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ABSTRACT

There is much room for improvement in the use of
techniques involving risk assessment and technical analysis in the
wblicpo]icydecisimmakiupmom as it applies to the marine

field The example of the regulation of tanker design, as mandated
in the Oil Pollution Act of 1990, is utilized as a case study. Proper
risk t for the complex tankers/waterway system requires a

1otal-system spproach, which is cumrently beyond the state-of-the-
art, but the public demands an immediate response to what it
perceives as a straight-forward problem and g must react.
This paper discusses the further work needed in the areas of
methodology, data bases, and communication/education to
properly address these policy decisions.

INTRODUCTION

While techniques involving risk assessment and techmical
amalysis are well respected and used in industry and academia, there
often seems to be a dearth of such methodologies in the public
policy decision making process as it applies to the marine field.
This paper will use the ple of the regulation of tanker desi
a dated in the Oil Polluti
study.

Lo

Act of 1990 (OPA 90), as a case

The tankesfwaterway system is large and complex (and oil
spills are a dy i dom-product). A valid assessment of risk
for such a system cannot be made by analyzing a subset of the
problem or by drawing conclusions from long-term oil spill
statistics. Valid risk ment and decision making requires a
total-system model and snalysis. When accidents occur, the public

» Will double hulls on tankers prevent an oil spill from an
Exxon Valdez type accident?

* Are double hulls the best design o prevent or minimize
oil spills in an Exxon Valdez type oil spill?

* Will new double hull tankers always spill less in
accidents than the single hull tankers they replace?

The snswers to all three questions are "No". There is no
controversy among naval architects on this topic. First, a tker
weighing more than 200,000 tons at 12 knots hitting a reef will
cmuse sn oil spill no matter what commercial design is used.
Unfortunately, many laypersons will be surprised afier the first
major oil spill in U.S. waters from a double-hull tanker that
Congress didn't really “regulate” such spills out of existence.
Second, o minimize an oil spill in » major “high energy”
grounding, s design called mid-height deck would be more effective
than a double hull In the mid-height deck design, a horizontal, oil-
tight deck through the cargo tank limits the outflow due 1o
hydrostatic pr Most nations with the ption of the US,
have declared that the mid-height deck design is cquivalent or better
that for tankers below 160,000 DWT, the least expensive double-
hnﬂduiphmwimwlymmkm(rmmummﬂ
two or three). When this tank is penetrated in a collision, more oil
will spill than in a single-hull tanker with two or three tanks
across. (U.S. laws and regulations requiring double hulls do not yet
sddress the number of tanks across in the double-hull design.)

How can we be in this position where what might be
thought of as the "obvious™ objectives of OPA 90 are not being
fulfilled. A simplified answer is "Too much emotion, not enough

lysis." When seeing the pristine Alaskan environment covered

demands action, but the y tools to develop
solutions and to communicate the need and rationale for this
process to the public do not exist. Often the solution in one
scenario may not be the most cost-effective solution over all
possible scenarios and vice versa.

Consider the Exxon Valdez oil spill in Alaska in 1989
which resulted in the Oil Pollution Act of 1990 that requires double
hulls on all new tank Since Cong; voted unanimously to
pass this legislation, one might assume that it is a well thought-out
law. One might consider the answers o the following questions:

with oil from the Exxon Valdez, the public demsanded action. The
double-hull design met the immediate emotion need. It is a quick
"technology fix" that is easy for the layperson to understand. In
addition, it should completely eliminate minor spills and reduce the
impact of major spills. The cost 1o the U.S. of having double hulls
on all tankers entering the U.S. is on the order of $700 million per
year [1].



A MORE RATIONAL APPROACH

Since at least 80% of major tanker accidents (and
probably the minor ones as well) are caused by human error [2], one
might expect a formal risk assessment might have been made to
determine the most cost effective way to reduce oil spills. In such 2
scenario, different "solutions™ could be compared to see how many
gallons of oil spills could be prevented by each solution (and at
what cost).

Howevez, it is clear that neither the industry nor academia
was sble to explain these issues to the general public or the
Congress. Professors teaching the technical aspects of these issues
had failed to communicate on a level that people with less
specialized knowledge could comprehend.

To follow through with a rational approach w risk
assessment, you need: a methodology, a credible data base,
communicatior/education of the spproach, and the political will to
use it. The authors feel the political will can occur by itself if the
other three needs are met.

METHODOLOGY

Once an accident has occurred it is 100 late to develop
methodology, models, data bases, and tools to complete a total-
system risk assessment, and select the most cost-effective
response. The public demands that the government move more
quickly than this. In such cases, the complexity of the
tanker/waterway system forces industry, government and scademia
to focus on managesble pieces of the total problem, or to take a
top-down statistical approach. It is difficult to draw cause and effect
conclusions from statistics, particularly when data bases do not
contain this type of information. Until there is a beiter
understanding of accident mechanisms, sny attempt to minimize
accidents based on statistics alone is reactionary with questionsble
effectiveness. We must be working on a total-system methodology
now if we expect w0 use it in crisis. This methodology should
consider the basic physics and human factoes of the problem and be
sensitive to the impact of new regulations and technology.

The framework for a total-system methodology to assess
unkuoﬂspﬂlﬁnkhptnmledhkafmﬂ].mm
strocture of the oil spill model used in this methodology is

in Figure 1. Simply stated, risk is the product of the
probability of sn accident and the consequence of an accident.
Hwﬁnmnmumwnym!m.mmﬁm
ummdmﬂdﬁvmmnmn
necessary but singly msufficient. Like the etiology of multiple-
case illne due to resident pathog complex systems also
breakdown due to resident latent errors. The challenge for this
framework is to show how latent and active failures combine to
produce accidents and to indicate where and how more effective
remedial measures might be applied. The notional tanker risk
calculation process is diagrammed in Figure 2. Once risk can be
quantified, the costfrisk/benefit of various alternatives may be
compared.

ACCIDENT PROBABILITY

Accident probability is calculated using Probabilistic
Risk Assessment (PRA) techniques including fault trees, event trees
and humasn relisbility analysis (HRA)4]. Fault tree analysis is very
eﬂeﬁvehnﬂyﬁn;mphx:ymmhvemulﬁpkfm
Mﬁmwummwuh
role of humans in the operation is a factor [5]. Fault tree analysis
was developed for the aerospace industry for system safety

malysis. Ncmlmmdnmmﬂdm'dlm“
in his safety study of the nuclear power industry [6]. This model ™+
follows his example. Humsn failure events are ¥
basic Human Error Probabilities (HEP's) that sre modified by a*¥,
series of Performance-Shaping Factors (PSFs){4]. A
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The fanlt trees become increasingly specific at lower
levels where basic probabilities can be assigned reflecting
individual exror or other system failure. Standard HEP's are obtained
from NUCREG/CR-1278, : iabili
Analysis [4). Other probabilities are obtained from failure
used o further define tasks and develop fault probabilities. In this
mammer HEP's and other error probabilities are built up for each
terminal event in the fault tree. Below this level performance
shaping factors (PSFs) for the specific ship and port are used
sdjust HEP's. i

It is essential that important PSF's be identified to
determine the effect external influences have on the basic HEP's.
Table 1 shows PSF's from NUREG1278[4]. PSF's determine
whether individual performance will be highly relisble, highly
unreliable, or at some level in between. Using these generic PSFs
&5 & starting point, specific ship and waterway shaping factors are
identified, Their perametric relationship 1o the fault tree HEP's is

inspection records can provide an up-to-date stats of human factors
onboard ship and in the ship’s management. This data can be used
to update the total-system risk status for a specific ship for use by
management or regulatory authorities.



__
Shwp Sysem
(Dasgn and
Cperators)
. v v . v
' . Fre/ Stuchural
opuaios  Godrg  CofiSen gy, Faikre
Plop splf) H‘ﬂl:l‘ﬂ _lellm] Hl_u_] Pstucture)
- N
Shp
Resporse /
L.
___LW]‘MGWM
Outficow
._.v_“__ 3 L
Ship
Mitigation
T, sinstauiow- netouiow pdt
Irpact
y P(5)- cormequence pf
- Figure 2 - I Tanker Risk Caleulati
OIL OUTFLOW

Once probabilities for the major oil spill events
(grounding, collision, fire/explosion and global structural failure)
are determined, oil outflow is calculated using a probabilistic
method based on the IMO “Interim Guidelines for the Approval of
Alternative Tanker Designs Under Regulation 13F of Annex 1 of
MARPOL 73/78" and a pdf is derived. This method calculates the

ity of zero outflow, and values for mean outflow and
satreme outflow for grounding and collision accidents using
probability density functions (pdfs) for location and extent of
damage.

One major shortcoming of the Regulation 13F
methodology is that it does not consider the effect of structural
design or crashworthiness on damage extent. The primary reason
for this exclusion is that no definite theory or data exists to define
this relationship. The solution of this problem must consider the
interaction between local structural damage and global ship
motion. The_ variety of sur il ial accid

Although the ship may have some onboard capability for
containment, walerway asseis, walerway management, and ship
management are most important o the mitigation and cleanup
function. Typically only 10-20% of the spilled oil is ever
contained snd recovered. The type and quantity of oil spilled,
availability of persormel and equipment, envi conditions
and various humsan factors determine the effectiveness of the
mitigation and cleanup effort. There is a room for great
improvement in spill recovery and mitigation. Increasing recovery
rates by 5-10% could significantly reduce spill consequences.
Miﬁgllimmdchmlp:hoﬂdhelﬂivdyinwni;mdinﬂumd
system context

SPILL CONSEQUENCE

The volume of oil spilled is not a valid metric for
measuring the consequence of a spill. The impact or fate and effect
o[tqi]lisdumeetmeuicmdthililm:mvmimﬂy
quantified as 2 cost. There are five major categorics of oil spill cost
[8]: (1) commercial; (2) social and recreational; (3) mloﬁall;“ﬁ)
owners/insurance. is

along primary tanker routes. A Monte Carlo simulation chooses
the spill location and scenario based on these probabilities. The
most recent of the Interior (DOI) Type A Damage
Assessment Model is used to estimate primary restoration costs and
omp jon costs for vari spill volumes (in U.S. waters).
Regression snalysis is applied to these resulis to calculaie cost
pdf's as a function of type and quantity of oil spilled.

DATA BASES

While methodologies that address such factors as
and organizational errors, such as the one described
they are rarely used. "The number one reason for this
almost total absence of any reliable data with whi
modeling snd calculations™ [9]. Methodologies require data
that explain “cause and effect” of previous accidents. Otherwise the
methodology is nothing more than an academic excrcise.
Obtaining the right dats bases is a challenging task. First, we have
the "chicken and egg” If no one is using comprehensive
risk assessment methodologies, then why do we need the data (and
how do we know what data we need). Of course, if there is not
adequate data, it is impossible to apply the methodologies.

A researcher would like to have data bases with decades of
information. The key assumption is that the "ground rules” for

and p
scenarios makes this difficult. A methodology which considers
crashworthiness should be sensitive to at least the basic parameters
defining unique structural designs while maintaining sufficient
genenality and simplicity to be spplied by working engineers in a
regulatory content for a ship in a worldwide operation. It should
Bot require defailed finite el ysis or be Limited to a single
sccident scenario. The computational model developed at MIT by
Professor Tomasz Wierzbicki under the Joint MIT-Industry Project
on Tanker Safety is ideally suited to such an application [7].

SPILL RESPONSE

The options available for spill mitigation and cleanup
and elimination. Response to contain the
jon model. R

include
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llecting the data have not changed over time. The U.S. Coast
Guard’s oil spill data bese is the amalgamation of three different
data systems: from 1975-1983 the Pollution Incident Reporting
System (PIRS) was used, from 1986-1991 the Marine Safety
Information System (MSIS) superseded the older system, and from
1992 until the present a modified MSIS is utilized. One must be
careful in applying data across these time ranges.

One might think that everyone would be in favor of
building comprehensive data bases; however, that is not always the
case. In part due to accidents caused by pilots in U.S. waters, many

have called for development of a rig relevant data
base. The USCG's Merchant Personnel Advisory Committee and
the pilots are against the idea of collecting such data on accidents
"because the information collected might be used to pit one port
against another™ [10).
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e RhY T NS :
Situation Job and Task Tuk and Psychological Physiological | Organismic ¢
Characteristics Instructions Equipment Stressors Stressors
Characterisics
Architectural Features Required Perceptual Suddenness of onset | Duration of Training/Experience
LProcedures Reguirements Stress
Quality of Environment | Written or Oral Motor Requirements Duration of Stress Fatigue Proficiency
P el
Work Hours/Breaks Cautions and Control-Display Task Speed Pain or Personality/Intelligence
Wamings Relationship discomfort Variables
Availability/Adeq of | Work Method Anticipatory Task Load Hunger or Thirst | Motivation/Amitude
| Equipment Reguirements
Manning Parameters Policies Interpretation High Jeopardy Risk Temp Kn dge of Required
Extremes Performance Standard
izational Struc! ision-Makin Threats G-force Extremes | Phvsical Condition
Actions by Supervisors Complexity Monotony Atmospheric Outside influences
Pressure
Extremes
Rewards, Recognition, Marrowness of Task Long, uneventful Oxygen Group Identification
| Benefits vigilance periods | Insufficiency
Frequency and Conflicts of Motives Vibration
titive
Task Cri Reinf absent | Movement
Long and Short-Term | Sensory Deprivations | Lack of Physical
G Exercise '
Calculation Distractions
Reguirements
Feedback Inconsistent Cueing

CHALLENGE FOR ACADEMIA[11]

Most college professors spend their time teaching
students that have chosen their area of specialty. Often
pmt'murhubundom;mem:hontheludm;mol

are also rewarded on.their ability to perfs h and publish
the most sophisticated topics in their field.

Therefore, it is easy to forget that the students will often
end up in environments where they must communicate their
kmowledge to people without their specialized backgrounds. In
situations where the professor wants to effect a change in society,
such as through the introduction of & new logy or with the
passage of a new piece of legislation, the professor (or his or her
smdmmmn;outwhﬂtheyhrelsumd)mmthaﬂem
of the topic to the general
mHnﬂumduwlh:me With these instances in mind
the professor can plan in advance to be teaching for understanding
on two levels: the basic level of understanding for the "layperson”

W

Students today rarely thnmspad.lhad
how]ed;ecmotlnmﬂywmdbyths'hypem
Stndents, in effect, must be teachers to properly commumicate their
ideas. One by-product of the process of teaching for two levels of
understanding is that the students will learn what it takes o
communicate the specialized knowledge in their fields to

"laypersons”.
CONCLUDING COMMENTS

Mnmwhmmfwmwemﬁmihep:znm::
mkmmuumwbbc decisions. More work must
done n lha areas of ml?lhodolngul. data bases, and
Ho , efforts have started in all
these areas. Wh:huvmuhmduiﬂemndmm
effect proper risk one Id ber that in the
case of tanker design regulation, lack of such assessments have
resulted in designs that are costing society hundreds of millions of
dollars anmually. It is the hope of the authors that these efforts to
improve risk will i and will result in the
phunlwmmmmmhmwhl\cpnhcydmmmkmgm
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