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ACCEPTABLE RISK WORKSHOP
Patrick AFB, FL / Vandenberg AFB, CA
May 18, 1994
PROCEEDINGS

1. History:
The workshop was part of a continuing dialog between 30 SW/SE and 45 SW/SE to
address risk acceptability issues. Discussion between the two organizations in February
and July 1989 initiated the current dialog. The RISK/COMMONALITY WORKSHOP
of August 22-23, 1990 was motivated by several important reasons:

» Encroachment issues at Vandenberg (ranches southeast of the base) and at
Cape Canaveral/KSC (public and press access);

 Consolidation of the two ranges under Space Command;

» Added recognition of the risks undertaken by Shuttle launches without an
inadvertent separation destruct system;

* Increased public awareness of national safety issues and the need for
evenhanded treatment on similar ranges; and

» Alignment with commonly accepted industry practice and standards
regarding risk. (The Tenera study of 1990 recommended (1) more rigorous
documentation process; (2) better definition of acceptable risk levels; and
(3) expression of "... risks should be normalized for proper comparisons.)

This workshop marked a major milestone with the adoption of common standards for
individual and collective risk acceptability. The workshop recognized several important
issues that were not resolved:

* catastrophic risk

« treatment of different levels of injury in the decision process

* the need for a more effective way to communicate risk than casualty expectation

In the fall of 1992 and the fall of 1993 RISK PROFILE/ACCEPTABILITY
WORKSHOPS were held. Risk profiles were adopted for expressing catastrophic risks.
During these workshops suitable models for calculating range safety risk profiles were
presented. The issue of a risk profile standard was explored. Questions of multiple levels
of injury and combining risks from all hazards were raised. Several risk profile
acceptability standards used in Europe were presented.
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All of the criteria applied to a facility, not an activity (e.g., a launch). All criteria show
catastrophe aversion -- disproportionately lower probabilities of occurrence for higher
numbers of casualties. Standards are expressed on an annual basis. Standards are of the
form fen®, where f is the annual frequency of at least n casualties, with c>1 (typically
two, for n sufficiently large). The standards attempt to anchor the curves with some de
facto acceptable risk level.

Synopsis of Workshop:
The May 18, 1994 workshop focussed on the issues of 1) treatment of multiple hazards
and multiple levels of injury, and 2) risk profile standards.

Currently, the risk from each hazard is managed separately. This approach is supported
by the assumption that for any single launch the risks are dominated by a single hazard.
While frequently this has been a good working assumption, it is not always valid.
Moreover, the issue becomes more important with risk profiles as different portions of the
curve may be dominated by different hazards. As a result, it must be possible to combine
risks across hazards. Such a combination of risks is possible only if injury severity is
"comparable" across hazards.

Four approaches were presented for developing risk profile standards. The resulting
standards were compared to demonstrate their similarities and differences.

Participants:

Messrs. Lou Ullian, Mike Campbell, Jerry Kaevats, Ron Angus, Dan Berlinrut, and Lt.
Colonel Bob Thunker represented 45 SW/SE. Messrs. Leo Aragon, Martin Kinna, Ron
Cortopassi, Cory Cather, and Mark Berte represented 30 SW/SE. FSC was represented
by Mr. Ted Eckert. RTI was represented by Mr. Loyd Parker. ACTA was represented by
Jerry Haber, Kingston George, James Baeker, Hal Reck, Jon Collins, Karl Overbeck, Jack
Howe, Steve Carbon, James Hudson, Lloyd Philipson, and Kevin Benn.

Treatment of Multiple Hazards and Levels of Injury:

The participants at the previous workshop decided that acceptable risk standards should
be applied both on a hazard by hazard basis and to total risk. Moreover, it was
recognized that (1) occasionally it has been desirable to separately report debris fatalities
and debris casualties and (2) the current modeling efforts for toxic risk are targeted to
produce three distinct levels of injury: mild, significant and fatalities.
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These developments raised the need (1) to develop a consistent means of categorizing
injury severity across hazards and (2) to determine the relative level of undesirability of
different levels of injury. Consistent injury categorization allows for meaningful
comparisons of risks from each hazard and for combining risk estimates. Assessing the
relative undesirability of each injury level makes it possible to have consistent standards
of risk acceptability by injury level.

At an earlier workshop a matrix was used to categorize levels of injury for the different
hazards. This matrix was updated based on survey responses by workshop participants.
The updated matrix was presented together with triage guidelines (suggested by M.
Kinna).

Several alternatives were presented for assessing the relative value of different injury

levels:
« Range Safety Analysts Opinion Survey (ER, WR, RTI, and ACTA)
e The impact of various adverse outcomes on future range operations

» The relative dollar values of workers compensation payments for
different levels of injury

» The relative frequency of occurrence of different injury levels

« Estimates of the total economic value of the losses resulting from
different levels of injury.

These approaches suggested two possible conclusions:

1. Significant injuries are as bad as deaths.
2. One death is approximately three orders of magnitude worse than a mild injury.

- 3 Risk Profile Standards:

Several candidate risk profile standards were presented to stimulate thought and provide
some initial basis for candidate acceptable risk profile standards:

a. Aspiration for Safety (1990)

Based on the conclusions from the 1990 workshop safety has the following objective
(aspiration):
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"...an accident causing at least 10 simultaneous fatalities or major injuries to the work
force should occur less ofien than once per thousand years. Given 33 launches per year
(both ranges) contributing to the "bank"... The public is restricted to ten times less risk
than the work force... which would lead us to a criterion of 30 in a million per launch.
Excursions to 300 in a million would be allowed when justified by other factors."

The key points from this are:

(1) An accident with at least 10 serious casualties to the work force should have a
probability of no more than 3 x 10~ per launch. The public is restricted to a risk
of 10 or more casualties per launch of one-tenth that amount or 3 x 10 per

launch.

2) Based on (1) and the tolerable public casualty expectation of 30 in a million per
launch there is an implied risk profile standard. This risk profile has a probability
of 3 x 10° per launch of 1 or more through 10 or more casualties and zero
probability of greater than 10 casualties.

(3)  Similarly, the "excursion to 300 in a million" casualty expectation taken with the
allowable probability of 10 or more casualties gives a risk profile with a slope of
approximately -1.5.

b. De Facto Aviation Risks (PL60 Interpretation for ER)

Risk profiles were estimated for the risk from general aviation and military aircraft during
flight phases other than landing and takeoff to the populations placed at risk by ER launch
operations. These risk profiles were approximated by two straight line segments: one
segment for less than 10 casualties and a second segment for 10 or more casualties. The
resulting annual risk profile was scaled to a mission risk profile based on the assumption
of 33 launches per year. This results in a risk profile with an associated casualty
expectation of approximately 600 in a million. The low casualty portion of the risk
profile has a slope of approximately -2, while the high casualty portion of the risk profile
has a slope of approximately -7. (No comparable figures are available for WR)

c. De Facto National Risks

A de facto national accident fatality risk profile was approximated by a straight line. The
frequencies of occurrence were scaled from the national population to 100,000 people --
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a typical range vicinity population. It was assumed that annual launch operations should
be allowed to perturb the scaled profile by no more than 1%. The resulting profile was
then scaled by an assumed 33 missions per year to obtain a risk profile "standard"
applicable on a per mission basis. The resulting curve has a slope -1.6 and an associated
casualty expectation of more than one in a thousand per launch.

d. Multiple Zones

Two variations of this approach were presented. Each of them includes four decision
zones as defined by three curves. The following characterize the four decision zones:

Accepted. A risk profile falling below the lowest curve is automatically accepted
without further review because of the low risk levels.

Mitigation Zone. Risk profiles falling above the lowest curve but below the
second curve would generatc a review of mission plans to identify candidate
mitigations. After review and consideration of potential mitigations, all risk
profiles falling within this zone would be accepted.

Commander’s Discretion. Risk profiles in this region may be accepted by the
commander. Although these risk levels are higher than desirable, excursions to
these levels may be accepted when justified by other factors.

Not Accepted by Safety. The catastrophic risk potential in this region is not
regarded as acceptable by the Range Safety Directorate.

The three curves are called the Threshold of Concern, the Maximum Generally
Acceptable, and the Limit of Commander’s Discretion. Both subalternatives use
common curves for the Threshold of Concern, and the Maximum Generally
Acceptable. They differ in the construction of the Limit of Commander’s Discretion.

Both subalternatives define the Limit of Commander’s Discretion so that the casualty
expectation is 300 in a million. The first subalternative defines the Limit of
Commander’s Discretion so that it has an associated casualty expectation of 300 in a
million and so that it parallels the Maximum Generally Acceptable curve (defined
below).




—
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The second alternative uses a set of half decade bands (1-3, 3-10, 10-30, 30-100, etc) to
define the Limit of Commander’s Discretion. The probability levels are set so that the
casualty expectation contribution from each band by itself is 30 in a million.

The Maximum Generally Acceptable curve begins at the same value as the Limit of
Commander’s Discretion curve for 1 casualty. For small numbers of casualties (less
than or equal to 10) the curve has a slope of -1.5 (follows a rule that fen'” is a constant).
For more than 10 casualties the curve has a slope of -2. (Slopes follow one of the
European standards presented at a previous session.)

The Threshold of Concern parallels the Maximum Generally Acceptable curve at a
probability 0.03 as large.

6. Proposed Method of Incorporating Multiple Levels of Injury in Risk Profiles
M. Kinna has proposed the following approach to treating multiple levels of injury. In
the following discussion "casualty" is defined as any injury (except the most minor) from

mild through fatality.

Required Risk Profiles

DEBRIS: ¢ One profile depicting risk of mild injury through fatality.
BLAST: <« One profile depicting risk of mild injury through fatality.
TOXICS: * One profile depicting risk of mild injury through fatality.
* One profile depicting only significant/major through fatal injuries. (A
subset of "casualties.") ’
Rationale

Debris: A casualty is anyone who experiences mild injury through fatality. Even mild
injuries from debris would have a traumatic effect because of the dramatic nature of the
hazard (debris through the roof of a house, secondary debris from nearby impact or
explosion, or direct impact of a small fragment). A commander would not want to
subject anyone to the hazard of even a mild injury of this nature if avoidable. Neither
Safety nor the Air Force would gain credibility by suggesting that a meaningful go/no-go
decision could be based on a policy that allows launches to occur when the probability
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of mild debris injuries from debris is greater than the criterion for a launch hold based
on the probability of debris fatalities. A single risk profile encompassing the probabilitics
of mild injury through fatality should show what the commander wants to know regarding
debris.

Blast: The injury mechanism is shards of glass produced by (distant focus) overpressure.
Again, a casualty would be considered anyone who experiences mild injury through
fatality as the hazard is just another from of debris. Even mild injuries inflicted under
these dramatic circumstances (window blown out, cuts, bleeding) would have great
negative impact. A commander would not want to subject anyone to even mild hazards
of this nature if avoidable. A single risk profile would provide the needed information.

Toxic: The toxic injury can be a broader spectrum of effects (different for sensitive
people, delayed) than the effects from debris and blast. Some effects can be subtle or
delayed and some can be immediate and dramatic. A risk profile showing the extent of
potential for mild injury would express the level of risk for mild, delayed, subtle effects,
affecting everyone within its scope. A second profile should be available to show the
range of possibly "dramatic" (immediate, significant, fatal) effects. Use of two profiles
for toxic risk assessment would also serve to clarify through use the nature of toxic risk
profiles. The mild injury profile would probably be very ’flat’ and the profile showing
serious injury through death would be "steeper."

Derived Rules

(1) Risks from hazards that are expected to result in predominantly immediate and
dramatic effects and where all people are equally vulnerable, will be shown on a
single risk profile. (Blast, debris, lasers, fire)

(2) Risks from hazards that are expected to result in many delayed or subtle
effects or where all people are not equally vulnecrable will be shown using two risk
profiles. (Toxics, ionizing radiation) One profile will show risks of all effects,
mild through fatal. A second profile will show risks of only those effects that are
generally immediate, significant or fatal.

Post-Workshop Developments
ACTA obtained from a Dutch correspondent an update on more recent developments in
the area of risk acceptability in Holland:
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Following the October 1992 crash of an El-Al Boeing 747 in a suburb of
Amsterdam, the Dutch performed a probabilistic risk assessment of flying
activities related to the major International Airport Schiphol. This study revealed
that there was a region of elevated risks (approximately 50 km by 50 km) about
the airport in which the risks were orders uf magnitude higher than had been
previously deemed acceptable for stationary installations. Consequently, the Dutch
government is developing four different sets of risk acceptability criteria:

1). Stationary Chemical Industries,

2). Nuclear Power Plants,

3). Transport of dangerous materials,

4). ad hoc risk management policy for the Schiphol Airport.

Common features the first three are (1) individual risk criteria of 10, (2) the slope of

risk profile standards is -2 (i.e., curve is of the form fN’= constant), and (3) de minimis
levels for societal risk have been eliminated.

Dutch Criteria for Acceptable Risks

ARENA CRITERIA FOR ACCEPTABLE RISK PROFILES

Chemical Industry feN?= 10~ per year for prompt fatalities when achievable,
otherwise ALARP (as low as reasonably possible)

Existing Nuclear Power | feN>= 10" per year for prompt fatalities

Plants

New Nuclear Power feN?>= 10" per year

Plants

Transport feN’= 10" per kilometer per year (pending)

Given that the risks around Schiphol airport were considered excessive (4 x 10 per year
for 10 or more prompt fatalities and 1 x 10* for 100 or more prompt fatalities), the
Dutch are seeking to reduce the risk by pulling down housing within the highest risk
contours and putting a moratorium on future construction and the addition of any other
hazardous industries to the area.
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8.

Recommendations

When risk profiles were introduced it was demonstrated that there are an infinite number
of risk profiles having a specified casualty expectation. A catastrophe averse policy is
characterized by an acceptable risk profile standard with a slope less than -1.
Consequently, the working group concluded at an earlier session that the as-yet-to-be-
defined standard must have a slope less than -1 for large numbers of casualties.

During the last several workshops a number of European standards have been discussed.
Workshop participants also reviewed two de facto risk profiles (aviation risk, PL60, and
all U.S. accident risk). All existing standards use a slope of -2 for 10 or more casualties.
One standard uses a slope of -1.5 for fewer than 10 casualties. The only standard to
address lesser injuries (Gronigen) uses a slope of -1 for lesser injuries until their number
is sufficient to be "equivalent" to one fatality.

The de facto U. S. accident risk profile (fatalities) has a slope of -1.6. The aviation risk
profile has a slope of approximately -2 for 9 or fewer casualties and approximately -7 for
10 or more casualties. The high casualty portion of this curve has a steep slope as a
result of the limited casualty area of general aviation aircraft. (General aviation aircraft
are the major contributors to the risk profile.) Thus, only the low casualty portion of this
curve should be considered in contemplating a risk profile standard.

Based on the foregoing observations. ACTA offers the following recommendations:
Acceptable Risk Profile Standards:

The 1990 safety collective and catastrophic risk objectives should be put into a risk profile
format with the following attributes:

(a) The area under the risk profile (collective casualty
expectation) must satisfy the expected collective risk

criterion.

Casualties (Severe Injuries or Fatalities)
(b) The absolute value of the slope of the risk profile standard
should be no less than 1.5 for less than 10 casualties.

(c) The absolute value of the slope of the risk profile standard
should be no less than 2 for 10 or more casualties.




Debris: Straight line with a slope of -2.
Blast: Straight line with a slope of -2.
 Toxic (Mild or Worse): Two straight line segments. The first segment is for less than 10

—
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Mild Injuries
(d) The absolute value of the slope of the risk profile should be
no less than 1 for less than 10 injuries.

(e) The absolute value of the slope of the risk profile standard
should be no less than 1.5 for 10 or more casualties.

Provisional Implementation
The standards for the four categories listed in section 6 should be as follows:

casualties; this line segment has a slope of -1.5. The second

segment applies to 10 or more casualties and has a slope of -2.
Toxic (Severe/Fatal): Straight line with a slope of -2.
All Hazards ( Severe/Fatal): Straight line with a slope of -2.

Space Shuttle Risks
It is clear the Space Shuttle risks significantly exceed any standard discussed or
considered in the workshop. In addition, the societal risks for each Space Shuttle launch

exceeds the levels that the Dutch found wunacceptable on an annual basis for the

operation of the Schiphol airport.
o Pending Issues
» Acceptance of the recommendations presented in items 6 and 8.

« Establishing a policy regarding the management of aggregate risks from all

hazards.
« Establishing a policy to assure that annual risk remains acceptable.

» Establishing acceptable risk standards for the special problems posed for

toxic risks.

« Determining how confidence bounds on casualty expectation and risk
profiles should be used in the decision process.

10
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Determination of an appropriate treatment for different classes of
susceptible populations.

Determination of the appropriate risk profile standard for mission essential
workers given a standard for the general public.

11
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