Beaufort to date have been substantially |ess and, even
flowing to atnospheric pressure, these wells would not
normal |y be expected to sustain flows in the 30,000 BOPD .

range.

Needl ess to say, this single blowut has a profound effect on
spill averages and other statistics.

The proponents took the conservative view that Ixtoc should
be included and as a result figures are as follows:

Mean Size 34, 000 bdbls
Frequency 6.5 x10°% spilI's/well
Distribution Lognormal w = 7.8 o = 3.46

11.



3,.3 PRODUCTI ON

As with devel opment drilling production, spills are sub-categorized

into non-blowout and blowout spills.

Non- Bl owout spills

Because production lasts rmuch longer than devel opnent
drilling and entails a variety of equipnment from the wellhead
to trunk line (pressure vessels, etc.), one would expect nore

spills and this is substantiated by usGs-GoM statistics which

show for the tine period 1955-80, 1,083 reported production

spills [51. Statistical analysis shows that the probability
of having a spill greater than 50 bbls is 9.8 X 10'4 per
wel | year with an average spill size of 290 bbls[41. The use
of a data base which goes back to 1955 is conservative since
nore nodern designs, naterials and equi pment are far |ess
likely to spill oil.

The distribution is estimted as lognormal With
w =496 0 =124

Production Bl owouts

Section 2.3.1 of Volune 6 of the EIS addresses offshore
production accidents.

Only 4% of the “accidents’* resulted in blowouts; these
blowouts in some instances resulted in significant oil
spills.  The Bravo blowout in the North Sea spilled between
150, 000 and 200,000 bbils of oil, a blowout in the Culf of
Mexi co (South Timbalier, 1970) spilled 53,000 bbls of oil, on
the California coast a blowut spilled 77,000 bbls (Santa
Barbara, 1969).

12.



[f only wells in the North sea and Qulf of Mexico are
consi der ed, two Dblowouts are attributable to workover
operations and up to 8 other blowouts (unspecified as to
operation) have released oil over an exposure of about 37,000
wel |l years [5,6]. The two blowouts during workovers account
for about 95% of the oil spilled fromall blowouts in the two
areas. Assuming it quite likely that all 10 blowouts are in
production operations, the blowout probability, P (spill >
50 bbls) becones 2.7 X 10'4 per well year with a nmean spill
size of about 20,000 bbls.

The distribution is lognormal w = 7.11 ¢ = 2.73
3.4 SUBSEA PI PELI NES

Subsea pipelines are divided into tw subcategories, nanely
‘*gathering lines” and “trunk lines”. Gathering lines are typically
relatively short pipelines (a few kilometres) which carry wel
fluids - oil, gas and sonetimes water - from producing wells to “
processing facilities. In the case of an offshore production
scenario, these lines would run fromthe satellite island to the
mai n processing island. Because of the multi-phase nature of the
fluids carried, leak detection is made nore difficult and pin-hole

| eaks may not be recognized for several days. Total line failures -
or mgjor |eaks would be detected inmediately by pressure drop. The
base case gathering line systemis assuned to be 5 km | ong.

Trunk lines would carry stabilized oil i.e. oil which has been
separated fromgas (and water), in a single phase line to the crude
shipping termnal, either on shore (overland pipeline) or at sea
(tanker system). The trunk line is assuned to be 65 kmlong in our
base case

13.



Determning spill probabilities for subsea pipelines-is a difficult
task, for several reasons:

1) Assunming the length of pipe as an exposure variable, the
total length of pipeline within a study area is unknown. At
best, only approximtions can be nade. [7,8,91 It has been
assuned that the us-coM data covered about 2000 km

2) Reports do not usually distinguish between gathering and
trunk Iines; and,

3) Probabilities quoted in various reports are not necessarily

compatible  because of different mnimum  spill Si zes
i ncl uded. Some sanples of this are shown in the follow ng -
tabl e:

Ref erence No. of Years of

Sour ce cut of f Probabilities Spills Exposure

[91 1000 bbls 0.25 x10™> per km year 8 67- 80

[41 50 bbls 0.79 X 10 ° per km year 24 67-81

[81 0 (?) 5.6 x10° per km year 134 69- 80

[71 o (?) 7.3 x 10°° per km year 136 67-77

The proponents believe that the nost applicable spill probabilities -
woul d be obtained using North Sea statistics. Unfortunately, no
one has conpiled conplete statistics fromthis area [71. For
purposes of consistency, it was thus felt that using the usGs-GoM
data [41 would be nost conparable to other system probabilities
presented in this chapter. The probability is thus presented as P
(spill > 50 bbls) = 7.9 x 10 . per km year. If only spills
from 1975 forward are considered, then the number of spills drops
to 9 with a probability of 4.9 x 10 . spills per kmyear and a
mean spill size of 1,200 bbls. Statistics from 1975 onwards are
believed to be nost indicative of current pipeline technology. If

14.



these spills are divided between gathering and trunk lines (from
1975) it is estimated that the average gathering line spill is 200
bbls, and trunk line spill 2,400. bbls. These estimates are
approxi mate and noreover cannot be assigned unique probabilities as
no information is available to clearly distinguish between |engths
of subsea gathering and trunk Iines.

The distribution of oil spill size for trunk subsea pipelines is
lognormal w = 6.49 o = 2. 37

3.5 OVERLAND PI PELI NE

Spills fromoverland pipelines are described on pages 7.3 and 7.4
of Volume 6 of the EIS. Additional statistical information is
provided in the Environnmental and Technical Issues - GOl Spills
material provided by the proponents in June, 1983.

As with subsea pipelines, the total length of pipeline per year is
chosen as an exposure variable. Usi ng Canadi an statistics [101
from 1977-1981, 206 spills occurred of > 10 bbls in some 146, 000
km years of pipeline operating experience to give a spill
probability P (spill > 10 bbls) of 1.4 x 10'3 per km year, with
an average spill size of 900 bbls. For purposes of conparison with
subsea pipelines, it is better to estinate the average spill size
and probability of spills for a 50 bbl cutoff point. Choosing a 50
bbl cutoff would result in an approximte spill probability, P
(spill > 50 bbls) of 9.7 x 1074 per kmwith an average spill
size of 1,300 bbls.

The distribution is estimited as lognormal With w = 5.52 u =
1.52

15.



3.6 STORAGE

Using oil Spill Intelligence Report as the primary data base (11},
a total of 141 storage spills occured in the period 1979 to 1981.
O these, 100 spills were well docunented, resulting in a tota
volume spilled of 1,380,000 barrels. This gives a nean spill size
of 13,800 barrels.

From references [121, it was deduced that over the same period a
total of 3.5 x 10° barrels were stored on an annual basis. The
spill frequency is therefore, calculated as follows: 13.4 X 10'3

spills/mllion barrels stored per year

The spill size distribution has been cal cul ated as lognormal with
W =6.97 and o = 1.72.

The cut off size is 250 barrels.
3.7 TANKERS

Speci alized crude oil tankers have been carrying oil for the |ast
one hundred years.

The rapid increase in consunption of oil products in the 1960's
conbined with the decline in continental U S. production, resulted
in increased volumes being transported. In the |ate seventies, the
vol unes transported annual ly were approxinmately 12.5 x 10° bbls .
A corresponding increase in crude oil pollution was observed with a
few very large spills being responsible for a large fraction of the
spilled vol ure.

The problem of oil pollution from tankers began to be studied

scientifically in the mddle sixties. At that tine, however, the
data base describing the types of accidents that occurred was too

16.



..vedictions Of future oil spills could not be made with
—iar accuracy. A key study was performed in 1973
= the US OCS devel opment (13]. That study clearly
= =1e problens relating to the statistical analysis of
—s . These were:

.ze range of spills is extrenely large;

2at mpjority of spills are at the |ower end of this
= and,

:zthe oil is spilled in a fewvery large spills.

.ase Sel ection

=ssing a data base for this risk analysis, the follow ng
=3 were consi dered:

e conpleteness of the data base, which is neasured by
-he total number of spills and the total volune of oil
:pilled;

e detail of the information, in particular, the
.acation of the spill and the size of the individual
2ills;

e tine period of the data base; and,

e cut-of f size used for the data base.

-7, We were looking for a data base:

mat was conplete in that it recorded all spills that
-ad happened;

17.



2) That the detail showed us whether the spill had
occurred in open sea or in restricted waters or in port;

3) That the size of the individual spills were recorded;

4) That the time period for the records was at least five
years and preferably, ten years; and,

o

) That the cut-off size was not in excess of 1000 barrels.

The following data bases were exam ned. Firstly, the data
base provided by |'Institute Francais du Petrole [ 14, 15,
161, second, the O1I Spill Intelligence Report [111; third,
the International Tanker Oaner’s Pollution Federation [171,
and fourth, the Mnerals Mmnagenment Division [181.

The best data base cane from M nerals Management Divi sion,
which had a cut-off of 1000 barrels, a life of nine years and
had the spills broken down with the volume of each spill and
the location of port, restricted water and open sea. None of
the other data bases gave the breakdown of |ocation of spill;
however, the M nerals Minagenent Division did not appear to
be the nmost conplete data base, as, when conpared wth other
data bases, it gave lower yearly totals.

The approach used, therefore, was to wuse the Mnerals
Management  Division in order to obtain the spill size
distribution and then to take the spill size distribution
related to the frequency of spills and increase the nunber of
spills to achieve the maxinum recorded in the other data
bases. In this way, a workable data base was obtained.
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3.7.2 Calculation of “Conventional” Probabilities

Using the Mnerals Munagenent Division data base, the
following table is obtained for the years 1974 to 1982
inclusive (9 years).

Nurber Aver age
Location of Spills Volume Spilled Volume Spilled (bbls)
Por t 86 2,801, 533 33,351
Restricted Water 126 8, 555, 217 67,893
Open Sea 20 1,675,371 83, 768
Unspecified .14 170, 243
TOTAL 244
“Port” includes when the vessel s manoeuvreing in the
harbour and is tied up to the pier. “Restricted Water” neans

within 50 nautical mles of |and.

The first step is to reallocate the unspecified spills in the *
same ratio as the spills with recorded |ocation.

Port 84 + 5 = 89
Restricted Water 126 + 8 = 134
Open Sea 20 +_1 = _21

14 244

The second step is to increase the nunber of spills to match
the maxi num total volume spilled. The hi ghest nunbers
recorded are from[14, 15 161, Which when averaged over the
9 year period in question, predict a total volune of oil
spilled as 25, 500, 000 barrels. The spills are increased
again holding the ratios between spill location constant.
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Por t 168 x33,351 = 5,602, 968
Restricted water 252 x67,873 = 17,109, 036
Open Sea 40 x83,768 = 3,350,720

26,062, 724 bbls

The third step is to calculate spills per year.

Por t 168/9 = 18,6 spills/year
Restricted Water 252/9 = 28.0 spills/year
Qpen Sea 40/9 = 4.4 spills/year

The fourth step is to examine the total performance of the
world fleet in order to obtain spills per port call and

spills per xilometre year. The data are drawn fromthe
United Nations Conference for Trade and Devel opment (UuNCTAD)
[191 . During the period in question, the world tanker fleet

averaged the follow ng performance.

1,774,000, 000 tons shipped per annum (12.5 x 10° barrels)
8, 707,000, 000,000 tons mles transport capacity (100.8 x

10%2 barrels km
337,000,000 tons deadweight fleet capacity (2.4 x10°
barrel s)

This gives an average voyage length of 4,908 mles (7,896
kjy . From Reference [12], the average nunmber of tankers in
operation was 3, 100.

This gives an average vessel size of 112,000 tons dead wei ght
(806,400 barrels), and gives 15,6839 average voyages per year

and 5.3 voyages per ship. Conservatively assumng 2 port
calls per voyage, this gives 31,679 port calls per year.

Unfortunately, no split is made between “restricted water”
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and “open sea”. At first sight, it nmight appear that much of
the voyage is in “open sea”, giving say a 90:10 split,
Further exanmination showed many coastal voyages around North
Anerica and Northern Europe are totally in restricted water
and the ratio of the split would rise. Since the “restricted
water” has the highest risk, a-conservative value of 50:50 is
assuned.

Using these figures, the followi ng spill frequencies can be

cal cul ated:
Por t 18. 6/ 31, 679 - 5.8 x10 " spills/port call
Restricted Water 28.0/(3,100x5.3x3,948) = 4.3 x 10 spills/km year
Qpen Sea 4.4](3,100x5.3x3,948) =6.7 108 spi | I's/km year
The final step is to use the sizes of each individual spill
to calculate the distribution based on the |og nornal
approach described in Appendix A This gives:
Por t w = 7.93 a = 1,86
Restricted Water u = 8.97 a = 2.19
Open Sea u = 9.90 a = 2,30
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4.0

ARCTI C SYSTEM PROBABI LI TI ES

4.1

| NTRODUCTI ON

The eunvironment over the long term has a predictable pattern but
the individual events are not predictable. For instance, the 20
year return period storm for the Beaufort Sea may have a wave
height of 6 metres. This predicts that once every 20 years a storm
of this severity will occur but it does not predict when it wll
occur, i.e. the first year or the sixth or the fifteenth year.

Engineers, when designing equi pnent, use this approach to set
safety design criteria. For instance, for North Sea O operations
the generally accepted value is the 100 year return period. This
is used fer such environnmental factors as waves, w nd, tenperature,
etc. So in the case of a North Sea platform the 100 year wave nmay
be 25 metres and this is the basis for the design. If for instance
North Sea risk statistics are to be used as a basis for Arctic risk
statistics, then it is inportant to see that the safety design
criteria are set at the same level, i.e. the 100 year return
period.  This neans that an Arctic platformor island would be
designed for the 100 year w nd, 100 year ice island, 100 year wave,
etc.

The proponents have nade the conmitnent that the environnental
safety design criteria for Arctic operations will never be |ess
than the 100 year return period criteria for each of the
environmental factors, which is the same as the North Sea. This

then allows the use of North Sea and other world statistics.

The net hodol ogy adopted was to use historical statistics and then
to adjust those probabilities to reflect Beaufort plans and
conditions and the particular 100,000 BOPD scenario. In so doing,
it becane clear that while significant inprovements are expected in
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most conponents due to safer operating nethods or new technol ogy,

t he

effect of some inprovements would be very difficult to

quantify. \ere this has occurred, the conservative or higher risk

nunber has been used.

4.2 DEVELOPMENT DRILLI NG

4.2.1 Devel opnent

4.2.2

Drilling - Non-Bl owout

This is a relatively uninportant conponent fromthe point of
view of oil spill risk contributing |ess than 1% of the
‘expected spill volume’ . Industries’ performance in the
Arctic has been without major incident. Wrldwide statistics
can be applied, unmodified, to Arctic conditions. That is, a
mean spill size of 100 bbl with a spill probability of 4.5 x
10'3 per well drilled. The dis/tribution remains the sane.

Devel opnent
Drilling - Blowouts

Technol ogy and methods used in the Arctic are conparable to
those used el sewhere. H storically, spill rates have
decreased as devel opnent and operations continue. Operations
in the Beaufort Sea will use and build upon the experiences
of operations in the Gulf of Mexico, North Sea and Al aska;
however, the likely inmprovement is difficult to quantify.
Therefore, despite Canadian industries’ superior record
(AERCB statistics, 1970-1980), it was decided to rely upon
the @lf of Mxico data base. In order to take a
conservative assessment, worldwide statistics are used
wi thout modification.
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4.3 PRCDUCTI ON

4.3.1

4.3.2

Production Non-Bl owouts

No rmodification of worldw de statistics was undertaken since
there is no significant change to either the equipnent or the
mode of operation. Like non-blow out spills in devel opnent
drilling this is a relatively uninportant conponent from the
point of oil spill risk contributing less then 1% of the
expected spill vol une. The mean spill size is 290 barrels

with the spill frequency 9.8 X
10-4 spills/well year. The distribution is log normal n =

4.96 ¢ =124

Production Bl owouts

Two factors affect the transfer of worldwide bl owout
statistics to the Arctic. The first is the introduction of
newer technology and safety neasures. The use of storm
chokes or down-hole safety valves (DHV's), as recently became
mandat ory (Canada Ol and Gas Production Regul ations; Section
27 - Draft, September 1982) is expected to reduce the
probability of a blowut due to damaged surface equipment.

Tests on D.H.V. have indicated a high success rate and hence
the probability of a blowout is conservatively reduced by 50%

The second factor affecting transference, is the estimted

time to drill a relief well should one be required. Roughly
10% of Dblowouts have required wells to bring them under
control [51. The remainder of the wells either bridged

naturally or were controlled fromthe surface. These wells
have taken as little as 5 days to as long as 137 days to stop
the bl owout . Section 4.4.7 of volume 2 of the EIS (page
4,64) addresses the issue of relief well drilling in Beaufort
Qperating and 45-60 days are assumed to be necessary to dril
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a relief well in the Beaufort. This is longer than
conventional relief wells and accordingly the nean spill size
has been increased by taking into account the 10% of

which required relief wells. The mean spill size has
therefore been increased by 10%

The nean spill size becones 22,000 barrels and a spil

frequency of 1,3 x 10'4 spills/well year - the distribution
isw=7.20 0 = 273

This nean spill size mght typically be caused by a well
flowing at 3,000 barrels a day initially. The flow would
reduce due to presume drop in the reservoir, natural bridging

and control neasures. Allowing 15 days for control the spil
would result in 22,000 barrels. The EIs however in Volune 6 “
page 6.24 considered the worst case where a 60 day period is
required and further assumed the well flows, undimnished at

a 12,000 BOPD rate. The maxinum spill volune becomes 720, 000
bbl .

4.4 SUBSEA PI PELI NES

Two factors have been applied to the conventional subsea pipeline
statistics for the Arctic situation. First, the spill probability
was reduced due to the expected decrease in corrosion failures
Second, the spill probability was increased due to the risk of ice
scour.

A third factor concerns third party damage. Typically this ocurs
when the anchor of a vessel drags over the pipeline. It can be
argued that due to the small nunber of ships in the Beaufort Sea
that this would reduce the frequency. In addition what ships are
there are controlled by the proponents and this would further
reduce the frequency. One proponent  however have taken the
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conservative view point that there wll be no reduction in
frequency due to reduction of third party damage.

The proponents expect that corrosion can be essentially elininated
as a potential source of subsea pipeline failure. Ext er nal
corrosion will be nmitigated by cathodic protection systems, high
quality anti-corrosion coatings, heavy wall pipe, and wall

t hi ckness monitoring (by instrumented pig). Internal corrosion
will be mtigated by corrosion inhibitor (if necessary), heavy wall

thickness and wall thickness monitoring. A conservative 75%
reduction in corrosion related failures has been assumned. Thi s,
combi ned with the 32% of failures caused by corrosion [7iresults
in a 24% reduction in overall failure probability.

While the probability of a spill has been reduced due to a
reduction in corrosion related failures it must be increased due to
the potential for ice scour. The design criteria established by
R.J. Brown was a systemreturn period of 1250 years. For a subsea
system consi sting of 65 kmof trunk line and 5 km of gathering |ine
this inplies a probability of a failure of

1 1.1 % 107° spi | | s/ km year
1250 year X (65+5) km

This conservatively assumes that every ice keel/pipeline contact
results in a pipeline failure and a spill. Consi dering the
conventional probability of 4.9 x 10'4 spills per kmyear. An
overal | reduction of 24%and an increase of .1 x 10 = (or 1.1 X
10°) results in an Arctic subsea pipeline spill probability of
3.8 x10 " spills per kmyear (see Table 4.4.1),

It is generally assumed that the smaller the pipeline the snaller

the oil spill the calculations carried out by R.J. Brown indicate
that for a 16” tine expected spill volumes are 1300 varrels.
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Unfortunately world w de statistics on subsea pipeline oil spills
do not correlate volume with tine diameter or with cause [4]. Te
proponents have therefore adopted the conservative nunber of 2400
barrels for the trunk line which is the sanme as the world wde all
pi peline statistics. The nean gathering system failure was thus
left at 200 barrels and the nmean trunk line failure left at 2400
barrels.

4.5 OVERLAND PI PELI NES

In the case of the Arctic overland pipeline, North Anerican
Statistics are used as a basis since these are the nost
conprehend ive avail able. Judgenment is simlarly exercised in
altering both anticipated spill size and probabilities, where this -

I's thought reasonable.

An overall reduction of 26%in the anticipated probability of
pipeline related spills results from the analysis. Corrosion
failures are reduced by 75%. This is felt reasonable due to .
enhanced corrosion mtigative measures and nonitoring prograns.

Anot her source of pipeline failures is attributable to third party
damage. This typically happens when nechanical excavation
equi prent inadvertently makes contact with the pipe. Since Arctic -
pipelines wll be located renotely from popul ated areas it is
unlikely that third party construction will interfere with the
system In the event that other pipeline or third party
construction is required in the vicinity of the existing system
these activities would be strictly nonitored and controlled. It
has been conservatively assumed that there will be a 50% reduction
in spill probability related to third party damage. |
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TABLE 4.4.1.

SUBSEA PI PELI NES

CONVENTI ONAL  VERSUS ARCTIC SPI'LL PROBABI LI TI ES

RESULTI NG % OF ARCTIC

% OF CONVENTI ONAL % FAI LURE FAI LURES RELATIVE TO
CAUSE OF SPILL FAILURES [71 REDUCTI ON CONVENTI ONAL
Cor rosi on 32 75 8
Q her 68 0 68
TOTAL 100 76
. . o -4
Conventional Spill Probability 4.9 x 10_4
Reduction from Corrosion 1.2 x 10
o . -4
Addition due to ice scour 0.1 x 10
Arctic Spill Probability 3.8 x10°
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TABLE 4.5.1

OVERLAND PI PELI NES

CONVENTI ONAL  VERSUS ARCTIC SPILL PROBABI LI TIES

RESULTING % OF ARCTIC

% OF CONVENTI ONAL % FAI LURE FAI LURES RELATIVE TO
CAUSE OF SPILL FAI LURES [ 101 REDUCTI ON CONVENTI ONAL
Corrosion 21 75 5
Third Party Damage 20 50 10
Q her 59 0 59
TOTAL 100 74
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TABLE 4.5.2

OVERLAND Pl PELI NES

ARCTIC MEAN SPILL SIZE CALCULATI ON

CONVENT| ONAL ARCTI C
SPILL PART OF SPI LL PART OF
FREQUENCY TOTAL FREQUENCY TOTAL
BY CAUSE SPI LLED REDUCTI ON BY CAUSE SPI LLED
(% (%
Corr. 21 9 .25 525 (, 79 2.25 ( 2.99%
3rd P. 20 29 .50 10 (13.5% 14.5 (18.4%
Other 59 62 1.0 59  (79.5%) 62  (78.7%)
TOTAL 100 100 74.25 (100% 78.75 (100%

Frequency of spills reduced by 26% (74, 25/100) overall
Mean spill size increased by 6% (78.75/74.25)
or 1300 x 1.06 1400 bbls. per spill
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It should be noted that a nmjor contribution to pipeline failure
statistics is referred to as “Other” in Table 4.5.1. This category
conmbi ned several reasons for pipeline spills including, operator
error, nmechanical failure etc. It was felt that it would be
difficult to assess the degree to which these could be individually
reduced. It was therefore decided to |eave this value unchanged in
order to reflect a worst case overall estimate of anticipated
pi peline spills.

Table 4.5.2 details how the mean Arctic spill size of 1400 barrels
is derived. The elimnation of nost of the small corrosion spills
results in an increase in nean spill size despite a net decrease in
both probability of spills and total expected spill volune.

The overall conclusion for both subsea and overland pipelines is
that the Arctic pipelines will have about the same oilspill

performance record as conventional nodern pipelines.
4.6 STORAGE AND TERMINALLING

Anal ysis of conventional storage facilities showed the causes of
storage oil spills as displayed in Table 4.6. 1. In view of the
fact that the storage for the tanker is offshore, the contribution
of vandalism and warfare has been deleted. The spill frequency is,
therefore, reduced to 10.7 x 10'3 spills/mlilion barrels stored
per year. For the particular storage considered in the base case
(2,300,000 million barrels) this becomes 24.6 x 10° spills/per
year. The frequency of overall failure of the production facility
is estimated at 3.3 x 10-3/year. The spill frequency is
therefore 27.9 x 10'3 spi |l l's/per annum

The Arctic storage would have secondary containment as is the case

with conventional storage system  Since the storage tank vol unes
in the Arctic are not dissimlar to those of conventional systens
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TABLE 4.6.1

CAUSES OF STORAGE SPILLS [111

Human Error
Material Failure
Vandal i sm

Warfare

W\eat her Conditions
Fire and Explosion
Col I'i sion

Unknown

32.
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37.5
25.9
16.8
3.8
6.1
7,6
1.5

100. 0%



is was felt that the mean spill size should remain the sane at
13,800 bbl.

The lognormal distribution remains unaltered.

4.7 TANKERS

The problemof oil spills from Arctic tankers was addressed by
Fenco in [21and Bertha in [11. I n [21,Penco | ooked at the tanker
designed according to the Canadian Arctic Shipping Pollution
Prevention Regulations (casppr) and concluded that a tanker
designed to these regulations and operating in the Arctic woul d
have approximtely the sane |evel of safety as the conventional
open water tankers have on the nmgjor trading routes of the world.
In [11,Bertha considered a tanker that not only conplied with all *°
the CASPPR regul ations, but also had additional features as follows:

1) The hull strength exceeding CASPPR by ratios of up to three.
2) The compartmentation of the hull giving 100% segregat ed
ballast, and in addition, no potential pollutant is carried

next to the shell of the vessel;

3) The main hull girder strength being approximately three times
greater than that of a conventional tanker;

4) The stresses in the hull being nmonitored in real time and
di spl ayed on the bridge;

5 There are two rudders;

6) There are two propul sion systens;
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7) That both propul sion systens will have high speed reversing
capabilities;

8) That both propul sion systens will generate full power astern
9) There are duplicated inert gas systens;
10) There are duplicated iceberg detection systens;

11) The | evel of manning being increased to provide duplication
of watch officers at all tines;

12) There is no punp room and deep well punps are used; and

13) That conpressed air will be used to maintain buoyancy if
bottom damage is sustained.

Bertha used a fault tree analysis method in order to evaluate the ,
effect of these changes for the main nodes of failure; namely, *
collision, explosion, grounding, iceberg collision, ramrmng and
structural failure. Bertha concluded that for an Arctic tanker
operating the conplete route fromthe Beaufort Sea to the Canso
area of Nova Scotia, Route #1, the level of safety would be
increased by 147 times [1] conpared to a conventional tanker on a
route of sinmilar length. In essence, this is the expected tota
spill volune reduction factor. This factor consists of two parts,
approximately 100 times inprovement in the probability of a spill
and a 1.5 tinmes inprovenent in the spill size.

During tke work undertaken for this report, both Bertha and Fenco
wor ked together with the objective of checking each other’s data
and checking each other’s nethodol ogy. Both parties concluded the
fol I ow ng:
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Since the Bertha EIS tanker is under consideration
engineering data for this vessel would be used and not the
Fenco CASPPR tanker;

That the fault tree nethod used by Bertha is nore applicable
for this exercise than that used by Fence. The fault tree
method is, therefore, adopted for this report; and

Fence, having checked Bertha' s data, for the input into the
fault trees and having checked the fault trees thenselves,
agrees with all aspects of Bertha's work with the exception
of two areas

Fenco questions the assunptions used in the Bertha fault tree .
analysis to determine oil spill reductions due to iceberg and -

nulti-year ice collision accidents. These questions were
based on Fenco experience in actual iceberg nonitoring and
reporting on ice strength surveys

A sensitivity analysis was performed to assess the effect if
no reduction was assigned to the iceberg collision scenarios
shown in Table 5.3 of [11, Route #1, and if a factor of 1
instead of 0.5 was assigned to damage risk for conventiona

tanker in ice. This analysis showed that there was only a
smal | change in the oil spill probability reduction factor
and consequently the original values are used

Secondly, although Fenco could see sone evidence for the
reduction of the mean spill size, they concluded that there
was insufficient evidence to justify the 30% reduction
proposed in the Bertha report. For this report, a
conservative value was adopted, nanely, that there would be
no reduction in spill size
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Thirdly, the probability of a pollution causing incident is
cal cul at ed PPI by multiplying the P by Fo: These are
summed (or the three areas of operation to obtain ‘pl
Arctic

The last stage is to find the ratio of the probability of a
spill causing incident for Arctic and conventional tankers as
fol | ows:

Ratio = PPI Arctic

P__ Conventional ly
PI

The inportant parts of the results of Bertha' s fault tree
analysis are shown in Figure 4.7.1, 4.7.2 and 4.7.3. As has
been stated the volunme factor originally included in the
Bertha report has been deleted in these tables.

“

The tables can be explained as follows. Firstly the fault
trees are run for a conventional tankers on a simlar route
to obtain the probabilities of pollution causing incident for
the five types of incident. These are the proportioned
according to Table 4.7.2 [21,221 to take account of the
di fferences between port, restricted water, and open sea.
These were then checked against historical statistics to
ensure that the results checked with history. These are the

nunbers mar ked PPI conventi onal .

Secondly the fault trees are run using ten all inprovenents
such as twin rudders which will be fitted to the Arctic
t anker. These inprovements decrease the probability of
having an incident. These are marked P, and are cal cul ated

I
for five types of incident and the tree areas of operations

36.



Thirdly the increased strength of the Arctic tanker s
assessed. Since this is done by calculating the increase in

energy to penetrate a cargo tank using Minorsky's net hod.
This is showmn in Table 4.7.3 used in Table 4.7.1 as FE
energy factor. Again these are calculated for the five types
of incident and the tree areas of operation.

The  conventional t anker probabilities and data can,
therefore, be nodified to the Arctic tanker as foll ows.
There is no change in the nean spill size and consequently,
the shape of the | og nornal distribution does not change.
There will be changes in the spill frequencies as shown bel ow.

Location spill Frequency

Port 5.8 x10° x0.85 x10 2 = 4.93 x 10-6/voyage
Restricted Vater 4.3 x 107/ x 1.0 x 1072 = 4.3 x 10- 9/ km year

Open Sea 6.7 x10°8 x 1.1 x 1072 = 7,37 x 1o'|°/kmyear

Since these values are extremely smll, it is nore convenient to

consider a full year’s operation of one ship, i.e. a ship year.

Por t 493 x 10°% x 14 = 6.9 x 10-5/ship year

Restricted Water 4.3 x lO'9 x 14 x 2,000 = 1.44 x 10'4/ship year

(pen Sea 7.37 X 10'|0 X 14 x 2,200 = 2.26 x 10-5/ship year
Appendix D explains in nmore detail, the effect of the

engi neering changes for the Bertha EIS Arctic Tanker.

Appendi x E expl ai ns

1) How the histogranms 5.1 through 5.10 of Reference [11
can be used to show the relative effects of the
engi neering changes; and,
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How the probabilities in Table 4.4 Reference [11 were
obtained and the sensitivity of these numbers to the
final risk reduction factors.
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RATI O OF ALL ACCI DENT TYPES BY TANKER LOCATI ON

TABLE 4.7.2

ACCI DENT TYPE LOCATI ON
PORT RESTRI CTED COPEN TOTAL
WATER SEA

Col l'i sion 73 18 9 100
Expl osi on 52 12 36 100
G oundi ng 20 80 0 100
Rammi ng 15 60 25 100
Structural Failure 4 15 81 100
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TABLE 4.7.3

REDUCTI ON FACTORS FOR ARCTI C TANKER ENERGY FACTCRS

ACCI DENT TYPE FACTOR
Col I'i sion 07

G oundi ng , 03
Ranmi ng .05
Expl osi on 43
Structural Failure .33

| ceberg Collision . 015
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5.0  SCENARI OS
5.1 | NTRODUCTI ON

The data from Sections 3.0 and 4.0, which is tabulated in Table
5.1.1, can now be used in order to show the expected spill volunes
for both tanker and pipeline scenarios. A total of ten scenarios
has been chosen; five for the pipeline case and five for the tanker
case. These are discussed bel ow under 5.3 Detailed Scenarios. For
each case, the appropriate conponents have been tabul ated show ng
the expected spill volume, both on a one year basis and on a twenty

year basis. In order to show the relationship between the
probability of a spill occurring and the size of a spill, a
probability exceedance curve has been used and this is discussed
bel ow. In order to link Volunme 6 of the E.I.s. “Accidental

Spills”, the actual spill volunmes considered in Volume 6 have been
plotted on the probability exceedance curves prepared for the
system conponents.

5.2 PROBABILITY EXCEEDANCE CURVES

In order to graphically display the data from Section 3.0 and 4.0,
the probability exceedance graph has been chosen. In this nethod,
the bottom axis of the graph (see Figure 5.1), is the spill size -
and the vertical axis is the probability.

The graph can be used by taking a specific spill size, say 10°
barrels, and reading up to the appropriate conponent curve and then
reading across to find the probability of occurrence. For
instance, in the case of the overland pipeline spill (Curve 4), a
10“6 barrel spill has an annual probability of approximtely 8 x
10 .
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G aphs 5.2-5.19 are the final conpleted graphs and awordo
expl anation is necessary as to how these have been derived. The
process is essentially one of four steps. The first step involves
the plotting of the distribution of conventional oil spills on an
exceedance probability basis. The lognormal distributions derived
in Section 3 are plotted on an exceedence basis and this predicts
t he exceedance of that size of an oil spill for conventional
systens given that the oil spill occurs (Figure 5.1, Curve 1).

Step two involves nodifying the curve to take account of the
probability of any spill. The curve of the size of the spill is
multiplied by the probability of the spill occurring (Curve 2).

The next step, step 3, is to nodify the curve for the Arctic spill -
size distribution if it is different fromthe conventional system

and this involves nodifying both the nmean and possibly the standard

devi ati on. If Arctic spills are simlar to conventional spills
this step involves no change (Curve 3).

The | ast step, step 4, is to nmake a further modification to the
probability of spill occurrence if the Arctic system has a
different probability of spill occurrence.

The final curve, Curve 4 (Arctic), is therefore the probability
exceedence curve for a particular conmponent for one year of
operation. As has been indicated, it can be interpreted either by
choosing the size of spill and calculating the probability that a
spill of that size or larger will occur, or alternatively choosing
a probability of 1let us say 10'6, or the one in a mllion
situation, and reading off fromthe graph the size of spill or
greater related to this ‘probability. If this approach is used,

then the fornmal statenment would read as foll ows:
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TABLE 5

COVPARI SON OF SPILLS

MAXIMUM EIS VOL. 6
COVPONENT RECORDED SPI LL SPI'LL
(bbls) (bbls)
Non Bl owout 300
Bl owout 3,100, 000 2,100, 000
Producti on
Non Bl owout 1500
Bl owout 150, 000 720, 000
Sub Sea 160, 000 4,500
Gat hering 500
Onland 60, 000 50, 000
St orage 740, 000 270, 000
Tanker
Por t 870, 000 270, 000
Rest . 1, 520, 000 1, 500, 000
Qpen 600, 000 270, 000

839-
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FREQUENCY

DEVELOPMENT DRILLING SPILLS
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FREQUENCY

SUBSEA TRUNK PIPELINE OIL SPILLS
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FREQUENCY
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OVERLAND PIPELINE OIL SPILLS
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FREQUENCY
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TANKER OIL S?ILLS AT SEA
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FREQUENCY

STORAGE 01 L SPILLS
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‘*There is aone ina mllion chance that a spill of this size or
greater will occur for one year of operation for this particular

conponent’*.  Figure 5.2 to 5.9 show the exceedance curves for the
i ndi vi dual conponents of the proposed systems. The * on the curve

is the spill used in the various scenarios in Volume 6 of the E.I.S.
5.3 DETAILED SCENARI OS

5.3.1 Scenario 1 is the base pipeline case when the production of
100,000 barrels noves south by pipeline. In this instance
25 wells are drilled and oil flows from one production
structure (12 wells) via the 5 kil ometer subsea gathering
line to the other structure. Final treatment is undertaken
and the oil is then transported to shore via the 65
kil ometer subsea trunk Iline. On shore, it then noves 1300
kiloneters through the 16" buried line to the Al berta
bor der. Storage is 50,000 bbls. Table 5.2 gives the
expected spill for this scenario and exceedance curves are
shown in Figure 5.10.

5,3.2 Scenario 1A is a sub-case of Scenario 1 and deals only with
the Beaufort Sea |ocation. In this, the oil flows fromthe
first platformto the second platformvia the subsea
gathering line. It then flows to shore via the 65 kil oneter
subsea trunk line and then a 5 kilometer section of the
online pipeline is included since spills in this area would
still have an effect in the littoral region of the Beaufort
Sea (see Table 5.3, Figure 5.11).

5.3.3 Scenario 1Bis a section of the pipeline and in this
scenario a 40 kilometer section of the online pipeline is
considered somewhere between the MacKenzie Delta and the
crossing of the Alberta border (see Table 5.4, Figure 5.12).

44.



5 .3.4 Scenario 1c is identical to Scenario 1 with the exception
that the throughput is boosted from 100,000 bblsd to 200,000

bbls/d. To achieve this, the nunber of wells is increased by
a factor of 2 to 50 wells, the gathering lines are increased
from5 kilonmeters to 10 kilometers, the subsea trunk line is

still 65 kiloneters, and the online pipeline is still 1,300
kiloneters. Storage is 100,000 bvbls (see Table 5.5, Figure
5.13).

5.3.5 Scenario 1D. In this case the throughput has been increased
to 300,000 bblsd from 75 wells, with 15 kiloneters of subsea
gathering Iines. In all other aspects this scenario is

simlar to Scenario 1. Storage is 150,000 bbls (see Table
5.6, Figure 5.14).

5.3.6 Scenario 2. This is the base case for the tanker
transportation, and in this case the 100,000 ©bbl/sd
production is moved south by tankers. It includes 25 wells

with oil being gathered from one production structure to the ,
second production structure via a 5 kiloneter subsea -
pipeline. On the second structure, the storage facility of
2,300, 000 vbls for the tanker is located, and from here the
production is noved by two 200,000 ton Arctic tankers, the
4,300 kiloneters, to the 60 north parallel (see Table 5.7,
Figure 5.15).

5.3.7 Scenario 2A is the equivalent tanker scenario for the
Beaufort Sea area. It is the same as Scenario 1 with the
exception that the tanker distance is limted to 550
kilometers, that being the distance for the vessel to sail
out of the Beaufort Sea area (see Table 5.8, Figure 5.16).

5.3.8 Scenario 2B is a section of the tanker route, 40 kil onmeter

coastal section and would typically run to an area, for

45,



instance, 20 kilometers either side of Resolute (see Table
5.9, Figure S.17).

5.3.9 Scenario 2C is the tanker case for the production increased
from 100,000 b»bl to 200,000 bbl. Al the conponents of the
system remain the same with the sinple exception that the
number of tankers increases to 4 (see Table 5.10, Figure
5.18).

5.3.10 Scenario 2D is the tanker case with the production increase

to 300,000 bbl, in which case the nunber of Arctic tankers
increase to 6 (see Table 5.11, Figure 5.19).
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TABLE 5.2
SCENARI O 1

PRODUCTI ON Moves SOUTH VI A Pl PELI NE

SPI LL ACCI DENT VEAN EXPECTED VOLUME
SYSTEM COVPONENT EXPOSURE. FREQUENCY SPILL SIZE
bbl . bbi./yr. bbl./20 yr.

Devel opnent Drilling
a) Excluding Blowouts 25 wells 011 100 0.5 11
b) Bl owouts 25 well's 0.016 1300 1.0 21
Production
c) Excluding Blowouts 25 wells 0.025 290 1 145
d) Bl owouts 25 wells 0.0033 22000 73 1450
Subsea Pipeline
e) Gathering 5km 0. 002 200 A 8
f) Trunk 65 km 0. 025 2400 59 1190
Onl and Pi peline
g) Pipeline 16" 1300 km , 94 1400 1300 26000

25 km between 2 stations
h) Storage 1/2 day Production , 0005 13800 7 140

(50,000 bbls)

TOTAL 1560 28965




FREQUENCY / YEAR

SCENAR !0 1A
OIL SPILL FREQUENCIES
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TABLE 5,3
SCENARI O 1A

BEAUFORT SEA AREA USI NG PI PELI NE

SPI LL ACCI DENT MVEAN EXPECTED VOLUME
SYSTEM COVPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 yr.
Devel opnent Drilling .
a) Excluding Blowouts 25 wells 0.11 100 0.5 11
b) Bl owouts 25 wells 0.016 1300 1.0 21
Production
c) Excluding Blowouts 25 wells 0.025 290 1 145
¢ Bl owout s 25 wells 0. 0033 22000 73 1450
Subsea Pipeline
e) Gathering 5knl 0. 002 200 A 8
f) Trunk 65 km 0. 025 2400 59 1190
onland Pipeline
g) Pipeline 16" 5 km . 0036 1400 5.2 100
h) Storage 50, 000 bbls . 0005 13800 1 140
TOTAL 154 3065




SCENAR 10 1B
OIL SP{LL FREQUENCIES
SECTION iNPIPELINE ROUTE

FREQUENCY / YEAR
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TABLE 5.4
SCENARI O 1B
SECTION I N PI PELI NE ROUTE

SYSTEM COVPONENT

SPI'LL ACCI DENT MEAN
EXPOSURE FREQUENCY SPILL SIZE

EXPECTED VOLUME

bbl .

bbl./yr. bbl./20 Yr.

Onl and Pipeline

16" 40 km 0. 0029 1400

40 800
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TABLE 5.5
SCENARI O 1¢

| NCREASE THROUGHPUT  2x

SPI LL ACCI DENT MEAN EXPECTED VOLUME
SYSTEM COVPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 yr.
Devel opment  Drilling
a) Excluding Blowouts 50 wells 0.22 100 1.1 22
b) Bl owouts 50 wells 0.032 1300 2.1 42
Production
c) Excluding Blowouts 50 wells 0.05 290 14 290
d) Bl owouts 50 well's 0. 0066 22000 145 290
Subsea Pipeline
e) Gathering 10 km 0. 004 200 0.8 16
f) Trunk 65 km 0.025 2400 59 1190 *
Onland Pipeline
g) Pipeline 16" 1300 km . 0094 1400 1300 26000
150 km bet ween
stations
h) Sto-rage 1/2 day production . 0011 13800 15 295
(10, OO0 bb1)
TOTAL 1537 28145
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OILSPILL FREQUENCIES
INCREASE THROUGHPUT 3X
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TABLE 5.6
SCENARI O 1D

| NCREASE THROUGHPUT 3X

SPI LL ACCI DENT MEAN EXPECTED VOLUME
SYSTEM COMPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 Yr.
Devel opnent Drilling
a) Excluding Blowuts 75 wells 0.34 100 1.7 34
b) Bl owouts 75 wells 0. 049 1300 3.2 63
Production
c) Excluding Blowouts 75 wells 0. 07 290 21 430 -
d) Bl owouts 75 wells 0.0098 22000 214 4300
Subsea Pipeline
e) Gathering 15 km 0. 006 200 1.2 24
f) Trunk 65 km 0.025 2400 59 1190
Onl and Pi peline
g) Pipeline 16" 1300 km , 0094 1400 1300 26000
150 km bet ween
stations
h) Storage 1/2 day production . 0016 13800 22 440
(150, 000 bbl)
TOTAL 1622 32481




SCENAR 10 2
OIL SPiLL FREQUENCIES
PRODUCTION MOVES SOUTH V1A TANKER

FREQUENCY / YEAR
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TABLE 5.7
SCENARI O 2

PRODUCTI ON MOVES SCUTH VI A TANKER

SPI'LL ACCI DENT MEAN EXPECTED VOLUME
SYSTEM COVPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 yr.

Devel opment Drilling
a) Excluding Blowouts 25 wells 0.11 100 0.5 11
b) Bl owouts 25 wells 0.016 1300 1.0 21
Production
c) Excluding Blowouts 25 wells 0.025 290 7 145
d) Bl owouts 25 well's 0, 0033 22000 73 1450
Subsea Pipeline
e) Gathering 5km 0. 002 200 0.4 8 “
St orage
h) Storage 2.3 x10°bbl s . 028 13800 386 7730
Tanker
i) Harbour 2 x 4300 kmtrip 1.38 10° 33400 4.6 92

2 X 14 ports
j) Restricted 2000 km X2X 2.88 10* 67900 19.5 391

14 voyages
k) Open 2200 km x 2 x 4.52 10'5 83800 3.8 76

14 voyages

TOTAL 496 9924




SCENAR {0 2A
OIL SPILL FREQUENCIES
BEAUFORT SEA USING TANKER

11
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TABLE 5.8
SCENARI O 2A

BEAUFORT SEA USI NG TANKER

SPILL ACCI DENT MEAN EXPECTED VOLUME
SYSTEM COVPONENT EXPOSURE FREQUENCY SPILL SIZE

bbl . bbl./yc. bbl./20 yr.
Devel opment Drilling
a) Excluding Blowouts 25 wells 0.11 100 0.5 11
b) Bl owouts 25 wells 0.016 1300 1.0 21
Production
c) Excluding Blowouts 25 wells 0, 025 290 7 145
d) Bl owouts 25 wells 0.0033 22000 73 145
Subsea Pipeline
e) Gathering 5km 0. 002 200 0.4 8
St orage
h) Storage 2.3 x10°bbls . 028 13800 386 7730
Tanker
i) Harbour 2 x 14 ports 1.38 10" 33400 4.6 92
j) Coast 50 km x 2 X 7.20 10°% 67900 5 10

14 voyages

TOTAL 470 9500




FREQUENCY / YEAR

OIL SPILL FREQUENCIES

SCENAR 10 2B

AREA IN TANKER ROUTE
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TABLE 5.9
SCENARI O 2B

AREA | N TANKER ROUTE

SPILL ACCI DENT MEAN

EXPECTED VOLUME

SYSTEM COVPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 yr.
Tanker
a) Coast 40 km x 2 x 5.7 10 % 67900 4 7.7
14 voyages
TOTAL A 7.7




FREQUENCY / YEAR

SCENAR 10 2C
OIL SPILL FREQUENCIES
INCREASE THROUGHPUT 2X
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TABLE 5.10
SCENARI O 2¢

I NCREASE THROUGHPUT 2X

SPI LL ACCI DENT MEAN EXPECTED VOLUME
SYSTEM COVPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 yr.

Devel opnent Drilling
a) Excluding Blowouts 50 wells 0.22 100 1 22
b) Bl owouts 50 wells 0.032 1300 2 42
Production
c) Excluding Blowouts 50 wells 0. 05 290 14 290
d) Blowouts 50 well's 0. 0066 22000 145 2900
Subsea Pipeline
e) Gathering 10 km 0.004 200 0.8 16
St orage
h) Storage 4.6 x10°bbls . 056 13800 770 15500
Tanker
i) Harbour 4 x 4300knftrip 2.76 10'4 33400 9.4 190

4 x 14 ports

-4

j) Restricted 2000 km x 4 x 5.76 10 67900 39 780

14 voyages
k) Open 2200 ¥km x 4 x 9.04 10'5 83800 7.6 - 150

14 voyages

TOTAL 989 19890




FREQUENCY / YEAR

SCENAR 10 2D
OIL SPILL FREQUENCIES
INCREASE THROUGHPUT 3X
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TABLE 5.11
SCENARI O 2D

| NCREASE  THROUGHPUT 3x

SPI LL ACCI DENT MEAN EXPECTED VOLUME
SYSTEM COMPONENT EXPOSURE FREQUENCY SPILL SIZE
bbl . bbl./yr. bbl./20 yr.

Devel opnent  Drilling
a) Excluding Blowouts 75 wells 0.34 100 2 34
b) Bl owouts 75  wells 0. 049 1300 3 63
Production
c) Excluding Blowouts 75 wells 0.07 290 21 426 -
d) Bl owouts 75 wel |'s 0. 0098 22000 214 4290
Subsea Pipeline
e) Gathering 15 km 0. 006 200 1.2 24
St orage
h) Storage 6.9 x10°bbl s . 084 13800 1160 23200
Tanker
i) Harbour 6 X 4300km/trip 4.14 10'4 33400 14 280

6 x 14 ports
i) Restricted 2000 km x 6 x 5.76 10 ¢ 67900 59 1170

14 voyages
k) Open 2200 km x 6 x 9.04 10'4 83800 11 230

14 voyages

TOTAL 1484 29717
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APPENDIX A

THE LOGNORMAL AND EXPONENTIAL oISTRISOTION



Col | ected data can be considered as belonging to a sanple drawn froma |arge
popul ation.  Since so nmany observations are available in the population, it is
theoretically possible (for continuous data) to choose class intervals and
still have sufficient nunbers of observations falling within each class
defining the density of data in this class. Densitities of statistical
phenonena are often distributed approximtely according to certain standard
distributions. The density distributions define the frequency that an

observation will be within a given range.

Two Very commen frequency distributions are the “normal” distribution and the
“exponential” distribution. The normal distribution best fits data with the
properties that:

1) Each datum (event) is independent of every other.

2) Events away fromthe nean are symetrically distributed on either side
of the nean.

3) Each event is a “sunf of smaller events, i.e. the sumof a |arge nunber

of small independent random variables has an approximtely nornal

di stribution.

Normal distributions are typical of such data as the heights of males in a
single age group, velocity of a nolecule within a gas or test scores in an

exam

A distribution is called "lognormal™ ifthe nuneric logarithms of the data

have these properties. In other words, instead of being a “sunf of smaller
events the final event is a “product” of the events. Sone exanples of data
which fits a lognormal distribution are flows in rivers, strength of concrete
or (as in this report) size of oil spills. Figure A shows a typical

“

lognormal CUrVe.
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The exponential distribution best fits data where:

Each event is independent of every other.

Events are "memoryless", i.e., the probability of an event does not
increase with time since the last event.

The exponential distribution often arises, in practice, as being the
distribution of the amount of tine until sone specific event occurs. For
instance, the amunt of time (starting from now) until an earthquake
occurs, or until a new war breaks out, or until a telephone call you
receive turns out obe a wong nunber are all random variabl es that
tend in practice to have expontial distribution.

Unli ke the lognormal distribuition, the exponential decreases rapidly
beyond the nean so that events significantly larger than the nean are
much less likely than with the lognormal. Figure A 2 shows a typic a
exponential curve.
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APPENDIX B

PI PELI NE SPI LL PREVENTI ON



The pipeline systens will incorporate the |atest technology in |eak detection
systens, and surveillance prograns. The pipelines wll be continuously

nonitored and the enphasis will be placed on preventative maintenance. These
prograns will conplinent each other to establish a system with'a high degree
of operational integrity. The conponents which make up such a system include.

L. Qual ity assurance which specifies material requirenents.

2. Quality control which ensures that the objectives of 1 are met during
material manufacture and construction.

3. Corrosion control met hods  including, line coatings and cathodic
protection.

4. Leak detection nethods and systens.

5 Internal inspection (instrumented pig).

6. Corrosion monitoring (coupons and/or probes).

7. “Right of Way” surveillance (initially more often than after several

years operation).

The following extract discusses various types of pipeline |eak detection
systens that nmay be considered for use in Arctic pipeline systens.

A detailed description of |eak detection systems was contained in the
R.J. Brown and Associated report which was filed as a support docunent

tothe EIS. This description is reproduced bel ow.

1.0 | NTRODUCTI ON

The pipeline systemw ||l incorporate the latest technology in |eak

detection programs. The various |eak detection prograns which can be
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considered to have different operating characteristics and suppl enent
‘one anot her when conbi ned.

The basic paranmeters which determ ne the operating characteristics of

any |eak detection program are:

Leak rate necessary to trigger alarns;
Moni toring continuous or periodic; and,
Reliability.

Four monitoring programs Wwhich could be used to effectively nonitor

pipeline integrity are reviewed in the follow ng paragraphs.

1.1 COWPUTER CORRECTED MASS FLOW COVPARI SON

The mass flow conparison systemis enployed to detect |eaks by
monitoring the difference in flowrate into and out of the
pipeline. The system consists of a conputer and two flow neters,

one installed at each end of the pipeline. The flow readings of
each neter are tenperature, pressure and density conpensated. The
computed inflow and outflow rates are periodically conmpared by the
computer and if the difference exceeds an acceptable deviation, an
alarmis automatically given. The detectable difference in flow
for this type of systemis approximately 0.5 per cent of the total

flow The interval of reliable periodical conparison can be
accommpdated to suit the specific detection requirenents.  Several

hours are required for low |leak rates to be detected whereas two
mnutes is an achievable tine period to detect [eaks of one to two
per cent of the total flow. The reliability of existing systens is
good .

1.2 RATE OF PRESSURE DECAY (ACQOUSTIC SYSTEM

This systemuses the rate of pressure decay, or drop, as the

B-2



indication of a pipeline |eak. The underlying principle is that a
pipeline leak will manifest itself in a rapid drop in pressure in
the imediate vicinity of the leak, The resulting pressure wave,
whi ch noves in both directions fromthe leak, is detected by
sensing devi ces.

These pressure sensors can be connected to the alarmand shut down
systemsimlar to the mass flow system described previously. The
threshol d pressure nust be set above the rates of pressure drop
which will normally occur as a result of changes in flowrate. The
amount of leak flow to trigger the systemis two to three per cent

of the total flowrate. The system records continuously and the
reaction tine is proportional to the length of the pipeline segnent
between the | eak and the detection device. For purposes of |eak
det erm nati on, the reaction tine is essentailly i nmmedi ate. The

reliability of this systemis good.
1.3 SIMPLE MASS FLOW COVPARI SON

This program consists of nonitoring the volune flow and tenperature
at the input and discharge ends of the pipelines. This nonitoring

is generally done at |east once per shift (12 hours) . Since the
operating pressure and tenperature will fluctuate during nornal
operation this nmethod does not provide rapid |eak detection;
however, unlike the systenms described above, there is no |ower
threshold in loss rate for leak recognition. Very slow |eaks (less
than .5 per cent of flow) are nanifest as a trend which may extend
over a period of several days . Any | eak detection program
inplenmented is expected to include this method as a matter of
cour se. A possible application would prescribe a hydrostatic
pressure test of the pipeline in the event that six successive
readi ngs over 36 hours indicated a |oss.
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1.4 SCHEDULED SURVEI LLANCE

Active surveillance programs can provide an inportant means for
| eak detection especially in the range of extremely small |eak
rates. At present, periodic surveillance by low altitude aircraft
using visual observation and colour photography appears to be nost
reliable during daylight conditions for a wde range of
oil/ice/water M Xtures.

Future devel opment of new techniques, such as a portable |aser
fluorosensor, may provide nore reliable sensing nethods for night
conditions which could add to the total reliability of surveillance
syst ens. Such techni ques are under devel opnment, but are not
presently of sufficient reliability for use in the devel opnent
scenario considered.
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THE TANKER/PIPELINE CONTROVERSY

Robert ). Stewart
Mar rtingale Inc.
Cambridge, Massachusetts 02139

ABSTRACT

The problems of drawing comparisons befween afternative tanker and
pipefine transportation systems are discussed. The swatistical properties of
meanvalues caiculated for samples drawn from highly skewed populanions
are outlined. &xzisting u.s. spill dawa resources are critiqued. A sample
regression resuit OF aumber O spills versus port cails s presented.

| NTRODUCTI ON

There is a growing body of opinion that tankers are, in general,a less
desirable transport mode for crude oil than are subses pipelines. Opinions so
this effect played 1 role in the legai congoversies that sccompanied the
Depanment of the Interior's lease sale in the mid- Adande in August 1976.
Theapperent consensus has even induced policy makers 0 consider mes-
sures that would force developers 0 use pipelines in bringing odl to shore.

It is difficult to identify any one paper or report ax che foundatioa for this
belief, but one of the earlier papers that states this conclusion expiicitly u
that of Milz and Broussard.® This paper has been referenced several times in
recent years. A review of the paper reveals that rhe basis for their statement
wax arather superficial examination of some U.S. Geological Survey and
Depanument of Transportatioa (COT) suwtistics coupied with so uasubstan-
uated and probably incorrect assertion that there was . ©al of ** 13,000
miles of trunk lines in the marine enviroameat’* ia 1972. Nowhere did they
address theissue of the quality and compieteness of the data ased 1o generate
the statistics. Noe did dray sddress the subtie analytical probiems that
accompany such comparisons. Their whole argument required one smail
paragraph, although in faimess to these authors, it should be noted that the
relative merits of tankers and pipelines wax M issue very much ungenud -]
their central theme LR e [

In the interim, s sumber of reiated papers have dnwn !he'ume conclu-
sion. [t is not our contention that all Of thesa pepery were equally glib,
because we have by M means examined ailof the literarure, However, Of t he
rather substandal number we have reviewed,; none does a significantly berter
job of addres1ing dre problems associated with using rhe existing statistics to
compare ankers with pipelingg. wur « G2 LZ a0 G en | i

As agenerairule, these papens fail to state whether rhe sample popuhuon
used to generate the stagsacs Was in fat! the eaure population Or whether it
was a subset of the populadon. Further, if the laaer is dre case and if the
paper mentions this, then it fails asteil how the sampling process might bias
the conc usions,

Asg if these omissions were not enough, there is also s rather disyressing
reliance upon the ratio of volume spilled per volume handled (hiswrically) as
the parameter charcterizing altemative ransporucion modes. Such ap»
proaches might have considerabie usefuiness in cases whether the number of
Incidents ig large and where the volume spilled per incident ix 2 random
vanable with a sandard deviatioa that is small compared W the meaa.
However. far the highly skewed Jisaibutioas we find in the oil spill busi-
ness, and for appiications where the sampie size is smail (in Milz and
Sroussard® s paper only four pipeline 1pills were identified), the use of
average Yeiume yausucs u likely 10 & very misicading, as we thow in the
‘O(lowmg secpon. . . P

Nor does ine simplisac conciuucn that one mode ist0 be favored over the
other sccount for the markedly different cost squctures of operating and

-t R P
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procuring pipelines and tankers. Tankers can be acquired either by chartes-
ing fors fixed period or by outright purchase. In either case, the real cost of
owning and opersting the tanker is determined by the going rate on the world
tanker charter market. At present, these costs work out us shout 10 dollary/
wa Mik for noa-U.S. vessels. Pipelines, on the other hand, are coastructed
for an application. They have high initial costs, but low operating costs.
While tankers arc readily bought and said and readily transferred from one
tade to another, pipelines am obviously of use only for carrying Oil between
two predetermined, fixed points.

Because of these differences, tankers and pipelines am not in general”
equivalenttransportanon modes, snd there is no meaningful way of compar-’
ing tankers and pipelines ina generic fashion. Theideathat one mods is
aways 10 be preferred to the other without regard to dse npphuuon is.
therefore, incorrect. -

[aany gives application, it may beposnblewmns:mcx a number of
scenarios and compare those pipeline and tanker transpornt systems providing
equivalent services. The difficulty is thatthe definition of **equivalent’is
complicated by the interplay of the economies of operating the alternative
systems upon the other facets of the probiem. For exampie, if & very large oil
field were discovered close off the share of aregion that had & modést
refining capaciry that was supported entirely by locai crude production, the
economues offered by pipeline transport might make expansion of the exist-
ing refinery an sracuive altemative, particularly if the ocher opuon were
long-distance tanker transport. In this use the ‘*equivaieat’ options would
be a short pipeline and a long tanker route. . . . . . . . ..

Thus, the purpose Of this paper is © examine both the datathat have
become available in recent yearn and the analytical techniques applied to the
data to see if there is indeed a reasonable basis within the data for the
preference given pipelines over tankers. Despite dre author' s predilection as
discount the previous literature an drc subject, No preference was esublished
initiadly in support of either the pipeline case or the tanker case. We sumply
wanted t0 100K U the data 10 see whateould, or muid oat, be said. .

» .

Avenge volume cbmpar{sou'lechniquét,. ey

11‘ i

.$ A: we menuoned in the incmductioa. a subsunud pomon of rhe uuung

literature (e.¢., impact statements and the like) make use of compansoas
betweea modes baaed in some fashion upon an avenge spill volume sratisde.
This may be hidden in the analysis, but whenever one sees statements like
*C.0006% of the o handled by system’ R’ will be spilled."* or ** X will spill
Q% lessdsaa Y,'" then one has entered the world of the average sausue.
Implicit in such a statement am the dual assumptionsthat dre number of spiils
will be in rough proporuion 0s the volume handled; and that the average
volume per spiil incident may be accurately determined from the avaiiabie
data. )

We would have no qu?ncm if these assumpaons were indeedsupported
by the daus and the sccompanying analysis. In fact, We would be”very
interested in conciusions relating 0 such average vaiues. However, iathe
problem at hand. the wmnalyses usuaily are based upoa smail samplies and
superficial esdmation techniques, the assumptions are rarsly sated
explicitly, and the vaiidity of neither assumption isaddressed. ln the event
that such analyses lead o the adoption of 1 policy that discriminates aguing
unkess, thea we may be imposing economic and perhaps eavironmental
penaities that XSC not at all consistent with the data, Or in the interest of the
public or the deveioper.
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The primary csuse of thedifficulty in conceptually handling m average
spillage statistc springs {rom the possible variability in the vajue of the sum
of several madom numbess. Most people, professionals as weil as laymen,
expect such sumsto exhibit nice statisucal properties. This may be due to a
popuiar, misconception regarding the universality Of the Law of Large
Numbers which rruy lead toabelief in the general normality of sums Of
random variables (of random Vvariables that have a second moment, that is).
However, the asymptotic character of dve prwf of the Law of Large Num-
bers requires very large numbers of summands and thereis no basis fora
belief in the general applicabdility of the law to small samples.

Furthermore, there arc classes of random variables that do not have first
and second momenta and thatare yet of value in looking at il spill
statistics.” Such disuibutions would compietely fail to comply withthe
“*law ' Of large numbers. Moreover. one need not |00k at unusual distribu-
yons before one uncovers random phenomena that exhibit highly irregular
sums.

An example can best illuszate this point. Assume shas the distribution on
the volume, v, of oil spilled i any one incident ix given by the Gamma
dismibution

JE— 1

| AQPRNE SV & -

L7

U AawR=teRy
f(v) = T )

where R and A arc dsc Shape and scale parameters respectively. Assume that
the volume spilled in soy one incident isindependent of the volume spilled ia
any other incident, If our sample comprises '* N incidents, then the ~~bu-

00ss 0ss the sum, y, of these. "N valuedof v, - . . . .. 2.
- .. ----- N
3
i=1

is given by the related Gamma function

.. AQy)NR=ieAy
e L TY) " 0]
e e T(NR)

If we now take the average of these spills, z = y/N. we find that the aver-age is
distnbuted like

m)N R-1 c'al

@ Ry (3)

Where 8 =N\, and Z is dSC average of the sampie.

Using this disgibution and performing a few integrations,'* we can
readily show the probability thathe value of Z (the sample mean) wiil fall
within a factor o( three of the desired value, Z.thatis

1
- rinRS NR)— TF(NR, 3NR)

1
-3 3 = 4
)’Lz<z<3z NR) (4)

where ["(a.1)is dac incompiete Gamma functioa.'

We can see that daiS probability is solkely S function of NR.[n tum. R s
reiated w0 the skewness Of the underiying distibution. Thus, the probabiliry
thas the esumated mean valve will fall in the ange ( /32,7 32) willbe a
funcuon Of the product of the skewness of the underlying disoibution and
the number Of sampies.

[tis cenainly reasonabie to expect that the underlying distribution will be
highly skewed in the ol spill volume probiem. Inthe case of pipelines the
number of incidents is on the order of 10. and so the product NR mignt be
about |. O or even smaller.

To provide a Mat-C concrete understanding Of the problem we have
approximately evaiuated Equation (4) for various values of NRusing Figure
5.3 of Abramowz' for smail values of NR and the tabie of the CDF of X?in
Benamin ind Comeil® for {arger values. The resuits are tabuiated us Table

1. Thus. for exampie, NR musi fall inthe range of 0.510 1.0 if we arc oShave
« S50% chance (P=0.5) of esumating T within a {actor of three.
{tseems ciear that f we cannot be very confident of estimating the average

Table 1. Probability that
, the mmple mean will fall
within a factor of three of
the real mean

. f l
NR P<-3'Z<z<3i)

5 44
1.0 64
2.0 .85
3.0 91
S pi Il size wirhins factor of three, with 10 or even100 samples, then we must

be sUSPICiOUS of dsc reliadility of the comparison of rwo such means. |safats,
if we make anumber of reasonable assumptions and perform the neceasary
mathematics, We can show that for highly skewed underlying distributions,
a comparisom based on tAe relative 5ites of rwo sample means ir sirongly
dependent &poa the relanve number of samples used 10 caiculate the sample
means. 't In e case Of pipelines and tankers, the equations suggest that if
the actual population mean for tankers isl/ 10 that of pipelines, thereis sail a
one 1 10 chance that we would find z tanker sample meanlarger dsan a
pipeline sample mean duc solely to the facr that we have 20 times more
tanker Spills than pipelines (see beIOW).

- LTINS SR

AT ORI
Summry and crlthue of U S 0|I sp|II data resources

Comparisons of pipelines and tankers generally arc baaad on very large
(more than 1,000 bbdl) worldwide tanker spiils and very large Guif of Mexico
pipeline spills. This leads to 2 number of problems (notthe least of which is
unreliability of such comparisons, as we discuss above), and an inter-
esting alternative approach would beio usc just U.S. oii spill data. This
promises © give us a much mora exhausitve cotlection of data, including
small spuls as weil aa large ones. and this ather paradoxically gives us a
larger number Of samples, relieving somaof the dif ficuities discussed above.

Since "*equivalent’® pipeline and wunker systems may invoive vasdy
different routes, production schedules, and related activities, it behooves us
so disaggregate the incidence of eilspills into subsysiem specific elements.
This allows us © establish where e spillage will occur. Given the spill
locationit may then be possible t0 esumate what fraction of she oil wiil be
recovered and the nature of the environmental impact.

An appropnate level Of disaggregation for these purposes may be con-
suructed as follows. The pipeiine system may be considered to be made up of
the pipefine and its pumping stations and associated equipment like surge
tanks. Each subsystem wiilhaves particular geographic location and this
mustbe known. Thetanker system willbe composed of a loading facility,
including storage tanks and an SBM of some rype; the tanker fleet and the
route to port; and an offloading faciliry.

U.S. oil spilldaw bases are:n principle sufficiently comprehensive o
allow us to address most of the imponant questions regarding the subsys-
tems. (The singie excepuon (0 this generzlization is the offshore tanker
loading facility for whichthere isno example within the waters covered by
the various U.S. data bases. ) An imporantquestionis how reliable:s this
data as itrelates 10 these subsystems, given our requirements.

Offshore pipeline spiildata is compiled by dsc U.S. Geologicai Survey

. (Depantment Of the Interior), the U.S. Coast Guard (wiT. and (for com-

man carmer of trunk lines) the Of fice of Pipeline Safety and Operation
(DOT). The Geological Survey data appiies to the federally-—conuoiled outer
continental sheif (OCS) region. It is, therefore, a subset Of the total (state
waters have historically e ccounted for about one. third of ail offshore o1l and
condensate production). The OPSO data applies only to offshore pipeiines
that carry oil produced and owned by samiies other than the pipeline
operator. The pipeline operator merely 1s given custody of the 011 whileitis
nthe pipeline system. As such, this is again but a subset of the toral.
although in this case spiils in state waters will be reported. The Coast
Guard's Pollution [ncident Reporting System  {PIRS) shouid conwun ail
spills (from pipeiines or whatever) out 10 three miles imespective Of size.
Beyond three miies, spulls must be reponed in writing 10 both the Coast
Guard and the Eavironmental Prowection Agency if they exceed 30 bbi
(2. 100 gallons). Thus.the PIRS data should encompass ail the OPSO data.
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lirger spills in the USGS daws. Leonaand Wallace.” Frenkel and
way,* and Snider. Buffleben, Harrald. Bishop. and Card'®provide
complete discussions of the various data collection arrangements.
“ar the most usefui of the dataresources isthe Coast Guard’ SPIRS data
=itig more nearly a complete compilationof pipeline spills, atleastia
However, 1n this business discrepancies between theory and pracuce
to be therule father than the exception.
venif we assume, for example, thatali spiils arc reported o the Coast
there sullis the problem of verifying that theincidentis properly
:d and encoded within the PIRS format. This requires considerable
tion and experience on the part of the encoder, particularly in distin-
ing transporation-related pipeline spills from spills occurring at
< production facilities (in the gathering net. for exampie).
method for investigating this problem is to compare the different data
In particular, the OPSO dasa appties only 10 tnsrsporution-related
ines, and SO an interesting question is that of how theincideats in the
<™ fle are recorded in the Coast Guard and Geological Survey files. We
:d copres Of all the of fshore ol spill reports received by OPSOQ. In the
1973 through 1975. the following spill incidents were reported (this
d was selected as it is covered by* revised e nd expanded PIRS data).

“ _ule 2. Summary of ull il in the office of pipeline sulety
and operationsdata (1973 -197S)

Name of Vol. spilled

Dae arricr (bbi) Location
11-3-73  Gulf Refining 75 Barutaria Bay,
co. Louisiana
5-21-74 Stieil Cil Co. 63 Eugene Island
Block 331
8-1.74 Shell Pipe 2s0 Quarantine Bay,
tine Corp. Louisiana, near
Brenton Sound
Block 35
9-10-74  Sheil ail co. 1,500-3,500  Main Pass
Block 73

clutie I

[ -

ce cross-reference these spills W those within the Coast Cuard’ ;-

ngsysiem we find the following information on these spillsin dse
S dada.

: 3. Spdis as reported in the US. Coast Guard data (1973-1975]

Tt e, A Quantlty W T
Date Operator Source spilled Loation
(Gallons)
11-3.73 + (Petroicum® « Transport !+ - 3,150 29° 0%°'N
, Refinet); v pipeline+vDre. 90°44'W
S21-74 Shell oil  platform 2730  EI331
co.
8-1-74 Sheil Qil Platform 6,300 20°24’'N
co. 89°30'W
9-16-74  (Crude Platform 16,800 (bay or
petroleum sound)
producer) | . -

R
e.

o e ) e

Spills2and 3 i moss cerainly are thé same incidenss. Spifls 1 and 4 may

*- sroperly idenufled, aithough the choice secems 20 be the best one

s ie.(Thelocationof Spilllislisted in dsc Coast Guard data as beingin

mthern part Of **Lake' Pelto.) Notcz thar the trunk line spills are

= duted improperty to production piatforms in thres out of the four cases.

50 nouce that the operasor is mistakenly identified as Sheil Oil Ca. in spill
a ol T
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We also can look for some of these spills in the data hept by the Geologicai
Survey. In this case only those spills that occur in the federal OCS region are
likely to be reporied. Consequently, [he Barataria Bay spill and the Quaran.
tine Bay spiil arc not found. nor should they have been.

Table 4.Spills as reported in the U.S. Geological Survey data
(1973 "1975)

Ref. Volume spilled

No. Date Lessee (bbl) Location
1. 11-3-73 — Slate Waters —
2 5-21-74 Shell Oil Co. 100 El-331

(Structure A)
3. 8.1-74 — Statc Waters -

9-9-74 Shell Oil Co. 2213 MP-73

{Cobia pipeline)

This dataisin good agreement withthe OPSO dau. in {act, by combining
dre three data sources we can determine s great deal about the four spill
eveats. Unfortunately, if we use only [he Coast Guard's data we would be
grossly in error in assessing the spillage fram common carrier pipelines.

Another problem of considerabie interest is how compiete is the Coast
Guard data for the larger spiils occurring in federai waters—those that would
be contained in the Geological Survey's records—irrespective of source
code. Swider eral.'® maintain that only three of 14large spill evenws in the
Geological Survey's records am 10 be found in the PIRS data. This ialower
than our experieace Wish the two files wouid suggest, and 30 we ariempted to
cross-reference she USGS and the USCG spill records. The USGS data was
takers from Table D of dsc July 1976 summary, *“ Accidents Connected with
Fedenai Oil and Gas Operations in the Quter continental Shelf.’. A total Of
1S events wereidenafied in the period 1973-1975, one more than Snider
found. (Snider apparendy threw out a barge spill.) Of these, wc identified
cight in the PIRS dawa. There were subsundal discrepancies in the volume
spilled, and some minor variations in che dase of the incident.

Of these two errors in the Coast Guard’s PIRS data. it isclear that the

“misiabeling of pipeline and pladform spills “u the most harmful with respect

© sddressing the pipeline spidage problem. if the Coast Guard data was
simply a nonezhaustive collection of spill events, away could be found ®

proceed. However, With the confusioa that exists between pipeline and

plaform spills, no simple technique is available to correct or accommodate
the resultant misinformation. Neither the OPSO nor the USGS data are
sufficiendy complete w ajlow further analysis based solely on either.

A similar analysis of the tanker spillage problem demonstrated that the
PIRS data could be used to good effect as there did not appear to be any
systematic and uncorrectable miscoding. *" However, 13 we mentioned
sbove, the SBM subsystem is pot properly covered in presently available
U.S. databases.In 2 previous study * we compiied as compiete 2 listing of
SBM spill incidenss asis available 1wday. The datais perhaps of soroe value
in addréssing the problem, baf ‘we had some sorong reservadons regarding
the accuracy and completeness of the information We managed to uncover.
Frenkeland Hathaway* have 1aempted a fault tree analysis of SBM systems,
but they did not take the marcter to its final conclusion. They did caiculate
some interesting numbers regarding large spills from the connecting hose
and dsey discussed techniques for determining opumai hose replacement
strategies. (They calculate an average Of 4. 6 major hose spills per year and a
spillage rate of 8.8 x 107 bbl spilled per bbl handled.)

The spillage associated with tankers en route and while offlouding is well
represented in the PIRS data, aithough we have some sqong doubts regard-
ing the completeness Of the data asitapplies o ships in the offshore region.

Among dsc several regressions we iiiempted oa the incidence of ship
1pills based on the P{RS data, the moss useful appears © be the regreasion of
the number of tanker port calls agaiost the number of large (more thagi0Q
galons) tanker spiils. [n this case we aggregate crude and product carriens:
W c negiected smailer spills due o SO apparent vanaoility in reporting
policy. The number of pon calls wasobtained from dse Army Corps of
Engineers pubiication, Wareroorne Commerce of the United Siates. and the
Porland Pipe Line Corporason Of Pordand, Maine. Figure [ is 1 scadter
diagram of the data, less the Portland crude spill points. There 13 a soong
geod evident us the data. We have ficed a line through the ongin according @
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Figure | Scatter diagram of large tanker spills (> 100 gallons) versus
number o tanker port cails

1 minimized squared ertor criterion. [f we were 10 plot the Portland crude oil
spills on this graph (four or five spiils, wish several hundred port calls), we
would see that they would fail to the left and slighty above the Puget Sound
pownts. They would not be so far away frum theregressed line 2s o suggest
the truck oilspills occurred atasubstantally different rate thanthe aggre-
gated population Of tankess. However, if (for example) we doubie the
number to account for the non.crude spills accompanying these tankers, we
wouid find that ankers bringing in crude oil have subsantally greater
numbers Of spills per port call. Thisis notM unusual finding, and it bears
further investigation.

CENERAL STATI STI CAL SUMMARY

Table §servesto encapsulate some imponant features of che od spillage
problsm as it exists today. This table waa created using Feamniey and
Egens’'s? shipping swuustics PIRS daca, USCG Of fice of Merchant Marine
Safecy data, arsd USGS production and spillage data.'* The first four rows
summanze the azpropnste spiilage and throughput figures for the penod
indicated. The >onom four rows combine these fguresin the sort of fashion
we recommended against earlier. We have done this for areason, however,
because i illusorates fire difficuity m making the pipeline/tank et comparison.
{f on the one hand, we use number of large spiils per ton miie as our criterion
incompanng pipelinesandtankers. while On Lhe other we usc barreis spilled
per barreis Lansponed, we can readily see we would come tO opposite

conclusions regarding one mode versus the other. Either Criterion could be
chosen and jusufied CM quite reasonabie grounds.

Table 5. Spillage and throughput for tankers (worid wide) and
UsS. offshore transport pipelinesy
Tankers (worldwide) Pipelines (U. S))
1969-1973 1969-197S
Number of spills 178 5
Volume spilled (bbi) 6.65 x 108 356 X 103
Ton-mileage 37.9 x 1012 39.0 x 109
Barrels carried 459 x 109 3.94 x 109
Number/ton-mile 469 X 10~12 128.2X 112
Volume (bbl)/1on-miie 17s x 10-9 912 X 10~
Number/barrel 387 X 1079 1.26 X 10-9
Volume (bbl)/barrel 144 x 10-6 9.01 x 106,

1. Tanker spillsinciude all spills over 125tons (approximately 900
bbl); pipelinespills include allspils over 1,000 bbi

2 Had the period been selected as 1967 -197S, this figure would be
42 X 10-6 anotherillustration of the variability of the sums of such
highly skewed random variables
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Pipelines would prevail under the barrels-handled critenon because of the
ratio of the two comparadble figures (144 and 9.0!. bottomrow, Table 5),

while tankers would prevail if the criterion Were chosen 10 b¢ pumber Of
spills per ton- mile(i.¢., 4.69x10'® versus 128.2 x 10D or barrels spilled

perton-mile(i.e., 175 210" versus 912x 10'). Betause of the small number
of samplesin the pipeline data base. our results mentioned previously
suggest that neither result isreliable. By way of illustrating this point, let us
note that the decision to usc 1969 ss rhe first year in both the pipeline and
1anker calculations wss motivated both by the nonavaiiability of comprehen-
sive tanker spiil data prior to 1969 and a certainirmational love of symmetry.
We might just as wel] have chosen 1967 as the first year in the pipeline
calculation. Had we done so. the pipeline spiil rate in barreisdarre] wouid
have soaredto 42 x 10, obscuring the seemingly sharp contrasts between
the aitemnatives.
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APPENDI X D

TANKER SAFETY SYSTEMS



1.0

2.0

GENERAL

Pol lution from tankers began to concern the nations of the world in the
md-sixties with the dramatic growth of the oil tanker trade. At that
time, and since, a nunber of nethods which can dranatically reduce
pol lution have been identified. After due consideration and discussion
at the international marine governing body, 1IMo (Intergovernnental
Maritime Organization; formerly 1Mco), the conclusion was reached that
only sone of the neasures should be adopted and those only after a
consi derabl e period of elapsed tine. For instance, the MARPOL (Marine
Pol I ution) 1973 and Tanker Safety Pollution Prevention Protocol 1978 are

only coming into force in Cctober of 1983.

In view of the sensitive nature of the environnent of the North West
Passage, the proponents, however, propose to include in their tanker

design not only all the mandatory measures but al so many additional
safety functions discussed bel ow.

HULL STRENGTH

The strength of the hull of a vessel can be assessed in three ways;
first, by pressure which is inportant with regard to operation in ridges
and iceberg inpact; second, by force which is inportant with regard to
iceberg inpact; and third, by energy which is inportant when assessing
the extent of danage. The Arctic tanker, as described by the
proponents, is massively stronger than a conventional tanker and
approximately 2-3 times stronger than required by existing |egislation.

2.1 PRESSURE

The bow of the conventional tanker can withstand a pressure of .5
megapascals (MPa) . The bow of a class 10CASPPR tanker can
withstand a pressure of approximtely 10 Mpa which is a 20 fold
increase in strength. The bow of the proposed Arctic tanker can
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2.2

withstand a pressure of 25 mpa which is a 50 fold increase. The
design process for the Arctic tanker is described in [231. It is
important to conpare the strength of the vessel to the strength of
ice. while the strength of ice varies depending upon its age,
tenperature, nethod of loading, etc. the mpjority of ice seen by
the Arctic tanker would have strength of |ess than 25 M Pa.

I[f a tomato is thrown against a brick wall, the tomato is nuch
softer than the brick and is sinply squashed. This is what woul d
happen if a conventional tanker hit an iceberg. On the other hand,
the Arctic tanker, as proposed by the proponents, is of equivalent
strength to ice, which is simlar to a brick being thrown against a
brick wall. Only minor chipping occurs.

FORCE

In a conventional tanker, force is applied by waves and the way the
vessel is |oaded. In the Arctic tanker force is also applied by
the way in which the vessel rides up on the ice. The vessel
described by the proponents has a main hull girder strength
(section nodulus) 3 fold stronger than a conventional tanker. This
has been deternmined by the full scale research work carried out by
the proponents in testing their ice breakers in Arctic Operations.
The Kigoriak and Robert LeMeur have been sailed at high speed into
massive ice-pieces and the stresses recorded. This work which was
initially carried out by the proponents alone is now being funded
by the Canadian Coast Cuard.

2. 3 ENERGY

The previous sections dealt with pressure and force and the vessel
is designed to withstand these without the steel vyielding. I'n the
case of collisions, however, when penetration may occur wth

plastic deformation it is nmore convenient to use energy as a method
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to assess the penetration. This is the method proposed by Minorsky
[241 and adopted in [11 for the calculation of energy factors. The
structure of a conventional tanker has been assessed by Minorsky's
met hod and then conpared to the Arctic tanker. This is shown in
Table D-1 and is shown as the increase in the anount of energy
whi ch the Arctic tanker would absorb for penetration of the cargo
tanks conpared to a conventional tanker.

2.4 REAL TI ME MONI TORI NG OF STRESSES

Inaddition to the extrene strength of the Arctic tanker, the
proponents have committed to provide a real tine stress monitoring
system whi ch has been proven on supply vessels operating in the
Arctic.

When a conventional ship is |oaded and “sets sail, there is no way
in which the Master of the ship is nade aware of the stresses that
are actually existing in the ship. |If the vessel, as in the case
of the Pac_Qcean [251, encounters heavy weather, the Master has no
warning whether the stresses wll be rising to unacceptable
| evel s. This can be renedied by fitting a stress nonitoring
system using conventional strain gauges. The Master can then read
the stresses in the steel of his vessel and take appropriate
action, such as reducing speed or altering course, prior to any
acci dent occuring. The proponents have conmitted to an extensive
trial period, during which the vessel will be rammed at increasing
speeds into nmassive pieces of multi-year ice, and the strain gauge
system will be calibrated. The Master will then at all tinmes be
able to see the level of danger to which he is exposing his vessel.

There is a second way in which the steel of the vessel can be
over| oaded and that is due to incorrect |oading. At present,

| oading is done under the control of the First Oficer who monitors
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TABLE D-1

| NCREASE | N ENERGY ABSORPTI ON FOR CARGO TANK
PENETRATI ON OF THE ARCTI C TANKER COVPARED TO A CONVENTI ONAL TANKER

ACCI DENT TYPE ENERGY ABSORPTI ON ARCTI C TANKER
ENERGY ABSORPTI ON CONVENTI ONAL TANKER

Col I'i sion 14
G oundi ng 33
Rammi ng 20
Expl osi on 2
Structural Failure 3
| ceberg Col lision 66




3.0

the anounts of oil in each tank according to a pre-cslculated | 0oadi ng
sequence. If this | oading sequence is not accurately adhered to, then
the First Oficer has, in the case of deviation fromthe sequence, no
met hod of knowi ng whether the vessel is in a dangerous situation. A
real tine stress nonitoring system described above would ensure that

indication would be given before the stresses reached critical |evels.

DOUBLE HuULL
The proposed Arctic tanker has two hulls. The inner hull is as strong
as the outer hull of a conventional tanker. The two hulls are separated

by a distance of 6 mat the side and 4 mat the bottom U S. Coast
Quard studies show that up to 9 out of 10 pollution causing incidents
due to grounding which they have investigated, woul d have been avoi ded
if this double hull approach had been used [261.

3.1 COVPARTMENTATI ON AND STABI LI TY

In a conventional tanker, the oil is carried in tanks adjacent to
the sea. In the Arctic tanker, the crude oil will be separated
fromthe sea by a distance of 4-6 m. In addition, the proponents |,
make the commitment that no potential pollution such as fuel oil,
lub o0il or glycol will be carried adjacent to the sea. The
conpartmentation and stability will exceed requirements laid down
both internationally by Marpel 1973 and its Protocol 1978 and al so
national ly by the casper.

3.2 SEGREGATED BALLAST

In addition to the double hull, a 100% segregated ballast will be
used on the Arctic tanker. This neans that ballast water is never
| oaded into tanks which have previously held oil. In conventional

tankers, where water is |oaded into cargo tanks, it is the ballast
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water which on discharge carries with it traces of oil and so
causes marine pollution.

PROPULSI ON AND CONTROL

For a vessel to navigate safely, both the propul sion system (propellers)
and control system (rudder) nust be in operation. | solated narine
acci dents have occurred when one or other of these systems have failed.
The Arctic tanker will use mechanical duplication.

4.1 MECHANI CAL DUPLI CATI ON

This i s the approach used for multi-engine aircraft. If the chance
of an engine failing is once in every thousand (10'3) hours then
the chance of two engines failing together is potentially once in
every mllion hours (10-°) . This dramatic inprovenent in safety
is, however, not fully achieved as there are always some conmon
cause effects. In the case of the steering gear which has a
probability of failure of 2 x 1(56, the proponents have commtted
to fitting two independent steering gears which should given a
probability of 4 x 1'(}2. A very conservative probability of
10-" is used for the purpose of analysis. This approach has been
used for the Arctic tanker which the proponents have committed to
having twin propul sion systens, twn rudders, twn navigation
systens, etc. Pollution incidents such as the Amoco Cadiz casualty
occur as a grounding accident after the nmechanical failure of the
steering gear. This accident would have been avoided wth
duplicate steering gears. This approach of nechanical duplication
provides a very high degree of protection from such accidents.

4.2 ASTERN THRUST

In addition to the duplication of propulsion and steering systens
t he proponents have conmitted to the propul sion having a high speed
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reversing capability and to having the ability to generate ful

power astern. The propulsion will have the ability to go fromfull
ahead to full astern in 15 seconds. This is achieved by the use of
control lable pitch propellers and has been proven on Kigoriak and

Robert LeMeur.

In a conventional 200,000 ton tanker, the propulsion systemis not
capabl e of generating full power astern. The reason for this is
that the nornal propul sion systemis a steam propul sion system
which is not reversible. As a result, a separate astern turbine
requires to be fitted in addition to the ahead turbine. Because
the astern turbine is used infrequently, it is normal practice to
install an astern turbine which has approxinately 30-35% of the
power of the ahead turbine. When this is coupled wth the
inefficiency of the propeller operating in the reverse direction
it is found that approximately only 25% of the ahead thrust is
avai | abl e as astern thrust. This significantly contributes to the
| ong stopping distances associated with conventional tankers. The
Arctic tanker, however, is different. It is fitted with a
controllable pitch propeller, which can generate full power astern
sinply by reversing the pitch of the blades, as has been indicated
this can take place in 15 seconds. Instead of only 25% of the
ahead thrust being available as astern thrust, the value rises to
approxi mately 65%

The ability of a vessel to stop and to turn is a function of both

the propulsion systens  (propeller) and the control systens

(rudder). A conventional 200 000 DWI tanker typically requires a

st oppi ng distance of 14 ship lengths or 4.5 kilometre. Two factors

influence this: the tine to put the propul sion machinery astern

typically 60 seconds, and the astern thrust devel oped by the
propul sion system The astern thrust is typically 30 tons
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The Arctic tanker, by reducing the tine to go astern to 15 seconds
and having full power astern with a thrust of 600 tons, would have
a stopping distance of 5 ship lengths or 1.5 kilometre.

A conventional tanker typically has a turning circle of 3 ship
lengths of 1 km By increasing the area of the rudders and having
twin rudders, the turning circle would be reduced to 2 ship lengths
or 700 metres. Further, the stopping distance in ice would be
reduced to less than 1 ship length.

5.0 FIRE AND EXPLGCSI ON

5.1 INERT GAS SYSTEM

For a fire or explosion to occur, conbustible material, oxygen and
a source of ignition nmust be present together. Until the
md-sixties, the approach used in tankers was to renmove the source

of ignition. Rare occurrences happened, however, when static sparks
ignited fires and explosions. The inert gas systemis a method
which renpves the oxygen and substitutes nitrogen and carbon *
di oxi de. The Arctic tanker will be fitted with dual inert gas
syst ens,

5.2 PUW ROOM

In a conventional tanker, it is standard practice to locate all the
punpi ng systens for |oading and discharging the cargo in a single
conpartnent, known as the punp room  This punp roomis normally
| ocated | ow down in the ship, and a nunber of incidents have
occured Where |eaks of crude oil in this conpartment have given
rise to an explosive atnmosphere, which has caused an explosion. It
I's obviously inpossible to inert this space, since the crew have to
be working within the punp room Mre recently, however, a nunber
of tankers have been built using deep well punps. This avoids the
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7.0

use of a punp room since the punps are individually sited on deck
above each cargo tank. In this way, explosive nixtures are

avoi ded. The proponents have committed to the use of deep well
punps for the Arctic tanker.

NAVI GATI ON  EQUI PVENT

For a vessel operating out of the sight of land, and in an iceberg area,
it is inportant to have working navigation systens and iceberg detection
systems. A nunber of accidents have occured, such as the Qynpic
Bravery, where the navigation systems such as radars and gyro conpasses
have failed and there was no backup. More recent 1140 |egislation has
increased the level of backup required, but the proponents have
comritted to the Arctic tanker having duplicates of all major conponents
of the navigation system and of the iceberg detection systens.

SOFT FAI LURES

A nunber of ship accidents have been attributed to human error which is
sonetines called ‘soft failure’. The proponents have commtted to ways
to reduce thrust errors.

Fromthe study of system failures, it becomes apparent that nost
failures involve some el ement of human error. Very few systemfailures,
however, are due solely to human error, and studies of catastrophic
failures indicated that it was unusual for a single human error .or soft
failure to cause mmjor accident. The nore usual course of events was
that a nunber of soft failures conbined together, wth perhaps a
hardware failure to cause the accident. Chronic soft failures appear to
be endemi c to any system but do not individually cause accidents. For
i nstance, two senior officers who have difficulty comunicating together
represent a soft failure but will probably not result in a serious
acci dent; however, conbi ned with other circunmstances |, the lack of

comuni cations may be a contributing factor to an accident [271.
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Studies indicated that human error accidents could be divided into a
number of categories which are discussed bel ow taking exanples fromthe
EI'S support document, “Tanker Ol Spill Study”, by Det norske Veritas.

Han/ Machine Interface Failure

This occurs when the equipnment 1is designed so that it is either
difficult for a man to operate; exanples include |evers that cannot be
reached and gauges that cannot be seen, or equipment on which it is easy
whake mstakes such as the case of the torrey Canyon when the hel msman
t hought he had control of the rudder but in fact the vessel was on auto
pilot.

| nconpet ence

This is the case when a man is asked to do a job beyond his capabilities

or without the proper training. The operator may initiate the accident
but the human error occurred earlier when the managenent system placed
the man in that position or when inadequate professional exam nations
gave the inpression ofcompetence. The standard of navigation on board .
the Olympic Bravery, for exanple, prior to its grounding appears to have -
been inadequate.

Flouting the Law

The international maritine |aws and standard procedures such as loadline
rules, passing port to port, north/south routing are in force,
primarily, to achieve safe operation. There is, however, a tenptation
to break these laws by, for instance, |oading deeper than the statutory
loadline. This sort of overloading, which probably caused the break-up
of the Pacocean, iS illegal. The nost dangerous conbination occurs when
the authority and tenptation are vested in the same person (28].
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Soft System Failures

This is the failure which occurs when the systems of operation involving
comuni cations, authority and control is not adequate for the job. For
instance, in the case of the Amoco Cadiz, when the tinme necessary to
agree on a Lloyds Open Salvage Formwas nore than the tinme required for
the ship to be destroyed.

True Human Error

This occurs when a conpetent individual makes an uncharacteristic
error.  The incidence of errors increases when some additional factor,
such as extreme fatigue, undiagnosed illness or psychological stress is
i nvol ved.

Al cohol /Drug Induced Accidents

Social |y acceptabl e behaviour during relaxation and recreation periods,
such as drinking is conpletely unacceptable in a safety-consci ous work
environnent.  Accidents have occurred due to drugs and alcohol in the .
work pl ace.

Proponents Approach

It is possible to quantify the inprovement of safety due to hardware
changes. It is harder to quantify the effects of measures taken by
nmanagenent to avoid soft failure. Researchers [291 have concluded that
human errors will greatly reduce by:

1) Appropriate recruiting;

) Appropriate training;

) Doubling watch officers;

4) Cear statement of operating procedures;
) Clear managenent and authority structure;
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6)
7)
B).

Discipline to enforce procedures and |egal operation;
Absence of al cohol and drugs; and,

Er gononmi cs

The proponents have attenpted to use this approach for their Arctic

operations and have been successful. For instance, in 1981, there were

14.9 accidents per nillion man hours for Arctic drilling operations,
which is a dramatic inprovenent over 37.5 accidents per million nan
hours for southern Canadian operations and 51.7 for U S. operations.

Using tanker operations as an exanple, the proponents have commited to:

1)

Recruiting only officers and men with qualifications equal to or
exceedi ng Canadi an Coast Guard regul ations;

Providing the crew with appropriate training and updating courses -
such as simulator training programed.

Providing sufficient crew nunbers so that at all times there are
two crews nenbers on bridge watch and two crew members on machinery -
watch ;

Qperating a dual ship’'s master system and,

Mai ntai ning an al cohol and drug free operation.
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APPENDI X E

TANKER SENSI TI VI TI ES AND REDUCTI ON FACTORS



SENSI TIVI TI ES

The Bercha report [11 presented a series of graphs in Figures 5.1 through 5.4
to illustrate the conparison of oil spill expectations determned for the
conventional (CTANKER) and Arctic (ATANKER) tankers. The conparison was nade
for the 6 major accident scenarios on each of 4 proposed ATANKER routes.
Figures 5.5 through 5.10 illustrate the sensitivity analysis performed to show
the contribution of the various ATANKER features in reducing its oil spill
expectation. The sensitivity analysis was done for each of the 6 major
acci dent scenarios. Each series of graphs may be explained using exanples as
fol | ows:

Figures 5.1 - 5.4

Spill expectations of the ATANKER and CTANKER have been conpared for
each accident scenario with conparisons shown separately for each of the -
four proposed routes. The Route 1 conparison (Fig.5.1) is attached as
an exanple for the follow ng description.

The vertical axis is a measurenent of spill rate (barrels spilled per
barrel carried) which is shown as a percentage of the total CTANKER rate
(5.54 x 10 bbl/bbl). For the CTANKER the total of 100 per cent has
been divided into the percentage caused by each of the 6 mmjor accident
scenari o0s. The vertical axis is a logarithmc scale where, for exanple,
hal fway between 1.0 and 10.0 equals 3.16 and hal fway between 10.0 and
100.0 equal s 31.6.

H st ograms of each accident scenario and the total of all 6 scenarios
are plotted along the horizontal axis. The first histogram represents
the collision accident scenario where the top of the bar is drawn to
showt hat 15 per cent of the total CTANKER spill rate is caused by
CTANKER col l'i sion accidents. The shaded portion of this histogram shows
that the spill rate from the ATANKER collision accident is 0.038 per

cent of the total CTANKER spill rate.
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Figure

The histogram shown as ‘TOTAL' is a summation of all 6 accident types
which add up to 100 per cent for the CTANKER and 0.68 per cent for the
ATANKER . Over route 1, the ATANKER is predicted to spill 0.68 per cent
of the CTANKER rate (bbl/bbl). A conparison over routes 2 to 4 is shown
inasimlar method in Fig. S.2 to 5.4 respectively.

5.5 - 5.10

A sensitivity analysis was performed on the ATANKER spill rate reduction
(conpared to the CTANKER) to deternm ne the separate contributions of
each ATANKER feature towards the total reduction, The sensitivity

analysis was illustrated for each of the 6 accident scenarios in Figures
5.5 to 5.10 respectively, using route 1 as a basis. Figure 5.7 is
attached as an exanple for the follow ng explanation. This figure

illustrates grounding which is the major accident type

The vertical axis is presented in exactly the same format used in
Figures 5.1 to 5.4 and previously described. The histogram bar with
"CTANKER' and ‘ARCTIC TANKER positions is the sane bar shown in Fig.
5.1 for the grounding (GRND) accident-type. Forty-eight per cent of the
total CTANKER spill rate is caused by CTANKER groundi ng accidents the
spill r~te is caused by ATANKER grounding accidents is 0.40 per cent of
the total CTANKER spill rate. The reduction from 48 per cent to 0.4 per
cent was due to various ATANKER engineering and other changes which are
shown on the histogram bar of Fig. s.7. The unshaded area at the top of
the bar includes route related factors such as | ower distance exposure
per bbl carried for the ATANKER and these factors reduce the spill rate
from 48 per cent to 28 per cent of the CTANKER total. The energy factor

reduction shown reduces the spill rate from 28 per cent to 0.8 per cent
of the CTANKER total. The redundant propul sion and steering systemin

t he ATANKER reduce the spill rate fromO0.8 per cent to 0.7 per cent of
the CTANKER total. The remaining factor, navigation error reduction
representing a conservative 50 per cent reduction in errors reduces the
spill rate fromO0.7 per cent to the final 0.4 per cent of the CTANKER
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total. The sensitivity of the ATANKER spill rate reduction (due to
groundi ng accidents) has been illustrated as described above to present
a visual picture of the contributions from each major ATANKER feature.

E-3



5.8

::: | SRiir S

Sensitivity Analysis
Presented in Figure 5.7
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REDUCTI ON  FACTCRS

A nunber of ATANKER nodification factors were presented in Table 4.4 of the

Bertha report {13. These factors were multiplied to the indicated input
probabilities o¢ the crTankgr fault tree to account for improvements inthe

ATANKER design. The reasons for the various nodifications were presented in
Table 4.4 and the follow ng supplementary table presents the analysis of the
nodi fication factor values utilized.

ATANKER Modification Factors Applied to the CTANKER Fault Tree

MODI FI CATI ON
FAULT TREE EVENT MULTI PLI ER ANALYSI S OF MULTI PLI ER
G oundi ng
Navi gational Error 0.5 | ndependent  navigational  systems
including satellite and Loran ¢
systens: conservative 50% reduc-
tion in errors estimated.
Propul sion & Steering 0.1 Both systens have redundant
Fai |l ures installations. Though redundant-
system failure probabilities are
the square of single-systemfail-
ures, a conservative 90% reduc-
tion was utilized.
Raming Simlar analysis to that of

“Gounding”.
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