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AB STRACT

This paper presents a set of performance objectives for the long-
term protection of public health and safety for disposal of low—level
radicactive wastes in & new facility on the Oak Ridge Reservation. The
principal performance objectives include (1) a limit on annual committed
effective dose equivalent averaged over a lifetime of 0.25 mSv (25 mrem)
for any member of the general public beyond the boundary of the disposal
facility, and (2) a limit-on annual committed effective dose equivalent
averaged over a lifetime of 1 mSv (100 mrem) and a limit on committed
effective dose equivalexct %in any year of 5 mSv (500 mrem) for any
individual who inadvertently intrudes onto the disposal site after loss
of active institutional controls. In addition, releases of
radioactivity beyond the site boundary (1) shall not result in annual msm
doses to any member of the gemeral public that exceed 1imits establ ished
by Federal regulatory authorities for all sources of exposure, and
(2) shall be kept as low as rea;onably achievable. The limit on annual
committed effective dose equivalent averaged over a lifetime for off- )
site individuals is based primarily on the judgment of the U.,S. Nuclear
Regul atory Commission that this level of protection is reasonably

achievable for shallow—land disposal of low—level wastes. The dose
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limits for inadvertent intruders are based on radiation protection
standards for the general public recommended by the Intermnational
Commission on Radiological Protection and the National Council on
Radiation Protection and Measurements. The use of annual committed
effective dose equivalents averaged 6ver a lifetime departs from
customary practice in radiation standards in the U.S. of specifying
limits on dose received in any year to whole body or the critical organm,
but provides a set of performance objectives that are more closely
related to the fundamental goal of limiting lifetime risk from chromnic

radiation exposures.

INTRODUCT ION

The U.S. Department of Energvy (DOE) is proposing to operate a new
fécility on the Oak Ridge'Resetvation in Tennessee that will provide for
permanent disposal of IOWf&evel radioactive wastes generated at the
three DOE plants in Oak Ridge.1-3 An important ster in developing the
new facility is the establ ishment of objectives for overall performance
of the disposal system that ensure long—-term protection of public health
and safety. Such performance objectives provide comstraints cn
acceptable siting and design of the facility and on the quantities and
physicochemical properties of radioactive wastes that may be accepted

for disposal.

This paper presents a set of performance objectives for the new
low—-level waste disposal facility in Oak Ridge. The performance
objectives are based on the principle that potential risks to members of-

the general public must be limited to levels that are widely regarded as

safe., As is customary in radiation protection (e.g., see refs. 4-6),



the performance objectives are expressed in terms of limits on radiation
dose to maximally exposed individmals, rather than limits on risk
itself. The dose limits can be related to limits on risk msing an
accepted value for the risk per unit dose (e.g., see ref, 4).

Tke DOE has establ ished 1imits on annual dose to members of the
general public from DOE operations of 500 mrem to whole body, gonads, or
bone marrow and 1500 mrem to any other organ.?7 However, these dose
limits apply to all DOE operations that may impact the general publ ic,
and considerably lower limits may be more appropriate for a single
wﬁste—disposal facility. The performance objectives presented in this
paper are based on levels of protection that have been judged by
regul atory authorities to be reasonably achievable for low—level waste
disposal.

The performance objectives for low—level waste disposal are
presented in the next sectjon. The following sections then discuss
(1) the time period and the ty'pes of processes and events to which the
performance objectives are intended to apply, (2) the rationale for the
use of limits on acrnual committed effective dose equivalents averaged
over a lifetime as a surrogate for limits on lifetime risk, (3) the
rationale for the numerical dose 1imits chosen as performance
objectives, (4) implications of the performance objectives for
demonstrations of compliznce, and (5) alternatives for relating the

performance objectives directly to a limit on risk.
STATEMENT OF PERFORMANCE OBJECTIVES

The performance objectives for low—level waste disposal are

directed at limiting (1) releases of radioactivity to the general



enviromment beyond the site boundary and (2) exposures of inadvertent
intruders ontc the disposal site. The principal performance objectives
include separate dose limits for off-site individuals and inadvertent

intruders as foilows:

[1] a limit on annual committed effective dose equivalent averaged
over a lifetime of 0.25 mSv (25 mrem) for any member of the

general public beyond the boundary of the disposal facility; and

[2] a 1limit on annual committed effective dose equivalent averaged
over a lifetime of 1 mSv (100 mrem) and a limit on committed
effective dose equivalent in any year of 5 mSv (500 mrem) for any
individual who inadvertently intrudes onto the disposal site after

loss of active institutional controls.

In addition, releases of radioactivity to the genmeral enviromment beyond

»-

the site bourdary -

= shall not result in annual doses to any member of the gemneral
public that exceed limits establ ished by Federal regulatory
authorities for all sources of exposure, exclusive of natural

background and del iberate medical practices; and

- shall b: kept as low as reasonably achievable, ecomomic and social

factors being taken into account.

The latter two requirements ensure that the performance objectives
conform to radiation protection standards for the gzneral public
established by the U.S. Nuclear Regulatory Commission (NRC)8 in 10 CFR

Part 20 and to similar standards :or DOE operations.7 1In view of



proposed revisions of the NRC and DOE radiation protection

standards, 9,10 the limit on annual dose to individuals from all sources
of exposure is expected to become 5 mSv (500 mrem) committed effective
dose equivalent. The requirement that off-site releases of
radicactivity shall be kept as low as reasonably achievable (ALARA)
involves an optimization of population exposures by means of a cost—
benefit analysis.4 Thus, the ALARA requirement ensures protection of

popul ation groups as well as individuals.

APPLICABILITY OF PERFORMANCE CBJECTIVES

Time Period for Performance Objectives

The performance objectives for protection of off-site individuais
and inadvertent intruders are intended to apply at any time followirg
closure of the facilitv. The absence of a time cutoff agrees with the
approach in the NRC’s low;Eevel waste standardsll in 10 CFR Part 61.
However, since the effects of radioactive decay and the dispersibility
of radionuclides in the enviromment over time are expected to result in
maximum doses to off-site individuals and inadvertent intruders that
occur well within 190,000 years,3,12,13 assessments of doses to maximally
exposed individuals probably will not be required for unreasonably long
time periods in the future.

The time period over which institutional controls are assumed to
prevent inadvertent intrusion onto the disposal site is not specified in
the perfﬁfmfnce objectives, but is important for determining
concentratio#gtof radionucl ides that are acceptable for disposal when

the half-life for radioactive decay is comparable to or less than the

\



control period. On the basis of the NRC's conclusion that an
institutional control period of 100 years is the most reasonable
assummption for low—level waste disposal,ll and the same conclusion of
the.U.S. Enviromnmental Protection Agency (EPA) for high—level waste
disposal,l4 we recommend that an institutional control period of

100 years be assumed in applying the performance objectives for
protection of inadvertent intruders. However, this approach does not
preclude the use of technologies (e.g., engineered barriers) that may be
assumed to prevent intrusion into the wastes for time periods bevond the
institutional control period, e.g., for 500 years.l1

_ In applying the ALARA principle, it is reasonable to consider a

time cutorff for calculation of population dose. Otherwise, dose
estimates for very long—lived radionuclides (e.g.., 1291 and natural
u;énium) are obtained pri@arily by accruing very small individual doses
over very large populations for millions of years or more, but the
estimated risk to most individuals is trifling compared with accepted
fisks from normal activities., Thus, such calculations do not provide a
ééasonable basis for optimization of population exposures. However,
vin#tead of specifying an explicit time cutoff that wculd necessarily be
~;omewhat arbitrary, a lower cutoff on dose to individuals to be included
'iﬁ the calculations can be specified. This approach provides an
effective time cutoff for population dose assessments, but one that is
Vdirecfiy related to control of health risks in the population. On the
i:gzir;f:;;;;;;‘proposal5,6.9 we recommend that calculations of
;6puia£ion dose for application of the ALARA principle include only

annual committed effective dose equivalents to individuals that exceed

0.01 mSv (1 mrem).



Processes and Events of Concern

The performance objectives, including application of the ALARA
principle, are intended to apply only to expected or reasonably
foreseeable processes and events that could affect the long—term
performance of the disposal system and lead to exposures of off-site
individuals or inadvertent intruders; they are not intended to apply to
low—probability processes and events that might lead to doses above the
specified 1imits. This approach is consistent with the NRC’s low-level
waste standards,ll and is a customary feature of performance objectives
for other practices that involve limits on dose (e.g., see ref. 15).
Thus, performance assessments will require scientific judgment in
determining those processes and events that are reasonably foreseeable
and those that are not. Again, however, this evaluation probably can be
limited to a time period less than 10,000 years, because the effects of
radioactive decay and env;;onmental dispersion of radionuclides will
tend to reduce doses to maximally exposed individuals over time.

Although the performance objectives do not apply to unexpected
processes and events, such occurrences can be taken into account im
developing criteria for siting and design of the facility and for the
acceptability of wastes and waste forms. Such criteria presumably would
not involve limits on dose or health risk. Alternatives for taking
unexpected processes and events into account in the performance
objectives, including expressing the performance objectives directly in

terms of a limit onr risk, are discussed later in this paper.



RATIONALE FOR USE OF ANNUAL COMMITTED EFFECTIVE

DOSE BQUIVALENTS AVERAGED OVER A LIFETIME

The principal performance objectives for low—level waste disposal
are expressed in terms of limits on annual committed effective dose
equivalents averaged over the lifetime of an exposed individual. This
approach differs from current practice in the U.S. of expressing
radiation standards, including those for low—level waste disposal, in
terms of limits on dose equivalents received to whole bodv or the
critical organ (generally the organ or tissue that receives the highest
dose) for each year of exposure.7,8,11,14~16 This section discusses the

rationale for the manner in which the performance objectives in this

paper are expressed.

Effective Dose Equivalent

Use of the dose equi;ZIent to whole body or the critical organ in
radiation standards has three important drawbacks: (1) a given dose
limit for two different tisswes generally does not correspond to the
same limit on risk; (2) potentially important doses and risks to tissues
other than the critical organ are ignored; and (3) "whole body"” is not a
def inable tissue at risk from radiation exposure, but it is particular
organs or tissues in which health effects are expressed. In response to
these difficulties, the International Commission on Radiological

Protection (ICRP) has developed the concept of the effective dose

equivalent.4

The effective dose equivalent is defined by the ICRP as a weighted

average of dose equivalents received by several different organs or



tissues, excluding whole body; the weighting factor assigned to each
organ is proportional to the stochastic risk per unit dose equivalent
for that organ.4 Thus, any exposures with equal effective dose
equivalents should correspond to the same risk, regardless of the
particular distributions of doses among different organs, and a limit on
effective dose equivalent is directly related to the fundamental goal of
risk 1imitation.

Use of the effective dose equivalent recently has been endorsed by
the National Council on Radiation Protection and Measurements (NCRP),6
and 1imits on effective dose equivalent are an essential feature of
proposed revisions of radiation protection standards of the NRC and
DOE, 9,10 The effective dose equivalent also appears in recent EPA

standards for airborne releases of radionuclides.16

Committed Dose Equivalent

-

The committed dose equivalent (also called the dose commitment) is
8 concept used in estimating dose from inhaled or ingested activity that
takes into account that an acute intake of some radionuclides (e.g.,
long-lived radionuclides that deposit in bone) results in significant
doses received in future years, even with no further intakes, until the
activity is removed from the body by radioactive decay and biological
el imination.4 The dose commitment from an acute intake is def ined as
the time integral of the dose equivalent rate, taking into account not
only radioactive decay and biological retention of the inhaled or
ingested radionucl ide but also the buildup, decay, and retention in the
body of any radioactive daughter products. The dose rate from an acute

intake normally is integrated over a time period of 50 years, which is
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the average lifespan of an adult,4 but 70-year dose commitments may be
considered for exposures of the gemeral public.

Many exposures of the gereral public, including expected exposures
from low—level waste disposal; involve chronic rather than acute intakes
of radionuclides. For any retention function of radionucl ides in the
body that decreases monotonically with time, is independent of the age
of the individual, and for which the integral over infinite time is

finite, the following important relationship holds:

The dose received over any time t following an acute intake of a
radionucl ide is numerically equal to the dose rate at time t from a

chronic intake of the same quantity of the radionucl ide per unit

time,

This relationship provides the basis for use of the committed dose
equivalent for each year of exzposure, rather than doses received in each
year, in radiation standafﬁs. For chronic exposures, the dose received
in auy year will be less than or equal to the dose' commitment from each
year’'s intakes,

The advantage of expressing radiation standards for the general
public in terms of limits on committed dose equivalent is that the
resul ting allowable intake of a radionuclide by an adult is constant
with time., For radionuclides with long retention times in the body, the
usual practice of specifying a limit on dose received in each year
results in an allowable intake in any year after the first that is only
a small fraction of the allowable intake in the previous year. For
routine public exposures to envirommental radioactivity, it clearly is

highly impractical to use a dose-limitation system that requires
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knowledge of prior intakes of radionuclides in determining allowable
intakes at present and future times, In addition, there are
radionuclides for which an iniake during the first year that meets a
1imit on dose received during that year would result in doses in all
subsequent years that greatly exceed the dose 1imit even with no further
intakes, due to the buildup and decay in the body of radiologically more
significant daughter products. For example, on the basis of models and
parameter values recommended by the ICRP,17 ap acute ipngestion intake of
241py results in a2 maximum annual dose to bone at about 40 years after
iﬁtake that is nearly 25 times greater than the dose received during the
first year, due to the buildup and decay of 241Am. Again, use of a
limit on committed dose equivalent alleviates this problem and leads to
an allowable intake rate of 241Pu by an adult that is constant with
tine,

Although radiation stgndards in the U.S. normally do not refer
explicitly to limits on committed dose equivalents, dose commitments
pften are used in calculations for demonstrating compl iance with the
standards., However, we still believe it is preferable to express dose
limits directly in terms of committed dose equivalents, in order to
ensure consistency between the performance objectives and calculations
used to assess compliance. Proposed revisions of radiation protection
standards of the NRC and DOE explicitly specify limits on committed dose

equivalents.9,10

Annual Doses Averaged over a Lifetime

Radiation standards usually specify a limit on dose to individuals

for each year of exposure. However, the performance objectives in this
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paper are expressed in terms of amnnual doses averaged over 2 lifetime.

This approach allows higher doses in some years provided they are
compehsated by lower doses in other years, and is based on consideration
of the risk resulting from chronic exposures over a lifetime, including
the age dependence of dose and risk. Chronic lifetime exposures, rather
than acute exposures, are expected to occur with low—level waste
disposal for both off-site individuals and inadvertent intruders.

Limits on dose are uscd in radiation standards as a surrogate for
the fundamental goal of providing a limit on risk, so the dose 1limits
sﬁould be expressed in a manner that corresponds closely to 2 limit on
lifetime risk. The customary use in radiation standards for the gemneral
publ ic of equal annualized increments of dose as a surrogate for a limit
on lifetime risk is based on accepted practice for workers.4.,7,8
However, this practice ma; not be the most appropriate for chromic
exposures of the general Ryblic.

AN .
Anwimportant difference between exposures of workers and exposures
of the general public is that the latter iavolve age groups other than
adults, JYounger age groups may experience higher doses and risks than
adults for some types of acute exposures, due to such factors as greater
absorption of ingested activity from the gastrointestinal (GI) tract
into blood for radionuclides with low GI-tract absorption in adults,
increased deposition of absorbed activity in the skeleton for many
elements, smaller organ masses, and greater risks per unit dose for some
types of cancers (e.g., see ref. 18 and references therein). Thus,

exposures of infants and children should be considered in establishing

performance objectives for low—level waste disposal.
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The most obvious way of accounting for different age groups would
be to specify a limit on dose for each year of exposure that applies to
all ages, and this is the approach that customarily is taken in
radiation protection standards for tte gemeral public.7,8 However, for
practices that are expected to result in chronic exposures over a
lifetime, ¢his approach may not achieve a close correspondence with a
desired 1imit on lifetime risk when the age dependence of dose and risk
is taken into account. For low—level waste disposal, exposures of off-
site individuals and inadvertent intruders are expected to vary slowly
with time,3,12,13 5o that total intakes of radionuclides over a lifetime
should be greater for adults than for younger age groups. Furthermore,
for radionuclides with long retention times in the body, a substantial
portion of the committed dose from intakes by infants or children may be
received during adult yea?s.18

The arguments presented above show that specifying a limit on dose
commitment for each year of exposure for low—level waste disposal is
largely a matter of custom, and may have the undesirable effect that
acceptable system performance will be controlled by potential exposures
of infants and children, even though the risk from chromnic 1ifetime
exposures will be determined primarily by intakes and doses received
during adult years. Thus, a limit on annval dose commitment averaged
over a lifetime corresponds more closely to a given 1limit on lifetime
risk than does a 1imit on dose commitment for each year of exposure,

Although the approach adopted here leads to a primary focus on
exposures of adults in evaluating system pe;formance. exposures of
younger age groups still should be comnsidered in evaluating compl iance

with the performance objectives. We emphasize that if the limit om
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annual dose commitment averaged over a lifetime is sufficiently low,
then any higher doses that might be received by infants and children
still should result in an acceptable lifetime risk. Furthermore, annual
doses to infants and children from all sources of exposure, including
low—1level waste disposal, are limited by the requirements in radiation
protection standards of the NRC and DOE,7.8 and we have included such a
dose 1limit explicitly in the performance objectives for low—level waste
disposal to ensure adequace protection of all age groups.

Finally, there is the practical matter that proper age—dependent
internal dose calculations are available only for a few radionuclides of
importance to low—level waste disposal, e.g., for 3H, 14¢, 1311, 137Cs,
and a number of bone-seeking radionucl ides.19-22 Proper calculations
take into account the age dependence of organ masses and their shapes
and locations within the Lody, radionuclide absorption in the GI tract,
deposition and retention of inhaled radionuclides in the lung, and the
distribution and retention of absorbed activity in different organs and
tissunes. For most radioauclides, however, calculations of internal dose

for infants and children are based to some extent on models and

parameters that are appropriate for adults.

RATIONALE FOR NUMERICAL DOSE LIMITS

Dose Limit for Off-Site Exposures
%

The choice of an annual® committed effective dose equivalent
averaged over a lifetime of 0.25 mSv (25 mrem) as the principal
performance objective for off-site exposures of individuals is based

primarily on the judgment by the NRC that such a level of protection is
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reasonably achievable for low-—level waste disposal, given the current
state of disposal technology and its associated costs.ll The EPA also
has indicated that this dose limit should be encompassed by any standard
that the EPA might derive.ll Thus, low-level waste disposal on the Oak
Ridge Reservation would conform to genmeric health—-protection standards
for this practice established by Federal regulatory authorities. We
also note that the DOE has issued gunidance that all planning for new
low—1level waste disposal facilities should assume an interim performance
objective for off-site exposures of 0.25 mSv (25 mrem) per year,23

If we assume a risk factor for radiation exposure of 2 x 10-2 per
Sv (2 x 104 per rem),4 then an average annual dose commitment of
0.25 mSv (25 mrem) corresponds to an average annual risk of 5 x 10-6 and
to a lifetime risk of 3.5 x 10~4 from continuous exposure over an
average lifespan of 70 ye;rs. Thus, the dose limit for off-site
exposures corresponds to a_ risk that is about 0.2% of the current risk
of fatal cancers in the U.S.24 We note, however, that continuous
lifetime exposures of off-—site individuals at the dose limit are highly
unl ikely for a disposal facil ity that meets the requirements on dose
limitation and application of the ALARA principle.4 Furthermore, the

assumed risk factor may provide conservative overestimates of risks at

»
[}

very low doses and dose rates.4 Thus, actual risks to of f-site

individuals should b2 consistent with levels that are regarded as

negligible by most members of the gemeral public.

Dose Limits for Inadvertent Intruders

The use of higher dose limits for inadvertent intruders than for

of f-site individuals is consistent with the NRC's standards for low-

> e
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level waste disposal.ll Higher doses to inadvertent intruders can be
justified on the grounds that relatively few individuals are likely to
intrude onto the site, so that intruder exposures will have little
effect on population dose, and postulated exposure scenarios for
inadvertent intruders probably will not occur with a probabil ity of
unity at any time after loss of institutional controls.

The choice of a committed effective dose equivalent of 5 mSv
(500 mrem) as a limit for any year of exposure is comsistent with the
NRC’s low—level waste standards,ll and is based on current and proposed
radiation protection standards of the NRC and DOE for all sources of
exposure.’-10 However, for prolonged exposures of inadvertent
intruders, we follow the recommendations of the ICRP4,25 and NCRP6 that
the 1imit on annual committed effective dose equivalent should be
reduced to 1 mSv (100 mre;) in order to provide an acceptable lifetime
risk. The lower dose limit for prolomged e¢xposures also is contained in
proposed revisions of the DOE's radiatior protection standa:ds.l10

Continuous exposure over a 70-year lifetime at an average rate of
1 mSv (100 mrem) per year correspoads to an estimated lifetime risk of
1.4 x 10~3, Again, however, for a disposal facility that meets the
performance objectives on dose to an inadvertent intruder, it is
unl ikely that any individuals would experience a lifetime risk as large

as this.
IMPLICATIONS FOR DEMONSTRATIONS OF COMPLIANCE

Formul ation of the performance objectives for low—level waste
disposal in terms of annual committed effective dose equivalents

averaged over a lifetime has important implications for dose assessments
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used in demonstrations of compliance, some of which have been discussed

previously in this paper.

[1]

[2]

(3]

The performance assessments need consider only expected or

reasonably foreseeable processes and even.s that lead to human

exposures.

Annual doses to maximally exposed individuals would be evaluated
over a lifetime’s exposure, which encourages consideration of
reductions in radionucl ide inventories in envirommental media over

a lifetime due to radioactive decay and envirommental transport

processes.

Available information on dose and risk from intakes of

radionnucl ides as a function of age at exnosure (e.g., sece

refs, 18, 22 and references therein) suggests that dose
assessments can focﬁ? primarily on intakes aad doses received
during adult years in evaluating annual doses averaged over a
lifetime, because these are expected to be the most important im
determining 1l ifetime risk from chronic exposures., However, proper
consideration of the age dependence of exposure and dose in
determining compl iance with the performance objectives is strongly
encouraged, not only in eyaluating annual committed doses averaged
over a lifetime but also in ensuring that committed doses received -
in any year do not exceed specified 1imits, particularly for those
radionucl ides for which the committed dose per unit intake is

considerably higher in infants and children than in adults (e.g.,

see ref. 22).
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{41 Dose assessments for inadvertent intruders need not comsider
ephemeral exposure scenarios, such as the so—called intruder-
construction scemario,26 because chronic exposures again will be
the most important in determining annual committed doses averaged
over a lifetime and ephemeral exposures are not 1ikely to exceed
the dose limit for each year of exposure if compliance with the

dose 1imit for chronic exposures is achieved,.

PERFORMANCE OBJECTIVES EXPRESSED AS

A LIMIT ON RISK

An expert group of the Nuclear Energy Agency has developed a
recommendation that criteria for protection of individuals from
radiocactive ~-ste disposal be expressed directly in terms of limits on
risk, which is defimned as‘the product of the probability of exposure and
the probability that doses_received from the exposure wiil result in
deleterious health effects,27 This approach takes into account chat
some processes and events that could affect long—term system performance
and result in human exposures have probabil ities of occurrence that are
less than unity and vary with time, A limit on risk thus has the
potential advantage that all such processes and events would be treated
on the same basis in performance assessments, without the need to make
somewhat arbitrary distinctions between those that are expected and

.
those that are not.

Two primary considerations have led us not to express the
performance objectives for low—level waste disposal directly in terms of"
limits on risk. First, this approach impl ies that there is a known

relationship between exposure and risk for all radionuclides and all
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levels of exposure, whereas the use of limits on dose can be based on an
assumed relationship between dose and risk. Only in a few cases,
however, is the relationship between exposure and risk known from
observations in human populations,28 and the exposures far exceed those
that would be acceptable for low-level waste disposal. This
consideration also was important to the NCRP's recent decision not to
express radiation protection standards in terms of limits on risk.6
Second, estimates of probabilities of processes and events that lead to
human exposures may be quite contentious and difficult to defend,
pérticularly for occurrences of relativelvy low probability that would
correspond to acceptable doses considerably above dose limits for
expected processes and events or that would exceed the threshold for
nonstochastic radiation effects in some organs and tissues.4 The
concept of risk as the préduct of a probability and a consequence is
poorly understood by the gsneral publ ic, and there will be a tendency to
focus on the high doses that are acqeptable and to ignore their
probabilities of occurrence.

An alternative approach that expresses the performance objectives
as limits on dose but also takes into account probabilities that doses
will be received is to specify several dose limits that increase as the
probability of receiving the dose decreases.29 For example, one could
specify that the annual committed effcctive dose equivalent averaged
over a lifetime for an inadvertent intruder shall (1) be expected to be
less than 1 mSv (100 mrem), (2) be quite unlikely to be more than 5 mSv
(500 mrem), and (3) not exceed 50 mSv (5 rem) in any credible
circumstances. Thus, the dose limit would be a step function of the

probability of receiving the dose, and one then must decide what
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probabilities correspond to the subjective expressions "quite unlikely”

and "in any credible circumstances.” Again, however, a potential
disadvantage of this approach is that acceptable doses associated with
exposures with low probabil ity may not be accepted by the general

public.

SUMMARY

This paper has presented a set of performance objectives for a new
low—1level waste disposal facility on the Oak Ridge Reservation.
Consistent with the requirements of radiation protection standards for
the general public that have been promulgated by Federal regulatory
authorities,7,8 the primary goal of the performance objectives is to
ensuwre protection of both individuals and population groups. This goal
is accompl ished by estab1£shing 1imits on radiation dose for off-site
individuals and inadvertent intruders and by the ALARA requirement for
optimizing population exposures. The use of dose limits for maximally
exposed individuals as a surrogate for a limit on lifetime risk conforms
to recommendations of the ICRP4 and NCRP5,6 and to conventional
radiation protection practice in the U,S5.7-10

The principal performance objective for protectionm of off-site
individuals is a limit on annual committed effective dose equivalert
averaged over a lifetime of 0.25 mSv (25 mrem). This dose limit is
based primarily on the judgment of the NRC that it represents a
reasonably achievable level of protection for shallow-land disposal of
low-level wastes.11 The principal performance objective for protection
of individusals who inadvertently intrude onto the disposal site after

loss of institutional controls is a 1imit on annual committed effective
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dose equivalent averaged over a lifetime of 1 mSv (100 mrem) and a limit
on committed effective dose equivalent in any year of 5 mSv (500 mrem).
These dose limits are based primarily on the judgment of the NRC that
higher limits are acceptable for inadvertent intruders than for off-site
individuals,11 and on recommendations of the ICRP4,25 and NCRP6 for
limits on acceptable dose to individuals from all sourcesAof exposure,
excluding natural background and medical practices.

The use of limits on annual committed effective dose equivalents
averaged over a lifetime differs from customary practice in radiation
standards in the U.S.7,8,11,14-16 Use of the committed effective dose
equivalent follows the recommendations of the ICRP4 and NCRP,6 and is
embodied in proposed revisions of radiation protection standards of the
NRCY9 and DOE.10 The specification of limits on annual dose commitments
averaged over a lifetime,'rather than dose commitments for each year of
exposure, results in performance objectives that are closely related to
the funcdamental goal of limiting lifetime risk from chronic exposures
while still encouraging proper comsideration of the age dependence of
dose and risk for exposures of the gemneral public in evaluating
compl iance with the dose limits. This approach is embodied in recent
recommendations of the IMRP25 and NRP,6 which specify separate limits

on annual dose commitments for chronic and occasional exposures.
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