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1. SCOPE:

This SAE Aerospace Information Report (AIR) addresses legal issues concerning use of non-
deterministic methods in the design and/or analysis of systems. The investigation includes an
assessment of legal precedent for use of these methods both in the aerospace industry and in other
non-aerospace engineering contexts. The investigation is primarily, but not exclusively, focused on
United States of America Federal and State Law.

This document is not intended to be used in any way as a “legal justification” for the use of Probabilistic
Methods - it is simply a compilation of experience and past precedent.

Many engineers note that the use of Probabilistic Methods for failure risk assessment implies an
acceptance that any design will have a finite, albeit small, risk of loss of function, and express concern
that this could be seized upon in a Court of Law to indicate that the design was “unsafe”. This report
helps to allay some of these fears by presenting the logic used in past legal determinations to assess
liability following loss of function of artifacts designed using both deterministic and probabilistic
engineering methods.

Some recommendations are also provided in the report of “good practice” to be followed when using
non-deterministic design methods - most of which are equally applicable to deterministic design
methods.

1.1 Description of Contents:
This Aerospace Information Report has been compiled from three basic sources:

a. A presentation given at the Spring, 1998 meeting of the SAE G-11 Probabilistic Methods
Committee in Scottsdale, Arizona. The presentation was prepared by the “Legal Issues” group of
the “Issues” Subcommittee, and was based on a literature search performed during 1997 and
early 1998. Section 2 of this report is a summary of this presentation.

b. A study of legal issues surrounding the implementation of Probabilistic Methods, funded by SAE
and performed during the Summer of 1998 by Mark S. Paxton, a research student at the
University of Dayton School of Law. Section 3 of this report includes a summary of the findings of
this study, and the full study report is provided in Section 6 as attachment 2 to this AIR.

¢. A study of legal implications of Probabilistic or Deterministic Risk Assessment Engineering,
funded by SAE and performed during the Fall of 1998 by Zhaoyang Li, a research student at

Vanderbilt University School of Law. Section 3 of this report includes a summary of the findings of
this study, and the full study report is provided in Section 6 as attachment 3 to this AIR.
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2. SETTING ACCEPTABLE RISK LEVELS:
2.1 Definitions of Some Legal Terms:

This section includes some definitions, taken from the literature, of legal terms that are often
encountered in discussions of setting of acceptable risk levels during the engineering design
process.

2.1.1  Civil Liability:

+ Someone has been injured and the injury is, at least arguably, the result of the actions of
someone else, and
+ Harm has already occurred and cannot be prevented or undone.

Should the “someone else” compensate the injured person? If so, then Civil Liability has been
proven. Prevention of future harm is a secondary geal in this case.

2.1.2 Warranty:

* The manufacturer is liable for a product that did not perform as represented, or was not fit for the
intended use.

+ Warranty extends only to the immediate purchaser, not to downstream users (doctrine of privity) -
but there are many exceptions in case law.

2.1.3 Negligence:

+ The defendant pays when he had a duty of care to the plaintiff but did not exercise the level of
care imposed by that duty, and the plaintiff was injured as a result.

* The plaintiff has the burden of proof to show that the defendant was negligent.

* The plaintiff has to be “blameless” in the use of the product to recover.

Foreseeability - There cannot be liability for negligence unless the injury to a person (or class of
persons) is reasonably foreseeable at the time of the negligent act or omission. The test is not what
the defendant did foresee, but what a reasonable defendant would have foreseen. This extends to
low probability events:

e.g. Ignition of high flashpoint furnace oil in a naval accident.
e.g. A dead tree falling on a walker, and responsibility to check the trail.
e.g. A minor explosion was predictable, but a massive one occurred.

Risk modeling will be deficient if it is based on accident statistics and does not include incidents not
involving injury or damage or near misses which the defendant is aware of, or ought to know of.

Risk modeling may also be deficient if the model cannot adapt to changing circumstances and

information - for example, children engaging in a dangerous activity near power lines, where there
was thought to be no risk.
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2.1.3 (Continued):

Proximity - Before a defendant comes under an obligation to take reasonable care, there must also
exist “proximity” - either physical proximity or a close relationship (e.g. Professional). The notion of
proximity imposes limits on the liability for foreseeable harm and varies depending on the type of
case involved:

+ Liability is usually limited when an “uninjured” plaintiff suffers nervous shock or financial loss not
related to damage to the plaintiff's property.

* Relevant proximity exists between an injured person and a Utility where the Utility carries on a
highly dangerous activity in a place where the public are entitled to resort (e.g. roads, parks or
places where children are allowed to play).

Breach of Duty - What should a reasonable defendant do in response to a foreseen risk? The
perception of a reasonable person's response calls for consideration of:

* The magnitude of the risk and the degree of probability of its occurrence.
* The expense, difficulty and inconvenience of taking the alleviating action.
* Any other conflicting responsibilities which a defendant may have.

Hence what constitutes reasonable care incorporates cost-risk considerations. Inexpensive
methods may often suffice to reduce the risk of injury (e.g. safety signs, brochures), and limited
resources may be considered mitigating circumstances - for instance, a Public Authority may be
protected against liability for its policy and planning decisions, which may be constrained by
available funds. The argument then turns on what constitutes a “policy and planning decision” and
what should be considered to be an achievable change to reduce risk within existing policy.

2.1.4 Probability Calculus:

* Very rough cost-benefit assessment.

* Dichotomous structure, defendant’s duty shifts completely with minor changes in costs or risks.

* Defendant determines what risk the plaintiff will run without consulting the person at hazard, who
may have very different views of the cost-benefit assessment.

Does the injured person make a choice by buying equipment without certain safety features and by
paying less for the product, or by not carrying sufficient insurance, or by open preference for
features which are associated with the risk but are seen as a benefit based on utility of the
product?

2.1.5 Comparative Negligence:

* The jury decides how much each party was at fault and gives the injured party a proportional
share.

The trend is to allow the injured party to be non-responsible - the manufacturer must “design for
fools to use the product”.
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2.1.6 Strict Liability:

The manufacturer is strictly liable for all harm caused by product defects, even if all possible care
had been exercised in the manufacturing process.

This is a more realistic view of the limits of quality control than in the “flaws = negligence”
approach.

The approach recognizes mistakes happen despite best efforts.

The manufacturer should pay the costs of product accidents as a matter of social policy, and
pass the costs on to consumers generally as a kind of informal insurance system.

Liability is clear and unambiguous.

This is an incentive to manufacturers to do their best to avoid accidents.

The approach eliminates high transaction costs incurred in case-by-case determination of
negligence.

2.1.7 Design Defect:

Product made according to plan but that should, in the eyes of the injured person, have been
planned differently.

2.1.8 Punitive Damages:

The defendant has violated a duty of care recklessly.
Punitive damages are likely when:

* The person injured by the design choice is in court, all those who are benefiting from the design
choice remain anohymous.

* Probability calculus was used where the volume of production and use makes the occurrence
of future injury a statistical “certainty”.

* The manufacturer is deciding what risks other people should run, not making a peint of warning
people about this, and (in the jury’s view) is keeping for itself the savings of not ameliorating the
risk.

« Jury is unlikely to be sophisticated about the nature of the design choices.

* There has been an increased willingness to award punitive damages over the last 10 to 15 years.
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2.2 Historic Trends:

+ Society is increasingly risk averse and insurance minded.

+ Safety is seen as a commodity.

+ Society is pressuring manufacturers to improve safety.

+ Customers are willing to have costs of effort incorporated into product prices

* People want to be paid if the product does cause an accident, even if the product was reasonably
safe.

* Consumers are increasingly assumed to be incapable of taking reasonable steps to protect
themselves.

* “Ilt is unfair to expect anything of consumers”.

+ Companies and employees are assumed to be capable of prodigies of skill and foresight.

+ If the design fails, “it must be due to malevolence”.

* There is a trend towards awarding punitive damages.

2.3 Regulatory Approaches:
2.3.1 Statutes:

+ A statute may flatly prohibit conduct of an activity which is regarded as hazardous.

+ For example, sale, use or possession of certain items.
+ Risks associated with the activity are of such magnitude that the activity should be banned
notwithstanding the magnitude of any possible offsetting benefits.

+ A statute may reflect the striking of a risk - benefit balance.

* For example, use of motor vehicles.

+ Use may be subject to various conditions intended to reduce risk (e.g. passing a driving test).

* The resultant statute is often more a product of subjective and political factors than of scientific
analysis or quantification.
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2.3.2 Regulatory Agencies:

+ Regulatory agencies are a fairly recent development:

* Increasing complexity of economic life has overcome the ability of legislatures to cope directly
by enactment of statutes.

* The agency's procedures, jurisdiction, functions and authority are subject to revision at any
time by the legislature’s enactment of new statute.

* Any action taken by an agency is subject to legislative correction or reversal.

* The regulatory agency makes determinations as to the acceptability of risk when promulgating
rules and regulations.

* The rules and regulations have the “force and effect of law”.
+ Agency decisions become a body of precedent and a source of law.
* Those displeased have recourse to the legislature and to the courts.

+ Courts will reverse the agency’'s decisions if they are:

+ Clearly inconsistent with governing statutory law.
+ Arbitrary or capricious.
* Not taken in accordance with prescribed procedures.

+ The legislature often leaves “hot potato” issues unresolved in the statute, so they will ultimately
have to be dealt with in the courts.

* There is little consistency in the way different regulatory agencies determine acceptability of risk.
The nature/level of acceptable risk varies and is dependent on:

* The particular activity that gives rise to the risk.
+ The particular statute which purports to regulate the activity.
+ The particular agency assigned to implement the statute.

Some examples of different requlatory approaches are given in 6.1.
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2.4 Cost/Benefit Approach (Probability Calculus):
2.4.1 Definition of Probability Calculus:

* Probability Calculus was first defined by Federal Judge Hand in 1947.

* The case involved liability for injury resulting from the breaking loose of a vessel from its pier.
* The decision also included consideration of custom in the industry.

* The process is:

—

. Assess the cost of making design changes to reduce the risk of failure from “Risk level A" to
‘Risk level B
2. Assess the benefit of making design changes:
Benefit = (Risk level A - Risk level B) x (Financial conseqguences of failure)
3. If “Cost” > “Benefit”, do not make design changes.
4. If “Cost” < “Benefit”, make the design changes.

+ “Maximum Acceptable Risk” is the level at which the cost equals the benefit of making the design
changes.

2.4.2 lIssues with Probability Calculus:

+ The structure of the calculation is dichotomous; the defendant’s duty shifts completely with minor
changes on costs or risks.

* The defendant determines what risk the plaintiff will run without consulting the person at hazard,
who may have a very different view of the cost/benefit.

+ A tendency is developing for courts to ighore cost/benefit assessment and to award based on
strict liability.

* The financial consequences of failure may be significantly larger than expectation, especially if
“punitive damages” are awarded.

* Decisions can be based on wisdom and experience of the court and traditions of the people, not
on cost/benefit analysis - e.g. a decision of the Wisconsin Supreme Court, 1934 that a careful
driver should not be liable to a pedestrian splashed with muddy water on a rainy day, on the
grounds that the benefits of allowing people to travel by vehicle on wet days outweigh the
probable injury to pedestrians.

+ Strict liability is recognized in cases involving “abnormal risk™.

+ Extraordinarily hazardous or unpleasant conduct may be prohibited by injunction.

2.5 “Past Experience” Approach:
2.5.1 Definition of “Past Experience” Approach:
+ Assess the risk of failure based on past experience.

* Assume that this level will continue to be acceptable.
+ Design to this level, perhaps with some margin to allow for uncertainty
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2.5.2 lIssues with “Past Experience” Approach:

* The current risk of failure may not be considered acceptable in the future.
*+ |s the risk of failure based on an “individual item” or the “fleet’?

+ |f fleet size increases dramatically, the acceptable risk per item may need to reduce to maintain
acceptable fleet risk.

+ At the design stage, a good assessment of the likely fleet size may not be available.

* A larger fleet size could result in a retrospective risk reduction program, which is likely to be
expensive.

+ A smaller fleet size could result in an inefficient design

26 “Less Than One Failure in the Fleet” Approach:
2.6.1 Definition of “Less Than One Failure in the Fleet” Approach:

+ Assess the likely fleet size.

+ Establish the planned design life of each unit.

+ Assess the probability of failure from all design-related causes.

* Design to a risk level which corresponds to less than one failure in the fleet during the total fleet
life.

2.6.2 Issues with “Less Than One Failure in the Fleet” Approach:

+ Selection of confidence level (50% confidence? 90% confidence?).

+ At the design stage, there may not be a good estimate of likely fleet size.

+ A larger fleet size, or a decision to extend the service life of the fleet could result in an expensive
retrospective risk reduction program.

+ A smaller fleet size could result in an inefficient design.

2.7 “Comparative Risk” Approach:
2.7.1 Definition of "“Comparative Risk” Approach:

* Involuntary risk to an individual is negligible, or unconditionally acceptable, if it equates to risks
due to natural hazards:

* Risks due to natural hazards are typically around 1.E-6 per year

+ Involuntary risk is excessive, or unconditionally unacceptable, if it is similar to death from disease
of a 30 year old:

* Risk of death from disease of a 30 year old is typically 1.E-3 per year

* Involuntary risk is conditionally acceptable when the risk lies between these two values. A risk-
benefit assessment is heeded to assess the acceptability of the risk.
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2.7.2 lIssues with “Comparative Risk” Approach:

+ Acceptability of risk has a very approximate third power relationship to benefit, when plotting
fatalities per person-hour of exposure to an activity as a function of the average annual dollar
benefit which persons gain from the activity.

+ Society usually demands a level for involuntary risk exposure as much as 1000 times less than is
acceptable on a voluntary basis.

2.7.3 “Comparative Risk” Approach - Example:

+ Electricity transmission lines in Australia.

+ Some old lines have ground clearances which do not conform to statutory requirements or
common industry practice, and pass through country which in the normal course of events is
traversed only by small special interest groups.

* The decision to modify the transmission lines has been based on a comparative risk model:

* Unacceptable risk = 1.E-4 accidents per year, and lines are modified.

* Tolerable risk if it is uneconomic to correct the lines = between 1.E-4 and 1.E-6 accidents per
year.

* Acceptable risk = between 1.E-6 and 1.E-7 accidents per year, lines are not modified.

* Points of note:

* No provision was made in the analysis for multiple accidents.

* The decision not to implement safety measures may be guestionable in terms of public
acceptability.

* There is no incentive in “tolerable risk” cases to take remedial measures when costs are large -
are risk prone groups considered “expendable” in these cases?

* |s it acceptable to isolate an individual risk, where the costs of averting the harm will reduce
other risks (e.g. fire hazard from electrical discharge)?
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3. SUMMARY OF SAE - FUNDED LAW STUDENT INVESTIGATIONS:
3.1 Probabilistic Methods and the Law of Design Defects:
The following summary is extracted from Mark Paxton’s research report by Chris Pomfret:

A study was conducted by Mark Paxton into the legal issues surrounding the implementation of
Probabilistic Methods, especially probabilistic design. The study focused on three facets. First, it
gave an overview of the general legal standard regarding design defects and how liability attaches.
It then looked at how the use of probabilistic methods may be used as evidence of compliance with
those legal standards. Finally, because there is no legal bright line which establishes or voids
liability, the study discussed how regulatory agencies rely upon conservative assumptions when
applying similar empirical techniques under conditions of uncertainty.

There are a number of legal theories under which a company may be held liable for a product design
which results in harm. Among these, product liability theories are by far the most common. Out of
the three basic product liability theories, i.e. manufacturing defects, failure to warn, and design
defects, the study focused entirely on the latter.

Design defects are alleged under the general rubric of product liability law. This body of law does not
focus on the conduct of persons or employees or agents of firms. Therefore, liability is strict.
Normally, this means liability can attach without any allegation of negligent, reckless, or intentional
acts. However, design defects have historically presented a problem to this general area of law.
This is primarily due to the recognition that all product designs are meant for a particular purpose or
to meet a specialized need. If the product is created as designed, and it performs as designed, it is
hard to allege that the design is defective! To deal with this quandary, the law has resorted to
principles of negligence. Thus, only unreasonably dangerous designs may result in liability.

To determine an unreasonably dangerous design, courts will use a variety of tests. The most
prevalent test used is the risk-utility test. This test requires a balancing of several factors. Although
not exclusive, courts will examine: (a) the utility of the product, (b) the probability of injury resulting
from its use, and the magnitude of that injury, (c) alternative design, (d) the manufacturer's ability to
increase safety without trading off the product's utility, (e) the consumer’s ability to avoid harm, (f)
general knowledge of the product's safety and the use of warnings, and (g) the manufacturer's ability
to spread the loss by price-setting and insurance. Applying these factors, courts will usually look to
whether or not an alternative design existed at the time of manufacture that would increase safety
and would also be economically feasible.

To meet this threshold requirement, a successful plaintiff must proffer a design which is both safer
and economically feasible. Implicit in this showing is the trade-off which exists between increasing

safety and its attendant costs. At some point, the price of safety rises to a point beyond its intrinsic
value and the product is no longer economically feasible to perform its designated purpose.
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3.1 (Continued):

As a result of this threshold requirement, legal commentators have noted that it is nothing more than
a weighing of costs and benefits to determine what is "reasonable" as articulated by Judge Learned
Hand. The late judge noted that to determine what is reasonable is a function of three variables: (a)
the probability of harm, (b) the magnitude of the resulting harm, and (c) the cost of precautions. Ifthe
product of the first two exceeds the latter, liability attaches. If not, the action (or decision) was
reasonable and there is no liability. Here again, it is a trade-off between increasing safety and the
attendant costs.

By creating this standard, Judge Hand implicitly recognized that the probability of harm multiplied by
its magnitude must be characterized in a manner that would allow its comparison with the cost of
precautions. However, he also recognized the inherent difficulty in accomplishing this task. He
hoted that the probability of harm, much less the magnitude of that harm may not be known. If so, a
comparison with precautionary costs would have to be made subjectively.

The same is true with design defects. However, today, empirical estimates may well be made that
accurately measure the probability of harm. Estimates may also be made of the magnitude of that
harm. Thus, it is now quite possible to measure the value of additional safety and to compare its cost
to determine the economic feasibility of building that additional safety into a design. However, this
will usually require expertise beyond that which is common knowledge. Thus, in a case alleging
design defects, such issues will normally require experts to provide evidence as to whether or not a
chosen design was unreasonably dangerous or hot. It is reasonable to assume that this same
premise would apply if comparing a probabilistic design with a deterministic design.

For expert testimony to be heard in court, the subject matter must be of the type which is not
commonly known. The probability of harm, the magnitude of harm, and the costs of precautionary
measures inherent in desigh choices, one would think, would not normally be common knowledge.
This is especially true when these factors are empirically estimated, rather than actually known. If
s0, the subject matter would assuredly require expert testimony.

Once it is determined that expert testimony will be needed to address specific topics, there are some
evidentiary restrictions on who may qualify to testify on those matters. The proffered expert must
have received specialized training or have extensive experience regarding his testimony. In addition,
the conclusions or opinions offered by an expert must be based upon methodologies or principles
normally relied upon by other experts in the field. If these three requirements are met, an expert may
offer his or her testimony.

As applied to design defect cases, expert testimony will usually be required to address the additional
costs of the increased safety in a plaintiff's alternative design. This would be true in all cases unless
those costs were within the common knowledge of a community, which, in a practical sense, means
that a safety feature could be purchased as an off-the-shelf item. In all other cases, especially where
those costs are empirically estimated, expert testimony will be required.
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3.1 (Continued):

In addition, the safety advantages of an alternative design would likely be the subject of an
estimation technique. This is because the probabilities of harm associated with both an allegedly
defective design and a proposed alternative design may not be generally known, or may be counter-
intuitive. For instance, utilizing a fuel-injection system rather than a carburetor in a small aircraft may
decrease the incidence of fuel-system freezing, but may also decrease the performance of the
aircraft in other ways. Thus, how much safer an alternative design is, would frequently be within the
subject matter normally requiring expert testimony.

Finally, the magnitude of the resulting harm given its occurrence may be highly variable. The harm
may include a large dispersion of property losses as well as life, limb, and emotional losses. These
latter losses are difficult to quantify and will be determined by the trier of fact (normally a jury).
However, parties in a law suit may provide evidence on the value of these losses by utilizing expert
testimony.

Once it is determined that expert testimony may be required to address the three factors discussed
above, the remaining issue is whether or not an expert is qualified to testify on them. In the case of
design defects, it is usually not sufficient for a plaintiff to offer expert testimony that shows an
alternative design is safer. The additional safety must be put in the context of a cost-benefit analysis,
and the expenrt (or experts), must be qualified to discuss the net benefits of the alternative design.
Since cost-benefit analyses normally require the utilization of empirical methodologies, an expert
must be qualified in those estimation technigues, and should be prepared to discuss the qualitative
value of the derived estimates. If a plaintiff fails to produce such an expert or experts (assuming
expert testimony is required to address the subject matter), then he or she will not be able to meet
his or her threshold burden and the case will not survive a motion to dismiss. On the other hand,
assuming a plaintiff has an expert who is so qualified, a defendant would likely require his or her own
expert or experts to rebuff the plaintiff's evidence. If so, the issue will become one of credibility in a
classic battle of the experts.

Given that design defect cases are inherently susceptible to empirical techniques, it is likely to be
important to test the quality of the estimates derived from those techniques. For instance, an
estimate of a probability of harm (e.g., a failure rate) may or may not be statistically significant. If not,
the estimate has little or no value as evidence in a court. Also, certain estimation technigues may not
be available for lack of hard data.

In such cases, it may still be possible to provide estimates utilizing other techniques. For example,
because there is very little hard data relating the toxicity of various chemical compounds to human
populations, guantitative risk assessments are employed by the United States Environmental
Protection Agency to attempt to measure maximum safe exposure levels. There is little doubt that
the estimates derived from those assessments are not accurate. However, because of the
uncertainty relating to the true risk levels, conservative assumptions are built into the estimation
technigque which make it highly likely that the true risk levels are lower than the estimated ones.
Thus, in evaluating these estimates qualitatively, they provide ceilings on exposure levels that almost
assuredly are safe.
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3.1 (Continued):

Similarly, when federal agencies conduct environmental impact analyses, they include highly
catastrophic events which are extremely unlikely to occur. |In doing so, the previous justification was
that in the face of uncertain consequences that are difficult to quantify, it is best to consider worst-
case scenarios. The inclusion of these worst case events, like quantitative risk assessments,
provide for cushions between estimates of harm and what is believed to be the actual or true level or
harm. The inclusion of worst-case events in impact analyses results in consequences which are
upwardly biased, but are deemed valid because they cannot otherwise be ascertained for want of
data.

Currently however, federal agencies are no longer required to include highly catastrophic/low
probability events unless they are measurable by some credible technique. The practical meaning of
this requirement is that purely speculative consequences that are not measured by some credible
technigue will no longer be required to be included in impact statements. This should reduce some
of the upward bias in estimates of adverse environmental consequences, but still should be well
above actual consequences.

The conservative assumptions used in quantitative risk assessments and the inclusion of highly
catastrophic/low probability events in environmental impact statements suggest that estimates of
harm that are required to be made, must be conservative so long as accurate estimation techniques
are not available due to the lack of data. If accurate assessments cannot be made, or if resulting
estimates are statistically insignificant, then this anecdotal review of regulatory practices suggests
that conservative assumptions are the best, if not the only way, to estimate harmful effects.

Applying these regulatory practices to design defect cases, if a methodology or the resulting quality
of an estimate is suspect, then those uncertainties may be addressed by resorting to the use of
cohservative assumptions.

Overall, it would appear that the use of PM is on legal firm ground when it can be shown that the
design methodology was safer than other methods for a given cost/effort or that a safer design was
not feasible because of the associated increased costs. Similarly, for catastrophic and remotely
probable events, to design to an existing or lower, probability of failure and achieve that failure rate
would, it appears, be acceptable if the cost of achieving an even lower risk was unacceptable. The
study provides the precedents and rules by which cases have been judged in the past and which
would be equally applied in the future.
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3.2 Legal Implication of Probabilistic or Deterministic Risk Assessment Engineering:

The following summary is extracted from a presentation of the findings of Zhaoyang Li's research
report by Robert Tryon:

3.2.1 Courts Recognize "Risk-Utility-Cost":

Likelihood that the product will cause injury.
Relative need for the product.
Affordability of safer alternatives.

3.2.2 Courts Have Ruled on Probabilistic Risk Analysis (PRA):

PRA is used in design of nuclear powerplant, waste disposal site assessment, etc.
PRA pinpoints high risk aspects of the design.
PRA is used to increase reliability at affordable cost.

3.2.3 Court Rulings on PRA;

PRA used by Ulilities to dismiss the concerns of “citizen groups”.

PRA used by citizen groups to show that Utilities were unsafe.

Cases granted against Utilities were later dismissed after PRA used to redesign the system.
Cases decided against Utilities where PRA was used and the input to the PRA was disputed and
the Judge or Jury decided against the input assumptions made by the Utility.

Courts have never questioned the validity of PRA.

Courts will not usurp the authority of scientific or regulatory agencies.

Congress grants the regulatory agencies their authority.

Courts accept a level of acceptable risk, and are more concerned with “did you use your PRA
tools properly™?

Courts would probably view PRA and Probabilistic Methods as being one and the same.

3.2.4 Use of PRA:

PRA is in regular use in other industries, but the Aerospace and Automobile industries are
“unusual” in not having PRA built into their regulations.

PRA generally used to compare designs and identify changes which reduce risk at acceptable
cost.

Perhaps the nearest equivalent to PRA in the aerospace industry is Failure Modes and Effects
Analysis (FMEA), which uses test/experience based probability of failure rather than analytical
model based probability of failure.
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3.2.5 Implications:

+ |f a design is deterministic, a plaintiff could use PRA to argue that possible safer design
alternatives should have been investigated.

+ If PRA “analysis” costs are low (plaintiff to prove), then there is a precedent with PRA in the
nuclear industry which may be used to argue the feasibility of doing a PRA.

+ |f PRA is used, the only avenue of attack for the plaintiff is the quality of the analysis performed -
hence the importance of developing a PM standard to provide a consistent approach to quality of
analysis.

* Language can have an impact on perceptions in court - use of “Probability of Survival” rather
than “Probability of Failure”, “incident” rather than “failure”, “Probabilistic Safety Analysis”
(common terminclogy in Europe) rather than “Probabilistic Risk Analysis”.

3.2.6 Conclusions:

* Courts will probably be looking to see if the defendant has generated a number of alternative
designs and has then used risk assessment to select the safest design within acceptable cost
constraints.

* The generation of a “single point” design, with risk coming out as it may, will probably not be a
good design strategy in the future.

4. GUIDELINES:
4.1 A Suggested Approach for Application of Probabilistic Design Methods:

This approach is taken from “Balancing Risk and Benefits in Probabilistic Applications”, by Gene
Rogers, 24 June 1997.

* Emphasize improved safety, not reduced cost.

* Apply and document risk/benefit tradeoffs.

* Understand custom and state of the art in the specialty.

* Know the gravity of danger imposed by the design.

* Warn the consumer of the product danger.

* Know the likelihood that danger would occur.

* Know the mechanical feasibility of a safer alternative design.

* Know the financial cost of an improved design.

* Know the adverse consequences to the product and the consumer from the alternative design.
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6. ATTACHMENTS:

6.1 Attachment 1 - Some Examples of Different Regulatory Approaches to Setting of Acceptable Risk
Levels:

6.1.1 Chemical Food Additives:

* Food, Drug and Cosmetics Act (1958).

* The Act applies to chemicals other than those “generally recognized as safe”.

* The chemical is “"deemed to be unsafe” until it has been pre-tested and falls within an FDA
regulation prescribing the conditions under which it may be “safely used”.

+ “Safety” is defined in a report of the Senate Committee on Labor and Public Welfare as “proof of
a reasonable certainty that no harm will result from the proposed use of the addition”.

* There is no associated definition of “reasonable certainty”, “used” or “harm”.

+ An applicant to use an additive has the burden of satisfying the FDA that it may be “safely used”;
the FDA has no burden to show that harm will in fact result.

* The statute is effectively a bias against additives and is not concerned about any loss of benefits
incidental to prevention of their use.

6.1.2 Flammable Fabrics:

* Flammable Fabrics Act (1970).

* This bans the movement in interstate commerce of fabrics that do not meet flammability
standards prescribed by the Secretary of Commerce.

+ The standard “is needed to adequately protect the public against unreasonable risk of the
occurrence of fire as far as is reasonable, technologically practicable and appropriate”.

+ This standard of acceptable risk is less severe than in the Chemical Food Additives legislation - it
only bans unreasonable risk of harm.

* The burden of proof rests with the government to prove that the shipped fabrics do not meet
flammability standards.

* The burden of proof also rests with the government to prove that the flammability standards are
“reasonable, technologically practical and appropriate™ - i.e. they must take into account
economic considerations.
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6.1.3 Toxic Substances:

+ Toxic Substances Control Acts (TOSCA) (1976).

* This Act authorizes the Environmental Protection Agency to regulate any chemical upon finding
of “unreasonable risk of injury to health or the environment”.

+ Some degree of risk is clearly acceptable (unreasonable risk triggers regulation).

* The regulation imposes the “least burdensome requirements” necessary to protect against
“unreasonable risk”.

* The House Commerce Committee defines that determination of “unreascnable risk” involves:

* “Balancing the probabilities that harm will occur and the magnitude and severity of the harm
against the effect of the proposed regulatory action on the availability to society of the benefits
of the substance or mixture, taking into account the availability of substitutes for the substance
or mixture which do not require regulation, and other adverse effects which such a proposed
action may have on society”.

« A “formal cost-benefit analysis under which monetary value is assigned to the risks and to the
cost to society” is not required.

6.1.4 Environmental Protection:

+ Comprehensive Environmental Response, Compensation and Liability Act.

+ Strict liability doctrine often provides that where dangerous substances are involved, any level of
risk is unacceptable.

* The plaintiff has to prove:

* He has been damaged.
* The damage was caused by activities at or the condition of his neighbor’s property.

* The plaintiff does not have to prove that the specific facility which caused the damage represents
an unreasonable risk of harm.

* There is a risk of punitive damages if the plaintiff can establish that the issue meets the definition
of “abnormally dangerous”.

* The decisions and legal principles disregard risk analysis.
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6.1.5 Nuclear Power:

+ Atomic Energy Act (1954).

+ The Act shows an obsessive concern with the “health and safety of the public” (the phrase or
equivalent is used thirty times in the statute).

* The Act contains only the most general criteria relating to safety:

* No license for a nuclear power plant may be issued if the Nuclear Regulatory Commission
determines that issuance of the license would be “inimical to the health and safety of the
public”.

* The construction permit requires “reasonable assurance that the proposed facility can be
constructed and operated at the proposed location without undue risk to the health and safety
of the public”.

* The operating license requires “reasonable assurance that the activities can be conducted
without endangering the health and safety of the public”.

* These criteria have different value connotations; “inimical” and “without endangering” connote
a more severe threshold of acceptable safety than the criteria “safely used” or “without undue
risk”.

+ The Atomic Energy Act of 1954 was in no sense the product of perceived abuse to the public
interest, or of the public crying for a remedy’ unlike the other examples.

+ There is scarcely a word in the entire legislative history as to the nature or magnitude of the
hazards against which the health and safety provisions were directed.

* No nuclear power systems were in existence when the act was established.

* The Act is intended to ensure that the industry would be appropriately regulated and to promote
the bringing into existence of a nuclear power industry.

* This approach developed a body of legal precedent that was doctrinally weak when the Nuclear
Regulatory Commission was formed in 1974 as a non-promotional regulatory body.

* The acceptability of risk was initially measured largely in terms of the extent to which the industry
was capable of reducing risk without jecpardizing an economic and financial environment
conducive to continuing development of the technology.

* The use of Probabilistic Risk Assessment is accepted and practiced internationally during the
design of nuclear power facilities.
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6.1.6 Commercial Aircraft:

+ Concepts of “Catastrophic Events” and “Extremely Improbable” are well defined in both US
(Federal Aviation Administration) and European (Joint Airworthiness Authority) requirements.

+ US regulations (AC 25.1309-1A and AC 39.XX) cite “acceptable risk of occurrence” for extremely
improbable events for guidance only, and encourage the manufacturer to work with the
regulatory body to agree appropriate risk levels and their derivation.

* European regulations (JAR 25) do actually cite acceptable event rates:

+ Expressed in terms of event rate per aircraft flying hour.

+ “Extremely remote” is associated with hazardous events, with acceptable rate between 1.E-7
and 1.E-9 per aircraft flying hour.

+ “Extremely improbable” associated with “Catastrophic” events which must occur at rates of less
than 1.E-9 per aircraft flying hour.
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6.2 Attachment 2 - "Probabilistic Methods and the Law of Design Defects,” by Mark S. Paxton, University
of Dayton Law School:

Section 1

An Analysis of Design Defect Law
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I.  INTRODUCTION

I have been contracted to assess the legal issues surrounding the use of probabilistic
methods as a design tool to ascertain safety levels in manufactured products. However,
though statistical theory may quantify known variables in known applications, the law
only provides general rules for ascertaining liability. Thus, the law focuses on terms of
art such as reasonableness, and very infrequently uses quantified levels of minimum
safety for relative comparisons. This is especially true when the relevant body of law is
common law, as is the case with product liability issues.

Nonetheless, statistical techniques are not new to the law. Regulatory agencies frequently
utilize statistical techniques to determine minimal safety requirements for the
promulgation of rules concerning the environment, drug approval, and aviation. In
virtually all cases, absolute safety is not relevant. In addition, under product liability law,
statistical techniques may be used to establish the safety of design choices built into an
allegedly defective product, as well as to establish the safety of alternative designs. The
major difference between regulatory applications and common law uses of probabilistic
methods is that the former uses the results to establish legal limits, whereas the latter may
be used to show compliance with legal standards.

Therefore, the initial inquiry must be what is, or are, the applicable legal standard(s)
concerning product liability, and what role may probabilistic methods play with respect
to those standards?

In this paper (first of three), 1 provide some general principles of tort law in Section II. In
Section III, 1 will briefly discuss the various theories of recovery specifically available
for product defects. In Section 1V, I will introduce the basic framework for reasonable
precautionary actions, developed initially by Judge Learned Hand, in United States v.
Carroll Towing. In Section V, I will introduce the two most prevalent design defect tests
- the consumer expectation and the risk/utility tests. In Section VI, I discuss the primary
deficiency associated with ascertaining reasonable design choices, and how probabilistic
methods may be used to overcome this deficiency. Finally, in Section VII, 1 provide some
concluding remarks.

II.  BASIC PRINCIPLES OF TORT LIABILITY

Tort law is a judicial system designed to compensate an injured person (the plaintiff)
whose loss is the result of an act, or failure to act, on the part of another. However,
compensation is rarely available for injuries solefy because of such an act (or failure
thereof). In order to recover under tort law, plaintiffs must establish, by a preponderance
of evidence, specific legal elements of one of three specified theories of tort liability
(although it is common to allege liability under two or even all three theories). These
three theories of tort liability are classified as intentional torts, negligence, and strict
liability.
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A. Intentional Torts

For intentional torts, a cause of action will be successful if the plaintiff establishes that
the defendant acted, either intentionally or recklessly, and that such act caused the harm
suffered by the plaintiff. It is important to note that the question of intent, on the part of
the defendant, operates on both the actor’s actions and on the resulting harm. First, the
actor must intend to do some act, and second, he must desire to cause a (an injurious)
consequence of his act or believe that a consequence is substantially certain to result.’
Note, there is no requirement for a specific consequence to be intended. If, under this
level of intent, the act is the cause of the plaintiff’s injury, the defendant will be liable for
an intentional tort. For the quantitative mind, liability for intentional torts will exist as

follows:
L=A+I+C+H (H
Where:
L = Liable (a binary state, either liable or not)
A =an Act
I = with Intent (as defined above)
C = Causing
H = Harm

In addition, a defendant may be liable for an intentional tort if he acts recklessly, or
recklessly fails to act where he is so required. For purposes of this liability, it is important
to note that reckless-based conduct goes to the element of intent. Reckless intent may be
established when first, the actor intended to act, and second, he knew, or should have
known, that there was a strong probability that harm would follow.” This differs from the
higher level of intent described above in two ways. First, liability may be established
without knowledge of a possible consequence if the actor should have known about its
existence. It also differs from the higher degree of intent described above because only a
strong probability of a consequence need be ascertained, rather than a substantial
certainty. The difference between a substantial certainty of an event and a strong
probability of its occurrence is ambiguous and courts frequently struggle with it.
However, for illustrative purposes, substantial certainty may be described as at least a
90% probability of occurrence, whereas a strong probability may be described as at least

75%.
Thus, to account for both reckless and intentional acts, equation (1) may be modified
slightly as follows:
L=A+I(r)+C+H 2)
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Where:
I(r) = Intent, either intentional or reckless, as described above.

Although possibly not obvious, the central issue concerning liability under the law of
intentional torts is to hold willful actors accountable for their actions. That is, when an
actor acts intentionally or recklessly, and his actions result in harm, he should be the one
to bear the cost of that harm, and not the injured party. Unlike criminal law, the only
deterrent goal of tort law is to deter behavior which results in the cost of that behavior
being borne by another (in economic terms, this may be described as deterring free-riding
behavior). Thus, the goal of the tort system is to force actors to internalize costs, by way
of compensation, so that when they form their decisions to act or not to act, the full cost
of their actions are borne by them.

However, unlike criminal law, there is no deterrent to the actions themselves. In criminal
law, one will be held liable for sanctions regardless of whether conduct actually results in
harm. Conversely, under tort law, there must be harm to someone, before either
compensatory or punitive damages may be awarded.

B. Negligence

The law of negligence exists to force compensation upon actors who inadvertently or
accidentally cause harm to other parties. To establish negligent conduct, a prevailing
plaintiff must show that the defendant had a duty to take reasonable precautions against
foreseeable harm, that he failed to take such actions, and that his failure to do so caused
the plaintiff’s harm.? Generally, this duty is owed to all persons, whenever the resulting
harm was, a priori, reasonably foreseeable. Although the standard for what constitutes
“reasonable” conduct may be altered by legislative acts, the standard of care (the duty) is
generally what a reasonable person would do.* Again, the quantitatively-minded person
may appreciate the following expression:

L=Du+B-+C+H (3)

Where:

L. = Liable (again, a binary state)
Du = Duty (to act reasonably)

B = Breach (of that duty)

C = Causing

H =Harm

C.  Strict Liability
The elements a prevailing plaintiff needs to establish under a theory of strict liability are

fewer than under either the theories of negligence or intentional torts. However, strict
liability is not nearly as pervasive as either negligence or intentional torts. It exists as a
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theory of recovery only when statutorily created, or when the judicial system has
expressly favored it for policy reasons.

While the policy reasons justifying the use of strict liability will be discussed later, it is
more useful at this point, to first determine what elements are needed to prove a strict
liability cause of action, if, and when, it is available as a theory of recovery. Generally
speaking, in order to establish strict liability, a plaintiff need only show some act, on the
part of a defendant, that caused his harm.’ There is no need to establish the existence of a
duty to act reasonably, nor to establish a level of intent to commit either the causal act or
the resulting harm. Further, the probability and/or foreseeability of the actual harm is not
an issue. Simply stated:

L=A+C+H 4)
Where:
L = Liable (conditional)
A =an Act
C = Causing
H =Harm

III. GENERAL THEORIES OF PRODUCTS LIABILITY LAW

Intentional torts, negligence, and strict liability are all available as theories of recovery
when the source of an injury is alleged to be a defective product. Focusing on the
application of strict liability, there are three categories available for alleging a defective
product.

First, there are manufacturing defects.® Such defects may easily be ascertained by
comparing the actual product, whose use causes an injury, with other products
manufactured. This comparison, where possible (i.e., the defective product is not
“consumed” in its use), is valid because a plaintiff can show a deviation in the actual
manufacture of the defective product from the intended manufacture of the defective
product. Second, a product may be defective if the manufacturer fails to provide the
consumer with an adequate warning of dangers associated with both the use and common
misuse of its product.” Third, a defect may be based upon its design.®

Of the three categories which may be the basis for alleging the application of strict
products liability, design defects appears to be the most difficult to justify. This difficulty
has led to a morass of opinions which purport to adopt strict liability as the standard, but
relies upon the negligence concept of “reasonableness” to determine if a design is
defective.” This confusion has led to a Proposed Final Draft of the Restatement (Third) of
Torts: Product Liability, which expressly adopts the three above-mentioned categories for
prodluoct defects and, more importantly, assesses design defects under a reasonableness
test.
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