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ABSTRACT

It is suggested that the ALARA process should not be limited by a de
minimis level on either collective or individual dose. Instead it should be
limited or defined by: (a) an acceptable discount-rate on future costs and
effects, and (b) a monetary value for detriment (e.g. $10,000 to $20,000/
person-Sv; $100 to $200/person-rem) to be used in cost-effectiveness or cost-
benefit calculations at dose levels well below the regulatory limits. This
approach would provide the desired benefit of simplifying the decision process
and thereby making it more cost effective and would avoid the inconsistencies
of limits on only one of the four parameters of importance in the optimization
process. These are: average individual effective dose equivalent rate, number
of individuals to be included in the summation, years of exposure, and costs,
which include costs of analysis to reduce the exposure.

This is not to claim that individual doses of 10 to 100 Sv/yr (1 to 10
mrem/yr) are not trivial, but rather to emphasize that these doses to an indi-
vidual may not be considered trivial by society when given to a very large
population, especially if they could easily be avoided. The latter factor, in
particular, is often overlooked in discussions of the de minimis concept.

INTRODUCTION

Modern radiation protection practices are based on the ICRP system of
dose limitation which has three criteria: the practice must be justified
(have a net social benefit), doses must be kept below defined safe limits, and
radiation protection practices must be optimized (collective doses must be
kept as low as reasonably achievable or ALARA).

The term optimize implies a degree of quantitation that is not usually
possible or reasonably achievable. As a result, implementation of this
concept in its quantitative forms has been far from universal. One simpli-
fication often suggested is adoption of a cut-off at some low dose or dose
rate, below which control of radiation exposures would not be necessary. This
cut-off could be at such a low dose level that individual risks would be
trivial, negligable or in legal parlance de minimis.

The purpose of this paper is to review the development and official
recommendations on ALARA and de minimis, and provide a rational for using the
former to decide the latter. As Lindell and Beninson have said ALARA defines
its own limit.



EVOLUTION OF THE AURA CONCEPT

In the early 1950's, it was recognized generally that there is no threshold
for genetic effects due to ionizing radiation and also probably none for radi-
ation induced cancer. Since that time, the philosophy of radiation protection
has been based not only on the idea that the maximum dose to an individual
should not exceed a defined safe limit, but also that unnecessary exposures
should be avoided or doses should be kept ALARA. The terms used to express this
concept have varied over time as illustrated in Table 1, which summarizes key
recommendations between 1954 and the present.

TABLE 1 EVOLUTION OF THE ALARA CONCEPT

Year Concept Reference

1954 As low as practicable NCRP (3)
1955 Lowest possible level ICRP (4)
1958 As low as practical NCRP (5)
1959 As low as practical ICRP (7)
1960 " and risk/benefit balance FRC (8)
1965 As low as readily achievable; social ICRP (9)

and economic considerations
1970-74 As low as practicable, $1000/person-reo NRC (11)
1973 As low as reasonably achievable ICRP (13)
1975 Numerical balancing not useful! NCRP (14)
1977 Optimization ICRP (1)
1982 Cost-benefit analysis ICRP (16)
1985 ALARA but not quantitative optimization NRC (17)
1987 ALARA (economic and social factors) EPA (19)

In its 1954 recommendations , the National Committee on Radiation Protec-
tion (NCRP) stated..."it is strongly recommended that exposure to radiation be
kept at the lowest practicable level in all cases" (underlining here and
elsewhere is mine and not in quoted documents). The term practicable means
possible or feasible and thus could be interpreted to imply a degree of
protection far greater than that considered optimum in present-day terminology.
Similarly, in its 1955 recommendations , the International Commission on
Radiological Protection (ICRP) recommended doses be kept to the "lowest
possible level". Here again, what is possible may not be considered justified
in social terms if costs are excessive in comparison to doses avoided.

In 1958 the NCRP stated in its Addendum to Handbook 595, "the NCRP re-
emphasizes its long-standing philosophy that radiation exposures from whatever
sources should be as low as practical". Webster states that the terms practi-
cable and practical are not interchangeable without loss of precision of
expression. "Practicable applies chiefly to something immaterial (as a plan,
expedient or design) which has not been tested in practice...Practical stresses
opposition to all that is theoretical, speculative, ideal, unrealistic, or
imaginative and implies a relation to the actual life of man, his daily needs,
or problems that must be met". Since this change of terminology was not
explained, we are left to assume it was an intentional shift of meaning to a



more reasonable level of ambition in protection. The ICRP also employed the
"as low as practical" terminology in its 1959 recommendations .

In 1960, the United States Federal Radiation Council (FRC)8, which was
established to provide guidance to Federal Agencies, added to the as low as
practical recommendations, the idea that a risk/benefit balance should be an
additional consideration.

In 1965, the ICRP also called for risk/benefit considerations including
social and economic factors recommending doses be kept "as low as readily
achievable". Readily usually means without much difficulty or easily". This
implies that little or no efforts are required beyond those needed to meet the
dose limits. This was obviously not intended since the same document suggests
that incremental detriments should not exceed the incremental costs to reduce
or avoid them. Thus, we see the optimization principle introduced here, though
it was not defined as such at that tine.

During the early 1970's the Atonic Energy Commission, in its proposed
design criteria for limits on effluents from nuclear power plants , recom-
mended tfhat doses be kept "as low as practicable" and in the final version of
10CFR5011 the Nuclear Regulatory Commission (NRC) recommended use of $100,000/
person-Sv ($1000/person-rem) as a value to be used in deciding what is
"practicable". Once again language was not used precisely since the $/Sv value
was deduced from review of what had been spent on previous plants, in other
words it was based on existing practice or practical solutions.

By 1973, the ICRP had corrected its use of "readily" achievable and was
recommending "reasonably" achievable . Surprisingly, and I think unfortu-
nately, the NCRP in 1975 stated14:

"At such low radiation levels as are involved in the radiation
protection standards, identification and quantification of both
risks and benefits are so highly uncertain and imprecise at this
time that the practice of balancing risks and benefits numerically
is not useful to pursue without far more thorough and penetrating
exploration".

This statement is in contrast to the recommendations and trends of other
organizations as discussed above and below.

Numerical considerations usually can be of help but need not be solely
relied on in the decision process. A variety of numerical methods can be
employed in decision analysis in addition to cost—benefit analysis. Even
under conditions of great uncertainty these methods offer advantages over
simple professional judgement, which is usually offered as the alternate
method by those who resist quantitation.

The 1982 ICRP document on Cost-Benefit Analysis in the Optimization of
Radiation Protection is a remarkably comprehensive document in spite of its
title and focus. Cost-benefit methods are described in detail, yet it is also
recognized in the document that day-to-day operational decisions are generally
made on a less quantitative basis. Also, it is pointed out that the results
of the quantitative analysis are only one of perhaps several important inputs
to the decision process.



The 1985 NRC proposed changes to 10 CFR 19,20,30,31,32,34,40,50,61, and
70 would require, rather than merely exhort, that licensees have an ALARA
program. However, the revisions would not require quantified optimization
studies since it is recognized that "the decisions must be largely judgmental
in any event". I feel this restricted application of ALARA is unfortunate
since it downgrades the importance of a key element in the decision process
and does not place enough emphasis on what is sometimes referred to as ALARA
engineering. The ICRP approach encourages quanritation while acknowledging
that it is only one input which need not be decisive. This seems more
appropriate, especially for projects which involve large collective doses and
large costs, such as nuclear power plants. A nore useful development at this
time may be application of the ALARA principle, including quantitative
aspects, by the Nuclear Regulatory Commission in arriving at exempt quantities
and ambition levels or goals. The latter approach has been highly successful
in Sweden, which has achieved one of the worlds best records for low average
collective dose/plant/yr (several times lower than the average for U.S.
plants).18

In a recent decision the Federal Appellate Court in Washington ruled that
the EPA could only consider health, and not cost or technological feasibility,
when determining what are safe levels of exposure to toxic air pollutants.
The court also ruled that, once the safe level was set, the agency could con-
sider costs and other factors in determining how far the polluter must go to
reduce the emissions below this limit. Thus, the agency is required to adopt
a standard that first determines the maximum amount of a pollutant above which
the risks are unacceptable, and is then required to set an "ample margin of
safety" below that level. The agency may then use considerations of cost and
technological feasibility to determine what is an "ample margin of safety".
This gives legal confirmation to the separate but related concepts of safe
limits and ALARA.

DE MINIMIS IN RADIATION PROTECTION

At the present time, U.S. Nuclear Regulatory Commission regulations
governing radiation exposure to licensed material require that limits be
observed and indicate that doses should be kept ALARA. In many cases, both
regulators and the regulated might benefit fron exemptions of various sorts
for small quantities or small exposures. For example, the safe disposal of
very low level wastes in local landfills can be accomplished with very little
dose and with considerable savings. These low dose levels are often
referred to as below regulatory concern or de minimis, though, in principle,
below regulatory concern need not be de minimis.

In legal parlance, the term de minimis stens from the principle,
de minimis non curat lex; "the law does not concern itself with trifles".
There may be several problems in applying the concept in radiation protection.

First, what is a trifle? Webster defines the word as "something of
little value or importance; especially: an insignificant amount (as of money).1

Using money as an example one can judge that one cent currently borders on
insignificance since many persons will not bother picking up a penney from the
public walkways. Assuming $10,000/person-Sv ($100/person-rem) as a nominal
value for health detriment, one can calculate that the dose which is equiva—



lent to the insignificant penney is $0.01/(§10,000/person-Sv) or 1 uSv (0.1
mrem). It is likely that ten times this value is not insignificant since most
people will stop to pick up a dime from the public walkways. Most people will
also save and return soda and beer containers worth 5$, but may not bother
taking the additional effort to retrieve them from public areas. Note that in
these examples, the effort required is very small. If it requires taking more
time or effort than the trivial effort to reach down and pick up a small
object, the required reward must be somewhat greater than a trivial
quantity. Thus, one can arrive at a value of de ninimis for the individual of
about 1 uSv (0.1 mrem) or 1<|>

How is this individual trivial dose or monetary value related to col-
lective dose or monetary value if a large population is involved? One can
certainly conclude that a trivial amount of money when multiplied by a large
factor such as 10 becomes very significant. The same is true for dose
assuming the usual linear, no-threshold dose response for stochastic effects.
Does this mean a different de minimis dose should be used for collective dose
which may involve large populations? Various authorities who have considered
this question have reached different conclusions.

Table 2 summarized de minimis, negligible, insignificant, and below
regulatory concern values for annual dose rates that have been mentioned by
various groups. In the 1958 Addendum to NBS Handbook 59 , the NCRP indicates
that for persons immediately outside of controlled areas, "the permissible
levels are adjusted downward from those in controlled areas because the number
of persons may not be negligible. With this downward adjustment, the risk to
the individual is negligible so that small transient deviations from the pre-
scribed levels are unimportant". The permissible dose rates in these uncon-
trolled areas were limited to 5 mSv/yr (500 mren/yr). Thus, the NRCP was at
that time indicating that even at the non-occupational dose limit of 5 mSv/yr
(500 mrem/yr) risks to the individual were negligible (Webster gives trifling
as a synonym for negligible). This recommended non-occupational limit was
lowered to 1.7 mSv/yr (170 mrem/yr) for the population average in 1971 , and
to 1 mSv/yr (100 mrem/yr) in 1984 for continuous exposures.

More recently Committee 1 of NCRP, in Report No. 9123 defines a negligi-
ble individual dose rate as 10 pSv/yr (1 mrem/yr). Committee 1 indicates that
below this level further effort to reduce radiation exposure to the individual
is unwarranted and efforts to reduce risk below this level should be deliber-
ately and specifically curtailed. Committee 1 further recommends "that
assessments of increments of collective annual effective dose equivalents from
any particular individual source or practice should exclude those individuals
whose annual effective dose equivalent from such a source is 0.01 mSv (1 mrec)
or less." Committee 1 does not discuss the rationale for applying the same
value to a very large population, nor does it discuss the question of diffi-
culty or cost of limiting exposures below the trivial individual level. Thus,
almost by definition it applies the level reasoned to be trivial to an indi-
vidual to provide a cut-off for ALARA, which involves collective (population)
doses and cost-benefit considerations. This leads to conclusions inconsistent
with the assumption of linearity for stochastic effects. For example note cae
conflict; >50 person-Sv/yr (>5,000 person-rem/yr) to a large population (>10'
persons x 5 uSv/yr) is considered negligible by Committee 1 but 100 ySv/yr (1
mrem/yr) to a single person is not. Resources may be expended to reduce or
avoid the latter, but should not even be considered for the former. This does



TABLE 2 RECOMMENDED LIMITS AND DE MINIMIS LEVELS

Year pSv/yr (mrem/yr) Application Reference

1958

1971

1977

1984

1985

19S5

1985

1985

1985

1985-6

1986

1987

5,000 (500)

1,700 (170)
1,000 (100)

3 (0.3)

1,000 (100)

10-100 (1-10),
(not to exceed
1 person-Sv/yr)

10 (1)

50 (5)

100 (10)
10 (1)

5-50 (0.5-5)

250 (25)

40 (4)

10 (1)

Outside Controlled
Areas

Population Average
Students

Collective Dose
Calculations

Continuous Exposures
to the Public

Man-made Sources
(Proposed)

Licensed Activities
(Proposed)

Localized, Low Level
Waste

Solid Waste
For Assessments

General Public

Man-made Dose
to Public

Drinking Water

Collective Dose
Calculations

NCRP (5)

NCRP (21)

FRG (24)

NCRP (22)

IAEA (28)

NRC (17)

AECB (27)

ICRP (25)

NRPB (26)

EPA,NRC (31)

EPA (30)

NCRP (23)

more than provide a cut-off for ALARA considerations, it conflicts wî :h the
basic assumptions underpinning the whole concept.

As summarized in Table 2, other groups have embraced the sane conflicting
ideas, perhaps inadvertently. The Federal Republic of Germany recommends a
cut-off for collective dose calculations at 3 uSv/yr (0.3 mrem/yr); the ICRP"
recommends 10 uSv/yr (1 mrem/yr) for assessments of solid waste disposal; and
the British Radiological Protection Board recommends 5 to 50 uSv/yr (0.5 to 5
mrea/yr) for exposures to the general public. For low level wastes, the
Canadian Atomic Energy Control Board is considering a 50 uSv/yr (5 mrem/yr)
localized dose criterion for low level waste disposal exemptions .



On the other hand, a Committee of the International Atomic Energy Agency
is considering an individual cut-off of 10-100 pSv/yr (1 to 10 mrem/yr),
provided collective dose equivalent commitment does not exceed 1 person-Sv/yr
(100 person-rem/yr) for man-made sources

ACCEPTABLE RISK

It is important to distinguish acceptable risk from de uiinimis risk.
Often references to background levels of radiation exposure, risk from everyday
living, or auto accidents are made to justify de minimis levels for radition
exposure. But these are all levels of risk which are more nearly ALAEA levels
than de minimis levels. For example, assuming a valuation of risk avoided of
$10 per life saved, and making reasonable assumptions concerning driving
habits the following evaluation can be made. There were 44,600 motor-vehicles
deaths in 1983, compared to 152,000,000 licensed drivers. Their risk was
therefore about 3 x 10" /yr. The National Safety Council estimates there
would be a 10 to 15 percent increase in motor-vehicle fatalities annually if
the speed limit were raised to 65 to 70 mph (about 207. increase). The average
mileage per driver was about 11,000 mi/yr. If half this mileage were at 50 mph,
the average driver would spend about 100 hr/yr driving near the speed limit. A
10% increase in speed increases risk about 20%. From these facts and estimates
one can calculate the driver's implicit valuation of his time,

Implicit $/hr - 20% x 3xlO"4 deaths/yr x $106/death - $6/hr
10% x 100 hr/yr

This value is surprising close to what may be the average person's margin-
al valuation of his or her time. Thus, it reflects an acceptable marginal risk
vs. marginal cost and is therefore close to what might be considered an ALARA
risk and should not be confused with de minimis risk which is much smaller.
Incidentally, it may be noted that the above calculations could be reversed
starting with an assumed valuation of a drivers time and using the other facts
to deduce an implicit valuation of reduced risk or life saved.

The U.S. Environmental Protection Agency arrived at individual dose cut-
offs of 40 and 250 uSv/yr (4 and 25 mrem/yr) for public exposures from
drinking water and from man-made sources , respectively. These values were
arrived at after considering collective doses and costs, and thus are examples
of ALARA based acceptable limits. Having them.de minimis levels are not
required.

REQUIREMENTS OF A CONSISTENT SYSTEM

In order to maintain a logical and consistent system of dose limitation,
the ALARA principal should be maintained intact and cuc-offs below regulatory
concern, and de minimis levels should be decided after consideration of all
four parameters of importance in the concept. These are: average annual dose
rate, number of individuals affected, time period over which the source will
be causing dose, and marginal costs to reduce the dose. General or generic
cut-offs for specific operations such as low level waste disposal could still
be made by regulatory groups using best estimates of each parameter. However,



these estimates may need to be considered part of the guidance on below
regulatory concern cut-offs. For example, a reasonable estimate can be made
of number of persons who nay be exposed and occupancy times if low-level waste
is buried on-site and paved-over for a parking lot. The tine period over
which exposure must be integrated can effectively be truncated using dis-
counting of future doses. The effective duration of exposure can easily be
shown to be the reciprocal of the discount rate. That is, a discount rate of
1%/year leads to a 100-year effective duration even for long-lived radio-
nuclides; 4% yields a 25-year duration, etc. Further truncation results from
the radioactive half-lives of the principal radionuclides.

The other parameter that would heed specification is the monetary value
to be assigned to detriments. This could be about $26,000/person-Sv
($260/person-ren) if based on health effects (a value consistent with EPA's
use of $2.6 million per life savedil) or several times that value if the
regulators or facility operators feel additional weight needs to be given to
account for psychological, public relations, or other factors. For example, a
value of $120,000/person-Sv or $l,200/person-rem would be consistent with
OSHA's use of $12.1 million per life saved. 2

The de minimis concept was invented to avoid squandering society's
resources on legal matters of only trivial concern. However, its application
in radiation protection may lead to wasting resources if industry is lead to,
or feels impelled to, reduce exposures to de minimis levels when optimum
resource allocation may require much less. It will likely be very difficult
for any industry or facility to feel it can justify an exposure several or
many times higher than the de minimis levels if acceptable values for the
monetary value of detriment and discount rate have not been set by appropriate
regulatory groups. Thus, the trend will be away from optimum decisions and in
the direction of de minimis levels.
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