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RULEMAKING ISSUE
November 26, 199

(Affirmation) SECv-90-387
For: The Comissioners

from: James M. Taylor, Executive Director for Operations

Subject: TRANSMITTAL OF REVISED PART 20 ;

>

1 Purpose: To transmit to the Commission the corrected version of the
revised Part 20 rule for final approval.

Ca tegory: Major action fo. affirmation.

Discussion:
On July 30,(SRM),containing the Commission's approval for

1990 the Secretary issued a Staff Requirements
Memorandum
issuing the revised.10 CFR Part 20 as a final rule. The SRM
contained eight areas where additions, corrections, or other
changes were requested. The modified Federal Register
Notice is Enclosure A to this paper. Enclosure B contains
copies of the SRM and the Federal Register Notice marked to
indicate where all changes have been made to Enclosure 3
(Statement), Enclosure 4 (Rule), and Enclosure 5
(Appendices) of SECY-88-315. Enclosure B also contains a
marked-up version of Enclosure 6 to SECY-88-315 (listing of
changes from the proposed rule) as the SRM requested that a
check be performed on whether all of these changes were
addressed in the statement of considerations. Changes resul-
ting from the annotated copy of SECY-88-315 that-accompanied
the SRM were also made and are identified in the markup. The
sections relating to the implementation date have been revised
to conform with the SRM of November 20, 1990 on the Part 20
implementation date.

Enclosure C is the final Regulatory Analysis (including the
flexibility analysis). Enclosure D is the final Environmen-
tal Assessment, Enclosure E is the final Backfit Analysis,
Enclosure F contains the letters to congressional committees
informing them of the issuance-of this rule and providing
copies to them, and Enclosure G is the Press Release for the
press briefing announcing the issuance of the revised Part 20.

NOTE: TO BE MADE PUBLICLY AVAILABLE
Contact: WHEN THE FINAL SRM IS MADE
H. T. Peterson, Jr., RES AVAILABLE
49-23640
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The Commissioners 2 .

The revised Part 20 contains the changes to SECY-88-315 that
; have been identified in SECY-89-267 and SECY-90-237 in addition

to those changes requested in the SRM of July'30, 1990. ,We!

have also modified the effective date to be thirty days after
puolication in the Federal Register, except that the information
collection requirements (recordkeeping and reporting) will not
be effective until publication of the OMB approval.

The modifications have been reviewed by the Part 20 Working
Group and Steering Committee and the entire document has been

| reviewed by a technical editor. An earlier draft incorporating.
the SECY-89-267 changes was reviewed by staff of the Regula-,

'

tory Publications Branch, DFIPS, ADM and the Information &
Records Management Branch, IRMB, IRM and their suggested ~ '

changes have been incorporated into the enclosed Federal-
Register Notice.

The extensive table of radionuclide intake and concentration
limits in Appendix B was compared with a pre-)ublication draft
of Federal Guidance Report #11 (FRP #11) whic1 also contains
derived air concentrations and annual limits for occupational
exposure. /.djustments were made by NRC and EPA to both sets of
tailes so that they are mutually consistent. Because of this,
the Statement (Preamble) endorses the use of FRP #11 for

'

calculating doses and determining compliance with 10 CFR
Part 20 occupational limits (FRP #11 does not address exposure
ofmembersofthegeneralpopulation).r

The changes made subsequent to the. July 30, 1990 Staff Require-
mentsMemorandumareasfollows(itemnumberscorrespondto
items in the SRM):

1. Replacement of the discussion of the Backfit Analysis-
in the statement with the revised text of the
Commission's determination from staff's final backfit
analysis and adding the paragraph from item #1 of the
Staff Requirements Memorandum to both the FRN
discussion and the final Backfit Analysis (Enclosure F).

2.fa) Modification of the effective date of the rule for
NRC licensees from January 1,1992 (SECY-88-315)
to 30 days after publication, so that the January 1,
1991 codification of.the existing Part 20 can be used

I by licensees who do not choose early implementation.
The final date of implementation for NRC licensees
is January 1, 1993.

- . -- . . - - --. ~ .



The Commissioners 3

2.(b)Additionoftexttopages40and54toindicate
that flexibility is provided for more precise dose
evaluations, but this provides the same degree of
health protection.

3. Modification of Section V of the Statement of
Considerations (Preamble) and addition of a revised
6 20.8 and a new i 20.9 (old i 20.8) to provide for
early implementation of the revised Part 20 and
guidance on relationship to license conditions and
technical specifications based on the existing
Part 20,

4. The basis of the dose design criterion for generally-
licensed radioactive devices was not changed by the
conforming amendments to Part 32. The design criterion
remains at 10 percent of the occupational dose limit or
500 millirem per year. This design criterion is no
longer equal to the dose limit for members of the
general public (now 100 millirem per year). Design
criteria for generally-licensed radioactive devices

I are being considered in connection with the reexamination
ofexemptionsandgenerallicenseconditions(See
SECY-90-175 of May 14, 1990 and the Staff Requirements
Memorandum of August 13,1990).

5. The Federal Register Notice has been updated to reflect
issuance of the Commission's Policy Statement on Below
Regulatory Concern. These updates appear in the discus-
sion of ongoing related activities or page 15 and in the
discussion of public comments on BRC levels on page 25 of
thePreamble(StatementofConsideratiors).

6. Staff has replaced the definition of ' natural background"
with " background radiation" and included residual global
fallout and radon in ambient concentrations within this
definition. " Global fallout" could not be encompassed
within the scope of " natural background" as it is man-
made. Sources of radiation considered to be " background
radiation" are excluded from coverage under Part 20 (See
65 20.1 and 20.2).

7. As noted above, quality control checks have been carried
out by comparison with the July 30, 1990 SRM; with the
Enclosures in SECY-88-315, especially with Enclosure 6;
with Enclosure 3 of SECY-89-267; and with SECY-90-237.
A marked copy of Enclosure 6 (changes from the proposed
rule) is in Enclosure B.
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[7590-01]

i

NUCLEAP. REGULATORY COMMISSION

10 CFR PART 20

and 10 CFR Parts 2, 19, 31, 32, 34, 35, 39, 40, 50, and 61

RIN.3150 - AA38

Standards for Protection Against Radiation

AGENCY: Nuclear Regulatory Commission.

ACTION: Final rule.

SUMMARY: The Nuclear Regulatory Commission (NRC) is revising its stancards for
protection against ionizing radiation. This action is necessary to incorporate
updated scientific information and to reflect changes in the basic philosophy
of radiation protection. The revision confcrms the Commission's regulations to
the Presidential Radiation Protection Guidance to Federal Agencies for Occupa-
tional Exposure and to recommendations of national and international radiation
protection organizations.

1
:

EFFECTIVE DATE: This regulation becomes effective on (30 days after publication
~

in the Federal Register). However, licensees may defer implementation of this
rule until January 1, 1993. The information collection requirements are not

| effective until NRC publishes the OMB Clearance in the_ Federal Register.

ADDRESS: Copies of documents relating to the January 9,1986 proposed rule
(51 FR 1092) or this document may be examined and copied for a fee in the
Commission's Public Document Room at 2120 L Street NW (Lower-Level),
Washington, DC e0555.

FOR FURTHER INFORMATION CONTACT: Harold T. Peterson, Jr. , Division of Regula-
tory Applications, Office of Nuclear Regulatory Research, U.S. Nuclear Regula-
tory Commission, Washington, DC 20555, Telephone (301)492-3640.

1
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SUPPLEMENTARY INFORMATION:

i

I. Introduction

A. Purpose of the Revision

The purpose of this revision of 10 CFR Part 20 is to modify the NRC's
radiation protection standards to reflect developments in the principles and
scientific knowledge underlying radiation protection that have occurred since
Part 20 was originally issued more than 30 years ago. These developments not

only include updated scientific inforcation on radionuclide uptake and metabo-
lism, but also reflect changes in the basic philosophy of radiation protection.
Incorporation of these changes will ensure that Part 20 continues to provide

'

adequate protection of public healtn and safety.

It is also the purpose of this revision to implement the 1987 Presidential
guidance on occupational radiation exposure (see Section II.D). The Atomic
Energy Commission (AEC) and the'NRC have followed past Federal radiation'

,

protection guidance, and conformance with the guidance is viewed by the
Commission as being necessary to ensure that NRC licensees are using levels of
protection coraparable to those used by-Federal agencies.

The AEC and the NRC have generally followed the basic radiation protection
recommendations of the International Commission'on Radiological Protection
(ICRP) and its U.S. counterpart, the National Council on Radiation Protection
and Measurements (NCRP), in formulating basic radiation protection standards,

,

In 1977, ICRP issued revised recommendations for a system of radiation dose
limitation. This system, which was described in ICRP Publication 26,1 intro-
duced a number of significant modifications to existing concepts and recommen-
dations of'the 'ICRP and the NCRP that are now being incorporated in the NRC
regulations.. In particular, this revision of Part 20 puts into practice

4

.

,

1 Recommendations of the International Commission on Radiological
Protection, January 13, 1977, ICRP Publication No. 26 (1977). (Available
for sale from Pergamon Press,.Inc., Elmsford, NY 10523.) :

2

. . ,_ - - - .- . - _ - _



~ _ , . _ - - -- , . - - . - .-..

.

recommendations from ICRP Publication 26 and. subsequent ICRP publicatiors. The

Federal radiation protection guidance signed by. the President on Janua y 20,-
1987, is also based upon the ICRP 1977 recommendations in ICRP Publication 26.

In adopting the basic tenets of the ICRP system of dose limitation, the
Nuclear Regulatory Commission recognizes that, when application of the dose
limits is :ombined with the principle of keeping all radiation exposures "as ,

low as is ceasonably achievable," the degree of protection could be significant-
ly greater than from relying upon the dose limits alone. !

B. Fundamental Radiation Protection Principles

The radiation protection standards in-this part are based upon the assump-
tions that--

(1) Within the range of exposure conditions usually encountered %
radiation work, there is a linear relationship, without threshold, between dose-
and probability of stochastic health effects (such as latent cancer and genetic
effects) occurring;

(2) The severity of each type of stochastic health effect is independent
of dose; and

(3) Nonstochastic (nonrandom) radiatiun-induced health effects can be
prevented by limiting exposures so that doses are below the thresholds for
their induction.

The first assumption, the linear nonthreshold dose-effect relationship,
l implies that the potential health risk. is proportional to the dose received and
L
'

that there is an incremental health risk associated with even very small' doses,
even radiation doses much smaller than doses received from naturally occurring

! radiation sources. These health risks, such as cancer, are termed stochastic-
because they are statistical in nature; i.e., for a given level of dose, not

l every person exposed would exhibit the-effect. The second assumption means

that when a stochastic effect is induced, the severity of the effect is not
related to the radiation dose' received. The third assumption implies that

| there are effects, termed nonstochastic effects, for which there is an apparent
threshold; i.e. , a dose level below which the effect is unlikely to occur. An

3
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example of a nonstochastic effect is_the formation of radiation-induced cata-
racts of the eyes.

The above assumptions are necessary because'it is_ generally impossible to
determine whether or not there are any increases in the incidence of disease
at very low doses and low dose rates, particularly in.the range of doses to
members of the general public resulting from-NRC-licensed ' activities.. It is
firmly established, both from animal studies and human epidemiological studies
(such as those of the radium dial painters, radiologists, and the atomic bomb

survivors) that there is'an increased incidence of certain cancers associated
with radiation exposure at high doses and high dose rates. However, whether

these effects occur at very low doses and, if they occur, whether their occur-
rence is linearly proportional to dose are not firmly established. This creates
cc.&icerable uncertainty in the magnitude of.the. risk at low doses and low dose
rates. There is no clear human evidence'of radiation-induced genetic damage to
the children of irradiated parents.- Such effects are inferred from studies of
mice and nonmammalian species (e.g., fruit flies),

i

In the absence of convincing evidence that there is a dose threshold or
that- low levels of radiation are beneficial, the Commission believes that the-

| assumptions regarding a . linear nonthreshold dose-effect model for cancers and

genetic effects and the existence of-thresholds only for certain nonstochastic
effects remain appropriate for formulating radiation protection standards and
planning radiation protection programs..

C. Background

Standards for radiation protection were originally issued by the former
| AEC-in the late 1950s (22 FR 548, January 29,1957) and republished in 1960.

These standards have been modified since that time by a series of amendments
relating to specific issues; however, no-complete revision of Part 20 has been
made since the original standards -were issued.

The HRC issued an Advance Notice of Proposed Rulemaking (ANPRM) in the

Federal Register of March 20, 1980 (45 FR 18023). This ANPRM requested comments

4
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on possible topics that should be revised in a proposed revision of Part 20.
The responses reeceived to this announcement were considered in the formulation
of the proposed revision.

During the development of this rule, early comments from licensees, labor
unions, public interest groups, other Federal agencies, and scientific organi-
zations were solicited, discussed, and considered in formulating the proposed
rule. In addition, the NRC staff has benefited from its participation in
several public meetings held by the Environmental Protection Agency (EPA) in
connection with the guidance for occupational radiation exposure. The revised
Part 20 and the Federal guidance on occupational exposure were developed in
parallel and are both based primarily on the ICRP recommendations. The comments

made in these EPA-sponsored meetings and those received by EPA on the draft

guidance published by EPA in the January 23, 1981 Federal Register (46 FR 7836)
were reviewed by the NRC staff and considered in preparing the proposed Part 20.

The NRC published the proposed revision of the 10 CFR Part 20 rule in the
January 9, 1986 Federal Register (51 FR 1092). More than 800 sets of public
comments were received on the proposed revision. The public comments on the
proposed revision were categorized, analyzed, and taken into account in develo-
ping the final rule. The principal public comments and the NRC staff responses
to them are discussed in Section VI.

II. Developments Since the Proposed Revision Was Issued

A. ICRP 1985 Paris Meeting

In March 1985, the International Commission on Radiological Protection
(ICRP) held a meeting in Paris, France, to review the work of the various ICRP
task groups and committees. One of the outcomes of this meeting was an IChP

2statement that the ICRP intended the principal dose limit for members of

2 International Commission on Radiological Protection, " Statement from the
1985 Paris Meeting of the [ICRP]," British Journal of Radiology, Vol. 58,
page 910: 1985; also Health Physics, 48(6): 828-829 (June 1985)

5
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the general public to be 1 millisievert (100 millirems) in a year, rather than
5 millisieverts (500 millirems). This clarification has been taken into account
for the limits adopted for members of the public in the final rule and is dis-
cussed more fully in the discussion on 6 20.301.

A second recomroendation of the ICRP made at that time concerned the appro-
priate quality factor for converting the absorbed dose from neutrons (in rads
or grays) to a dose equivalent (in rems or sieverts). The ICRP statement recom-

mended increasing the quality factor for high-energy neutrons by a factor of 2.
The quality factor for fast neutrons, for example, would be increased from 10 to
20. This change has the effect of doubling the apparent biological effective-
ness of high-energy neutrons. For reasons explained in the discussion of
quality factors (see the discussion of 6 20.4), the NRC has not adopted this
recommendation in this revision of Part 20.

B. ICRP 1987 Washington Meeting

The primary focus of the statement issued by the ICRP following the 1987
3meeting in Washington was ICRP Publication No. 48.4 That publication discussed

higher transfer factors for transport of certain transuranic elements across
the intestinal walls. These higher fractional absorption factors have been
incorporated in revisions to the annual limits on intake (ALIs) and derived air

| concentrations (DACs) in Appendix B of the final rule. The changes resulting
from the use of these revised factors would not change either the ingestion or
inhalation ALIs for plutonium in the oxide or nitrate forms, but would lower
the ALIs for other compounds or mixtures by a factor of 10. The transfer fac-

| tor for the gut transfer of neptunium was found to be an order of magnitude
lower than the value used in ICRP-30 and, consequently, the ingestion ALI can
be increased by almost an order of magnitude. The transfer factors for

3 International Commission on Radiological Protection, "ICRP Statement from
1987 Washington Meeting," Health Physics 53(3): 335-342 (1987).

4 International Commission on Radiological Protection, "The Metabolism of
Plutonium and Related Elements," ICRP Publication No. 48 (Available for
sale from Pergamon Press, Inc., Elmsford, NY 10523.) (1986).

6
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americium, curium, and californium were found to be a factor of 2 higher than
the ICRP-30 value so the ingestion ALIs are reduced by a factor of 2. Parameters

applicable to inhalation ALIs and DACs are less affected than the ingestion ALIs
as the transfer from the gastrointestinal (GI) tract to the blood for these
radionuclides ~ generally is less significant than transfer from the lung to the
blood.

C. ICRP 1987 Como Meeting

5Following its 1987 meeting in Como, Italy, the ICRP issued a statement,

that reviewed the existing estimates of the biological risks of ionizing radi-
ation and, in particular, the preliminary data from the reanalysis of the Hiro-
shima-Nagasaki atomic bomb followup studies. Reanalysis of these data indicated
that the risks from gamma radiation are approximately a factor of 2 higher than
previous estimates for the general population and are also higher, but by a
smaller factor, for workers. The ICRP concluded in 1987 that this-information
alone was "not considered sufficient at that time to warrant a change in the
dose limits for occupational exposure and, for the general population, the
increase in risk indicated by the new data is not considered to require an im-
mediate change in the recommended dose limits, following the reduction by the
ICRP (in 1985) in the principal limit from 5 to 1 mSv in a year (from sources
other than medical and natural background radiation)." The ICRP also noted that
the potential higher risks indicated by the reanalysis of the atomic bomb data
should not be a major consideration as the dose limits should not be of primary
importance in controlling doses if the principle of keeping radiation exposures
"as low as is reasonably achievable" is being practiced. This position has
since been modified by the ICRP 1990 Statement (see Section II.I below).

D. Federal Radiation Protection Guidance on Occupational Exposure

On January 20, 1987, President Reagan approved revised guidance to Federal
agencies for occupational radiation protection. This guidance, which was

5 International Commission on Radiological Protection, " Statement from the
1987 Como Meeting of the [ICRP]," Health Physics, 54(1): 125-132 (1988).
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| published in the Federal Register (52 FR 2822; January 27,1987), generally
| adopts the philosophy and methodology of ICRP Publications 26 and 30. The

Part 20 revision was developed in parallel with the development of the guidance.
Because of this parallel development, the proposed Part 20 rule conformed with

! the draft Federal guidance available at the time the proposed Part 20 rule was
written. However, because of changes made to both the draft guidance and the
draft Part 20 revision, there were a few differences between the guidance in-
its final published form and the proposed Part 20 revision. As discussed in
the respective sections below, changes to the proposed rule have been made in
order to implement the final version of the Federal guidance.

E. NCRP Report No. 91

On June 1,1987, the National Council on Radiation Protection and Measure-
6ments (NCRP) issued a report containing updated NCRP recommendations for radi-

ation protection limits. These recommendations replace recommendations
published in 1971. The majority of these recommendations are in accord with

the 1977 recommendations of the ICRP and, consequently, were already reflected
in the proposed Part 20 rule. There are, however, several NCRP recommendations

that were not in the ICRP-26 recommendations. These NCRP recommendations are:

(1) A general " guideline" that the cumulative effective
dose equivalent to a worker should not exceed 1 times the
worker's age in years; i.e. ,1 x N instead of the former
5(N - 18) formula;

(2) Use of committed effective dose equivalent for plan-
ning purposes and the use of annual (rather than committed)
doses for post-(internal) exposure control;

i 6 National Council on Radiation Protection and Measurements (NCRP),
t " Recommendations on Limits for Exposure to Ionizing Radiation,"

NCRP Report No. 91 (June 1, 1987). (Available for sale from the NCRP,
7910 Woodmont Avenue, Suite 800, Bethesda, MD 20814-3095.)

i

|

|
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(3) A monthly dose limit as well as a limit on total
gestation dose to the embryo / fetus;

(4) Adoption of a 0.1-rem (1 mSv) effective dose equivalent
limit for exposure of the general public with the condition
that the " site operator" assess the total exposure to the most
exposed individual if estirpated or measured exposures exceed 25
percent of this limit (25 millirems or 0.25 mSv per year);

(5) The use of " reference levels" set up by the radiation user
below the regulatory limits;

(6) A Negligible Individual Risk Level of 1 millirem
(0.01 mSv) per year. This level is the "... average annual
excess risk of fatal health effects attributable to irradi-
ation, below which further effort to reduce radiation expo-
sure to the individual is unwarranted" (NCRP No. 91, p. O ).

These NCRP recommendations were issued after publication of the proposed
Part 20 rule and, consequently, there has not been an opportunity for public
comment on them. For this reason, these NCRP recommendations are not being
adopted in the revised Part 20 rule at this time.

F. The 1988 Report of the United Nations Scientific Committee on the Effects

of Atomic Radiation (UNSCEAR-88)

The United Nations Scientific Committee on the Effects of Ator ic Radiation
,

has analyzed data on the sources and effects of atomic radiation and published
a series of reports containing summaries of the sources of radiation, the doses
received by workers and members of the general public from these sources, and
an analysis of the potential health risks from exposure to ionizing radiation.

9
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The latest report in this series is the 1988 report. The 1988 report contains
more recent information on the health risks of ionizing radiation determined
from a reevaluation of the data on the survivors of the Hiroshima-Nagasaki
atomic bombings. Based upon these data, the radiation risk at high doses and

~4high dose rates is estimated to be 7.1 x 10 fatal health effects per rad
(0.071 effects per gray). For estimating the risk from radiation doses below
100 rads, the UNSCEAR report recommended that a dose rate reduction factor be
applied to account for the reduced effectiveness of lower doses and lower Jose
rates. This would lead to an estimated risk of fatality of between (0.7 to

~43.5) x 10 health effects per rad for low doses such as those encountered in
routine occupational exposure and the even lower doses that might be received
by members of the general public from NRC- (or Agreement State) licensed activ-
i ties. The fatal cancer risk value associated with the 1977 ICRP recommenda-
tions,1 is 1 ?5 x 10~4 (the proposed Part 20 rule, 51 FR 1102, January 9, 1986)
so that the risks as estimated by the 1988 UNSCEAR report for low doses are
between 0.6 to 2.8 times higher than the earlier ICRP estimate. The implica-
tions of the increased risk are discussed in Section II.I.

G. The 1988 Report of the National Academy of Sciences' Committee on the Bio-
logical Effects of Ionizing Radiation (BEIR-IV)8

The 1988 BEIR-IV report supplements the 1980 BEIR-III report by providing
a more detailed analysis of the risks from internal alpha-emitting radionu-
clides to complement the emphasis of the BEIR-III report on gamma and beta
radiation. Revised risk estimates are given for intakes of radon, radium,
polonium, thorium, uranium, and higher transuranic elements (e.g., plutonium).

7 United Nations Scientific Committee on the Effects of Ionizing Radiation
(UNSCEAR), " Sources, Effects and Risks of Ionizing Radiation, 1988 Report
to the General Assembly, Sales Section, United Nations, NY 10017 (1988)

8 National Academy of Sciences-National Research Council, Committee on the
Biological Effects of Ionizing Radiation " Health Risks of Radon and Other
Internally Deposited Alpha-Emitters, (BEIR-IV)," National Research
Council, National Academy Press, Washington, DC 20418 (1988).

|
1

|
i

|
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The radionuclide given the greatest emphasis in the BEIR-IV report is
radon (radon-222), the gaseous decay product of radium-226. The radon dose
conversion factor in the BEIR-IV report for. exposure conditions representative
of those of the general public is consistent with the value used to derive the
airborne ef fluent concentration limit for radon-222 in Appendix B, Table 2 of
the revised 10 CFR Part 20.

H. The 1990 Report of the National Academy of Sciences' Committee on the
Biological Effects of Ionizing Radiation (BEIR-V)9

The BEIR-V report is another comprehensive reevaluation of the health risks
of radiation exposure based upon the revised dose estimates for the survivors of
the atomic bombings of Hiroshin and "agasaki. The BEIR-V report gives risk.

estimates for leukemia and non-leukemia (solid cancers) that are about two to
five times higher than the estimates in the 1980 BEIR-III report. The BEIR-V
report gives the following factors as the principal reasons for this increase:
(1) use of different dose-response and risk projection models, (2) revised esti-
mates of the doses to the individual survivors of the atomic bombings in Japan,
and (3) improved epidemiological data.from additional years of followup studies
since the BEIR-III was completed in 1980.

The BEIR-V Committee uses the linear dose response model and the relative

risk projection model to extrapolate the fatal tumor risk to future periods.
The relative risk projection model assumes the risk to be~ proportional to the
natural cancer incidence, which generally increases with age. Because of this
dependence on age, the relative risk model generally predicts higher future
(lifetime) risks than the absolute risk model which employs a constant added
risk per year with increasing age. Estimates =are given of the risk =as a func-
tion of the time since the exposure occurred and the age and sex of the
exposed person. The BEIR-V report, like the UNSCEAR-88 report, indicates that

9 National Academy of Sciences-National Research Council, Committee on the
Biological Effects of Ionizing Radiation, " Health Effects of Exposure to
Low Levels of Ionizing Radiatin. (DEIR-V)," National Research Council,
National Academy Press, Washington, DC 20418 (1990).

%

11

- _ _ _ _ _ _ _ _ _ - _ _ _ _ _



.

a reduction factor should be applied to the risk estimates derived from high
doses and dose rates in order to apply them to low dose and low dose-rate
situations. Although neither the BEIR-V report nor the UNSCEAR-88 report
recommends a specific value for this factor, both reports indicate that this
factor should'be greater than 2 (larger reduction factors would give a lower
risk per unit dose). Assuming a factor of 2 reduction in the risk estimates
derived from high doses and high dose rates, BEIR-V would give a lifetime risk

~4of a radiation-induced cancer fatality of about 4 x 10 fatal cancers / rem
~4(0.04 per sievert) for workers and 5 x 10 per rem (0.05 per sievert) for the

general population, the higher value for the public being associated with the
higher sensitivity and the longer period of elevated risk associet>;d witn the

~4younger ages present in the general population. The value of 5 x 10 is three
times as large as the recommended value in the 1980 BEIR-III report and four

1times as large as the estimate in the 1977 ICRP-26 report (see Section II.F).

The BEIR-V report also summarized the data on the frequency of severe
mental retardation found in the children of Hiroshima and Nagasaki atomic bomb
survivors. These children were exposed in utero at gestational ages of 8-15

! weeks and the -isk of severe mental retardation during this perioc is about
4 x 10 per tem with less of a risk at other gestational ages,

l The estimates of genetic effects to the offspring of irradiated
individuals remained similar to those in the 1972 BEIR-I and 1980 BEIR-III
reports. As radiation-induced inherited abnormalities have not been observed
directly in humans, estimates of genetic effects have been based primarily upon
experimental studies with mice. These studies suggest that it would take a
dose of about 100 rads to double the natural frequency of genetically transmit-

| ted diseases.

I. ICRP 1990 Recommendations

On June 22, 1990, the International Commission on Radiological Protection
issued a press releasa indicating that it would issue revised recommendations
for radiation protection based upon the newer studies of radiation risks (such
as those described in Sections F, G, and H above). The press release indicated

12
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that the ICRP would recommend a reduction in the occupational dose limit from
an equivalent of 5 rems per year to an average of 2 rems per year with some -
allowance for year-to year flexibility. The ICRP dose limit for long-term
exposure of members of the general public would remain equivalent to the level
adopted in this revision of Part 20, 0.1 rem per year.

The Nuclear Regulatory Commission does not believe that additional reduc-
tions in the dose limits are urgently required by the latest radiation risk
estimates. Few individuals in either the work force or in the general public
are exposed at or near the limits, and most of these will not be exposed at
such levels over long periods of time.. Due to the practice of ALARA ("as. low
as is reasonably achievable"), the average radiation dose to occupationally
exposed individuals is.well below the limits in either the existing or revised
Part 20 and also below the changes being considered by the ICRP. For example,

in 1987 about 97 percent of the workers in nuclear. power plants, industrial
radiography, reactor fuel fabrication, and radioisotope manufacturing, four of
the industries having the. highest potential for occupational radiation expo-
sures, were below an annual dose of 2 rems so that an immediate reduction in,

the occupational dose limits would result in only a small reduction in the
population dose and in the potential health impact. Although the risk per.
unit dose is higher than previously thought,. individual annual exposures;

averaged over a lifetime in the highest exposed groups in the working popula-
tion appear to be about 2-3 rems per year-(50-60% of the 5-rem annual limit).

i

Therefore, a factor-of 2 increase in the risk per ' unit dose would result in
estimated potential risks associated with actual lifetime exposures that are
comparable to the previous risk estimate applied to an assumed lifetime exposure
of 5 rems per year.>

As a result of the application of the ALARA philosophy to effluent release
standards in Appendix I_to 10 CFR Part 50 for nuclear power reactors and EPA's-
40 CFR Part 190 for the uranium fuel cycle, doses from radioactive effluents.

'

from fuel cycle facilities are already much less than the 0.1 rem per year
standard in the revised Part 20. The 0.1 rem per year remains as the level
recommended by the ICRP for protection of the general public.

.
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Until the final ICRP recommendations are published, and the need for
further revisions in NRC standards established, the Commission believes it
would be advisable to proceed with the promulgation of the proposed dose. limits,
rather than deferring the dose reductions that are already associated with the
revised Part 20 rule. The Commission will carefully review the final recommen-
dations of the International Commission on Radiological Protection, the comments
of the scientific community and others on these recommendations, and the ICRP

,

response to these comments. In addition, the Commission staff will review
the recommendations of other expert bodies, such as the National Council on
Radiation Protection and Measurements, and participate-.in the deliberations of
the U.S. Committee on Radiation Research and Policy Coordination and any inter-
agency task force convened by the Environmental Protection Agency to consider
revised Federal radiation guidance. Any future reductions in the dose limits by
the Commission would be the subject of a future rulemaking proceeding.

III. Issues Being Resolved Separately

As noted in the above discussion. there are several areas where the
Commission believes a better scientific consensus is needed before adopting
values different from those in the present Part 20. There are also several
areas where issues raised in the public comments (see Section V) are being
resolved-in other NRC rulemaking proceedings because of either their scope,
complexity, or timing. The following'. issues are being or will-be resolved in
other NRC rulemaking proceedings:

l
'

(1) Establishment of "Below Regulatory Concern (BRC)" levels (related
.to de minimis levels and a negligible level of risk). On June 27, 1990,

|_ -the Commission announced the issuance of a policy statement on Below
Regulatory Concern, which was subsequently published in the Federal
Register on July 3, 1990 (55 FR 27522). This policy statement establishes
the framework for the Commission to formulate rules and licensing decisions

|
to exempt certain practices involving small quantities of radioactive |

| materials from some or all regulatory controls. The BRC policy statement
sets forth criteria for protection of both individuals (individual dose
criteria) and population groups (a collective dose criterion).

|
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(2) Limits for decommissioning of nuclearL facilities and for residual-

radioactive contamination.- This is-being actively pursued by the NRC
staff by developing criteria for residual contamination of. soils and structures,
which is one aspect of the implementation of the-Below Regulatory Concern
policy, and by NRC staff participation on'an EPA Interagency Task Force on

. Residual Radioactivity.'

(3) Limits and calculational procedures for-dealing with the." hot
particle" issue (small particles found in nuclear reactors that, because
of their high activity and small size, produce high localized doses to skin), i

The NRC notes that the National Council:on Radiation Protection and Measure-
ments (NCRP) has recently issued new recommendations regarding " hot particles" ,

in NCRP Report No.106, " Limit for Exposure to ' Hot Particles' On the Skin,!'
December 31, 1989. A modified NRC enforcement policy statement with regard
to the " hot particle issue" was published in the July 31, 1990 Federal
Register (55 FR 31113). The NCRP report, together with a forthcoming ICRP

; report on the biological effects of skin irradiation and other technical
analyses, will be considered in a future rulemaking to set limits for skin
irradiation.

,

(4) Modification of NRC-incident notification requirements. A modi-
: fication of the incident notification requirements was issued for public

comment on May 14, 1990 (55 FR 19890).. If this proposal is_ adopted as a
final rule, it would modify both the existing Part 20 and:this revision.

4

| (5) Publication of a separate. rule for large irradiators. A new Part 36
is being proposed for public comment. The detailed requirements for irradia-

! tors presently in the revised Part 20 (S 20.603)'will eventually be deleted
and replaced by the provisions incorporated in.the new Part 36.

There are also additional areas where the scientific basis is not yet resolved;

, - sufficiently to justify a change from current practice. These two areas require
better scientific consensus on the appropriate position: (1) The need for and

; impact of a lifetime cumulative dose limit of 1 rem per year of age and (2) quality

i

!

s

15 !

| ;

. . . . .- - . . -. - - - - - - . .-



. . _ _ _ _ __ . _ __

f actors, especially: for neutrons, low-energy beta-emitters, and high-energy. gama
photons. These issues will be reconsidered as consensus. positions are reached by
the scientific comunity.

IV. Need for Additional Regulatory Guidance-

The Comission recognizes that the. incorporation of many:new. concepts..into
Part 20 will require additional guidance and. explanation.on' their application
to practical problems in radiation protection. .The Comission also notes the
desirability of having such additional guidance available at the same time that
the final rule is issued in effective form. However, it was impractical, both
for reasons of scheduling'and availability of resources,,for these guides to be
developed concurrently with Part 20. Some of the' regulatory guides being de-
veloped or revised to assist in the implementation of the revised Part 20 are:

(1) Content.of Radiation Protection Programs at Nuclear Power Plants;

(2) Interpretation of Bioassay Measurements (Draft Regulatory Guide
8.9, Revision 1),-

(3) Criteria and Procedures for Summation of Internal and External
Occupational Doses,

(4) Acceptable Criteria for Planned Special Exposures and for
Satisfying Documentation Requirements;

(5) Methods and Parameters for. Calculating the Dose to the Embryo / Fetus;

-(6) Instructions for Recording and Reporting Occupational _ Radiation
Exposures (includes NRC Forms 4 and 5).

- The Commission has instructed the staff to have these and other-draft

| guides published for public. comment early in 1991,
1
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V. Implementation and Existing License Conditions

Section 20.8 of the rule provides that NRC licensees must implement the
Part 20 rule on or before January 1, 1993. Licensees that adopt the provisions
of this rule prior to the required implementation date are required to notify
the HRC. Early implementation may benefit applicants for new licenses or
license renewals as they could avoid having to adopt and implement one version
of Part 20 for only a short period of time prior to the required implementation
date of this revision. Licensees choosing early implementation must adopt the-
entire revised Part 20. Compliance will be required with the version of 10 CFR
Part 20 codified in the Code of Federal Regulations on January 1,1991 until
January 1, 1993, or until the licensee notifies the Commission of early imple-
mentation of the revised Part 20.

License conditions and reactor technical specifications may contain
citations to portions of the existing 10 CFR Part 20. After adoption of the
revised Part 20 by the licensee or after January 1,1993, the applicable section
of the revised Part 20 that corresponds to the same topic should be used in
place of any section of the Part 20 in effect on or before January 1, 1991 that
is cited in the technical specifications or license conditions. When there is
no corresponding section in the revised Part 20 to these cited provisions, the
current license condition based on the Part 20 in effect on or before January 1,
1991 shall remain in force until there is a technical specification change, or
license amendment or renewal. If a license condition-or technical specification
exempted a licensee from a provision of Part 20, it will be assumed to also
exempt the licensee from the applicable provision of the revised Part 20. If

the license condition or technical specification is more restrictive than the
revised Part 20, it shall remain in force until it is modified by a technical
specification change or license amendment or renewal.

The HRC will issue a regulatory guide that provides the section and para-
graph identifiers in the revised Part 20 and the corresponding sections or
paragraphs in the earlier Part 20. This document will issued shortly after
the publication of this rule and will enable licensees to locate sections of
the revised Part 20 that correspond to sections of the earlier Part 20 cited
in license conditions and technical specifications.

17
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VI. Summary of Public Comments and Chm.v,es from Proposed Rule

The purpose of this section is to respond to comments raised on the pro-n

posed rule and to explain and highlight the changes made to the proposed rule.
,

This section presents, for each paragraph or section of the rule, the principal
,

public comments on the proposed rule, an NRC staff response to the comments
(where appropriate), and a summary of the principal changes that were made to
the proposed rule. This section has been arranged so that it corresponds to
the structure of the rule. Although it follows the format of the final rule,
the following text is not intended to create any additional requirement not
already in the regulatory text.

Subpart A -- General Provisions

Section 20.1 Purpose.

Final Rule: A new sentence was added to convey the intent of the former

~

6 20.9 in the proposed rule (which has been removed) that the regulations in
Part 20 should not hinder a licensee's actions to protect health and safety in
the event of an emergency. It is the Commission's intent that the regulations
be observed to the extent practicable during emergencies, but that conformance
with the regulations should not hinder any actions that are necessary to protect
public health and safety such as lifesaving or maintaining confinement of radio-
active materials.

In this regard, the Commission notes that the Federal guidance on occupa-
tional radiation protection states that those dose standards only apply to nor-
mal operating conditions. The Commission believes that the dose limits for
normal operation should remain the primary guidelines in emergencies. However,

the Commission also recognizes that, in an emergency, operations that do. not
conform to the regulations may have to be carried out to achieve the high prior-
ity tasks of worker, public, and-facility protection. The purpose of the addi-
tion to this section is to assure licensees that their first priority should be
to carry out those actions that are necessary.to protect workers and the public

18
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from radiation exposure, to perform lifesaving activities, to prevent or limit i

.the spread of radioactive contamination or the release of radioactive materials
to the environment, and to preserve an adequate margin of safety. In evaluating
any ensuing violations and their severity, th'e Commission will consider on a
case-by-case basis any extenuating cipcumstances.-

Section 20.2 Scope.

Final-Rule: The statement of. scope remains essentially the same as in the
proposed rule except that " background radiation" has replaced " natural back-
ground." This change was made to include residual global fallout and ambient.
radon levels within the definition of " background."

Section 20.3 Definitions.

General: Because of the large number of comments that dealt primarily with
wording changes or that question-4 the need for or the use'of'a particular
definition,'the individual; comments will not be discussed separately. However,

these comments did result in substantial revisions to many of the definitions
that appeared in the-proposed rule. Those definitions that were added, modified,.

or deleted as a result of the public comments are listed-below.

Comment: Differentiation among different kinds of dose equivalents. The
potential for confusion among different dose equivalents was noted. Commenters

noted that effective dose equivalents, committed effective dose equivalents, and
doses to the. lens of eye, skin, or extramities were all expressed in units of
rems or sieverts and may be difficult to distinguish from one another.

Response: In the fint.1 rule the NRC staff has applied unique. names for
; these previously undesignar.ed quantities including: eye dose equivalent,

shallow-dose equivalent (skin), shallow-dose equivalent (extremities), and total
| effective dose equivalent. The ICRP did not give these-quantities specific

names. The use-of characteristic names is intended.to reduce confusion in using

19
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these units. -In this regard, it should b'e noted that the licensee is required
to designate, in a clear'and unambiguous manner, the quantitios that are being .
recorded (see paragraph 20.1101(b)).

Final Rule: All the important definitions in the. revised rule have been
collected into one section, S 20.3 Definitions.' Unlike the proposed rule, which
employed groups of related terms (" Area Terms," " Dose Terms," " Monitoring
Terms," etc.), all the definitions in the final rule are listed in strict alpha-
betical order. This organization also avoids the presence of " local definitions"
that appear.only in a spe'cific section of the regulation.

1. New Terms. The following definitions have been added to the final
.

rule. These definitions have been added to clarify the meaning of the terms:

a. " Activity"
b. " Background radiation"
c. " Derived air concentration-hours" ("DAC-hours")
d. " Dosimetry processor"

, e. " Entrance or access point"'
f. " Generally applicable environmental standard"

. g .- <" Individual monitoring device"
.h. " Quality factor"
i. " Sanitary sewerage"
j. " Total effective dose equivalent (TEDE)."

| 2. Revised Definitions. The'following definitions have been revised or
modified from the definititsn used in the proposed rule:

a. " Absorbed' dose"

b. " Annual limit on intake"
c. " Class"

d. " Committed dose equivalent"

e. " Committed effective dose equivalent"
f. '.' Derived air concentration"
g. " Dose equivalent"

20
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h. " Effective dose equivalent"
: 1. " Embryo / fetus"

j. " Eye dose equivalent" !
k. " Member of the public" !

1. "Nonstochastic"
m. " Person"

n. " Planned special exposure"

o. " Quarter"
p. " Survey"

q. " Weighting factor"
r. " Working level"
s. " Year"

3. Definitions and terms deleted. Two definitions'were deleted because
the terms no longer appear in the rule: " Collective effective dose equivalent"
and " Roentgen." " Natural background" has been replaced by " Background radiation."

t

i Section 20.4 Units of Radiation Dose.
!

|

Comment: Choice of the system of units. .Several commenters expressed-a
preference for retaining the older "special" units (the curie, rad, and rem)
rather than allowing the use of,the newer SI units. Reasons cited for retain-
ing the older system included: present widespread.use and licensee familiarity,
potential for misunderstandings with the newer units, the need for worker re-
training (particularly while learning the new ICRP system of -dose limitation),
and the costs associr.ced with changing recordkeeping systems. A smaller number,

of comn.9nters favered changing over to the SI units: becquerels, grays, and .1

sieverts.

Response: Although both the "special units" and the SI units appear in the,

text of Part 20 (to increase the familiarity of, licensees with the SI units),
the Commission has decided that adoption of the SI units at this time is not

; necessary. The Commission recognizes that the new terms and methodological
I approaches in the revised Part 20 are complex and that imposition of the SI

21
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system of units on top of this complexity would further increase the potential
for confusion. Consequently, at the present time, the recordkeeping, reporting,
and notification requirements require the use of the "special units," the rad,
the rem, and the curie. However, as the national move to metrication continues,
as anticipated in Section 5164 of the Omnibus Trade and Competitiveness Act of
1988 (P.L. 100-418), at some later time there may be amendments to Part 20
that would require the use of SI units only (becquerels, grays, and sieverts).

Final Rule: The final Part 20 rule includes the International System of
Units (SI units) for distance, area, and volume. The' older "special units" are
retained for activity (curie), absorbed dose (rad), and dose equivalent-(rem).

Comment: Quality factors for neutrons. The quality factor is the con-
version factor between the absorbed dose (rads) and the dose equivalent (rems).
Several publications ,3,4,10,11 have recommended changes in neutron quality fac-2

tors that are a factor of 2 higher than those in proposed Part 20. These

changes would raise the quality factor for fast neutrons from 10 to 20.

Response: Increases in the quality factor for neutrons are suggested by
some animal experimental data on the relative biological ef *ectiveness (RBE)
of neutrons. However, there appears to be considerable uncertainty as to

'

whether the data actually demonstrate an increase in the hazard of neutrons.
Because the RBE is defined as a ratio of cioses to produce equivalent biological
effects, it is not clear whether the apparent increase in the neutron RBE is
due to the increased effectiveness of neutrons or whether it actually results
from the decreased effectiveness of the reference gamma radiation at low doses.

-

10 International Commission on Radiological Units and Measurements, "The
Quality Factor in Radiation Protection," ICRU Report No. 40 (1986).
(Available for sale from ICRU Publications, 7910 Woodmont Avenue,,

'

Suite 800, Bethesda, MD 20814-3095.)
11 International Commission on Radiological Protection, " Data for Use in

Protection Against External Radiation," ICRP Publication No. 51
(January 1988). (Available for sale from Pergamon Press, Inc , Elmsford,
NY 10523.)
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Final Rule: The NRC has decided not to revise the neutron quality factor
at this time but to defer any change until there is greater scientific consensus
on the most appropriate value. A miar consideration underlying this decision
is that neutron exposures at most hkC-licensed facilities are :urrently small
and the potential increase of a factor of 2 would not have a major health or
regulatory impact.

The decision to defer any change is consistent with recommendations of the
Committee on Interagency Radiation Research and Policy Coordination (CIRRPC) of
the Office of Science and Technology Policy that there should not be a revision
of the value of the neutron quality factor at this time without more study.
This position is also reflected in papers from the United Kingdom National
Radiological Protection Board (UA.RPB)12 and a statement on the neutron quality

factor from the British Committee on Radiation Units and Measurements.13

Comment: Table of neutron quality factors. Several commenters questioned
the accuracy and timeliness of the table of neutron quality factors and fluence
rates (to give dose equivalents of 1 rem) that appeared in the proposed rule.
Some commenters suggested that there were more appropriate tables published by
the NCRP or ICRP.

Response: The tables in the proposed and revised rules were taken from
14NCRP Report No 38 and are appropriate for the neutron dose equivalent at a

soft tissue depth of 1 centimeter (wnich is the dtpth specified for the deter-
mination of the deep dose equivalent). There are newer tables from the ICR?,

12 J.A. Dennis, "The Relative Biological Effectiveness of Neutron Radiation
and Its Implications for Quality Factor and Dose limitation," Nuclear
Energy 20(2). 133-149 (1987).

13 British Committee on Radiation Units and Measurements (BCRU), " Memorandum
from the BCRU: Effective Quality Factor for Neutrons," Physics in Medicine
and Biology 31 (7):797-799 (1986).

14 National Council on Radiation Protection and Measurements, " Protection
Against Neutron Radiation," NCRP Report No. 38 (January 1971). (Available l

,

for sale from the NCRP, 7910 Woodmont Avenue, Suite 800, Bethesda, MD |

20814-3095 )

l
'

l
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but these tables incorporate the factor of 2 increase in the neutron quality
! factor. (See the preceding discussion of the neutron quality factor.)

I

j !

i

|- Subpart B -- Radiation Protection Programs ;
f

Section 20.101 Radiation Protection Programs'("As Low As Is Reasonahly
Achievable" (ALARA)) ($ 20.102 of the Proposed Rule).

|
!

Comment: The concept of ALARA is a philosophical principle of radiation
protection and, as such, it should-not be made into a regulatory requirement. [
A primary objection to changing the status of ALARA from the hortatory sugges- |

tion in the current Part 20 (" licensees should") to a mandatory requirement :

(" licensees shall") is that there are no guidelines (except for light-water-
reactor (LWR) effluents) as to what constitutes ALARA. Because of the sub- [
jective nature of an "ALARA level," there are problems in the retrospective i
evaluation of licensee performance by NRC inspcetors and, at least in one case, [
interpretations by the courts concerning whether the levels achieved were
truly "as low as is reasonably achievabic." i

!1

Response: There were a number of comments that expressed similar i

concerns regarding the proposed implementation of "ALARA." The emphasis on
ALARA actions has been revised from detailed rsquirements to document all

1

ALARA actions to a requirement to have a radiation protection program that
includes measures to keep doses and intakes "as low as is reasonably !
achievable." This shift'is to emphasize that the ALARA concept is inten- [
ded to be an operating principle rather than an absolute minimization of ;
exposures.

:

Comment: Any requirement for ALARA should include a lower bound. Many

commenters felt that there should be a " floor" for ALARA necessary, i

i

Response: The Commission agrees that there would be advantages to estab-
lishing such a " floor," below which efforts to further_ reduce doses would not '

;

! !

:
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be necessary. An NRC policy statement on "Below Regulatory Concern" was an-

nrmced on June 27, 1990, and published in the Federal Register on July 3, 1990
s 27522). The Below Regulatory Cont.ern levels in that policy statement
delins ie criteria below which additional licensee actions to further reduce
doses would not be required. Specific rulemaking actions will be carried out
to define operational thresholds for particular classes of activities such as
disposal of very low-level contaminated materials. The BRC policy statement
provides a framework for evaluating these case-specific actions. (See also
discussion on S 20.304.)

Comment: Compliance with "ALARA-based" standards should constitute being
ALARA. Several comn. enters supported the statement in the proposed Part 20
($ 20.102(b)) that compliance with EPA's 40 CFR Part 190 and with Appendix I
to 10 CFR Part 50 should constitute de f acto compliance wiih t!,4 requirement
to keep LWR effluents ALARA. Environmental Protection Agency (EPA) comments
did not support this view.

Response: Appendix I to 10 CFR Part 50 defines ALARA levels of radioactive
materials in LWR effluents. IfthedesignobjectivesofAppendix1aremet,
it constitutes a demonstration that the effluents are ALARA and no additional
effort is required to reduce the effluent levels. Although the EPA interprets
40 CFR Part 190 a., an "ALARA-based" standard, it also believes that 40 CFR
Part 190 constitutes an upper bound, not a lower bound, to ALARA efforts.15
Consequently, compliance with 40 CFR Part 190 is not in itself sufficient to
demonstrate that releases and doses are ALARA.

As Appendix I to Part 50 defines ALARA design objectives that constitute
ALARA effluent levels, meeting these levels is sufficient to demonstrate ALARA

15 Letter of J%uary 7,1986, from Sheldon Meyers Director, Office of Radia-
tion %orana, Of fice of Air and Radiation, U.S. Environmental Protection
Agency, to T.obert B. Minogue, Director, Office of Nuclear Regulatory
Research, U.S. Nuclear Regulatory Commission. (This letter is reproduced
as Enclosure B to the comments of the Environmental Protection Agency on
the 10 CFR Part 20 revision (Docket PR-19, 20, 30 et al., 50 FR 51992,
Comment # 769).)
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that direst radiation f rom on' sources (gamma radiation from external rad- :|

| caste tanks e.nd turbine gener. rs (" turbine shine")) is also ALARA, and that
| .' - M]--

,

effluent releases. In order for light-water reactors to demonstrate that doses '

| from both effluents and direct radiation are ALARA, it is t.ecessary to demon-
strate that effluents meet the design objectives of Appendix ! to 10 CFR Part 50,
the total dose to any member of the public is within the numerical standards in

'

40 CFR Part 190. Meeting these conditions will constitute sufficient evidence
that offsite doses from LWRs are ALARA and in conformance with both Appendix !

| and 40 CFR Part 190.
!
,

'

Comment: The NRC should establish " reference levels" in its rules. One

commenter thought that the NRC should have " reference levels" for licensee
action in Part 20.

!

Response: The Commission recognizes that licensees generally establish
i their own lower " reference levels" in order to keep from reaching and exceed-
! ing the Commission's formal dose limits. Based upon the public comments on
j the reference level for exposure of members of the public, which was in the

proposedS20.303,thisapp)achwouldnotbefavoredbyamajorityof
licensees. Several commenters viewed the reference level for the dose to|
members of the public as being applied exactly as if it were a limit. Conse-

'

quently, if the NRC were to specify generic reference levels for licensee
action, the impact might be similar to lowering the magnitude of the dose
limits. The Commission believes that the use of the ALARA philosophy is a
preferable means to keep exposures well below the limits established by the
Commission.

Final Rule: The final rule establishes a requirement for all licenseeso

to have a radiation protection program that includes provisions for keeping
radiation doses ALARA. It is-expressly intended that the level of this pro-
gram and efforts to document it are commensurate with the size of the licensed
facility and the potential hazards from radiation exposure and the intake of
radioactive materials.

The requirement for a radiation protection program is not new; it was
discussed in the proposed rule (under ALARA) and is consistent with requirements

26
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in Part 33 ($$ 33.13, 33.14, and 33.15), Part 34 ($ 34.11), Part 35 (S$ 35.20-35.31),
and Part 40 ($ 40.32) of the NRC regulations, with the information requested in
Chapter 12 of Regulatory Gu'.de 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants," and with the conditions in most licenses issued

| by the Commission. The extent of this program and requirements for written records

| and procedures for operating the program are intended to be commensurate with the
scope and potential hazards associated with the licensee's activities. The-

; Commission recognizes the need to provide guidance on the scopes of radiation
i

protection programs and such guidance will be prepared in the form of regulatory
guides.

The Commission continues to emphasize the importance of the ALARA concept
to an adequate radiation protection program. In order to strengthen this con-;

cept, the Commission has adopted a requirement that all licensees include pro-
visions for maintaining radiation doses and intakes of radioactive materials
as low as is reasonably achievable as part of their radiation protection pro-

! grams. Compliance with this requirement will be judged on whether the
licensee has incorporated measures to track and, if necessary, to reduce expo-
sures and not whether exposures and doses represent an absolute minimum or;

whether the licensee has used all possible methods to reduce exposures. This
shift in emphasis should reduce potential problems of retrospective evaluation

! of licensee performance under admittedly subjective criteria. However, the
licensee should be able to demonstrate that periodic reviews of performance

have been made and that efforts have been made to achieve ALARA. As noted above,
| the level of efSrt expended on the radiation protection programs should re-

flect the magnitude of the potential exposures, both the magnitude of average
and maximum individual doses and, in facilities with large numbers of employees,
collective (population) doses. A nuclear power reactor licensee would be ex-
pected to have a. considerably larger program than a licensee with only small
sealed sources.

The Commission has not adopted a requirement that a numerical cost-benefit
analysis (optimization analysis) be used to demonstrate ALARA. The quantitative

,
approach is useful for those situations where both costs and benefits (dose

' reduction) can be quantitated, such as in shielding design or analysis of

<
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decontamination methods. The Commission acourages licensees to employ quantified
analyses to define ALARA, but their use is not required. One reason for this is
that many ALARA procedures simply reflect sound operating practice and do not
leno themselves to a numerical analysis. Another reason is that cost-benefit
analyses could have a cost associated with obtaining the necessary information
and carrying out the analysis that may. exceed the monetary value of the dose
reduction. Thus, the quantitative optimization analysis would be expected to
be used primarily in situations where both the costs of control and the resul-
tant benefits were not only quantifiable, but also appreciable compared to the
cost of performing the analysis.

Subpart C--Occupational Dose Limits-

Section 20.201' Occupational Dose Limits for Adults.

Comment: Elimination of the 5(N - 18) age-prorated cumulative dose. limit
and the adoption of the 5-rem annual _ effective dose limit. Most commenters i

favored this change noting that licensees have generally succeeded in keeping
doses below 5 rems per year for the past few years and, therefore, are already

i meeting the new limit,
i

!
|

| Comment: Lifetime dose limits. A few commenters believe that there should
be a limit on the cumulative total dose that can be received by any-individual
in a lifetime,

i

! Response: The_ Commission considered the use of a lifetime dose limit but
| rejectedit. The EPA had proposad such a limit (100 rems).in its proposed

Federal Guidance on Occupational Radiation Exposure (46 FR 7836, January 23,
1981) but withdrew it.

.

!

If the magnitude of the annual dose is limited, there is a de, facto limita-e

tion of the lifetime dose that can be received. The Commission believes that
such a de ,f_ acto lifetime limit is preferable to an actual _ cumulative lifetime

r
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2 dose limit because the cumulative limit could act to limit employability. This, !
in turn, raises questions concerning the right of an individual to pursue em-

*

ployment in a chosen profession. If an individual were to deplete the "60se
'

bank" provided by a lifetime dose limit, it might be difficult to obtaia future
i employment using ionizing radiation.
1

Comment: Quarterly dose limit. A number of commenters noted that the ICRP

system of dose limitation does not have quarterly or other limits covering -
periods less than a year. The public comments also noted the possibility of

'

giving rise to two violations for the same event (i.e., the possibility of ex-
ceeding both the quarterly and annual dose limits in one event), thereby incur-
ring two penalties.

!

Response: The quarterly limit (only for deep-dose equivalent) had been
retained in the proposed rule as a result of suggestions received from several
groups during the development of the rule. The primary protection function of

'
retaining a quarterly limit was to reduce the potential for receiving several
high doses within a relatively short period of time. However, there is not
much of a radiobiological significance between 10 rems (two 5-rem doses) and
6 rems (two 3-rem doses) received in a short time period. One consideration
is the employability of a worker who has exceeded the cose limit.- A worker who
exceeded the 5-rem annual dose limit might have to work in a job not involv-
ing radiation for a year (or take part in a planned special exposure) instead
of only a calendar quarter if a quarterly dose was used. ,

Final Rule: In order to maintain compatibility with the ICRP and to
eliminate the possibility of double violations, the quarterly limit has not
been kept and only annual limits are stated.

Comment: Eye dose limit. Some commenters questioned the 15-rem (0.15-

sievert) eye limit used in the proposed rule noting that ICRP Publication

No. 26 contains a recommended value of 0.3 sieverts (30 rems).

29
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) Response: The ICRP recommended a reduction in the limit for the eye to
0.15 sieverts (15 rems) at their Brighton, England, meeting in 1980.16 This

,

| was done because the ICRP concluded that, for a lifetime of occupational expo-
i sure at the former 0.3-sievert (30-rem) limit, some opacities in the lense of

the eye might be produced that could develop to the point of causing deteriora-
4 tion of vision (even without further radiation exposure). In most situations,

the limits for'the deep-dose equivalent and the shallow-dose equivalent to the<

skin should-ensure that the eye dose limit is also met. Consequently, the re-

J duction from 30 rems to 15 rems is not expected to have a significant impact
; on either health protection or control cost.

,

Comment: Parameters defining the shallow-dose equivalent (" skin dose").
The proposed rule would have established a dose limit for the skin of 50 rems

2averaged over 10 square centimeters (10 cm ). There were several comments con-,

cerning the scientific basis for this area. Some commenters suggested othe?

surface areas, such as 15 cm2, as being better suited to measurement conditions.
Proponents of the larger areas generally favored these areas because of their
compatibility with either contamination survey practices or with the physical
size of survey instrument detector probes.

One set of comments prepared by the developer of the NRC's VARSKIN computer
program for skin dose calculation (comment letter No. 262 in the NRC Public Doc-

ument Room) contains a well-documented discussion of the selection of an appro-
priate area over whicF. to average the skin dose. These comments conclude that
1 cm2 is a more appropriate area than either 10 cm2 or 100 cm ,2

Response: ICRP Publication 26 contains two recommendations for such areas:
.

j a 100-cm2 area and a 1-cm2 area, the larger area being associated with routine
monitoring for skin contamination and the smaller area being associated with-

16 International Commission on Radiological Protection, " Statement and Recom-
mendations of the 1980 Brighton Meeting," Annuals of the ICRP 4(3/4)
Oxford, England: Pergamon Press (1980). (Available for sale from Pergamon
Press, Inc., Elmsford, NY 10523.)
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,

i accident dose evaluation. After reviewing these comments and various recommen-

dations re0arding skin dose measurements, the Commission has decided to use the

: smaller area of 1 cm2 for routine skin dose evaluations. The 1-cm2 area is
17consistent with the prior recommendations in NCRP Report No. 39 and ICRP

10Publication No. 9 as well as the smaller area recommended in ICRP Publication
No. 26.

1,

Within the past several years, there have been instances where very small
(5-250 pm) " hot" particles of fuel or activated corrosion products have been i

discovered in reactor facilities, on workers or their clothing, and, in a few
isolated cases, in worker's vehicles or homes. These particles are generally

J too large to pose a significant risk from inhalatiun, but are capable of pro- )
|ducing intense beta-radiation doses over very small areas of the skin. The

principal hazard appears to be skin ulceration if the particles remain localized '

:. 4

on the skin surface. The primary uncertainty associated with evaluating the
hazard of these small particles is determining the skin area or tissue volume
to which the dose is to be computed (or even whether " dose" is the most appro-;

priate indicator of the hazard). The NRC requested the National Council on
Radiation Protection and Measurements (NCRP) to look into the hot particle issue
and make recommendations. The NCRP's recommendations have been published in

19NCRP Report No. 106 and use a criterion based upon the number of radioactiva
disintegrations that have occurred (pCi-hours) rather than dose. The NRC stc f,

is reviewing these recommendations and has issued an Information Notice on a
; modified enforcement policy for hot particles,
i
;

Final Rule: This revision of Part 20 specifies an area of I cm2 for skin
dose evaluations.

,

17 National Council on Radiation Protection and Measurements, " Basic Radiation
Protection Criteria," NCRP Report No. 39 (January 15, 1971), page 79, para-
graph 207. (Available for sale from the NCRP, Bethesda, MD 20814.)

18 International Commission on Radiological Protection, " Recommendations of
the International Commission on Radiological Protection (adopted September 17,
1965)," ICRP Publication No. 9 (1966), page 6, paragraph 28. (Available
for sale from Pergamon, Press, Inc., Inc., Elmsford, NY 10523.)

19 National Council on Radiation Protection and Measurements, " Limit for
Exposure to ' Hot Particles' on the Skin," NCRP Report No. 106 (December 31,
1989). (Available for sale from the NCRP, Bethesda, MD 20814.)

31



Comment: Effective dose equivalent for external exposure. The most preva-
lent comment concerning the effective dose equivalent is the restriction in the
proposed rule of the risk-weighted organ dose " effective dose" concept to in-
ternal doses without permitting a similar approach to be employed for external

,

i doses. There were several comments that noted the desirability of using organ
I weighting factors for external doses. I

Response: The ICRP and NCRP recommendations and the 1987 Federal guidance

on occupational radiation exposure in principle permit;the use of external
weighting factors. However, none of the principal standard-setting organiza-
tions has included specific recommendations.for the use of weighting. factors<

for external dose.

The application of weighting factors also entails calculation of organ doses
instead of whole-body doses from external radiation. One component of this cal-
culation is estimation of the attenuation of the radiation as a function of the
depth of the organ in the body. There are practical problems _in the determina-,

tion of the type and energies of the radiation involved and of the orientation
of the individual with respect to the source of the radiation that have to be
considered in making such calculations. Therefore, application of weighting
factors for external exposures will be evaluated on a case-by-case basis until i

more guidance and additional weighting factors (such as for the head and the H

lextremities) are recommended. ;

t

Final Rule: External doses to the head, trunk (including male gonads),
arms above the elbow, or legs above the knee are to be treated as whole-body

,

doses. For the purpose of weighting the external whole-body dose-(for adding;

it to the internal dose), a single weighting factor, wT = 1.0, has been speci- 1

fied. The use of other weighting factors for external exposure may be approved,

I on a case-by-case basis upon request to the NRC.
,

1

,

.

Comment: Allowance for exposure af ter limits are exceeded. Commenters
'

i noted that allowance of an additional I rem per quarter dose limit for a' workerz

who had already exceeded the 5-rem annual limit might be counterproductive.
Workers who remain under the annual limit, and whose dose was X rems, would be

k

i
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|

;

constrained to receive ($ - X) rems, whereas workers who received more than
5 rems in the first quarter could be allowed an additional 4 rems (1 rem in each
of the four quarters). One commenter suggested that this could provide an in-

! centive for individuals who are approaching the dose limit to deliberately ex-

| ceed the limit and thereby protect their employability by taking adsantage of
the extra dose allowance available to those who have exceeded the limits. An-

other commenter believed that such a blanket authorization to exceed the limits
was inappropriate and preferred prior NRC review of the use of these extra
doses on a case-by-case basis.

i
,

Response: The purpose of the dosc allowance was to protect the worker's
;

employability after having received a dose above the dose limits. Although
intentionally getting additional exposure might be in the worker's interest
for employability reasons, such an action would not be in the worker's
interest with respect to health protection. Licensees having workers with
critical skills who are approaching the dose limits early in the year or
workers who have received an accidental overexposure should consider use of

the planned special exposure ($ 20.206) to permit continued employment.

Final Rule: The allowance of an additional 1 rem per quarter following
an exposure in excess of the limits has been deleted.

Section 20.202 Compliance with Requirements for Summation of Internal and

External Doses. >

Comment: Implementation burden. Many commenters felt that the burden of
adding external and internal doses was substantial, particularly as most li-
censees woulo oe faced with either external exWsure situations or internal dose
situations, but not both.

Response: The NRC staff disagrees that there will be a substantial record-
keeping burden because this summation will be required only if both the internal
dose and the external dose are each likely to exceed 10 percent of the dose
limit. Thus, in most situations, as noted in the comments, only one component
will be requir '. to be measured and, consequently, summation of internal and
external doses will not be required.
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Final Rule: The requirement remains that the committed effective dose

equivalent and the deep-dose equivalent should be summed to give the total
'

effective dose equivalent. However, this summation need only be performed if
both components are required to be monitored (i.e., exceed 10% of an applicable
dose limit). -If the summation of doses is not required, then the limit applies

I to the component (internal or external) that is measured. The NRC is planning i

to issue additional guidance in the form of a regulatory guide before the ;

effective date of the revised Part 20. This guide will be on procedures to be
.

used in estimating committed effective dose equivalents and deep-dose equivalents
and guidance on when internal and external doses have to be summed.

'

Comment: Use of individual metabolic or dosimetric data. Several commen-

ters thought that the proposed rule required the use of specific metabolic and
dosimetric parameters for the exposed individual. One commenter also thought

that the use of such parameters would " invalidate the stochastic approach of the
regulation, which presumes that the effacts of radiation exposure at these
levels are statistical in nature."

Response: It was not intended that licensees would be required to collect,

and use specific metabolic or dosimetric information on exposed individuals
for use in dose assessments. The intent was to permit the use of personal
data for dose assessment when such data were available. The use of parameters
that are.more appropriate for a particular exposed individual than those assumed
for the " Reference Man" should improve the accuracy of the dose estimate for
that individual. This is unrelated to the concept of stochastic health effects,

i

The statistical nature of the potential stochastic effects of low doses of
ionizing radiation does not require that the associated dose estimates be based
on Reference Man doses. However, it is necessary to resort to population-
averaged dose-to-risk conversion factors as there are no health risk coefficients
available for specific individuals.

[ Monitoring thresholds and thresholds for summation of internal and exter-

nal dose -- see discussion under S 20.502]
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Note: Section 20.202(c) states that: "The assigned deep-dose equivalent and
shallow-dose equivalent must be for the part of the body receiving the highest
exposure." This requirement is intended to apply primarily to situations
where there are steep gradients in the radiation dose rate, depending upon loca-
tion within the f acility and spatial orientation of the worker's body. For

example, good practice for a worker in a nuclear power plant who is reaching
up into a radioactive steam generator would be to wear at least two personnel
dosimeters; one to monitor the extremity dose (worn on the finger or wrist) and
one to monitor the whole-body dose (worn on the upper arm). For routine moni-
toring in relatively homogeneous radiation fields, special consideration to
identify the actual " highest" exposed area would not be required.

Section 20.203 Determination of External Dose from Airborne Radioactive Material.

Comment: This could be read to require that the air concentration be
measured at two locations. This section appears to require that the air concen-
tration be measured at the location of the individual and at the point of maxi-
mum concentration in the cloud. The regulation should emphasize the reliance
on personnel dosimeters or other monitoring devices.

Response and Final Rule: Section 20.203 has been shortened considerably.
The revised section emphasizes the use of survey instruments and personnel monia,

toring devices to evaluate the external dose. The remaining technical gui hnce
from this section in the proposed rule will be incorporated into a regulatory

'

guide.

Section 20.204 Determination of Internal Exposure.

! Comment: Interir dose calculation factors and parameters. Because the
20existing Part 20 is Sased on ICRP-2 dosimetry and metabolic models and the

20 Internations.1 Commission on Radiological Protection, " Report of Committee
II on Permissible Dose for Internal Radiation," ICRP Publication No. 2
(1959). (Available for sale f rot, Pergamon, Press, Inc. , Inc. , Elmsford, NY 10523.
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.

I 21revised Part 20 employs the ICRP-30 dose parameters, there was concern regard-
ing whether the more recent ICRP-30 parameters should be used, particularly

-

j when the value is to be compared with-the intake limits in the present Part 20.

f Response:- The NRC is planning to issue a regulatory guide that will ad-
dress the use of bioassay measurements for determining compliance with Part'20.

| Appropriate parameters for calculating orgen doses:from radionuclide intakes
I can be found in ICRP-30 and its supplements. Dose _ factors in Federal Guidance

22Report #11 bre also acceptable for use in calculating occupational exposures. |
However, the e'fective dose equivalent factors in Federal Guidance Report #11

j do not employ a rounding method suggested in ICRP-30. For this reason, the
dose factors in Report #11 may be be slightly higher (10-20 percent) than the

; effective dose factors that correspond to the ALIs and DACs in both the revised
Part 20 and Report #11. These dose factors would be more restrictive (give
slightly higher doses for the same intake) than dose factors computed using

4 the ICRP-30 roundoff procedure, but they can be used for evaluating compliance
| with Part 20.

!

g Section 20.205 (deleted) Further Provisions -- Internal Exposure
Involving Radionuclides with Very Long Ef fective Half-Lives.|

!

| Comment: Exemption for long-lived radionuclides and the use of the commit-
'

ted dose equivalent concept. The use of the concept of a " committed dose equi-
valent" drew numerous comments. This approach entails assigning to the year
of intake the future internal dose (the " committed dose equivalent" over 50
years) from radionuclides taken into the body during that year.- The proposed
rule (in S 20,205) allowed an exemption from the use of committed dose equiva-
lents for several long-lived radionuclides.

21 International Commission on Radiological Protection, " Limits for Intakes
of Radionuclides by Workers," ICRP Publication No. 30. (Available for sale
from Pergamon, Press, Inc., Inc., Elmsford, NY 10523.)

22 Environmental Protection Agency, Federal Guidance Report No.11, " Limiting
Values of Radionuclide Intake and Air Concentration, and Dose Conversion

1 Factors for Inhalation, Submersion and Ingestion." USEPA Report EPA-520/
1-88-020 (September 1988). (Available from the USEPA, Office of Radiation
Programs, 401 M Street, S.W., Washington, DC 20460.)

i
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Many of the commenters objected to having to assign the future 50 year
dose to a single year. Others suggested that variable integration periods be |
allowed instead of one fixed 50 year value. One argument offered in support of
either of these positions is that many adult workers would not normally be ex-

! pected to live long enough to accrue the full 50 year committed dose equivalent.
I Commenters pointed out that while pre exposure controls (such as the annual

limits on intake and the derived air concentrations) should be based upon the
committed dose equivalent concept for planning and control, the use of controls
based upon limiting the annual effective dose equivalent rate (rather than using
the committed dose equivalent) might be preferable for post-exposure management
following actual radionuclide intakes.

It was also noted that there were several additional nuclides that had
similar half-lives and retention characteristics but were not included in the
proposed exception, Among these were cobalt, stronticm, and americium. The,

approach in the proposed rule was characterized as appearing to place almost
complete emphasis on the c3ntrol of the work environment rather than on the

' assessment and control of the individual worker,
i

Response: The concept of doss commitment is not nev; this concept has
| been used as the basis for controlling internr.1 doses since the late 1950s

20when ICRP Publication No. 2 and the preserc 10 CFR Part 19 were pLblished.
However,.the term " committed dese equivaleat" applied to future doset from
internal emitters inithily appeared in *.977 in ICRP Publication No.16.1

|

The concentration limits for air and water in Appendix B to the existing
Part 20 were b sed upon concentrations which, if continually inhaled (for air)
or ingested (for water) over a 50 year period, would produce a dose rate in the
"c.itical organ" i_n the 50th year that was numerically equal to the annual organ
dose limit. For certain radionuclides that slowly approached a constant body
burden, primarily those radionuclides that have both long radiological half- :

lives and long biological clearance half-times, the limiting organ dose rate
is not reached by the 50th year. For shorter-lived radionuclides and those

|
that are rapidly removed from the body, equilibrium may be attained more

! rapidly and the limiting annual organ dose rate could persist over many years.
|
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3

The limiting dose rate in the 50th year from a constant intake of a radio-'

nuclide each year over a 50 year period is numerically equal to the total dose
'

integrated over the 50 year period from a single year's intake of the same
magnitude. Therefore, controlling the integrated future (" committed") dose
for each year's radionuclide intake also controls the annual dose rate in the'

50th year to be within the dose limit.

It was noted that use of limits to annual doses in some cases would not
ensure that doses in future years would be within limits. The example of the
ingrowth of americium-241 from plutonium-241 was cited in wt.ich, even if the
initial annual dose from plutonium-241 were within the limit, the ingrowth of
the radiologically more significant americium-241 would lead .o doses higher
tha9 the limit; in subsequ6nt years.

There are only a few radionuclides that would not attain an equilibrium
level (and a constant annual organ dose rate) within time periods of less

i than 50 years. The use of the committed dose equivalent, rather than control-
ling internal dose on the basis of annual dose, substantially overestimates
annual doses only for those radionuclides that do not reach an equilibrium level
in the body early in the working lifetime. These radionuclides are primarily
the long-lived radionuclides for which the exemptions of 6 20.205 in the pro-
posed rule were intended. Radionuclides (such as cobalt-60, strontium-90,
ard americium-241) that were easily measured at airborne concentrations or body
burdens below the OAC and Al.I values were not included in the list of exempted
radionuclides because an exemption was not believed to be necessary for them.

,

The annual limits on intake and derived' air concentrations are used mainly
for pre-exposure control rather than post-exposure dose assessment so that fine-
tuning these values to specific ages or adjusting them for factors such as the

. length of the period over which the committed dose is evaluated or to dif-
1

ferences in individual organ sizes (as were suggested) is not warranted for
occupational dose assessment. The use of age-dependent committed dose factors

as suggested by some commenters would add needless complexity to the assessment

of internal doses and cannot be justified on the basis of the availability of
information on either age-dependent metabolic parameters or age-dependent radio-
biological risk information.
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!
The use of an annual dose limitation system,-even with a reduction in the

allowable dose limit from 5 rems to 3 rems such as in the proposed S 20.205,:

does not provide a limitation or, the lifetime radiation dose or risk equivalent
to that provided by the committed dose limitation system of this final rule for
all classes of workers. Although long-term workers would be protect +d to the

j same degree under either the annual or committed dose systems, short-term or
temporary workers could get somewhat higher lifetime doses under a dose limita-
tion system based on limiting only individual annual dose. Furthermore, it is
neither reasonable nor practical to expect future employers to take special
measures to control radiation dose to workers who transfer because a previous
employer, working under annual organ dose limits, permitted intakes that would
result in future dose rates that are appreciable fractions of the allowable
dose limits. Such a practice would not be f air to workers whose future employ-

| ability may be limited because of the additional restrictions a new employer
would have to put on their exposure, or to future employers of these workers

j who may have to assess internal doses from residual body burdens of internal
radionuclides in oroer to show compliance. The annual dose system also requires
a complex bookkeeping effort because the annual dose limit for each worker
depends upon the worker's pre-existing body burden of radioactive materials.

.

Final Rule. For the reasons discussed above, the Commission has decided

not to adopt proposed S 20.205 and the exemptions for certain long-lived radio-
nuclides for the final rule. The use of the committed dose equivalent will be
applied uniformly _to all radionuclides,-regardless of half-life. The Commission

'

recognizes that the removal of this exemption, combined with the lowering of
the airborne concentration limits for several radionuclides (notably thorium

| and uranium), could impact on the current and future facilities that use these
; materials. Licensees that are affected by these changes may request an exten-

sion of the implementation time in order to make the necessary modifications
'

to comply W th the revised limits as they relate to long-lived radionuclides
identified in the proposed S 20,205. In addition, licensees should note the

i flexibility provided in the revised rule for more accurate dose assessments
; to be made that might show that additional controls were not required in order

to meet the dose limits. Specifically, S 20.204 allows the use of actual
i particle-size distributions and physicochemical characteristics of airborne

i
39
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particulates to define a site-specific derived air concentration to be used ;

; in lieu of the generic values in Appendix B. Such adjustments result in the |
use of more precise dose estimates because of a better characterization of the |i

! actual exposure conditions . Although these adjustments might permit higher (
airborne ~radionuclide concentration limits to be used, the same degree of- |

health protection would exist because the radiation dose (and risk) would !

remain the same. This section also allows for whole-body counting or bioassay [
measurements to determine the behavior of radioactive materials in the individ- ;

ual and.the use of thet* data to calculate internal doses. A 7-month delay i

!between a bioassay or retention measurement and recording of the associated dose
is also permitted in order to make confirmatory measurements.

!

The Commission recognizes that alternative methods may be identified in the ;

future that might achieve the same degree of lifetime risk limitation for both !

short-tern and long-term workers as the dose system recommended by the ICRP, the
Radiation Protection Guidance to Federal Agencies for Occupational Exposure, and |
adopted in the current and revised 10 CFR Part 20. The Commission further '

believes that, to be acceptable, such alternatives should not result in an ad-
,

verse impact on worker employability or result in undue recordkeeping or exces-
sive monitoring requirements for the future employers of transferring workers. '

; ;

Section 20.206 Planned Special Exposures.

,

Comment: The use of planned special exposures could result in lifetime [
cumulative doses greater than those doses formerly permitted under the-5(N - 18) !
formula. One commenter noted that the new regulatory scheme, including planned

t

special exposures, allowed a higher total lifetime dose than was permitted using
.

the 5(N - 18) formula. The calculation presumes a working lifetime of 47 years |
(starting at age 18 and ending at age 65). Under the revised Part 20, the life- |
time limiting dose would be 260 rems (5 rems per year)(47 years) + 5(5 rems) |
(planned special exposures) = 235 + 25 = 260 rems). Under the 5(N - 18) formu- |
la, at age 65 (N = 65), the cumulative dose would be 5(47) = 235 rems. The com- {
ment further noted that the NCRP recommended (in NCRP Report No. 91] a cumula-

tive dose limit of 1 rem x age; the Department of Energy has proposed a 100-rem
lifetime dose limit, and the ICRP at its 1984 Stockholm meeting inferred a goal

;

i
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of 1 rem per year. Other commenters noted that, because of the potential life-
! time dose including the planned special exposure, the claim on page 51, FR 1121

(Table 5), of the proposed rule that " Individuals receiving highest exposure
will be reduced" is unjustified and incorrect.

!

Response: The analysis of maximum doses discussed above is overly simpli-
fied because it assumes that there are individuals who will be exposed at the
allowable dose limit every year of their working lifetime. Under the old
5(N - 18) formula, the unused portion of the dose limit (the difference between
the actual dose received and 5 rems) became part of a " dose bank" that could

be drawn on in later years (at a rate up to 3 rems per quarter or 1?. rems per
year). This " dose bank," which is inherent in the age-prorated formula of
5(N - 18), does not exist with the straight annual dose limit. If the worker's
exposure is under the 5-rem annual dose limit, there is no way to recapture
the difference for use in future years. Consequently, the average annual dose
(for the more highly exposed workers) associated with new Part 20 is expected
to be less than under the former rule.

As noted above (see Response under 6 20.201 Occupational Dose Limits), the
Commission considered the use of a lifetime dose limit but rejected it.

Comment: Planned special exposures should not be limited to external
exposures but should also be permitted for internal exposures. Several commen- -

ters noted that it was inconsistent to treat internal and external doses as
equivalent by summing them and then restricting planned special exposures to
only external doses. Commenters also pointed out that the total effective dose
equivalent (TEDE) could be minimized in some cases if some external doses were

reduced at the expense of incurring some internal doses.

Response: The Commission agrees that restricting the use of planned
special exposures to only external doses would be inconsistent with the ALARA
principle and the presumed equivalence of internal and external doses inherent
in the revised Part 20. Consequently, the requirements have been modified so

that internal doses may be included in planned special exposures in order that
! the total dose (TEDE) can be controlled in keeping with ALARA.
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Comnent: The annual dose allowed in a planned special exposure does not
agree with the recommendations of the ICRP. A few commenters thought that the i

allowable annual dose from planned special exposures should be 10 rems as stated
i in the ICRP recommendations. Other commenters agreed with the NRC's modifica-

tion to reduce the annual dose for planned special exposures to 5 rems,

i Response: The NRC has intentionally reduced the dose allowed in any year
'

from a planned special exposure from the 10-rem value proposed by the ICRP to
5 rems. The lifetime total limit from' planned special exposures of 25 rems
remains the same as the ICRP recommendation. The Commission believes that it

; would be better to distribute the dose over the lifetime more evenly than to
permit a large portion of the cumulative dose to be received within a small
period of time. In this sense it should be recalled that the planned special
exposure is in addition to the normal dose limits. Under the Part 20 condition,
it would be theoretically possible to get a 10-rem dose in 1 year, 5 rems from
a planned special exposure and 5 rems from routine operation. This is roughly
equivalent to the 12 rems (3 rems / quarter) that could be received under the pre-

'

sent Part 20 limitations using the 5(N - 18) formula. The initial ICRP proposal
would have permitted a 15-rem dose in 1 year, 10 rems from planned special expo-
sures and 5 rems from routine' operation.

Comment: Subtraction of emergency doses. Some commenters suggested that

doses received under emergency conditions, up to a lifetime total of 25 rems,
not be subtracted from the lifetime allowance for planned special exposures.
It was also suggested that the employability of the individual might be jeopar-
dized if the dose " bank" were depleted.

Response: The NRC has not officially sanctioned the 25-rem " forgivable"
| emergency dose that has been recommended by some organizations for a once-in-a-
'

lifetime dose that would not be counted against an individual's lifetime dose.
Consequently, all doses received as a result of occupational exposure must be
recorded in an individual worker's record.

The Commission believes that planned special exposures will be used infre-
quently so that the lack of a dose bank for some individuals would not be a
major drawback to their employability.
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Comment: The time period for notifying exposed individuals of their dose
is too short. A number of commenters thought that the IE-day period for notify-,

ing exposed individuals of their exposure from a planned special exposure was
too short. Some commenters noted that most NRC reporting requirements provide
a 30-day, not a 15-day, period. Other commenters suggested that the 15-day
period could give the impression [to the worker) that an inordinate risk was
involved when that was not the case.

! Response: The 15-day period for notification was intended to be unique
and to further emphasize that " planned special exposures" were indeed "special."

! However, the Commission has extended the time period for notification of the 'i

individual from 15 days to 30 days to allow licensees additional time to esti-
| mate internal exposures that are now permitted in the revised rule to be part

of a planned special exposure. The requirement to notify the NRC (see
6 20.1204) that a planned special exposure has taken place is also 30 days.

Comment: Doses received during a planned special exposure that do not
exceed the dose limits for normal operation should not have to be recorded as
planned special exposures or be subtracted from the lifetime planned special

; exposure limit. A few commenters expressed concern that exposures during plan-
| ned special exposures that did not result in doses to an individual in excess

} of the occupational annual dose limits would nevertheless have to be reported
I separately and subtracted from the individual's lifetime allotment for planned
| special exposures.
2

i
Response: The intent of the planned special exposure was that it would be

used infrequently in circumstances where the elimination of the 5(N - 18) life-
time cumulative limit might create a severe handicap to the licensee's opera-3

tions. Being able to switch doses between planned special exposures and routine;

dose limits would tend to encourage the use of planned special exposures as the
licensee would have nothing to lose by using the planned special exposure. This
is contrary to the Commission's intent that the planned special exposures be:

| restricted to "special" situations. Once a licensee decides to conduct a plan-
; ned special exposure, all of the unique limitations, reporting, and recordkeep-

ing requirements are to apply, even if the doses actually received fall within
'

the dase limits for routine operations.
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, Final Rule: The provisions of planned special exposures have been extended
~

to include internal exposures, and the reporting time to the individuals in-
1
' volved has been changed to 30 days to allow sufficient time for analysis of

internal dose.
,

Section 20.207 Occupational Dose Limits for Minors.,

,

Comment: Exposure of Miners. One commenter stated that minors should not
' be exposed to radiation because they do not meet the criteria for occupational

radiation exposure. The commenter argued that minors are not trained regardinge

radiation protection, do not derive a benefit from employment, and would require
the preparation of an NRC Form 4 if they were workers.

Response: Allowing minors to be occupationally exposed to radiation was
permitted in the present Part 20 (S 20.104). All individuals, including minors,
who enter a restricted area are required (10 CFR 19.12) to be instructod as to
the risks involved. Minors who are employed receive salaries and other associ-
ated benefits of employment so that there does not appear to be a major dif-
ference in this respect from other workers.. Furthermore, licensees are required
under the existing and revised Part 20 rules to maintain the se.me exposure re-
cords for minors as for adults.

.

An alternative to this procedure would be to exclude. minors completely from
radiation-related work. This does not appear to be desirable as the monetary,
experience, and educational banefits that may accrue to the minor appear to out- !

weigh the small incremental risk-involved (particularly co'.sidering the reduced
dose limits applied to minors). Consequently, no change las been made from the

' proposed rule.

,

!

Section 20.208 Dose to an Embryo / Fetus.
.

Comment: Biological basis for lower dose limits for pregnant women.
There were comments that cited older studies and reconnendations for dose limits
for the embryo / fetus that are considerably higher than 0.5 rcm. These comments ;

i
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questioned the biological basis for the 0.5 rem dose limit for the embryo /
fetus in the proposed rule.

Response: The biological effects of ionizing radiation upon the embryo /
fetus are summarized in Regulatory Guide 8.13.23 The limit of 0.5 rem during
the entire gestation period is based upon a recommendation by the NCRP in 1977.24'

The International Commission on Radiological Protection (ICRP-26)1 recommended

O.3 times the annual dose limit or 15 mSv (1.5 rems) over the full gestation'

period and 5 mSv (0.5 rem) in the first 2 months of pregnancy. More_ detailed
information can be found in publications of the NCRP,24 ICRP,25 UNSCEAR,26 and
the OECD/NEA.27

Final Rule. The limit for the embryo / fetus of a declared pregnant woman is
0.5 rem over the entire gestation period. There is also an admonition that the
licensee avoid substantial variation above the average monthly exposure rate that
would comply with the 0.5-rem li'ait. These conditions are consistent with the
Federal guidance on occupational radiation exposure and with the recommendations

6| of the NCRP in NCRP Report No. 91

Comment: Licensee's Responsibilities to Protect the Embryo / Fetus of an
Undeclared Pregnant Wuman. Several commenters raised the question of_whether
the licensee had any responsibility for protecting the embryo / fetus of an-

obviously pregnant female employee who had not formally declared her pregnancy
to the employer.

!
,

I- 23 U.S. Nuclear Regulatory Commission, " Instructions Concerning Prenatal
: Radiation Exposure," Regulatory Guide 8.13, Rev. 2, December 1987.

24 National Council en Radiation Protection and Measurements, " Review of
Radiation Dose Limit for Embryo and Fetus in Occupationally Exposed Women,"
NCRP Report No. 53 (1977). (Available for sale from the NCRP, 7910 Wood-4

mont Avenue, Suite 800, Bethesoc. MD 20814-3095.)
25 International Commission on Radio hgical Protection, " Developmental Effects-

of Irradiation on the Brain of the Embryo and Fetus," Annals of the ICRP
16 4) (1986). (Available for sale from Pergamon, Press, Inc., Inc., Elmsford, NY
10523.)i

26 United Nations Scientific Committee on_.the Effects of Atomic Radiation
(UNSCEAR), Genetic and Somatic Effects of Ionizing Radiation Sales
Section, United Nations, NY 1986, particularly Chapter III, Biological'

4 Effects of Pre-natal Irradiation."
27 Organization for Economic Cooperation and Development / Nuclear Energy-

Agency, "The Biological Basis for the Control of Prenatal Irradiation,"
OECD/NEA, Paris, France (1988).
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Response: It is the fundamental responsibility of the pregnant worker to
decide when or whether she will formally declare her condition to her employer.

,

This position is derived from court rulings concerning a pregnant woman's rights
regarding termination of the pregnancy. Having a woman formally declaring her

; pregnancy to her employer derives from legal, not health protection, considera-
tions. If she chooses not to declare her pregnancy, the licensee will not be
required under the Commission's regulations to limit ter dose to the 0.5 rem
limit.

Undeclared pregnant women are protected under the NRC regulations for
all workers. The normal occupational dose limits would still be in effect
and would have to be complied with, and the dose would also have to be

i kept "as low as is reasonably achievable." In addition, as part of her
| initial employment, the woman should have received instructions in radi-
1 ation protection (10 CFR 19.12), and she should have been provided with a

copy of Regulatory Guide 8.13.
,

It might be prudent for a licensee to remind a pregnant, but undeclared,
worker of the special limit for protection of the embryo / fetus of a declared
pregnant woman and to provide another copy of Regulatory Guide 8.13 to her.
However, if the licensee has previously provided this information to the
employee, it is not a Commission requirement that it be done again. If the
requirements referred to in the previous paragraph have been fulfilled, the
licensee will not be cited for a violation of the Comadssion's regulations if

j the estimated dose to the embryo / fetus of an undeclared pregnant woman exceeds

the 0.5-rem limit, even if the worker's pregnant state seems obvious.i

Response: Section 161c. of the Atomic Energy Act gives NRC the authority
' to require such information to be provided by the worker. However, such a re-

quirement could be considered to be discriminatory and an invasion of personal
privacy. It would also be unenforceable because the woman and her physician
know when she knew of the pregnancy and patient-doctor communications are pri-
vileged. Infringement on personal privacy is also a drawback that applies to

! requiring the fenle worker to supply information concerning her " fertility"
or " infertility."
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Comment: Estimation of Dose to the Embryo / Fetus. The assignment to the
embryo / fetus of a dose equal to the dose to the declared pregnant woman was

! questioned. For example, would it be reasonat % to assign to the embryo / fetus

; a dose based upon the dose received by the woman's shoulder or head?

|

| Commenters also indicated that licensees should be permitted to employ
factors other than a factor of 2 and take into account shielding of the embryo /

) fetus by maternal organs and the placenta in evaluating the external dose com-
; ponent of the embryo / fetus.
:
'

l

j Response: The concept used in the proposed rule of relating the dose to
the embryo / fetus to the dose received by the tnother has been modified. The

j final rule permits direct calculation of the dose to the embryo / fetus. This was

( done so that the use of more accurate dose assessments would not be precluded
by the rule. The int trnal dose to the embryo / fetus may or may not be directly

,

proportional to the cose received by the mother.

| A forthcoming regulatory guide will provide guidance on methods for calcu-
lating the dose to the embryo / fetus. For interim assessments of the dose to
the embryo / fetus, it may be assumed that the dose to the embryo / fetus from'

external radiation and from radionuclides'in the body that are releu vely uni-
,

i formly distributed, such as cesium-137 and compounds of tritium and carbon-14
j that are'not organically bound, is the same as the dose to the mother since

under these circumstances the same energy would be deposited per gram of th sue
in both the mother and the fetus. For external gamma irradiation, the assump-
tion that the dose to the fetus is the same as to the mother should be censer-
vative (y. eld calculated doses that are somewhat higher than the actual doses
determined by more precise evaluations).

Permitting calculations of the embryo / fetal dose using reduction factors
for attenuation within the body of the mether would entail knowledge of the
ee rgy spectra of the incident radiation. As noted previously (Response for
6 20.201), photon spectral measurements, although technically feasihie, are
not currently required by the Commission and are considered to be-beyond the
scope of routine radiation protection survey measurements. The small amount

of reduction in the calculated dose afforded by such attenuation corrections
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;

i

would be secondary in importance compared to uncertainties due to body orien- |

tation, partial-body exposure f rom collimated beams of radiation, and the radio- |
f

i biological sensitivity of the embryo / fetus.
|

In situations where the use of a single dose measurement would be inappro- f
priate for both the woman and the embryo / fetus, a solution would be to monitor *

the two doses separately. '

Comment: Additional Dose Increment Allowed to Pregnant Women Beyond the

j Dose Limits. The rationale was requested by a few commenters for permitting ;

i an extra 0.05 rein (0.5 mil 11 sievert) beyond the 0.5-rem (5 millisieverts) dose ;
limit to an embryo / fetus. *

;

Response: The small additional dose is intended to apply in situations |
,

where the embryo / fetus has accur.ulated a substantial fraction of the dose limit
;

or has already exceeded tbc limit before the woman formally declares herself |

to be a " declared pr%nant woman." If the incremental 0.05-rem dose were not ',

available, a woman having already received a dose in excess of the 0.5-rem limit 5

might not be able to be further employed in a radiation related job. The ;,

licensee could be in " instant noncompliance" as the embryo / fetus dose limit !

could have been exceeded before the licensee was aware that it was applicable
(i.e., before the woman declared her pregnancy). Thus, the small incremental
0.05-rem dose provides a means of ensuring continued employment for the woman
and also removes the threat of inadvertent noncompliance on the part of the
licensee. The additional risk posed by this incremental dose to the embryo /
fetus is small compared to the potential risk from the overall 0.5-rem dose ;

limit,

i

Final Rule: The final rule corrects an anomaly in the proposed rule f
L regarding the application of the additional 0.05-rem incremental dose. In

the proposed rule, the additional 0.05-rem dose was available if the embryo / f,

fetal dose limit had been exceeded prior to the woman's declaration of pregnancy

(even if the dose were 0.501 rem). However, the additional 0.05-rem dose incre- !

ment would not have been available if the embryo / fetal dose were less than the |
;
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!
0.5 rem limit (even if the dose were as much as 0.499 rem). There is no signif-
icant difference in risk between 0.551 (0.501 + 0.05) rem and 0.549 (0.439 + '-

O.05) rem. This provision would have resulted in unnecessary penalties to both
the licensee and the declared preonant woman. In the final rule, the 0.05-rem

j dose increment is available as an additional dose if the embryo / fetal dose at
the time of declaration is greater than 0.45 rem (0.45 = 0.5 - 0.05).

,
;

;

Subpart 0- Radiation Dose Limits for Individual f
Members of the Public |

- .

Section 20.301 Dose Limits for Individual Members of the Public, i,

:
!

Comment: NRC should defer changes to limits for the general public until
,

the EPA issues revised Federal guidance. The EPA suggested that NRC not modify
its radiation limits for protection of the general public until EPA prepares !

,

revised Federal guidance on dose limits applicable to the general public (the {
recently issued Federal guidance applied only to occupational radiation protec- !

tion), i

Response: Although it would be desirable to use Federal. guidance as a
'

basis for the revision of the limits for the public, the Commission believes j
that Part 20 needs to be based on a consistent set of principles and concepts

;

rather than having its standards for workers using one dose limitation system :

and its standards for the general public using-an entirely different (and out- !

moded) system. .The latest Federal guidance does not address radiation exposure !
t

of the general public and, although the NRC staff is represented on an EPA Task
Group which is developing draft Federal guidance on doses to members of the !

general public, the Commission has chosen not to defer these limits until this
Task Group has completed draf ting the guidance and EPA makes recommendations to the f

'President for its issuance. The Commission's intent to address these limits was
noted explictly in the statement of considerations that accompanied the proposed -

rule (51 FR 1118, Section XXVIII).
.
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Comment: Facilities that are subject to other lower standards should not -
bave to demonstrate compliance with the 0.1-rem limit (" reference level").
Several commenters expressed concern that additional efforts would be required
to demonstrate compliance with the proposed 0.1-rem " reference level." For
licensees that were already subject to the 0.025 rem (25-millirem) limits of EPA's
40 CFR Part 190, this appeared to be an unnecessary burden.

Response: The concept that 0.1 rem represents a " Reference Level" has been
eliminated. The 0.1-rem value in the final rule represents the primary dose '

limit for protection of the public. This change from the proposed rule reflects
the clarifications by the ICRP (see Section II.A.) regarding the usage of the '

O.1-rem and 0.5-rem recommended dose levels. This change does not represent a
major change from the proposed rule. Many commenters had indicated a belief
ti.at, because of the reporting and control requirements associated with the
0.1-rem reference level, it already represented a de facto limit.

Demonstration of compliance with the limits in 40 CFR Part 190 or with the
design objectives of Appendix ! to 10 CFR Part 50 will be deemed-to demonstrate -

compliance with the 0.1-rem dose limit for most licensed facilities. Power

reactor licensees that comply with Appendix I may also have to demonstrate that
they are within the 0.025-rem limit in 40 CFR Part 190. Demonstration of compli-
ance with the limits of 40 CFR Part 190 will be considered to demonstrate com-
p11ance with the 0.1-rem limit. For uranium mills, it will be necessary to show '

that the dose from radon and its daughters, when added to the dose calculated
for 40 CFR Part 190 compliance, does not exceed 0.1 rem.

The dose rate limit of 2 millirems in any 1 hour from 6 20.105(b)(1) of the
present Part 20 was omitted in the proposed rule but has been reinstated in the
revised rule. The reason for this is that this limit provides a more readily
measurable quantity than the 100 millirem per year value and can be more easily
verified by short-term measurements.

50
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Comment: Inclusion of doses from other licensed or unlicensed radiation
3 ,

sources. Many commenters expressed an opinion that the dose should not be all-
inclusive and shou?d not include fallout from nuclear weapons tests, transporta-

'

tion of radioactive Neterial, or other sources of radiation not under the con-
trol of the licensee.

Response: The new lower dose limit for members of the general public
I(which was described as a " reference level" in the proposed rule) applies

only to doses from radiation and radioactive materials under the licensee's
control. The EPA's generally applicable environmental radiation limit for '

nuclear power operations (40 CFR Part 190) does apply to the total dose from
all sources within the uranium fuel cycle. However, in its practical implemen-
tation, the sources would have to be located within a few miles of each other
for the combined dose contributions to be significantly different from the dose
from either facility alone.

The definition of " natural background" has been replaced by " background
radiation " which includes natural background, global fallout, and radon not
associated with licensed material. This clarifies sources of radiation and
radionuclides that can be excluded from evaluations of the dose from licensed
activities,

!
Comment: Differentiation of limits for long-term opera ion and for shorter-

term transient operation. A number of commenters noted that ICRP-26 described .

the 0.1 rem (1 mSv) per year value as intended to be an average goal for long-
term operation but that 0,5 rem (5 mSv) was intended as the primary annual

i dose limit for members of the public. Some commenters suggested that a lifetime

| dose limit be established for members of the public.

Response: As noted above in Section II.A., the ICRP has modified its,

! interpretation in the ICRP statement issued following their 1985 Paris meeting,2

| so that the primary standard is 1 mSv (0.1 rem) per year. This clarification
of ICRP philosophy is reflected in Part 20 by the change of the 0.1 rem per year

j value from a " reference level" in the proposed rule to a primary limit in the
j final rule.

|
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Final Rule: It'shnici be emphasized that the 0.1' rem per year limit in
Pe-t 20 is not intended to be applied as a long-term average goal: it is an '

annual limit. As a matter of practicality, long-term (or lifetime) dose. limits ;

for members of the public cannot be implemented 'unicss each year's dose is kept |
within the long-term goal. Doses to individuals in the general public are not - f
usually monitored directly (locations rather than individuals in the offsite I

environment are monitored). As individuals may change residency and there is [
no reporting or tracking system, lifetime doses to specific individuals in the [
general population are very difficult to' determine. |

|

The 0.5 rem per year limit is available only upon specific application to |
'

and approval by the Commission (see S 20.301(c)). A 0.5-rem value has been re -
tained in order to apply to transient situations and to alleviate-the immediate i

need to redesi p or reshield existing facilities that were designed to meet the '

former 0.5-rem limit. The 0.5-rem limit is intended to be applied primarily |
'to temporary situations where operation of a facility, or the person's exposure

to radiation and radioactiv emissions, is not expected to result in doses ;
5above 0.1 rem over long periods of time. For design of new installations, the

0.1-rem limit should be used. However, existing facilities may apply for NRC '

approval to use the 0.5-rem limit while more complete evaluation of the need
for any additional modifications is performed.

[ s

The Commission is~ aware that some cat'egories of: licensees, such as uranium

mills and in situ uranium mining facilities, may experience difficulties in
determining compliance with the revised values in Appendix B Table 2, for_ r

radionuclides such as radon-222. Provision has been made for licensees to use i

air and water concentration limits for protection of members of the general '

public that are different from those in Appendix B', Table 2, if the licensee
can demonstrate that the physicocheraical properties of the effluent justify-
such modification and the revised value is approved by the NRC. For example,

uranium mill licensees could, under this provision,- adjust the Table 2 value ;i

for radon (with daughters) to take into account the actual degree of equilibrium
present in the environment. This provision permits (upon NRC approval) the
use of concentration limits for members of the general public that better repre-
sent actual exposure conditions. This is similar to the allowance for use of

,

modified derived air concentrations (with Commission approval) in S 20.'204(c)(3).
.
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In both situations, licensees would be permitted to propose radionuclide
concentration limits for their facility'that reflect actual properties of the
effluents rather than using the generic concentration-to-dose assumptions;

associated with Appendix B values. These adjustments tailor the concentration
limits to specific conditions, provide the same limitation of dose, and do not
permit any greater risk even though the adjusted concentration limits (for
members of the general public or for workers) may be higher than the Appendix B
generic values.

Use of this provision, applied to the percentage of radionuclide equilib-
rium existing in radioactive decay chains, could provide a factor of 2 or 3 up-
warJ change in the appropriate air concentration limit. In addition, the li-

censee can demonstrate compliance by calculating the dose to the nearest resi-
dent rather than meeting the air concentration limit at the site boundary.
This should provide an additional factor of 2 or 3 allowance. Lastly, if the

0.1-rem effective dose limit still cannot be met, the licensee can apply to NRC
under 6 20.301(c) for permission to use a temporary 0.5 rem per year limit
rather than the 0.1 rem per year' limit. Section 20.301(c) of the revised rule
requires that, in order to receive permission for use of this higher dose limit,
the licensee has to specify.(1) the need for and expected duration of the higher

i value, (2) their program to assess and control doses, and (3) procedures to
i

control doses to be ALARA. These options used singularly or in combination
coupled with process or operational modifications of these facilities is expec-
ted to provide sufficient flexibility to enable most uranium recovery facilities
to comply with the provisions of the revised 10 CFR Part 20.

1

Section 20.303 [ Reserved).

|

| The former 0.1-rem " Reference Level" and the EPA Standard for Nuclear
Power Operations that were in this section in the proposed rule are included
as primary limits for members of the public in S 20.301 of the final rule.
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| Section 20.304 [ Deleted) De Minimis Level and Collective Dose Evaluations.

Comment: Adoption of a threshold for calculating collective (population),

|-
doses. The proposed S 20.304 would have allowed licensees to disregard doses'

| to individuals that were less than 1 millirem per year when evaluating col-
lective (population or " person-rem") doses. A major criticism of this section-
was the narrowness of its scope. The section pertained only to a change in
the calculational methodology for estimating collective doses and would not
have permitted unrestricted release of any materials or equipment.

Most comments from people and organizations within the nuclear power and
radiation applications industry favored this measure as an initial step toward
developing more general "below regulatory concern" (BRC) levels. Several

commenters thought that NRC acknowledgment of the concept of a BRC level was
more important than the specific proposal to truncate collective dose
calculations. Many commenters thought that a generic BRC level would limit
unnecessary expenditure of resources that would otherwise have to be sper,t to

j control inconsequential risks.

There were also a number of comments that were not in favor of either the
proposed collective dose cutoff or the more general application.of the concept
of below regulatory concern. A few commenters expressed opinions that it did
not appear feasible to arrive at a universal de minimis level because the level

! that would appear to be truly insignificant to most people would be too low to
result in any appreciable saving to the industry. There also were comments

that noted that the proposed collective dose cutoff could cause large numbers
of potential adverse health effects to be overlooked if they resulted fromi

small radiation doses delivered to very large numbers of people. Many commen-

ters, both pro and con regarding the adoption of a BRC level, thought that a|

threshold value for collective dose should also be developed. A few commenters-

noted that the focus of the more generic BRC concept tended to be for single
licensees and that it might be necessary to consider the impacts from multiple
licensees.
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Many of the commenters who supported a generic BRC concept did not agree

with the numerical value (0.001 rem per year) proposed for the cutoff, believing
it to be too low. An explanation for this opinion was that if 0.001 rem repre-
sented an insignificant level of risk, then all larger doses might be perceived
as representing "significant" levels of risk. A value of 0.010 rem was noted by
several commenters as being a more suitable value and still represented an in-
consequential risk.

Response: The Commission agrees that "Below Regulatory Concern" levels
,

'would be useful and has issued policy statements on the application of the con-
cept of below regulatory concern with regard to waste disposal (" Radioactive
Waste Below Regulatory Concern," Federal Register of August 29, 1986 (51 FR
30839)) and a general policy statement on below regulatory concern was announced
on June 27, 1990, and was subsequently published in the Federal Register on
July 3, 1990 (55 FR 27522). The general policy statement establishes the
framework for the Commission to formulate rules and licensing decisions to ex-
empt certain practices involving small quantities of radioactive materials
from some or all regulatory controls. The BRC policy statement sets forth
criteria for protection of both individuals (individual dose criteria) and pop-
ulation groups (a collective dose criterion).

In order to ensure that any computational changes reflect the policy that
evolves from the effort to develop generic BRC policy, the Commission removed
the threshold for truncating collective doses (S 20.304) from Part 20 and has
included such a threshold in the generic BRC policy statement. This deletion
is also consistent with comments that noted that this section described a
method for calculating a quantity (collective dose) that was not required to be
calculated by Part 20 and comments that such details of calculations would be

better in a regulatory guide rather than in a regulation.

55

- . . -, _ _- _. _ _ . . . ~ . . . . _ _ . . _



. . - . - . .- . . . - -- .- .. .. --. . _ . . . - ____

-

Subpart E--[ Reserved):

Subpart F--Surveys and Monitoring

Section 20.501 Surveys.

Comment: Accreditation of Personnel Monitoring Processors. There were a-

number of comments concerning the desirability of requiring accreditation of
personnel dosimetry processors..

It was also noted that the National Voluntary Laboratory Accreditation Pro-
gram (NVLAP) do6s not provide accreditation for doses delivered to the lens of
the eye, a depth equivalent to approximately 0.3 centimeter (an areal density
of 300 milligrams per square centimeter). The only tissue depth equivalents
that are accredited at this time are 1.0 centimeter (the deep-dose equivalent)
and 0.007 centimeter (the shallow or " skin" dose equivalent).

Response: The issuance t f a dosimetry accreditation requirement or "NVLAP
! Rule" overlapped the Part 20 rulemaking. Because this issue was the subject of

a recent separate NRC rulemaking, issues concerning the' desirability of such a
program were considered and addressed in the rulemaking on accreditation. No

revision from the dosimeter processor accreditation rule (52 FR 4601) has been
made, and the final Part 20 rule incorporates the final form of the accredita-
tion rule.

As noted in the discussion of the " eye dose equivalent" in Section XI,
" Standards for Occupational Exposure of Individuals," of the proposed Part 20
rule, the Commission believes that compliance with the eye dose limit will be
generally ensured by compliance with the deep-dose limit. Consequently, the,

lack of accreditation for this depth should not have a major impact on the
I degree of-protection of the eye.

Comment: The accreditation requirement requires the use of a commercial
dosimetry service.
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Response: This is an incorrect interpretation of the dosimetry accredita-
tion rule (52 FR 4601). That rule, which is incorporated into the revised
Part 20, states that the dosimetry processor must be accredited. It.is possible for

licensees that provide.their own dosimetry services to be accredited.-

Comment: Lack of specificity in monitoring requirements. Commenters noted

that the monitoring requirements, both in the present Part 20 and in the pro-
posed rule, were general and imprecise.

Response: Many portions of Part 20 are not very specific and detailed
because Part 20 contains the NRC's general radiation protection requirements
and applies to all classes of licensees, including large power reactors, uni-
versities, and medical institutions as well as small radionuclide and sealed
source users. Because of this breadth of application, the requirements'in
Part 20 cannot be very detailed for any one type of facility. However, the
requirements in Part 20 are designed to provide the framework-for all
licensees and to establish provisions that the NRC considers to be fundamental
to basic radiation protection.

:

Section 20.502 Conditions Requiring Individual Monitoring of
External and Internal Occupational Dose.

Comment: Monitoring Thresholds. A number of commenters questioned the

rationale for the lack of agreement of the thresholds in the proposed rule for
monitoring external doses (10 percent of the annual limits) and for requiring
monitoring of internal doses (30 percent of the annual limit). It was frequent-
ly mentioned that starting to requi , monitoring at 30 percent of the dose limit
could result in overlooking doses if 1.5 rems (30 percent of 5 rems). The 1.5-
rem value would have been above the limits for minors and for the embryo / fetus
(0.5 rem) and was characterized as being a rather substantial fraction of the
deep-dose equivalent limit. In this connection, it was also noted that the
possibility existed, when large external doses were expected, of exceeding a
total effective dose equivalent limit of 5 rems because the licensee was not
aware of the internal dose contribution.

l
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Some commenters thought that the monitoring thresholds would be understood
more easily if they were expressed as-doses instead of percentages.

Response: The unequal thresholds for requiring monitoring of internal doses
(30 percent of the dose limit) and external doses (10 percent'of the dose limit)

i

were originally set because'of the difficulties in performing low-level bioassay
analyses of alpha-emitting radionuclides at fuel fabrication and other facili-

; ties where actinides may be prevalent. (Bioassays for the radionuclides most
' ~

commonly found at nuclear power reactors were viewed as generally being able
to meet the 10 percent threshold set for external doses.) In situations such as |

bioassay for alpha-emitting radionuclides, it may be difficult to detect 10
percent of the ALI or 10 percent of the dose limit by bioassay measurements
on excreta.

,

,

The monitoring threshold is a predetermined level of anticipated dose for
'carrying out bioassay procedures and does not represent a required level of

detection sensitivity. If, by a reasonabic analysis of the working environment,
it appears that a worker is likely to inhale radioactive materials at concentra- !

tions that could produce an annual- cor.2itted effective dose equivalent of 0.5
rem (10 percent of the 5-rem limit) or more, then that worker's intake should
be monitored using measurements of exposure (e.g. , estimates of DAC-hours based '

upon measured air concentrations) or intake (such as by whole-bouy counting or
iother bioassay technique) or by measurements of both exposure and intake,

Whether the actual doses received were in excess of 10 percent of the limits

! could only be determined from these subsequent measurements. ,

,

The monitoring thresholds are specified as percentages of the dose limits
rather than as doses because the thresholds apply to several different dose i

limits: the total effective dose equivalent, the eye dose equivalent, and the
shallow-dose equivalent. [

Final Rule: The threshold for monitoring internal doses has been dropped
from 30 percent of the dose limit to 10 percent of the limit. This provides ,

consistency in the internal and external monitoring requirements. The Commis- ,

sion acknowledges that, in some cases, particularly bioassay measurements of
,

transuranic elements, it may not be feasible to actually confirm such levels,

\

;
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by bioassay. However, the monitoring-threshol'd is not a requirement on the ]
capability of the measurement. Average airborne radionuclide cc:icentrations I

1

and the expected time of exposure can be used to estimate radionuclide-intakes - i

and the need for bioassay or other monitoring methods.
1

The Commission intends to issue a regulatory guide on the procedures te be ;

used in estimating committed effective dose equivalents and deep-dose equiva-
lents and guidance on when they have to be summed.

.

Comment: Evaluation of radionuclide intakes for respirator wearers.
Several commenters mentioned that internal dose monitoring, such as bioassays,
should not be required solely because respiratory protection-devices were used.
The rationale given by the commenters was that the requirement provides a nega-
tive incentive for using respirators and is, therefore, counter to ALARA opera-
ting practices.

Response: The requirement (in 6 20.502(b)(3)of the proposed rule) for bio-
assays for anyone using respiratory protection has been dropped. The Commission

agrees that such a requirement might be a disincentive for using respirators >

as part of an ALARA effort. There is, however, a requirement (in S 20,703)
for bioassays to be conducted, as appropriate, as part of a respiratory protec-
tion program._ - Whether bioassays are necessary for a particular individual will
depene upon whether,that individual could have exceeded 10 percent of the annual
limit on intake (ALI) or was exposed to airborne radionuclide concentrations in
excess of the monitoring threshold. An evaluation of internal-dose would be-

required if there were a potential for exceeding 10 percent of an annual limit
on intake (0.1 ALI), whether or not a respirator is worn.

|-

L [ Note: Because the requirement for performing bioassays for a particular
individual has been separated from the wearing of a respirator, the concentra-
tions to be used for evaluating monitoring thresholds are those of the ambient
atmosphere before credit is taken for respiratory protective factors. One of

the purposes of such bioassays is to confirm the effectiveness of the respira-
tory protection being provid$d. If bioassay were made dependent upon the cor-

| rected air concentration (after dividing by the protection factor), it would be
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equivalent to assuming'that the, intended protection. factor.was correct without

further verification.)-

Subpart G--Control of Exposure from External' Sources

in Restricted Areas

Sections 20.601, 20.602, and 20.603 Control of Access to High and Very High
Radiation Areas.

;

Comment: Inapplicability of requirements to nuclear power reactors. Many

commenters indicated that the proposed requirements for control of entry into
very high radiation ~ areas ~could not be applied to nuclear power reactors because
of the number and size of potential "very high radiation areas" and the physical
inability to restrict access to these areas, Similarly, interlocks that can
result in the withdrawal or cessation of the radiation source may be unworkable
in nuclear power reactors. Several commenters proposed incorporating require-
ments for power reactors that are similar to reactor license conditions in

reactor technical specifications.

Response: The Cocaission recognizes that -the detailed requirements applic-
able to large irradiators that were formerly in_ S 20,203(c)(6) should be in a
. specific regulation dealing with these facilities rather than in Part 20. For

this reason, these detailed requirements will- be placed in a future Part 36 of
Title 10 which-is being issued.for public comment and. applies specifically to
irradiators. At the time'that that rule is made effective,'the Commission
will transfer these requirements from Part 20 to Part 36. In the meantime, the-
NRC staff will -issue a regulatory guide.that provides more specific detailed
guidance for nuclear power reactors on high and verv high radiation areas. |

l

Comment: Choice' of Dose Rate Defining a "Very High- Radiation Area."- !

Several commenters believed that the 500 rads per hour dose rate that defines
a "very high radiation area" was too high, noting the proximity of this value

to the median lethal dose (LD50) for acute radiation exposures. Alternative
values, such as 1 rem per hour at 30 centimeters, were proposed.
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Response: The seriousness of this dose rate was a factor in its adoption.
The 500 rads per hour value appears in the previous 10 CFR 20.203(c)(6) as a
criterion for additional access controls for irradiators (similar in scope to )
the requirements of 6 20.603 in the final rule). However, the previous Part 20 )
did not use a unique designation such as the "very.high radiation area" desig-

,

Ination used in the proposed and revised Part 20 rules. The difference between
the 1 rem per hour definition of a "very-high"'radiatinn area used in reactor
technical specifications and the 500 rads per hour definition used in the
revised Part 20 is discussed in a regulatory guide currently being prepared.

Comment: Meaning of " direct surveillance." Several commenters thought that
the term " direct surveillance" used in the proposed S 20.601 could be interpre-
ted to require stationing an observer at the entrance- to the '"high" or "very
high" radiation areas.

Response: The final rule permits "... continuous direct or electronic sur-
veillance over a high radiation area that is capable of preventing unauthoriz-
ed entry..." This removes the burden of having to station a person in or near
a " radiation area," but requires interlocks or. electronic locks so that the'

remotely located observer may prevent entry into the area when necessary.
i

Final Rule: The section on very high radiation areas has been divided into
'

two sections. Section 20.602 provides a general requirement for-restricting
access to such areas. This general requirement applies to all very high radia-
tion areas, regardless of the type of licensed operation,: including those at

i nuclear power reactors. A second, more detailed, set of requirements applies
' - only to large gamma irradiators. This section, S 20.603, restates requirements
; for irradiators that are in S 20.203(c)(6) of the present 10 CFR Part 20.

I

,
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Subpart H -' Respiratory Protection and Controls.to Restrict
Internal Exposure d , Restricted Areas

Sections 20.701 and_20.702 Use of Process or Other Engineering Controls and .

Use of Other Controls.

Comment: "Use of other controls."-Commenters suggested that, if workers
could be exposed to" concentrations of radioactive materials greater than 1
derived air concentration, ALARA'should be applied to the total of internal
and external doses (to the total effective dose equivalent). It was noted that
this condition was included in the Federal Guidance on Occupational Radiation'
Exposure.-

Response: Modifications have been made in the final rule to permit ALARA
considerations to apply'to the total effective dose equivalent rather than just
the internal dose portion.

Comment: Some commenters indicated that the use of respirators should be
permitted even if their use would not be able to reduce airborne concentrations
below 1 DAC. They noted that this would be consistent with the ALARA philo-
sophy.

Response: Section 20.702 has been rewritten to clarify the intent that
the concentration of 1 DAC is not a cutoff on-the voluntary use of respirators
but is intended 1to be the point where some corrective action (including, but
not limited to, the use of respirators) by the licensee would be required when
the use of ventilation and process controls cannot further. reduce the airborne
concentrations of radioactive materials.
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Section 20,703 Use of Individual Respiratory Protection Equipment.

Comment: The proposed rule permits low estimates but not high estimates
of intake to be corrected. Commenters noted the the proposed rule (6 20,703(a)(1))
was not balanced as correction of intake estimates based upon dividing DAC-hours
by the respirator protection factor and was only permitted if the initial
estimate was later shown (by bioassay results) to have been low.

Response: The rule has been modified so that corrected estimates of actual
intake can be used in records in place of earlier estimated intakes, regardless
of whether the changa would result in an increase o" in a decrease in the intake
estimate.

Comment: NRC should provide a recommended minimum acceptable standard for

determining an individual's physical fitness for respirator use. Part 20
requires that a physician determine that an individual worker is physically
able to wear a respirator. NRC should, therefore, provide guidance to the
physician on minimum standards for wearing respirators.,

Response: The NRC policy is that the decision as to medical fitness has
been, and continues to be, left to the physician; i.e., the medical doctor
should decide what constitutes minimum health standards for respirator wearers.
Furthermore, the requirements may vary, depending on the respirator used and
physical situations, such as the type of work to be performed, which are out-
side the scope of Part 20. Licensees desiring more guidance should obtain
ANSI Standard Z03.6(1984), "For Respiratory Protection -- Respirator Use --
Physical Qualifications For Personnel," which was developed as an industry
consensus standard that provides definitive guidance to " identify the respon-
sibilities of the physician, the employee, and management in determining the
employee's ability to use a respirator."
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Comment: NRC should permit a health professional to certify physical
capability to use a respirator rather than requiring a physician to perform
each required certification. The proposed rule requires that a physician
annually certify a worker's physical suitability for using a respirater.. This
should be broadened to permit any qualified health professional, acting und9r
a physician's orders, to perform the actual certification rather than requiring
a doctor to do this.

Response: As noted in the previous response, the decision on the physical
ability of an individual to wear a respirator is a subjective judgment that,
in the Commission's opinion, requires the decisionmaker to have a medical
degree. The Commission notes that this annual certification could easily be
included in an annual physical checkup.

Comment: The selection of respirator protection factors based upon "a'ver-
age concentrations" and not " peak airborne concentrations"Lis an improvement.
The proposed rule, unlike the previous Part 20, permitted protection factors to
be applied to the time-averaged air concentration rather than the peak air con-
centration.

Response: Despite some favorable comments on this change, the Commission-

has determined that the use of the average airborne concentration may not pro-

|
vide an adequate margin for health protection and,-in-the final rule, has re-
verted to the use of the anticipated peak concentration.'

Final Rule: The proposed rule has been modified to require a resniratory
protection program when respiratory protaction devices are being used to limit.
intakes, whether or not reedit is taken f ar respiratory protection factors.

| Allowance has been made for use of respira'. ors that do not provide protection
factors that would keep exposures below the darived air concentrations if-(and
only if) such use would keep the tctal effective dose equivalent ALARA.

|
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Section 20.704 Further Restrictions on the Use of Respiratory
Protection Equipment.

Comment: Section 20.704 should be. deleted. This section, which states
that the Commission may impose additional conditions on respirator use, is'not
necessary because B 20.1302 permits-the NRC to place additional requirements
on a licensee.

Response: Although the commenters are correct that S 20.1302 gives the Com-
mission general authority to impose additional requireme1ts on licensees, the
Commission believes that the restatement of this policy in a section-pertaining
specifically to respiratory protection is desirable. As roted by the comments,
this section does not create any additional requirement not otherwise contained
in the regulations,

s

Final Rule: The requirements contained in the proposed rule are retained,

Subpart I--Storage and Control of Licensed Material

J

Sections 20.801 and 20.802 Security of Stored Material and Cortrol of Materici
Not in Storage.

Comment: Definition of " secure." Several commenters requested a definition
of the term " secure," which they felt was vague and did not provide an indication
of the required licensee action.

Response: -The phrase has been rearranged and now reads " secure from on-,

authorized removal or access," wnich is similar to the wording in the pr'evious
Part 20. This should provide sufficient clarification of what was intended by-
" secure."
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Comment: Unnecessary restrictions on research. One commenter thought that

the requirement to secure small quantities of: radioactive materials-when they
are not in'use would interfere with university research.

Response:- The Commission believes that' locking radiotracer -laboratories
when they are not being used..is a small nuisance compared to the consequences
of unauthorized access to or theft ~ of the radioactive materials, which could
result in contamination of unrestricted areas or exposure of. individuals, as. -

well as having to report a: loss of. licensed material to the NRC.

Subpart - J--Precautionary ' Procedures

Section 20.'901 Caution Signs.

'

Comment: Black should be permitted as an acceptable color for the radia-
tion warning symbol. Several commenters. requested that the color black should
also be allowed to be used on signs and for stenciling on packages. The fading

| of magenta inks in sunlight and the use of black for marki.ng international ship-
ments were' cited as supporting'this position.

Response: The Commission believes that, although the " magenta-on yellow"
color scheme has provided a unique warning of possible radiation hazards,

. black-on yellow would also be acceptable. The fading,of the magenta color as
^

cited above may reduce the visibility of the sign'with time. Because of the
cost' impacts if existing warning signs had to be replaced, the Commission.is
permitting tb., use of black in addition to continued approval of magenta and
purple, "ather than as a required replacement.

Final Rule: This section has been modified to add black as an acceptable
color.for the radiation warning symbol.
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Section 20.902 Posting Requirements. ;

Comment: The terms " Caution" and " Danger" are not used consistently.
Commenters noted that " Caution" or " Danger" could be used on signs for "Radia-
tion Areas," "High Radiation Areas,"~and "Very High Radiation Areas" despite
the considerable variation in the hazards that might exist in these different -
areas.

>

Response and Final Rule: The Commission agrees that the terms " Caution" 3

and " Danger" should be used in a more consistent manner. The final rule permits
only the term " Caution" to be used in " Radiation Areas." " Caution" or " Danger"
may be used in "High Radiation' Areas," since it covers a considerable range from4

] 0.1 rem per hour to over 500 rads per hour. Only " Grave Danger" may be used

! in "Very High Radiation- Areas." This.should provide.more emphasis on.the use of
'

" Danger," the importance of which might have been diminished by its prior appli-
| cability to the lower hazr " Radiation Area." " Caution"' is inappropriate for,

use in "very high radiation areas" because of the potential hazard.
4

!

:

Comment: There should be a requirement to post all " restricted areas"
whether or not-it .is- a radiation or an airborne radioactivity area,

i

!

Response: The objective of posting is to warn personnel of a potential
hazard. A " restricted area," per se,-does not warrant such a warning. There is<

i nothing to prevent a licensee from posting a notice designating a " restricted
area,"'but such action is not required.

.

i

I
'

Comment: The definition of " airborne radioactivity area" would require
tracking of employee " stay times" (time spent in the area). The second option

- to the definition of " airborne radioactivity area" would require performing
surveys of airborne activity and tracking the- time spent by workers in the area.
The present rule would have only necessitated the survey.'

:
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Response: There are two alternative definitions of' anI" airborne radio-
activity area"; only_ the second one would require consideration of stay times..
This second option does not require posting-in areas that have low occupancy
times-and airborne radioactivity concentrations between 0.3-and 1.0 times the.

. applicable OACs.

Comment: Areas containing only noble gases should not require posting as
" airborne radioactivity areas.." The hazard associated w th.such areas.is pri ,i

marily from external radiation.
.

Response: The OACs in Appendix B that apply to noble gases (and. define >

an " airborne radioactivity area") are. based upon submersion doses; therefore,
the relationship remains. valid- It should be noted that.-because sose short-

~

'

lived noble gases have particulate daughters (such.as asRb &nd 188Cs), the
warning denoted by posting as an " airborne radioactivity area" may still be
required.-

Comment: There is no evident need to post all rooms containing 10 times
the Appendix C levels. The requirement to post a caution sign in rooms that
store ten times the' Appendix C concentrations is unwarranted. There was some

concern noted that such posting could deter firefighters:or other _ emergency
workers from entering an otherwise safe area, and: increased damages could
result.

Response: Complete dispersion of 10 times the Appendix C activities
could produce air concentrations for some radionuclides in excess of the occu-
pational DACs. For example, if.10 times:the Appendix C quantities were dis-
persed in a 1,000 cubic foot (10 ft. x 10 ft. x 10 ft.) room, the resulting
concentrations would be 35 times the OAC for organic carbon-14, 58 times the
OAC for cesium-13'/, about 18 times the OACs for iodine-131 and tritium (water
vapor), and approximately-6 times the OAC for technetium-99m. These appear to
be sufficiently large to justify a posting requirement, particularly to caution
firefighters in case of a fire.
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Comment: The posting requirement should not be applied to 5ealed sources,
such as gauges. Posting the entrances to areas having radioisotopic gauges
could require multiple postings in large buildings.

Response:- Posting is only required at entrances to the room containing
the source and only when the dose rate at 30 centimeters would exceed 0.005 rem
(0.05 mSv) in any hour (6 20.903(c)) unless areas outside the room warrant
posting as " radiation areas" and are already posted.

Section 20.903 Exceptions to Posting Requirements.

Comment: The proposed rule omits the past exemption for posting rooms
containing only packages prepared for transportation.

Response: The Commission believes that there should be posting ::f thesc
areas because there is no restriction on the length of time that packages may
remain in a room. If the packages contain only small quantities of radioactive
materials, then posting of the room would still be exempted under the remaining
exemptions. The term " prepared for transportation" does include packages that
are intended to be carried 'in a " sole use" vehicle. Such packages are permitted

i to have higher allowable dose rates than those specified in DOT (or NRC) limits
for general shipment.

Final Rule: The exception for posting _ areas containing packages prepared
for transportation has not been reinstated.

Comment: The requirement for a person in attendance would be unworkable
in a hospital. The requirement (in lieu of posting the room containing a radio-
therapy patient) for a person in attendance in order to prevent entry was inter-

*

preted as rcquiring a 24-hour escort for each radiotherapy patient.

Response: The intent was to generally require posting of therapy patients'
rooms. (A> noted in one of the comments, the dose rate from patients even with

:
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diagnostic nuclear medicine treatments might exceed dose rates of 0.002 rem per
hour.) The intent of "in attendance" would be satisfied by a duty nurse at a;
nursing station, providing that the station was in sight of the entrance to'
the patient's room. |

|

Section 20.904 Labeling Containers.

Comment: There is no way to meet the requirement to label containers in
some nuclear power plants or in hot cells. It is difficult to mark the detail-
ed information on a container in some areas of a plant or in hot cells.

Response: Section 20.905 contains' exceptions to the labeling requirements
that take care of the problem noted by the commenter.

[ Note: For the purpose of this section, " Mixed Fission Products" and
" Fission and Activation Products" may be regarded as radionuclides,
provided that the total activity is also specified. Designations ase

to the process stream or location sampled or type of sample (e.g.,
" primary coolant") may also be helpful as an additional . designation
of the potential hazard.]

Section 20.905 Exemptions to Labeling Requirements.

Comment: The proposed rule omits existing exemptions for packages contain-
ing only exempt quantities and those containing less than 10 mci or less of
tritium, iodine-125, carbon-14, and sulfur-35.

Response: While these sources pose little 6xternal hazard from gamma
radiation, the quantities could-be a potential internal hazard if the package
were ruptured and the contents were released. Consequently, some warning
remains appropriate.

Comment: The proposed rule omitted the existing exemption from labeling
for packages labeled for shipment in accordance with 00T requirements.
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Response and Final Rule: The exemption for DOT-labeled packages has been

restored because the Commission agrees that the DOT labeling is sufficient to
denote the presence of radioactive materials and provide an indication of any
potential hazard. Quantities and concentrations not requiring 00T labels would
not warrant an NRC labeling requirement. (See S 20.905(d).)

Section 20.906 Precedures for Handling Packages.

Comment: The requirement to monitor all packages is unnecessary. The

requirement to monitor all incoming packages containing radioactive materials
is unnecessary and in large installations creates a substantial monitoring
burden.

Response: This requirement has been reevaluated and modified in order to
reduce the burden.

Final Rule: Section 20.906 in the final rule requires incoming packages
to be monitored when: (1) they are labeled as containing radioactive materials
acco- ng to DOT regulations, or (2) when a package is damaged or leaking. The

first provision would reinstate the exemption from monitoring for shipments of
small quantities of radioactive materials that would not require DOT labeling.

Comment: The requirement to survey external surfaces of packages is un-
necessary, Several commenters with extensive experience in monitoring packages
noted that external contamination was rarely if ever present and that wipe tests
are time-consuming both to make the smears and to count them.

Response: . Experience in the shipment of thousands of packages each year
has been very good. However, potential problems with leaking packages during
transit warrant continued monitoring upon receipt to ensure that leaking packages
are found and reported. Appropriate action can then be taken to determine the
extent of contamination in transport vehicles and storage areas in order to
limit the consequences and avoid recurrence. However, an exemption from the
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contamination survey requirement has.been provided for- special form (sealed)
sources that are being moved.to and from work sites in licensee owned or
operated vehicles. This partially restores.an exemption fro'm the package survey
requirements in the existing Part 20 (S 20.205(b)(iii)) for all special~ form
sources.-

The Commission believes that restoring-this exemption will not result in
any additional hazard. An external radiation survey of the package is still

'

required. .The primary' purpose of this external. survey of sealed sources is to
ensure that the source is still properly secured'and shielded after transpor-
ting it.

Final Rule: Th~e requirement'to monitor external surfaces of' packages-has
been retained and applies to the two classes of packages for.which surveys are
required (labeled " radioactive" and damaged 'or leaking). A partial exemption-
to sealed sources transported for field use has been reinstated because'of the
difficulty in making field measurements of surface contami_ nation and because-
-the transporting vehicle is not in general. commerce.

|

Comment: The requirement to monitor packages within 3 hours is unwarranted.
|

This requirement would be difficult to meet for several types of-licensees, some
.of which do not have a full-time health physics staff person.

Response: Licensees receiving labeled packages of. radioactive materials
to which this requirement applies are expected to have available persons who
are qualified to perform such monitoring. However',_the person monitoring the
package need not be a board-certified health physicist.

Final Rule: The 3-hour period in the ;urrent Part 20 (6 20.205(b)(1)(5))
has been . retained =except if the package is received af ter normal working hours.
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|
Subpart K--Waste Disposal

|
|

.

j Section 20.1001 General Requirements.
i
|

| Comment: Decay in storage as a disposal option. Many commenters noted

favorably the addition of " decay in storage" as an allowed waste disposal
j option. Several commsnters, however, did not believe that the option, as

| expressed in the proposed rule, was particularly helpful.
|

Response: Technically, the " decay in storage" option has always been
available to a licensee since the license permitted possession of the radio-
active materials and these materials naturally underwent radioactive decay.
The option was formally included in the proposed and final rules because the

i list of disposal options is exclusive and there have been questions as to
whether this was allowed under the previous Part 20. It should be noted that
this option does not allow material that has " decayed in storage" to be released
to unrestricted areas unless it meets the requirements of one cf the other
allowed forms of waste disposal in Part 20, or the requirements if !i 35.92,
" Decay-in-Storage," of 10 CFR Part 35, or the specific requiremenu given in
any NRC or Agreement State license conditions.

The NRC staff considered adding a separate " Disposal by Decay in Storage"
l option with specific criteria for unrestricted release of material after decay.

These criteria are commonly included in source and byproduct material licenses.
However, the provisions included in 10 CFR 35.92 and certain specific license
conditions pertain to relatively short-lived radionuclides and are neither
appropriate nor applicable to other classes of licenses, such as those issued
under Part 50. Also, when evaluated for a specific licensed activity, it is
possible to consider existing pathways of exposure and to establish specific

' criteria for decay.

General criteria in a rule would need to be sufficiently conservative to
,

take into account all reasonably conceivable pathways, thereby reducing the
applicable level from what would be permitted in a case-by-case evaluation.

|
'

|

I 73
'

1

- , _ _ _ , _ _ _ . . . _. . . _ . . _ _.. _ . . _ _ . , _



- - - -- -. . - . - .

Final Rule: The final rule has been modified to explicitly list " decay-
in-storage" as-an authorized form of: disposal. Section 20.1001 has been modi- '

fled ~to incorporate the requirements that were in S 20.1002(b) of the proposed
rule. These provisions require NRC licenses for persons who receive wastes
containing licensed radioactive materials for treatment, for treatment or dis-
posal by incineration, decay-in-storage 3 or disposal in facilities licensed
under Part 60 or Part 61.

!

Section 20.1003 Disposal by Release into Sanitary Sewerage.

|

Comment: Removal of allowance for disposal of "dispersible wastes." A
number of commenters felt that the restriction of wastes released to sanitary
sewers to soluble vastes would have an adverse impact on certain licensees that,
under the previous rule, had disposed of "dispersible" but insoluble radioactive

j materials. In.particular, the practice was mentioned of grinding up animal
| carcasses with subsequent sewer disposal of the ground residue. This practice
l

is permitted by the previous Part 20 but would not have been permitted under
the proposed rule,

t

Response: In the final rule, the Commission has modifica the conditions
in the proposed rule for disposal of radioactive wastes into sanitary sewer
systems so that "dispersible biological materials" may continue to be disposed
of by release to sanitary sewers. This means of disposal is advantageous com-

I

pared with other alternatives for disposal of this type of biological material.

The prohibition on disposal of insoluble materials via the sanitary sewer
was intended to prevent disposal via sanitary sewers of material in which the

'

radioactive material is primarily in an insoluble form. Such materials may
accumulate in the sewer system, in the sewer treatment plants, and in the sewer|

sludge.

Final Rule: The final rule permits disposal into sanitary sewers of:
(1) radionuclides in soluble form or (2) radionuclides in readily dispersible
biological material, provided that the limits in Appendix B, Table 3, on the

74

, . - -- -- - -. .. - - - . . - . . - --



. . _ . _ _ _ . __ _ .- _.

average monthly concentrations and the limits in 6 20.1003(a)(4) on the total
activity releaseo annually are met. The revised rule no longer permits the
disposal of nonbiological insoluble materials because of potential reconcen-
tration of these materials in the sanitary sewer system, sewage treatment
plants, and sewage sludge. This prohibition for insoluble materials is the

reason why there are no values listed in Table 3 of Appendix B for insoluble
materials.

|

Comment: The rationale for the reduction in the limits for sewer disposal
is not explained. The concentration limits for radionuclides released to sani-
tary sewer systems in the proposed rule have been reduced by a factor of 10 from
the former rule. This reduction did not appear to take into account the dilu-
tion afforded from multiple users of the sewer system. Commenters indicated
that they_ thought that this reduction would increase the amount of material that
would have to be disposed of via a-low-level radioactive waste burial site and
could result in increased radiation doses to workers having to package this
material.

Response: The assumption noted by many commenters that radionuclides dis-
charged into sanitary sewer systems are not ingested is not necessarily true
because water in large lake or river systems may be recycled. The dilution af-
forded by having multiple users of a sewer system can be offset in part because
there can also be several users that discharge radioactive wastes into the same
sewer system. The revised Part 20 rule permits a higher concentration limit
for discharges into sanitary sewers than for other liquid effluent releases of-
radioactive materials, bat has lower concentration limits than were formerly
allowed for sewage. In siew of past contamination incidents (involving cobalt-
60 and americium-241) and the reduction in the dose limit for members of the

- public, the Commission believes that continuation of the higher limits is no;

longer desirable.

The NRC has under way a study of the dose pathways associated with disposal
of radioactive materials via sanitary sewers. This study will help clarify the
potential for human exposure.

,
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Comment: The exemption on disposal of human excreta should be removed.

Hospitals should have to comply with the same regulations as other licensees.

Response: Disposal into a sanitary sewer system (which was designed
specifically to handle this type of waste) is the preferred method of disposal
because of the other health considerations in handling human excreta in addi-
tion to radiation protection. This exemption is in the current Part 20.

Section 20.1004 Treatment or Disposal by Incineration.

Comment: Relaxation of specific NRC authorization for incineration.
A number of comments questioned the need for the existing requirement that
incineration of radioactive materials requires specific prict NRC approval
(except for small quantities of tritium and carbon-14, which are specifically
exempted). These commenters noted that the source of the released material

(from an incinerator stack or from a fume hood vent) should not be the basis of
requiring specific prior NRC approval of incineration while permitting general
effluent releases.

Response: Relaxation of the prior approval requirement for incineration
| was considered in connection with the revision of Part 20. The requirement for
'

prior NRC approval of incineration remains in the revised Part 20 because the

acceptability of incineration as a disposal option, except for exempted quanti-
ties of radioactive materials, must be determined on a site-specific basis
considering (1) incinerator design to safely dispose of hazardous materials,
(2) the variable nature of the material to be burned both in terms of isotopic
composition and activity, and (3) because many of these incinerators can be
located in urban areas, special calculational methods may be required to
assess doses to people located near these facilities.

Final Rule: Disposal by incineration still requires specific approval by
the Commission (or Agreement State) whether done only for wastes from the
licensed facility or whether done for wastes received fr m other licensees.
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Section-20.1005 Disposal of Specific Wastes.
|

| Comment: There should be'a definition of ALARA for solid wastes. Many
'

commenters suggested the need for ALARA or exempt quantities of radioactive
material in solid wastes so that very low-level solid wastes could be disposed
of without regard to their radioactivity.

Response: The Commission agrees that such levels would be useful and has
developed a policy statement regarding levels of dose and risk that can be used
to determine that specific practices involve radiation hazards that are Below
Regulatory Concern (BRC). This policy-statement was published in the Federal
Register on July 3, 1990 (55 FR 27522). The BRC policy statement provides a
comprehensive policy that will establish a disciplined and consistent framework "

for all future Commission. exemption decisions. This: includes potential appli-
cation to rulemaking or licensing actions for disposal of slightly contaminated;

solid radioactive wastes. . The Commission is developing a program for implemen-
ting the BRC policy separate from this Part 20 rulemaking.

|

Section 20.1006 Transfer for disposal and manifests.

Comment: This section should not . In Part 20.

Response and Final Rule: This section is in Part.20 because it relates
to the radiation protection aspects of low-level waste shipments.

!

Section 20.? 'iance with Environmental and Health Protection
.ations.

Final R is section has a counte:.-:r'. in the present Part 20 and in
the proposed rule (S 20.1005) stating that meeting Part 20 requirements does
not remove the responsibility of-licensees, when disposing of licensed radio-
active materials, from meeting the requirements of other applicable Federal,
State, and local regulations applicable to toxic or hazardous wastes.

77

-- - -. -.- . . - , . - . . .



__________- -_ _ _ __ - - - .

The advisory statement in the final rule has been expinded to cover all
methods of waste disposal. This section of the rule is advisory and is not
intended to imply that NRC will take enforcement action for violations of
other environmental protection regulations issued under statutes other than
the Atomic Energy Act.

Subpart L--Records

Standardization of Record Retention Requirements.

Final Rule: R2 cords directly pertaining to effluents released to the
general environment, waste disposal, and doses received by individuals are to
be kept until the " Commission terminates each pertinent license requiring the-
record." Other record retention requirements in this subpart generally have been
modified to be for 3 years after the record:is made. This change is in confor-
mance with the final rule published in the Federal Register of May 27, 1988-

(53 FR 19240) on record retention requirements for other parts of the NRC
regulations. This change provides for consistent-record retention requirements
throughout the NRC regulations in Title 10 of_ the Code of Federal Regulations.

Section 20.1101 General Requirements.

Comment: The units used in records-should be limited to those ccmmonly
in use: the rad, the rem, and the curie. Some commenters thought that the
use of SI units (gray, sievert, and becquerel) should not be allowed.

Response and Final Rule: The Commission agrees that the use of "special
units," the rad,_the rem, and the curie, is-preferable at this time. This will-
avoid any difficulties arising from trying to implement both a new regulation
and new units. This will reduce potential problems in records and reports that
could result from some licensees using the "SI units" and some using the
older "special units." The final rule requires the use of the "special units"
instead of the "SI units." See the discussion of this topic under S 2C.4 Units.

'
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Section 20.1102 Records of Radiation Protection Programs.

Comment: Added implementation hrden associatei with requirements for
formal radiation programs. A number of commenters thought that the require-
ment to have a formal ALARA program would result in substantial increased costs
due to additional recordkeeping, procedural requirements, and quality assurance
requirements.

Response: As discussed under 6 20.101, these provisions have been modified
to require ALARA as one part of a licensee's radiation protection program. The

adoption of. requirements for~ licensees to have a formal radiation protection
program was not intended to cause large-implementation costs. Much of the cost
associated with the recordkeeping requirements in the proposed rule was a result
of the ALARA documentation requirements. These recordkeeping requirements have
been reduced in the final rule by deleting specific reference to documenting
ALARA actions. Specific types of records will be developed by each licensee as
part of its radiation protection prograr Therefore, this section contains
genwal recordkeeping requirements associated with the radiation protection pro-
gram.

Comment: The recordkeeping burden for small licensees requires a commit-
ment of resources that is not commensurate with the risk. (It Section XXXVI of

; the proposed rule (51 FR 1121-1122), NRC specifically requested comments'on the
magnitude of the impact of the proposed rule on small licensees and requested.-

j suggestions on how these impacts could be reduced.) Quite a few commenters
expressed their belief that the proposed rule will require more extensive moni-;

I toring and recordkeeping efforts than were required by the existing Part 20.
j Several commenters suggested that the NRC explore possible exemptions or exclu-

sions for academic' licensees and other users of small quantities of licensed'

material. Other commenters expressed the view that the protection of public
health for both the worker and the general public should be the same regardless

! of the size or economic resources of the licensee.
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!
| i

f. Respense: Because of the changes to reduce the recordk6 sing burden dis- i

!

j cussed in response to the preceding comment and because the basic requirement
in S 20.101 calls for effort "... commensurate with the scope and extent of

| licer. sed activities ... " the Commission has not made further exemptions or |

exclusions from the recordkeeping requirements in this section for certain [

] types of licensees.
,

!

i

Section 20.1104 Determination of Prior Occupational Dose. I

!'

Comment: Medical and academic licensees would have difficulty in complying
|

with the requirement to determine prior exposures. The transitSty nature of !
"

personnel in these facilities would make taeeting these requirements very costly, t

i Doses to employees are small fractions of the limits so that such costs would
be difficult to justify.

.

t

Response: The requirement to determine dose received in the current year I
implements the annual dose limits. The requirement to attempt to obtain records '

of lifetime cumulative doses follows one of the provisions of the guidance to
Federal agencies on occupational radiation protect *,on. Efforts to obtain prior [
exposure histories are only required for wortirs who are required to be moni- I

tored under 6 20.502. Determination of prior doses received during planned r

special exposures or doses in excess of the aanual limits are required only
[

| for workers who will be used in planned special axposures.
i

Comment: The recording of " fictitious" radiation doses should be avoided.
i >

The present and propowd rules state that, when information is not available ;
i

,

| regarding the dose received for a specific period, the licensee should assume I

that the dose received was at the dose limit. Several commenters thought that
j this was inappropriate. Some commenters mentioned that this practice might be
!

nonconservative as it would tend to overestimate the dose used in any epidemio- '

logical studies of radiation effects, thereby resulting in an underestimate of '

the risk associated with a unit radiation dose.
'

,

,. ,
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;

j

!
:

i l

{ Response and Final Rule: The final rule has been modified so that it does
j not require any assumed dose value to be recorded in case of incomplete prior

{ dose histories. Only the lack of data must be recorded for periods where there
i is no information. However, for the current year, where there are missing data,
! an assumption is to be made for establishing administrative controls: the

| portion of the dose limit remaining for the current year is reduced by 1.25
rems for each calendar quarter ?or which information is missing. (The values

j for other limits, such as the shallow dose equivalent or eye dose equivalent

| should be reduced by a one-quarter of their annual limit for each unreported
quarter.) The licensee must note the absence of this information on the em-
ployee's record but should not entar the assumed dose value as part of the

) employee's permanent dose record. For example, an employee who had prior radi-

f ation Working experience joins (9mpany X on July 1st but does not have the prior
radiation records.- This employee's dose'should be limited to 2.5 rems (5 rems -
2(1.25) = 2.5 rems) until such' time as the records are obtained.

!

i Comment: There should be a quarterly dose limit to cover workers whose
;

records have not been received from a former employer. A 0.5-rem dose might be
appropriate for this purpose.

Response: If data were missing for all four quarters (employment commen-;

ced late in the fourth calendar quarter), then the employee could not be exposed
to radiation above the level for a member of_the general public. However, this
limit is 0.1 rem per year not 0.5 rom.

L Section 20.1105 Records of Planned Special Exposures.

See discussion under 6 20.1204.
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k
j

| Section 10.1106 Records of Individual Monitoring Results.
J

Comment: NRC should not require reporting or recording of cumulative dose.

{ A number of commenters noted that the ICkP system of dose limitation is based

|- (as'one of the prir.ciples) on controlling annual doses. Consequently, they-

{ questioned the need for recording cumulative doses.

!

j Response: Although the commenters are correct that there is. no longer a
cumulative dose restriction in Part 20 (suci, c th **mer $(N - 18) formula),

j the Federal Guidance on Occupational Exposure (see Section II.D) contains a
tecommendation that cumulative dose records be maintained and provided to the"

worker.
1

|
|

j! Comment: The proposeo' rule does not require recording annual doses as
listed in the 1987 Federal occupational guidance,

i
'

Response: " Annual dose" is specified in the guidance and is the same as
the annual deep-dose equivalent for external doses. However, " annual dose" is
not required to be recorded by the revised Part 20 for internal doses. This is
consistent with an exception noted in ft,otnote 5 to the Federal guidance
(Federal Register of January 27, 1977; 52 FR 2832):

;

"When these conditions on intake of radioactive materials
have been satisfied (i.e., meeting the committed dose
limits), it is not necessary to assess contributions from
such intakes to-annual doses in future years, and, as an
operational procedure, such doses may be assigned to the
year of intake for the purpose of assessing compliance."

Paragraph 20.1106(b) -- See discussion under S 20.1204,
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I
i

|

Comment: The recordkeeping requirement in e e proposed 6 20.1106(d)(2)

would require that all records begin at the beginning of a calendar year. This
would create an unnecessary hardship on dosimeter processors since they could

j not stagger the dosimeter changeover schedules to provide a more uniform work-
load distribution.

; Response at.d Final Rule: The term " year" replaces the term " calendar year"
in 6 20.3 and permits the licensee to define the year to begin anytime in

'

; January. A licensee may change the starting date, provided that the change is
made at the beginning of the year and provided that no day is omitted and no
day is included twice in consecutive years.

;

Comment: The requirement in 6 20.1106(e) for each licensee to keep a copy
of the dosimeter processor's accreditation certificate creates an undue burden
on commercial processors. Commercial dosimeter processors would have to print
and distribute thousands of their certificates so that each user had a copy.

; Response: The proposed rule contained a requirement for the licensee to
maintain a copy of the dosimetry processing accreditation certificate issued

: to the processor providing dosimetry servic.s to the licensee. This r9quirement,
which was in the proposed dosimetry accreditation rule, was considered unneces-
sary and was dropped as a requirement in the final version of that tv- Conse-
quently, it has been deleted from revised Part 20. Licensees who provide their
own dos N ter processing services do have to maintain a copy of their NVLAP
accreditation certificate for inspection.

!

Comment: The NRC should consider a " traveling dose history" that can move
with the worker. This was suggested, particularly for transient workers and

; for workers employed concurrently by two employers. The master record will
! reside with the current employer and would have to be transmitted by the worker

to a new employer.,

,

i
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Response: Because the NRC can only regulate its licensees and has no

authority over individual workers, the recordkeeping and transmittal require-
ments for dose histories are placed on the licensee and not on the worker.
The concept of a " passport" incorporating security and dosimetry data has been
used successfully in Japan and elsewhere. The requirements for determination

of prior exposures that are in 6 20.1104 provide a similar record to a " moving
history," but this would have to be updated by each new employer.

Concurrent employment with two (or more) employers requires special atten-
tion so that the combined doses from both employers would not exceed the dose

limits. When two employers are aware of such concurrent employment, the simp 1-

est expedient to achieve this goal is for them to agree that the dose limit they
will use for this employee in the individual programs is less than one-half of
the NRC dose limits (the fraction of the dose limit allocated to each employer
might also be determined on the basis of the relative amount of time worked at
each location).

The problem of dual employment is more of a problem when the employee has
not confided in the employer. The licensee is required to ascertain the employ-
ment and dose record for the current year for new employees ($ 20.1104). If the
employee deliberately falsifies this information, the licensee would not know
of concurrent employment and the licensee would not be penalized for combined
doses from both employers that exceeded the dose limits. If a current employee
takes on additional outside radiation work without informing the employer, the
employer should not be penalized. It should be noted that, under the new repor-
ting requirements in 6 20.1206, individual dose records will be required to be
submitted to the NRC for all workers for those categories of licensees formerly
subjectto 6 20.407, including nuclear power reactor licensees.

Final Rule: Section 20.1106 has been modified in order to separate the
requirement for keeping a record from the format of the record. A clarification
has been added that the dose information on an embryo / fetus be kept with the
mother's dose record.
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!

I'
i ;

) I

Section 20.1107 Records of Dose to Individual Members of the Public. |
!
l

I
Comment: Reporting requirements for exceeding " reference levels." The pro- |

posed rule contained reauirements for reporting exposures in excess of the !

" reference levels" for doses to member $ of the general public. Many commen- |
ters thought that this was excessive because this was not an actual regulatory [;

limit. |
'

!

!

Response: The 100 millirems per year " reference level- for doses to mem- [
bers of the general public in the proposed rule has been incorporated as the dose

i
limit in the final rule for members of the general public so that the associated !

recording and reporting requirements now pertain to a regulatory limit. ;

Final Rule: Section 20.1107 has been broadened in scope from " effluents" f
to pertain to records of all estimates of doses received by individual members |
of the public. Doses to members of the public are calculated from measurements.

of direct radiation, and radionuclides ir, effluents, and the environment rather f
than as measurements pertaining to a a particular individual.- This difference !

I in method of dose assessment from the more direct measurements used for occupa- '
,

tional exposure does not imply any lessening of requirements for keeping ade- ;

quate records of effluents released to unrestricted areas. ;
,

!

!
Section 20.1108 Records of Waste Disposal, l

i
!.

Final Rule: Section 20.1108 is unchanged from the proposed rule. |;

!

'

Section 20.1109 Records of Testing Entry Control Devices for Very High
Radiation Areas, i

t

1

| Final Rule: Section 20.1109 contains an addition to the' proposed rule i
,

for keeping records of tests of entry control devices for very high radiation
areas. This addition is based upon a requirement in S 20.203(c)(6) of the pre- ii

L sent Part 20. I

!
. >

r ;
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Section 20.1110 Form of Records.
|

Comment: NRC should allow computerized recordkeeping systems to handle
records. A few licensets suggested that NRC allow " electronic" recordkeeping
systems and provide guidance for their use.

! :
Response: The Commission agrees that there is great value in the use of

" electronic media." There are a growing number of licensees that are using com-

|
puter information networks for retaining and transmitting radiation dose
histories and other worker-related information among different f acilities.

Final Rule: The final Part 20 expands the definition of " record" to in-
clude " electronic media." The use of electronic media requires authentication

,

and the prevention of alteration or loss of the records. As with existing
requirements for paper records, the electronic media must be capable of pro-
ducing a legible copy of the record.

Subpart M--Reports

Section 20.1201 Reports of Theft or loss of Licensed Material.

j Comment: The term " substantial exposure" in S 20.1201(a) should be defined.
The requirement to report the loss of radiation sources capable of producing
" substantial exposure" needs to be more preuse. -

Response: The term " substantial exposure" has been replaced by a specific
; designation of the activity of lost source that requires immediate reporting

to the Commission. This quantity is 1,000 times the Appendix C activity levels.

L For sealed sources of cobalt-60, cesium-137, or iridium-192, this activity would
produce a dose of around 25 rems at 1 foot over a 30-day period (25 rems is the
worker dose that requires immediate Conadssion notification). Although somewhat

similar doses may be projected from inhalation of dispersible material, the,

exact exposure conditions would have to be known in order to make a valid ac-
tivity-to-dose relationship.
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,

!

|

Final Rule: The final rule now contains specific activity criteria for
.

immediate reporting rather than the vague term, " substantial exposure."
!

!

Comment: The quantity for reporting the loss of a source is too low (too |
high). The reportable quantity of 10 times the Appendix C activity values
appeared to some commenters to be overly restrictive; others thought that all
lost or missing radiation sources should be reported.

,

Response: The specified 30-day reporting level is a compromise between
having higher reporting levels and having a requirement that all lost or miss-
ing sources be reported. Further, the report permits review of the circum-
stances involved including any lack of security of materials or weakness in the

'

licensee's control program that may be unrelated to the sources being stolen
i or lost, but may be pertinent in avoiding recurrent thef t or loss.

Final Rule: The activity levels in Appendix C for some long-lived radio-
nuclides have been increased from those specified in the proposeo rule. This
increase means that the loss of milligram quantities of~ natural uranium will
no longer have to be reported.

Comment: A 30-day telephone report should not be required concomitant with

,

a written report. Sections 20.1201(a)(1)(ii) and 20.1201(b) both call for a
I 30-day report; the first requires a telephone report and the latter section

requires a written report.

! Response and Final Rule: The rule has been revised to clarify that the
i written reports required by 6 20.1201(b) are to be submitted within 30 days of

the telephone notification required by b 20.1201(a), rather than both being
within 30 days of learning of the theft or loss.

I
,

.

1
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Comment: The rule should provide for a " grace period" before having to
report a lost source to NRC. Commenters noted that, in many instances, a source

j " lost" in transit eventually turns up. Some specified period, such as 7 days,

|
should be permitted before a " lost" source would have to be reported to the NRC.

!
! Response: The rule contains two notification requirements: the one for

immediate notification only pertains to those sources that exceed 1,000 times
the Appendix C activity levels. The second notification requirement pertains

j to sources that exceed 10 times the activity-levels in Appendix C and that
are still missing after 30 days. This provides a grace period of 30 days for
reporting the loss of most sources.

Seccion 20.1202 Notification of Incidents.

Comment: The requirements for immediate notification of NRC are too low.
Some commenters thought that the doses associated with the requirements for
immediate reporting to NRC (five times the respective annual limits) would not
produce any discernible harmful effects to the individual to warrant immediate
reporting.

Response: Doses of the order of 25 rems (5 times the 5-rem annual dose
limit) can produce discernible biological effects in the body in the form of
chromosome aberrations and changes in the white blood cell populations.
Although the majority of these effects are temporary, they could be discerned.
However, irrespective of the potential for discernible effects, doses at these
levels represent a major breakdown in the licensee's control over the radio-
active material, and the Commission believes that it is important that NRC be
promptly notified so that it can take actions, if necessary, to limit further
consequences.

Final Rule: The final rule retains the previous reporting requirement.

!
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:
!

Comment: Immediate reporting should be required if there is any potential

| for dose reduction. The Environmental Protection Agency (EPA) suggested that

; incidents always be reported if there is the potential for significantly reduc-

| ing public doses through protective actions. It is believed by the EPA that
I this would occur at doses significantly less than those of the proposed repor-

ting criteria.

Response: The incident reporting levels and response times have been
selected to limit attention to the more potentially serious events without the

; entire NRC emergency response network being activated unduly for events involv-
'

ing only small quantities of radioactive materials. For most cases, it is ex-
pected that the licensee would have initiated any necessary remedial measures.

Comment: Immediate and 24-hour notification requirements should be suspen-
ded in the case of a declared emergency at a nuclear power plant. Commenters,

felt that any emergency at a nuclear power plant will involve onsite NRC staff
and that stopping emergency activities to make the Part 20 incident reports
could be a burden on the licensee.

Response and Final Rule: These reports are particularly easy to make for;

nuclear power reactors (the reactor operator merely has to pick up the dedicated
NRC telephone line to get the NRC Operations Center). There are certain func-
tions of the NRC (such as activating the NRC Incident Response Plan) that re-
quire that NRC be notified; therefore, this notification requirement has been
retained.

Section 20.1203 Reports of Exposures, Radiation Levels, and Concentrations.

Comment: There is no requirement for reporting doses that exceed the limit
for protection of the embryo / fetus in S 20.208.

|

Response and Final Rule: A requirement has been added to the final rule in

S 20.1203(a)(2)(iii).

!

|
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$

;

! Comment: The identifiers required in S 20.1203(b)(2) for the embryo / fetus i

i should be those of the mother. As the fetus has no date of birth and no Social-
Security account number, those of the mother should be used.

Response and Final' Rule A footnote to this effect has been added to
I S 20.1203.

|

!

Comment: Reports of exceeding the 0.1-rem reference level should not
i be required. A number of commenters noted that the 0.1 rem reference level

was not a limit and, therefore, exceeding it should not necessitate a report
i to the NRC.

Response: As a result of changes in the ICRP interpretation of the 0.1-rem
level and the former 0.5-rem dose limit, the 0.1-rem level is now the recommend-
ed limit. Consequently. 0.1 rem is the primary limit applicable to members of
the general public and reports art justifiedwhenitisexceeded.

Comment: Smaller licensees, such as nuclear medicine facilitiss, should
be exempted from the reporting requirements of 6 20.1203. Licensees are re-

' quired to report concentrations in unrestricted areas that exceed 10 times
any applicable limit in the license. Because some nuclear medicine units use
the room air volume for dilution, calculated concentrations exceeding 10 times
the Appendix B limits might frequently occur. This would require either more
frequent reporting to NRC or use of more sophisticated atmospheric dispersion
models.

Response: The reporting requirements are very similar to those in the
previous Part 20. Part 35 of the Commission's regulations, which deals with
medical applications, covers the medical use of noble gases and in 6 35.205(a)
limits airborne concentrations to the 10 CFR Part 20 Appendix B concentrations.
Experience has not indicated large numbers of raports of such limits being
exceeded.
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1

i ,

j $ 20.1204- Reports of Planned Special Exposures

! Comment: The licensee should not have to file a separate report to
NRC for Planned Special Exposures. Several comenters objected to having to
file these sep'arate reports each time a Planned Special Exposure is carried out.4

This was viewed as representing a reporting requirement for operating within the
NRC regulations. It was suggested that this information be included in the
employee's records without reporting to NRC.

Response: Because of the newness of the concept, the NRC wishes to'

monitor carefully the use of the Planned Special Exposures. Further, while
the _ Planned Special Exposures are provided in the final rule, its use does
represent a situation in which the licensee is, operating outside of the normal
dose limits, and of which the Commission should be aware.

Comment: Period for reporting planned special exposures. Several comenters,

i noted that the 15-day period for reporting planned special exposures is shorter -

than the 30-day period usually allowed for similar reports.

Response: The reporting period of a planned special exposure has been
increased from 15 days to 30 days to be more consistent with other reporting
requirements.

1

| Section 20.1206 Reports of Individual Monitoring.

Comment: Could the requirement for the reporting cf individual exposures,

be construed as an invasion of privacy? Some commenters believed that requiring
the reporting of individual doses rather than a statistical sumary might con-

i stitute an invasion of personal privacy.

Response: The Commission does not believe that submission of individual
-dose data constitutes an invasion of privacy. Such data have been reported to
the NRC routinely in the termination reports for some time. Such information
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will be protected in accordance with the Privecy Act and will be restricted,
as it has been in the past, to use by NRC officials, NRC contractors, or quali-
fied scientific investigat.cs. Instructions on protecting this information
appear in S 20.1106(d).

Comment: If the radiation exposure data are cellected into a central
repository, would the NRC be the proper place for it? One comenter felt that

'

the radiation exposure data might be better maintained by an agency whose
charter encompasses the analysis of the data for estimates of risk.

Response: Arguments might be made for other agencies having the 11ad role
in the storage and analysis of tiase data; however, it is the NRC that has the
statutory authority to require that these data be collected. Although the
Parc 20 recordkeeping requirements are intended primarily to fulfill NRC's
information needs for regulation, the NRC has continuing contacts with agencies
that have expertise in conducting epidemiological studies (such as the National
Cancer Institute of the National Institutes of Health and the Office of Health
and Safety of the Department of Energy) to ensure that the Part 20. reporting
and recordkeeping requirements do not lose information that would be vital to
carrying out studies of this type.

Comment: The total collective (person-rem) dose should be repor.ed. It

was felt by one commenter that NRC should require the total collective dose to
be reported so that the numbers used in NUREG-0473 (NRC's annual summary of

occupational radiation doses) will be the same as those calculated by the
licensee.

Response: The reason for a possible discrepancy between a licensee's esti-
mate of the collective dose to workers and the_ estimate published by the NRC
has been that the licensee may sum the actual individual doses and the NRC esti-
mate is based upon the statistical summary rather than the actual individual
dose reports. Such differences should be reduced in the future because NRC
will also be using dose information for individuals. The final rule requires
licensees who previously submitted the dose summaries to report the individual
dose data to NRC, Both collective dose calculations sht>uld then be using the
same data base.
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i

Comment: The termination report required in S 20.1207 should (or should
not) be replaced with an annual report for all personnel monitored. Some com-

menters felt that an annual report just to the NRC should replace the present
requirement for a termination report. Other commenters felt that annual reports
to the NRC of doses to individuals constituted a considerably larger burden than
did a statistical summary. Some commenters, who disagree with filing an annual
report to the NRC, were in favor of giving such an annual dose summary to the
worker. Other commenters suggested that all licensees be required to submit
an annual report to NRC on each monitored individual.

Response: The reporting of individual monitoring' data will help track
dose: to individuals who are exposed at several facilities during any given
year and whose total dose would be underreported by statistical reports prepared
at each work site. Such information is shown at the present time only by analy-
sis of the temination reports.

Licensees who were previously required to file both annual statistical sum-
maries and termination reports with the NRC will, instead, submit annual dose
reports to NRC for all workers for whom monitoring was required under S 20.502.

! A copy of the annual report to NRC could also be given to the individual worker
in order to satisfy the revised reporting requirement in S 19.13 of 10 CFR

j Part 19. Although this may entail some additional burden to licensees, the use

| of " electronic media" for recordkeeping might in fact reduce overall costs. It

is intended that large employers (such as nuclear power reactor licensees)
would submit an electronic copy of their dose reports in a prescribed format
to the NRC in lieu of paper copies of individual records.

| Subpart N--Exemptions and Additional Requirements
|

Section 20.1301 Applications for Exemptions.

Comment: NRC should make the issuance of exemptions a matter of public
record. Several commenters felt that the issuance of any exemptions under this
section should require public notice and comment. The EPA stated that exemp-
tions could adversely affect its ability to control radionuclides under the Safe
Drinking Water Act.
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4

Response: The NRC has issued few exemptions under this longstanding pro- |

| vision and has not exempted anyone from the dose limits for a worker or for a !
member of the public. The Safe Drineing Water Act was not intended to control |

i effluents and, air. hough radionuclide doncentrations at downstream water supplies f
are routinely calculated as part of li;ensing evaluations, the licensee must {
meet the Part 20 concentration limits at the of fluent release point, not at the !

,

drinking water intake af ter dilution oct urs. |

!
!

I

Appendix A i

!
t

Comment: The protection factor for air purifying respirators with partic- '

ulate elements is +.o0 law. %e listed protection factor for air purifying res-
pirators with particelate filters is 50, whereas both ANSI ZB8.2 and the OSHA f
regulations in 29 CFR Part 134 use 100. |

:

Response: The NRC never endorsed ANSI Z88.2-1980, whereas the OSHA regu-

lations generally follow ANSI standards. The current NRC-allowed protection ;
'

factors (PFs) are based upon research conducted by the Los Alamos National
Laboratory (LANL). These recommendations included a PF of 50 for full face j
respirators, based on experimental data on actual testing of personnel using ;
respirators under carefully controlled conditions. In actual use, there is

|
i

essentially no difference between a PF of 50 versus a PF of 100, so that there
should be little or no real impact on field use of respirators or on operations [
at nuclear facilities that would result from using the higher protect'on factor.

I

Comment: Several respiratory equipment specifications-in Appendix A should
I be applicable only for areas that are "immediately dangerous to life and health."

Footnotes "h" and "i" contain specifications for air flow rates and flow cali-
bration and a requirement for standby rescuers to be available when using sup-
plied-air suits. These were felt to be unneeded considering that, if the air'

flow failed, the person c.ould withstand a small exposure to the airborne radio-
nuclides while exiting the area after removing the protective hood.
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Response: The supposition that conditions "immediately dangerous to life
and health" do not exist is not always correct. Failure of an airline in sup-
plied-air suits may be considered as "immediately dangerous to life and health"
because there is an acute danger of suffocation if the air supply is interrupted
and the hood cannot be removed by the wearer. Rapid recovery of and assistance
to the individual in the supplied-air suit necessitates the presence of a pre-
equipped rescuer.

Appendix B

General comments: Most of the comments from radiation protection profes-
sionals favored the adoption of the ICRP-26/ICRP-30 annual limits on intake and
the derived air concentrations. Comments from private citizens were against
adoptio?. of the ICRP values because the majority of the values would increase
(as stated in Section XXIX of the proposed rule, 51 FR 1120).

Response: From an occupational protection standpoint, the changes that
result from adoption of the ICRP risk-based approach lead to higher limiting
intake values than in the previous Part 20. These increases result from the
increase in the allowable ceiling for organ doses. The values that served as
the basis for calculating the concentration limits used in the former Part 20
were organ dose limits of 5, 15, and 30 rems. The new concentration limits are
based upon tt.e effective (weighted) organ dose or upon the nonstochast" Timit
that forms an organ dose ceiling when the stochastic risk is not limitilig.
These changes increase the limiting annual organ doses (when only one organ
is irradiated) for those doses that are limited by the stechastic (effective
dose) limit from 5 rems to 20 rems for the gonads, from li rems to 32 rems
per year for the breast, and from 15 rems to 42 rems for the lung. Limiting
doses to other organs increase from the former 15- and 30-rem values to the
50-rem nonstochastic limit.

The former ICRP-2 " critical organ" concept based the limiting intake upon
controlling the dose rate to the organ receiving the highest dose rate (the
" critical organ") The doses to organs other than the critical organ did not
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'

i

I
:

' have to be avaluated, even if these doses were close to the estimated dose to
the critical organ. The new ICRP-26/30 system evaluates the doses to the major

I organs and the six remaining organs that receive the next highest doses. These
,

doses are then multiplied by the appropriate weighting factors (w ) and are sum- |T

med to give a risk-weighted " effective dose." The enneentration limits that are

; based upon this newer ICRP approach reflect the doses to all principal organs
that are irradiated, not just the one organ that receives the highest dose as i

was done in the former Part 20. '

'
,

i
'Many of the comments from private citizens do not appear to reflect the

proposed rule because many of the comments objected to raising the limits for [
radionuclide concentrations applicable to the general public. As noted in the
discussion of Appendix B in the noti m of proposed rulemaking (Section XXIX, [,

51 FR 1119-1120), the concentration limits for members of the public were based j
upon a " reference level" dose (now the dose limit for members of the general |

e

public) of 0.1 rem per year and incorporated an additional factor of 2 reduction ;
'(Proposed Appendix B; 51 FR 1145) for age-dependency and combined air and water

intakes. Thus, the concentration limits for the public reflect a reduction in f
their basis from a whole-body annual dose o, u.5 rem in the former Part 20 to i

0.05 rem in the proposed and final rules, i

i

The concentration limits for individual radionuclides may be higner or !
lower for members of the general public in unrestricted areas in the final

i

Appendix B than in the former tables because of changes that occurred in the
,

intervening 25 years in the metabolic and other parameters used to calculate
[

internal doses. These changes are reflected in ICRP Publication 30 ano its'

supplements and amendments. However, these changes are a result of changes,

in the scientific techniques and parameters used in calculating doses and do
not reflect an increase in the allowable dose limits, which, in reality, have
been decreased in the revised Part 20. ;

!4

;

!
l

Comment: NRC should consider deleting Table 2 from Appendix B. The con- |

centration limits in Appendix B do not provide adrquate protection of children {
and infants because they do not take into accbutt , s ioeno icy in a proper f
manner. Compliance with the dose limits, rathci . *tth chese concentration '

limits, should be required. i

i
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;

,

Response: The use of the effective dose equivalent concept reduces the !
importance of age-dependent intake-to-dose factors. Age dependency is of f
primary importance in calculating organ doses. Those organs for which age !

dependency is important, such as the thyroid gland, are of lesser importance :

because of lower w values (for the thyroid, for example, wT = 0.03) used to f
;

T

calculate the effective dose. A factor of 2 is included in the calculation of |

concentration limits for release to air and water, which, in part, accounts for f,

j age dependency. In addition, the Commission believes that there is a lack of {
'

detailed age-dependent metabolic data for all but the most common radionuclides j
that will inhibit such attempts to increase the precision of the dose estimates.-

,

t

k
j Hany smaller licensees routinely use concentrations and the Appendix B ~ !

tables in order to demonstrate compliance. The use of concentration limits
for determining compliance is a well-established practice that is economical ,

for many of the smaller licensees. Despite the growing availability of sim- i
plified dose assessment models, the Commission is continuing to accept the ;
use of concentrations to demonstrate compliance with the dose limits. i,

!

!

Comment: The Appendix B tables fail to account for the chemical toxicity
of natural and low-enriched uranium. This fails to take into account the pos-
sible kidney (renal) damage associated with the chemical toxicity.| t

!
'

I i
j Response: There is a separate limit for uranium intake that is based upon f
| the chemical toxicity. This limit was expressed as footnote 3 to Appendix B, i

| page 1199 of the January 9,1986 notice cf proposed rulemaking and also as
;

6 20.204(i) on page 1131. In'the revised rule, it still appears as footnote 3 i

in Appendix B, but the limit also has been moved up in the text to the section
on dose limits and now appears as S'20,201(e). I

!
!
;

i

Comment: The limits for occupational and nonoccupational exposure to |
radon-222 and its particulate daughters do not appear to be consistent with ,

the airborne concentration limits for other radionuclides in terms of risk.
L

>

h
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!
i

j

j Response: The occupational concentration limits for radon-222 are based

| on the existing Federal guidance, which is 4 WLM (4 Working-Level Months) per
year. The annual limit on intake (ALI) is stated as 100 pCi or 4 working-level
months. The derived air concentration (DAC) in Part 20 for occupational expo-

8-

sure to radon-222 of 3 x 10 is equivalent to 0.33 working levels (this equi-,

! - valence is also given in the Appendix B table). The concentration limit for
members of the general public is a factor of 300 lower and, like the other air-

: borne concentration simits, represents an effective dose of 0.05 rem per year.

;

i

! Comment: Concentration limits for tritium omit chemical forms other than
for tritiated water vapor.

,

Response: As there is expected to'be no occupational intake via oral
ingestion, and most of the commonly used organic tritiated compounds are not
volatile, inhalation and transpiration through the skin are the principal path-
ways of exposure. Different intake limits would apply to hydrogen gas (HT or
T ) and tritiated water vapor (HTO). The HT or T2 gas is rapidly converted to2 -

4

HTO by isotopic exchange and oxidation (both in air and in the body) so that
7

! specifying a submersion dose limit for HT would understate the actual radio-
logical impact. Comparison with other derived limits for other chemical forms
shows that the use of the concentration limits for HTO provides an adequate
level of protection for most of the other chemical forms.

<

Comment: No concentration limits are listed for natural thorium. There

are limits for natural uranium, but corresponding concentration limits for

f natural thorium are not given. The isotopic composition of thorium can vary
| somewhat with different ores and with different times after chemical separation.

Response: A licensee should use the thorium-232 value or, if a more pre-
cise value is desired, use the procedure for mixtures in Appendix B applied to
the actual isotopic concentrations present.

Comment: The derived air concentrations for the general public are not
always 0.1 times the occupational values.
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j Response: The limits for the general ~public are calculated solely from |
| the stochastic risks. This differs from ICRP, which would use a " capping" organ
j dose limit of 5 rems (0.1 x the nonstochastic limit of 50 rems) in deriving the !

! organ dose limit for organs that 'are limited by the nonstochastic risk. If !

there is a threshold for nonstochastic effects for the worker at 50 rems, it !
I lwould also apply to a member of the public. Rather than applying a factor of ;,

10 reduction to a nonstochastic value, the limiting stochastic (effective) {,

l dose was used to calculate the concentration limits for the general public. !

Values are not based on the nonstochastic risk for members of the public, j'

even if they were the basis-for the calculation of the OACs and ALIs for the i

worker. This difference in method of calculation accounts for the lack of a
consistent ratio between worker DACs and effluent limits for the public. j3

i.

!

1 I
Appendix C j

'
;

!
Comment: The reduction from 100 pCi to 0.001 pCi for thorium values will -

t

require posting of areas where thoriated-nickel machine parts are used. |

I:
. -

- r
: Response: On the basis of specific activity considerations, the existing j

100 pCi limit has been retained for long-lived radionuclides (half-lives longer f
(- than 10s years) such as thorium-232, which would require several grams of i

material to produce the stated activity level. Because this is based on half- [
life, two isotopes may be treated differently, e.g., uranium-235 which does not I

meet the half-life criterion has an Appendix C value of 0.001'pCi, and uranium f_

-238 which does meet the criterion has a value of 100 pCi. |
!
i

!

Appendix 0 contains the NRC Regional Office addresses and telephone-numbers. !
)
?

i

Appendix E [ Reserved) I
t
.

Final Rule: The calculational guidelines and equations that appeared in
Appendix E are being incorporated irto a regulatory guide on summation of in- |

ternal and external doses; This will make it easier'to revise and clarify.the !

i
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calculational methods without having to resort to formal rulemaking. (Note:
NRC routinely issues regulatory guries for public comment before making them'

final.) .

'Appendix F

[ Note: Appendix F is derived directly from requirements ins =rted by the
Part 61 rulemaking proceeding on low-level radioactive waste disposal sites.
These requirements were in 6 20.311 of the existing 10 CFR Part 20. Because

these requirements are relatively recent, they were not modified in tae
Part 20 revision. The Commission is considering revisions to the manifest
requirements in a rulemaking separate from the Part 20 rulemaking.)

Appendix G

No comments on Appendix G were received.

VII. Conforming Amendments '

Acco@ anying the revised rule are amendments to other parts of Chapter I '

that update citations to 10 CFR Part 20 that are found in these other regula-
| tions. Two amendments are particularly important as they go beyond updating

,

cross-reference ci,tations. One amendment to Appendix C to 10 CFR Part 2 up-

dates and modifies the examples of the severity levels associated with viola-
tions of 10 CFR Part 20. Because. Appendix C relates to the administrative
policy of the Commission and because the listed violations are used as examples
of different severity levels and are not all inclusive, the Commission does not
believe that solicitation of public comment is required before these are issued
in final form.

, ,

The second major change to other parts is the req D ement to provide all
workers with information on their radiation doses. This modification was made i

to conform to the 1987 Federal guidance on occupational radiation exposure.
Formerly, Part 19 required licensees to furnish such a report at least annually

100
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!

!

|

upon the request of the worker. The change deletes the words dupon request."<

! Public comment is not being solicited on this change as the comments were re-
quested in the proposed rule (Section XXVII. 51 FR 1118) on the option of re-
quiring reports to individual workers. (These comments are discussed with

i

j regard to 6 20.1106.) Part 19 has been revised to require licensees to advise
each worker at least annually of the worker's dose recorded pursuant to

| 6 20.1106.
i ,

h
d

VIII. Finding of No Significant Environmental Impact: Availability

} The Commission has determined under the National Environmental Policy Act
of 1969, as amended and the Commission's regulations in Subpart A of 10 CFR

Part 51 that this rule is not a major Federal action significantly affecting
1 the quality of the human environment and therefore an environmental impact
j statement is not required. The revised 10 CFR Part 20 changes the level for

protection of-the general public from an implicit limit of 0.5 rem per year to an 1

explicit limit of 0.1 rem per year. There are also numerous changes in airborne
and water radionuclide concentration limits. These changes result from changes
in the models and parameters used to estimate the radiation dose associated
with intake of a radionuclide. Some of the concentration limits for the general
public in this revision are higher or lower than present concentration limits;
and some are similar tc the present limits.

Despite the changes in the dose and concentration limits, the Commission4

believes that issuance of the final Part 20 rule will not have a major impact
: on the environment. The primary basis for this conclusion is that, in addition

to 10 CFR Part 20, there are other regulations that govern allowable doses to
members of the public and that remain unchanged by the changes to Part 20.
These other regulations include Appendix I to 10 CFR Part 50, 10 CFR Part 60,
and 10 CFR Part 61, the EPA's generally applicable environmental standards in,

40 CFR Part 190 and the National Emission Standards for Hazardous Air Pollutants
(hfSHAP) in 40 CFR Part 61 Subpart 1. These standards set limits or design
objectives (Appendix I) for releases of radioactive material to the general
environment that are generally more restrictive than the dose limits in Part 20.

'

Consequently, since these more restrictive standards remained essentially
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unchanged by the Part 20 revision, the level of public pnitection and the
associated environmental impact are not changed appreciab'y from those associated
with the current rule and the aforenamed regulations.

The environmental assessment and finding of no significant impact on which
this determination is based are available for inspection at the NRC Public
Document Room, 2120 L Street NW (Lower-Level), Washington, DC 20555. Single
copies of the environmental assessment and finding of no significant impact
are available from Harold T. Peterson, Jr. , Nuclear Regulatory Commission,
NL/5-139, Washington, DC 20555, Telephone: (301)492-3640.

IX. Paperwork Reduction Act Statement

This final rule amends information collection requirements that are subject
to the Paperwork Reduction Act of 1980 (44 U.S.C. 3501, et seq.). These infor-
mation collection requirements in this final rule have not been reviewed by the
Office of Management and Budget (OMB), but will be submitted by NRC for approval
by OMB. These information collection requirements will not become effective
until approved by OMB. The OMB approval will be published in the Federal
Register.

Public reporting burden for this collection of information is estimated
I to average 33 hours per response, including the time for reviewing instructions,

searching existing data sources, gathering and maintaining the data needed, and
completing and reviewing the collection of information. Send comments regarding

this burden estimate or any other aspect of this collection of information,

| including suggestions for reducing this burden, to the Information and Records
j Management Branch (MNBB 7714), U.S. Nuclear Regulatory Commission, Washington,
l DC 20555, and to the Desk Officer, Of fice of Information and Regulatory Affairs,

NE0B-3019 (3150-0014, 3150-0044, 3150-0005, and 3150-0006), Office of Management
and Budget, Washington, DC 20503.

|
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!
X. Revised Regulatory Analysis

|
| The Commission has issued a final regulatory analysis for this regulation.

This revised analysis was based on the draf t regulatory analysis as modified to
account for the changes from the proposed rule resulting from public comments
on both the proposed rule and the staff's revised rule in SECY-88-315 and
supplemental papers. Copies of both the draft and final regulatory analysis

| are available for inspection and copying for a fee in the NRC Public Document

Room. (See Address.)

J

XI. Final Regulatory Flexibility Analysis

In accordance with the Regulatory Flexibility Act of 1980, 5 U.S.C. 605(b),
,

the Commission has prepared a regulatory flexibility analysis that indicated
the revised rule will apply to all NRC licensees. The NRC has approximately
7,500 licensees, approximately one quarter of which are classified as small
entities. (Note: Agreement States, which implement comparable regulations
under Section 274 of the Atomic Energy Act of 1954, as amended, have about,

16,000 licensees of which a comparable number are assumed to be small entities.)
The types of small entities that would be affected by this rule include phy-
sicians, small hospitals, small laboratories, industrial applications in small

4

industries, radiographers, and well loggers.

Copies of the draft and final regulatory analysis are available for inspection
and copying, for a fee, in the NRC Public Document Room. (See Address.)

XII. Backfit Analysis

A final backfit analysis has been prepared for this rule and may be
; examined and copied for a fee in the Commission's Public Document Room (see

Address).- For the reasons stated in this backfit analysis, the Commission
-

believes that the reductions in allowable dose limits that are embodied in
the revised Part 20 constitute substantial increases in the protection of public

.
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health and safety. Although current practice, including the philosophy of
keeping radiation exposures as low as is reasonably achievable (ALARA),
generally has kept radiation exposures well below the existing limits, the
reductions in the allowable dose limits ensure that such doses will also
remain low in-the future.

>

In addition to the quantifiable safety benefits accruing from dose reduc-
tions and other improvements in the revised Part 20, there are several quali-
tative factors that support issuing the Part 20 revision, One of the main
qualitative fac ors is that it is necessary to revise the 30 year-old existing
Part 20 to ensure that the NRC regulations reflect the current state of radia-
tion protection science. Any future revisions in dose limits recommended by
ICRP or NCRP would undoubtedly be based upon the 1977 ICRP and 1987 NCRP recom-

mendations and, therefore, would be more easily incorporated into the framework

of the revised Part 20 than in the framework of the current Part 20. Other
qualitative factors include: maintaining consistency with international
radiation protection f actors, keeping the radiation protection requirements
consistent with current risk assessment methodologies, and having the NRC's
standards conform to Federal radiation protection guidance.

Based upon the conclusions in the final backfit analysis, the revised Part 20
provides a substantial increase in public health and safety compared to cur-
rent standards, including a determination that, when the quantitative and quali-
tative safety benefits of the revision are considered, the costs of implemen-
ting the revised Part 20 are justified, the Commission finds that the require-
ments of the "Backfit Rule" (6 50.109) are satisfied and that the Part 20 re-
vision should be issued as final rule.

The Commission is adopting the final rule based on the conclusions of this
analysis that the rule provides for a substantial increase in the overall pro-
tection of the public health and safety and that the direct and indirect costs
of its implementation are justified in terms of the quantitative ano qualitative
benefits associated with the rule. The Commission notes, however, that, even
had the analysis not concluded that the revised Part 20 provides a substential
increase in the overall public health and safety, it could have gone forward

104
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; with the rule because the changes made to Part 20 also amount to a redefinition
! of the level of adequate protection and the backfit rule's substantial increase

in protection and cost . justification standards do not apply to a redefinition of
i adequate protection.

I

XIII. Additional Views of Commissioner Curtiss,

I approve the revisions to 10 CFR Part 20 and related changes to other
;

regulations as outlined in SECY-88-315 and SECY-89-267, subject to the modifi-

] cations discussed below.

Backfit: I have examined the proposed Part 20 amendments from the stand -

1 point of whether and, if so, how the backfit rule should apply to this parti-
cular rulemaking. The nature and effects of the proposed changes to Part 20
lead me to the conclusion that the proposed amendments, in essence, would re-
define what is necessary for adequate protection of the public health and safety
in the radiation protection area. Thus, while I believe that we should apply
the backfit rule to-this Part 20 rulemaking effort, I also believe that this
rulemaking constitutes a redefinition of adequate protection.as described in
10 CFR S 50.109(a)(4)(iii) and that the usual backfit analysis and cost benefit
balancing are therefore not required in this instance.

'
On the question of whether such an approach would require this rule to be

renoticed for further public comment, I have concluded that there was ample in--
dication in the notice of proposed rulemaking that the Commission is rethinking
its radiation protection standards across-the-board in this Part 20 rulemaking.
Moreover, this initiative was explained in a. manner.that could logically be
construed to encompass the approach to backfitting described above.. Of partic-
ular importance, the notice of proposed rulemaking itself seems to indicate that
the Commission is contemplating an action that would redefine what is necessary
for adequate protection in the radiation protection area. For example, the
notice states that:

,
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(T]he Nuclear Regulatory Commission (NRC) is proposing a;

major revision of its regulations in 10 CFR Part 20 which
provide the requirements for the protection of individuals!

who are exposed . . . to ionizing radiation from routine
activities . . . which are licensed by the NRC. . . . The
intent of the revision is to improve NRC radiation protection
standards by reflecting developments in the principles that,

underlie radiation protection and advances in related
sciences that have occurred since the promulgation of 10 CFR
Part 20 nearly thirty years ago. . . . The expected result of
promulgating and implementing the proposed revised rule is an:

improved rule that provides better assurance of protection;'

establishes a clear health protection basis for limits and.

other regulatory actions taken to protect public health;
applies to all licensees in a consistent manner; and reflects
current information on health risk, dosimetry, cnd radiation
protection practices and experiences.

51 Fed. Reg. 1092 (January 9, 1986).

With regard to existing Part 20 standards, the Connission noted that:

[1]n promulgating these standards, the AEC emphasized "that
the standards are subject to change with the development of
new knowledge, with significant increase in the average'

exposure of the whole population to radiation and with
I - further experience in the administration of the Commis-

sion's regulatory program." Consistent with this emphasis,
the proposed revision reflects new knowledge, increased
uses of radiation and generation of radiation sources,
and experience gained during the past twenty years. . . .
[ Earlier) revisions [to the existing Part 20) have not kept
the regulations in accord with more recent recommendations
of scientific organizations . . . to improve overall pro-
tection and establish a clear health risk rationale. . . .
[T]he central thrust of the revision [is] to ensure that
radiation protection is adequate and defendable when
judged by good protection practices and contemporary
standards.,

51 Fed. Reg. 1093, 1094 (citations omitted).

In discussing the benefits of the proposed rulemaking, the Commission
indicated that:

[t]he proposed revision to Part 20 includes numerous
changes required to bring the radiation protections
standards into accord with current defendable [ sic]
scientific knowledge, and to reflect contemporary
scientific and philosophical approaches to protection
against radiation. . . . The Commission anticipates
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) that promulgating and implementing the proposed rule
will result in a regulation that provides better assurance ,

of protection, establishes a clear health protection,

basis for limits, applies to all licensees, including<

small entities, in a consistent manner, and reflects'

current information on health risk, dosimetry, and
,

radiation protection practices and experiences.'

51 Fed. Reg. 1120, 1122.

Consistent with all of these statements on the nature of the proposed
changes to Part 20, a supplemental notice of proposed rulemaking that
requested comments on a proposed backfit analysis indicated that:

(T]his is the first complete revision of these regula-
tions in over 25 years. This revision will brir.g the
Commission's radiation protection standards into accord
with current recommendations of the International Commis-
sion on Radiological Protection (ICRP).

The proposed revision to 10 CFR Part 20 (is) intended to:

a. Update the quarter-century-old 10 CFR Part 20
to incorporate advances in science and new
concepts of radiation protection methodology
and philosophy;

b. Implement pending Federal radiation guidance
on occupational radiation protection;

c. Implement the principal current dose-limiting
recommendations of the ICRP;

d. Incorporate the ICRP " effective dose equivalent"
concept;

| e. Update the limits on airborne radionuclide
intakes, effluent releases and doses from
inhaled or ingested radionuclides using
up-to-date metabolic models and dose

factors; and
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f. Require that licensees have programs for
keeping radiation exposures "as low as is
reasonably achievable" (ALARA).

B

51 Fed. Reg. 30870, 30871 (August 29, 1986).

Overall, these various characteristics of the purpose, intent, and
nature of the proposed changes to Part 20 lead to the conclusion that the
Commission is, in f act, rethinking its radiation protection standards. For

t;iese reasons, I believe that the notice adequately describes the nature
and substance of the proposed rule changes and that renoticing to further
reflect a Commission judgment that the proposed changes constitute a re-
definition of adequate protection is not necessary.

1 plementation date: I would have preferred a common implementation3
date of January 1, 1994 for both NRC and Agreement State licensees to allow
adequtoe time for all licensees to implement the revised Part 20 on the same
schedule.

XIV. List of Subjects

Part 20 - Byproduct material, licensed material, nuclear materials,
nuclear power plants and reactors, occupational safety and health, packaging
and containers, penalty, radiation protection, reporting and recordkeeping
requirements, special nuclear material, source material, waste treatment and
disposal.s

Parts 2, 19, 20, 31, 32, 34, 35, 39, 40, 50, and 61 - Radiation protection.

Under the authority of the Atemic Energy Act of 1954, as amended, the
Energy Reorganization Act of 1974, as amended, and 5 U.S.C. 552 and 553, ti,9
following amendments to 10 CFR Parts 2, 19, 20, 31, 32, 34, 35, 39, 40, 50, and
61 are published as a document subject to codification.
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1, 10 CFR Part 20 is revistd to read as follows:

PART 20 - STANDARDS FOR PROTECTION AGAINST RADIATION

SUBPART A--GENERAL PROVISIONS

Section

20.1 Purpose.

20.2 Scope.

20.3 Definitions.
20.4 Units of radiation dose.
20.5 Units of radioactivity.
20.6 Interpretations.
20.7 Communications.

20.8 Implementation.

20.9 Reporting, recording, and application requirements: OMB approval.

SUBPART B--RADIATION PROTECTION PROGRAMS

20.101 Radiation protection programs.

SUBPART C--0CCUPATIONAL DOSE LIMITS

20.201 Occupaticnal dose limits for adults.
20.202 Compliance with requirements for summation of external and

internal doses.
20.203 Determination of external dose from airborne radioactive

material.
20.204 Determination of internal exposure.
20.205 [ Reserved]
20 206 Planned special exposures.
20.is? Occupational dose limits for minors.
20.208 Dose to an embryo / fetus.

i
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SUBPART D--RADIATION DOSE LIMITS FOR I

INDIVIDUAL MEMBERS OF THE PUBLIC

20.301 Dose limits for individual members of the public. I

20.302 Compliance with dose limits for individual members of_the public.

SUBPART E--[ RESERVED)

'SUBPART F--SURVEYS AND MONITORING

20.501 General.
20.502 Conditions requiring individual monitoring of external and

internal occupational dose.

SUBPART G--CONTROL OF EXPOSURE FROM EXTERNAL SOURCES IN

RESTRICTED AREAS

'.,.601 Control of access to high radiation areas.
20.602 Control of access to very high radiation areas.
20.603 Control of access to very high radiation areas irradiators.

SUBPART H--RESPIRATORY PROTECTION AND CONTROLS TO RESTRICT-

INTERNAL EXPOSURE IN RESTRICTED AREAS

20.701 Use of process or other engineering controls.
20.702 Use of other controls.
20.70;- Use of individual. respiratory protection equipment.
20.704 Further restrictions on the use of respiratory protection

equipment.

110
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SUBPART I--STORAGE AND CONTROL OF LICENSED MATERIAL

20.801 Security of stored material.
20.802 Control of material not in storage.

SUBPART J--PRECAUTIt ,ARY PROCEDURES

20.901 Caution signs.
20.902 Posting requirements.
20.903 Exceptions to posting requirements.
20.904 Labeling containers.
20.905 Exemptions to labeling requirements.
20.906 Procedures for receiving and opening packages.

SUBPART K--WASTE DISPOSAL

20.1001 General requirements.
20.1002 Method for obtaining approval of proposed disposal procedures.
20.1003 Disposal by release into sanitary sewerage.
20.1004 Treatment or disposal by incineration.
20.1005 Disposal of specific wastes.
20.1006 Transfer for disposal and manifests.
20.1007 Compliance with environmental and health protection

regulations.

SUBPART L--RECORDS

20.1101 General provisions.
20.1102 Records of radiation protection programs.
20.1103 Records of surveys.
20.1104 Determination of prior occupational dose.
20.1105 Records of planned special exposures.
20.1106 Records of individual monitoring results.

111
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20.1107 Records of dose to' individual members of the public.
20.1108 Records of waste disposal.
20.1109 Records of testing entry control devices for very high

-radiation areas.
20.1110. Form of records.

SUBPART M--REPORTS

20.1201 Reports of theft or loss of. licensed material.
20.1202 Notification of incidents.
20.1203 ' Reports of exposures, radiation levels, and concentrations

of radioactive material exceeding the limits.
20.1204 Reports of planned special-exposures.--
20.1205 [ Reserved)
20.1206 Reports of individual monitoring.

SUBPART N--EXEMPTIONS-AND ADDITIONAL REQUIREMENTS

20.1301 Applications for exemptions.
20.1302 Additional requirements.

SUBPART 0--ENFORCEMENT <

20.1401 Violations, l

APPENDICES

Appendix A Protection factors for respirators.
_ _

Appendix B Annual limits on intake (ALIs) and derived air concen-
trations (DACs) of radionuclides for occupational expo--
sure; effluent concentrations; concentrations for release
to sewerage.
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Appendix C Quantities of licensed material requiring labeling.

Appendix 0 United States Nuclear Regulatory Commission Regional

Offices. '

Appendix E [ Reserved] -

Appendix F Requirements for low-level waste transfer for ,

disposal at land disposal facilities and manifests.

AUTHORITY: Secs. 53, 63, 65, 81, 103, 104, 161, 182, 186, 68 Stat.
930, 933, 935, 936, 937, 948, 953, 955, as amended (42 U.S.C. 2073, 2093,
2095,2111,2133,2134,2201,2232,2236): secs, 201, as amended, 202,
206, 88 dat. 1242, as amended, 1244, 1246 (42 U.S.C. 5841, 5842, 5546).
For the purposes of sec. 223, 68 Stat. 958, as amended (42 U.S.C. 2273),

.

SS 20.102, 20.201 - 20.204, 20,206, 20.207, 20.208, 20.301, 20.302, 20.501,
20.502, 20.601(a) and (d), 20.602, 20.603, 20.701, 20.704, 20.801, 20.802,
20.901(a),20.902,20.904,20.906,20.1001,20.1002,20.1003,20.1004,
20.1005(b) - (d), 20.1006, 20.1101 - 20.1110, 20.1201 - 20.1206, and 20.1301
are issued under sec. 161b.,'68 Stat. 948 (42 U.S.C. 2201(b)) and
S 20.1106(d) is issued under-the Privacy Act of 1974, Pub L. 93-579, 5 U.S.C.
552a: and SS 20.102(a)(2) and (4), 20.204(c), 20.206(g) and.(h), 20.904(c)(4),
20.905(c) and (d), 20.1005(c),-20.1006(b) - (d), 20.1101 - 20.1103, 20.1104(b) -

| (d), 20.1105 - 20.1108, and 20.1201 - 20.1207 are issued under sec. 1610,
68 Stat. 950, as amended (42 U.S.C. 2201(o)).

SUBPART A--GENERAL PROVISIONS

S~20.1 Purpose.

(a) The regulations in this part establish standards for protection
against ionizing-radiation resulting from activities conducted under licenses
issued by the Nuclear Regulatory Commission. These regulations are issued under
the Atomic Energy Act of 1954, as amended, and the Energy Reorganization Act of
1974, as amended. 1
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(b) It is the purpose of the regulations in this part-to control the re-
ceipt, possession, use, transfer, and' disposal of licensed material by any
licensee in such a manner that the total dose to an individual (including doses
resulting from licensed and unlicensed radioactive material and from radiation
sources other than background radiation) does not exceed the standards for pro-
tection against radiation prescribed in the regulations in this part. However,

nothing.in this part shall be construed as limiting actions that may be neces-
sary to protect health and safety.

6 20.2 Scope.

The regulations in this part apply to persons licensed by the Commission to
receive, possess, use, transfer, or dispose of byproduct, source, or special
nuclear material or.to operate a production or utilization facility under Parts-
30 through 35, 39, 40, 50, 60, 61, 70, or 72 of this chapter. The limits in
this part do not apply to doses due to background-radiation,-to exposure of
patients to radiation for the purpose of medical diagnosis or therapy, or to-
voluntary participation in medical research programs.

S'20.3 Definitiog.

As used in this part:

" Absorbed. dose" means the energy imparted by. ionizing radiation per unit

mass of irradiated material. The units of absorbed dose are the rad and the
gray (Gy).

"Act" means the Atomic Energy Act of 1954 (42 U.S.C. 2011 et seq.), as
amended.

" Activity" is the rate of disintegration (transformation) or decay of
radioactive material. The units of activity are the curie (Ci) and the
becquerel (Bq).

1.14
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" Adult" means an individual 18 or more years of age.

" Airborne radioactive material" means radioactive material dispersed in
the air in the form of dusts, fumes, particulates, mists, vapors, or gases.

" Airborne radioactivity area" means a room, enclosure, or area in which
airborne radioactive materials, composed wholly or partly of licensed material,
exist in concentrations--

(1) In excess of the derived air concentrations (DACs) specified in
Appendix B, or

(2) To such a degree that an individual-present in the area without
respiratory protective equipment could exceed, during the hours an individual
is present in a week, an intake of 0.6 percent of the annual limit on intake
(ALI) or 12 DAC-hours.

" Annual limit on intake" (ALI) means the derived limit for the amount of
radioactive material taken into the body of an adult worker by inhalation or.
ingestion in a year. ALI is the smaller value of intake of a given radionuclide
in a year by the reference man that would result in a committed effective dose
equivalent of 5 rems (0.05 Sv) or a committed dose equivalent of-50 rems

(0.5 Sv) to any individual organ or tissue. (All values for intake by ingestion-
and by inhalation of selected radionuclides are given in Table 1, Columns 1
and 2, of Appendix B.)

"ALARA" (acronym for "as low as is reasonably achievable") means making
every reasonable effort to maintain exposures to radiation as far below the
dose limits in this part as is practical con.istent with the purpose for which
the licensed activity is undertaken, taking into account the state of technology,
the economics of improvements in relation to state of technology, the economics
of improvements in relation to benefits to the public health and safety, and '

other societal and socioeconomic considerations, and in relation to utilization
of nuclear energy and licensed materials in the public interest.
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" Background radiation" means radiation from cosmic sources; naturally
occurring radioactive materials, including radon in concentrations or levels
commonly found in structures or the environment; and global fallout as it com-
monly exists in the environment from the testing of nuclear explosive devices.
" Background radiation" does not include radiation from source, byproduct, or
special nuclear materials regulated by the Commission.

|

" Bioassay" (radiobioassay) means the determination of kinds, quantities
or concentrations, and, in some cases, the locations of radioactive material
in the human body, whether by direct measurement (in vivo counting) or by
analysis and evaluation of materials excreted or removed from the human body.

" Byproduct material" means --

(1) Any radioactive material (except special nuclear material) yielded
in, or made radioactive by, exposure to the radiation incident to the process
of producing or utilizing special nuclear material; and -

(2) The tailings or wastes produced by the extraction or concentration of
uranium or thorium from ore processed primarily for its source material content,
including discrete surface wastes resulting from uranium solution extraction
processes. Underground ore bodies depleted by these solution extraction opera-
tions do not constitute " byproduct material" within this definition.

" Class" (or " lung class" or " inhalation class") means a classification
scheme for inhaled material according to its rate of clearance from the pulmon-
ary region of the lung. Materials are classified as D, W, or Y, which applies
to a range of clearance half-times: for Class 0 (Days) of less than 10 days,
for Class W (Weeks) from 10 to 100 days, and for Class Y (Years) of greater
than 100 days.

" Collective dose" is the sum of the individual doses received in a given
period of time by a specified population from exposure to a-specified source
of radiation.

" Commission" means the Nuclear Regulatory Commission or its duly authorized
representatives.
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" Committed dose equivalent" (HT,50) means the dose equivalent to organs
or tissues of-reference (T) that will be received from an intake of radioactive
materici by an individual during the 50 year period following the intake.

" Committed effective dose equivalent" (HE,50) is the sum of the products
of the weighting factors applicable to each of the body organs or tissues that
are irradiated and the committed dose equivalent to these organs or tissues
(NE,50 * 1 *T T,50)'H

T

" Controlled area" means an area, outside of a restricted area but inside

the site boundary, access to which can be limited by the licensee for any
reason.

" Declared pregnant woman" means a woman who has voluntarily informed her

employer, in writing, of her pregnancy and the estimated date of conception.

" Deep-dose equivalent" (H ), which applies to external whole-body exposure,d

is the dose equivalent at a tissue depth of 1 cm (1000 mg/cm ),2

" Department" means the Department of Energy established by the Department

of Energy Organization Act (Pub. L. 95-91, 91 Stat. 565, 42 U.S.C. 7101 et seq.)
to the extent that the Department, or its duly authorized representatives,
exercises functions formerly vested in the U.S. Atomic Energy Commission, its
Chairman, members, officers, and components and transferred to the U.S. Energy
Research and Development Administration and to the Administrator thereof pursu-
ant to sections 104 (b), (c), and (d) of the Energy Reorganization Act of 1974
(Pub. L. 93-438, 88 Stat. 1233 at 1237, 42 U.S.C. 5814) and retransferred to the
Secretary of Energy pursuant to section 301(a) of the Department of Energy
Organization Act (Pub. L. 95-91, 91 Stat. 565 at 577-578, 42 U.S.C. 7151).

" Derived air concentration" (DAC) means the concentration of a given radio-
nuclide in air which, if breathed by the reference man for a working year of
2,000 hours under conditions of light work (inhalation rate 1.2 cubic meters
of air per hour), results in an intake of one ALI. DAC values are given in
Table 1, Column 3, of Appendix B.
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" Derived air concentration-hour" (DAC-hour) is the product of the concen-
tration of radioactive material in air (expressed as a fraction or multiple of
the derived air concentration for each radionuclide) and the time of exposure
to that radionuclide, in hours. A licensee may take 2,000 DAC-hours to repre-
sent one ALI,' equivalent to a committed effective dose equivalent of 5 rems

(0.05 Sv).

" Dose" or " radiation dose" is a generic term that means absorbed dose,
dose equivalent, effective dose equivalent,-committed dose equivalent, committed
effective dose equivalent, or total effective dose equivalent, as defined in
other paragraphs of this section.

" Dose equivalent" (H ) means the product of the absorbed dose in tissue,
T

quality factor, and all other necessary modifying factors at the location of
interest. The units of dose equivalent are the rem and sievert (Sv).

" Dosimetry processor" means an individual or an organization that
processes and evaluates individual monitoring equipment in order to determine
the radiation dose' delivered to the equipment.

" Effective dose equivalent" (H ) is the sum of the products of tle dose
E

equivalent to the organ or tissue (H ) and the weighting factors (w ) applicable
T T

to each of the body organs or tissues that are irradiated (H 1*T T)*H

E*T
" Embryo / fetus" means the developing human organism from conception until

the time.of birth.

" Entrance or-access point" means any location through which an individual
; could gain access to radiation areas or to radioactive materials. This includes

entry or exit portals of sufficient size to permit human entry, irrespective of
their intended use.

" Exposure" means being exposed to ionizing. radiation or to radioactive
material.
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" External-dose" means that portion of the dose equivalent received from
radiation sources outside the body.

" Extremities" means hand, elbow, arm below the elbow, foot, . knee, and leg
below the knee.

" Eye dose equivalent" applies to the external exposure of the lens of the
eye and is taken as the dose equivalent at a tissue depth of 0.3 centimeter
(300 mg/cm2),

" Generally applicable environmental radiation standards" means standards

issued by the Environmental Protection Agency (EPA) under the authority of the
Atomic Energy Act of 1954, as amended, that impose limits on radiation exposures
or levels, or concentrations or quantities of radioactive material, in the
general environment outside the boundaries of locations under the control of
persons possessing or using radioactive material.

" Government agency" means any executive department, commission, independent
establishment, corporation wholly or partly owned by the United States of
America, which is an instrumentality of the United States, or. any board, bureau,
division, service, office, officer, authority, administration, or other estab-
lishment in the executive branch of the Government.

" Gray" [See S 20.4].

| "High radiation area" means'an area, accessible to individuals, in which
radiation levels could result in an individual receiving a dose equivalent in i

excess of 0.1 rem (1 mSv) in 1 hour at 30 cen.timeters from the radiation
source or from any surface that the radiation penetrates.

" Individual" means any human being.

|
|

|
|

|

|
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" Individual monitoring" means--

(1) The assessment of dose eouivalent by the use of devices designed to
be worn by an individual;

(2) The assessment of committed effective dose equivalent by bioassay
(see Bioassay) or by determination of the time-weighted air concentrations to "

which an individual has been exposed, i.e., DAC-hours; or
(3) The assessment of dose equivalent by the use of survey data.

" Individual Monitoring Devices" (" individual monitoring equipment") means
devices designed to be worn by a single individual for the assessment of dose
equivalent such as film badges, thermoluminescent dosimeters (TLDs), pocket
ionization chambers, and personal (" lapel") air sampling devices.

" Internal dose" means that portion of the dose equivalent received from
radioactive material taken into the body.

" License" means a license issued under the regulations in Parts 30 through
35, 39, 40, 50, 60, 61, 70, or 72 of this chapter.

" Licensee" means the holder of a license.

" Licensed material" means source material, special nuclear material, or
byproduct material received, possessed, used, transferred or disposed of under
a general or specific license issued by the Commission.

" Limits" (dose limits) means the permissible upper bounds of radiation
doses.

" Lost or missing licensed material" means licensed material whose location
is unknown. It includes material that has been shipped but has not reached its
destination and whose location cannot be readily traced in the transportation
system.

" Member of the public" means an individual in a controlled or unrestricted

However, an individual is not a member of the public during any periodarea.

in which the individual receives an occupational dose.
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" Minor" means an individual less than 18 years of age.

" Monitoring" (radiation monitoring, radiation protection monitoring) means
the measurement of radiation levels, concentrations, surface area concentrations
or quantities'of radioactive material and the use of the results of these
measurements to evaluate potential exposures and doses.

'"Nonstochastic effect" means health effects, the severity uf which varies
with the dose and for which a threshold is believed to exist. Radiation-induced

- cataract formation is.an example of a nonstochastic effect.

"NRC" means the Nuclear Regulatory Commission or its duly authorized
representatives.

" Occupational dose" means the dose received by an individual in a
restricted area or in the course of employment in which the individual's
assigned duties involve exposure to radiation and to radioactive material
from licensed and unlicensed sources of radiation, whether in the posses-

I sion of the licensee or other person. Occupational . dose does not include

dose received from background radiation, as a patient-from medical practices,
j from voluntary participation in medical research programs, or as. a member of
; the general public.

" Person" means--

(1) Any individual, corporation, partnership, firm, associad on, trust,
estate, public or private institution, group, Government agency other-than'

the Commission or the Department of Energy (except that the Department shall
be considered a person within the meaning of the regulations in 10 CFR Chapter 1,

; .to the extent that its facilities and activities are subject to the licensing
and related regulatory authority of the Commission under-Section 202 of the

Energy Reorganization Act of 1974 (88 Stat. 1244), the Uranium Mill Tailings

k. Radiation Control Act of 1978 (92 Stat. 3021), the Nuclear Waste Policy Act of
j 1982 (96 Stat. 2201), and Section 3(b)(2) of the Low-Level Radioactive Waste
i

r
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; Policy Amendments Act of 1985 (99 Stat. 1842)), any State or any political sub-
! division of or any political entity within a State, any foreign government or

nation or any political subdivision of any such government or' nation, or other
entity; and

(2) Any legal successor, representative, agent, or agency of the foregoing,

" Planned special exposure" means an infrequent exposure to radiation,
separate from and in addition to the annual dose limits,

"Public doso" means the dose received by a member of the public from

exposure to radiation and to radioactive material released by a licensee, or to
another source of radiation either within a . licensee's controlled area or in
unrestricted areas. It does not include occupational dose or doses received

' from background radiation, as a patient from medical practices,'or-from volun--

tary participation in medical research programs,

" Quality Factor" (Q) means the modifying factor (listed in Tables 1 and 2
of 6 20.4) that is used to derive dose equivalent from absorbed dose.

" Quarter" means a period of time equal to one-fourth of the year observed
by the licensee (approximately 13 consecutive weeks), providing that-the begin-
ning of the first quarter in a year coincides with the starting date ot the year
and that no day is omitted or duplicated in consecutive quarters.

" Rad" (See 6 20,4),

" Radiation" (ionizing radiation) means alpha particles, beta particles,
gamma rays, x-rays, neutrons, high-speed electrons, high-speed protons, and
other particles capable of producing ions, Radiation, as used in this part,
does not include non-ionizing radiation, such as radio- or microwaves, or
visible, infrared, or ultraviolet light.

" Radiation area" means an area, accessible to individuals, in which
radiation levels could result in an individual receiving a dose equivalent in
excess of 0.005 rem (0,05 mSv) in 1 hour at 30 centimeters from the radiation
source or from any surface that the radiation penetrates,
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l' Reference man"' means^a ' hypothetical aggregation of human physical and
physiological characteristics arrived at by international consensus. . These
characteristics may be used by researchers and public health workers to stan-'

dardize results of experiments and to relate biological insult to a common base.

" Rem" [See 6 20.4).

" Respiratory protective device" means an apparates, such'as a respirator,
used to reduce the individual's intake of airborne radioactive materials.

" Restricted area" means an area, access to _which is' limited by the licensee
for the purpose of' protecting individuals against undue risks from exposure to
radiation and radioactive materials. Restricted area does not include areas
used as residential quarters, but separate rooms in a residential building may
be set apart as a restricted area.

" Sanitary sewerage" means a system of public sewers for carrying off waste
water and refuse, but excluding sewage treatment facilities, septic tanks, and
leach fields owned or operated by the licensee.

" Shallow-dose equivalent" (H,), which applies to the external exposure of
the skin or an extremity, is taken as the dose equivalent at a tissue depth of

20.007 centimeter (7 mg/cm ) averaged over an area of 1. square centimeter.

" Sievert" [See 6 20.4].-

" Site boundary" means that line beyond which the land or property is not
owned, leased, or otherwise controlled by the licensee.

,

" Source material" means--

(1) Uranium or thorium or any combination of uranium and thorium in any
~

physical or chwical form; or
(2) Ores that contain,- by weight, one-twentieth of 1 percent (0.05 per-

cent), or more, of uranium, thorium, or any combination of uranium and thorium.
Source. material does not include _ special nuclear material.
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"Special nuclear material" means-

(1)-Plutonium, uranium-233, uranium enriched in the isotope 233 or in the
isotope 235, and any other material that the Commission, pursuant to the pro-
visions of section 51 of the Act, determines to be_special nuclear material,
but does not include source material; or

(2) Any material artificially enriched by any of the foregoing but does not
include source material.

" Stochastic effects" means health effects that occur randomly and for which
the probability of the effect occurring, rather than its severity, is assumed
to be a linear function of dose without threshold. Hereditary effects and
cancer incidence are exampl6s of stochastic effects.-

" Survey" means an evaluation of the radiological conditions and potential
hazards incident to the production, use, transfer, release, disposal, or pre-
sence of radioactive material or other sources of radiation. When appropriate,
such an evaluation includes a physical survey of the location of radioactive
material and measurements or calculations of levels of radiation, or concentra-
tions or quantities of radioactive material present.

" Total Effective Dose Equivalent" (TEDE) means the sum of the deep-dose
equivalent-(for external-exposures) ano the committed effective dose equivalent
(for internal exposures).

" Unrestricted area" means an area, access to which is neither limited nor
controlled by the licensee.

" Uranium fuel cycle" means the operations of milling of uranium ore,
chemical conversion of uranium, isotopic enrichment of uranium, fabrication of
uranium fuel, generation of electricity by a light-water-cooled nuclear power

*

plant using uranium fuel, and reprocessing of spent uranium fuel to the
extent that these activities directly support the production-of electrical
power for public use. Uranium fuel cycle does not-include mining operations,
operations at waste disposal sites, transportation of radioactive material in
support of these operations, and the reuse ef recovered non-uranium special
nuclear and byproduct materials from the cycle.
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"Very high radiation area" means an area, accessible to_ individuals, in
which radiation levels could _ result in an individual receiving an absorbed dose
in excess of 500 rads (5 grays) in 1 hour at I meter from a radiation source
or from any surface that the radiation _ penetrates. [ Note: At very high doses4

received at high dose rates, units of absorbed dose (e.g., rads and grays) are
appropriate, rather than units of dose equivalent- (e.g. , rems and sieverts).] I

|
,

" Week" means 7 consecutive days starting on Sunday, j

1

l" Weighting factor," w , f r an organ or tissue (T) is the proportion _
T

of the risk of stochastic effects _ resulting from irradiation of that organ or
tissue to the total risk of stochastic effects when the whole body is irradiated
uniformly. For calculating the effective dose equivalent, the values of w are:

T

ORGAN DOSE WEIGHTING FACTORS-
Organ or

Tissue w
T

Gonads 0.25

Breast 0.15

Red bone marrow 0.12

Lung 0.12

Thyroid 0.03

Bone surfaces 0.03

aRemainder- 0.30
.

DWhole Body 1.00

a
0.30 results from' O.06~ for each of 5 " reminder"

organs (excluding the skin and the_ lens of the eye)
that receive the highest doses,

b For the purpose of weight;ng the external whole I

body dose (for adding it to the internal dose), a
single weighting factor, w7 = 1.0, has been '

specified. The use of other weighting factors for '

external exposure will be approved on a case-by-case
basis until such time as specific guidance is issued.

|
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"Whole body" means, for purposes of external exposure, head, trunk
(including male gonads), arms above the elbow, or legs above the knee.

" Working level" (WL) is any combination of short-lived radon daughters
(for radon-222': polonium-218, lead-214, bismuth-214, and polonium-214; and for
radon-220: polonium-216, lead-212, bismuth-212, and polonium-212) in 1 liter of-
air that will result in the ultimate emission of 1.3 x 106 MeV of potential
alpha particle energy.

" Working level. month" (WLM) means an exposure to 1 working level for 170

hours (2,000 working hours per year /12 months per year = approximately 170 hours
per month).

" Year" means the period of time beginning in January used to determine
compliance with the provisions of this part. The licensee may change the-

starting date of the year used to determine compliance by the licensee provided
that the change is made at the beginning of the year and that no day is.omitted
or duplicated in consecutive years.

6.20.4 Units of radiation dose.

(a) As used in this part, the units of radiation dose are:

" Gray" (Gy) is the SI unit of absorbed dose. One gray is equal to an
absorbed dose of 1 Joule / kilogram -(100 rads). .

!

" Rad" is the special unit of absorbed dose. One rad is equal'to an

| absorbed dose of 100 ergs / gram or 0.01 joule / kilogram (0.01 gray),
i

" Rem" is the special unit of any of the quantities expressed as dose
equivalent. The dose equivalert in rems is equal to the absorbed dose in rads
multiplied by the quality factor (1 rem = 0.01 sievert).
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" Sievert" is the SI unit of any of the quantities expressed as dose equi-
valent. The dose equivalent in sieverts is equal to the absorbed dose in grays
multiplied by the quality factor (1 Sv = 100 rems).

(b) As used in this part, the quality factors.for converting absorbed dose
to dose equivalent are.shown in Table 4.

TABLE 1
QUALITY FACTORS AND ABSORBED DOSE EQUIVALENCIES

Quality Factor Absorbed Dose
Equal to

TYPE 0F RADIATION (Q) aUnitOosg
Equivalent

X , gamma, or beta radiation 1 1

Alpha particles, multiple-charged
particles, fission fragments and
heavy particles of unknown charge 20 .0.05

Neutrons of unknown energy 10 0.1

High-energy protons 10 0.1
a
Absorbed dose in rad equal to l' rem or the absorbed dose in gray equal
to 1 sievert.

j (c) If it is more convenient to measure the neutron fluence rate than to
determine the neutron dose equivalent rate in rems per hour or'sieverts per
hour, as provided in paragraph (b) of this section, 1 rem (0.01 Sv) of neutron

| radiation of unknown energies may, for purpos.es- of the regulations in this
part, be assumed to result from a total fluence of 25 million neutrons per
square centimeter incident upon the body. If_ sufficient information exists to

-

estimate the approximate energy distribution of the neutrons, the licensee may
use the fluence rate per unit dose e(uivalent or the appropriate Q value from
Table 2 to convert a mearured tissue dise'in rads to dose equivalent.in rems.

;

i

,
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TABLE--2

MEAN QUAllTY FACTORS, Q, AND FLUENCE PER UNIT DOSE

EQUIVALENT FOR MON 0 ENERGETIC NEUTRONS

.. Neutron Quality Fluence'per Unit
bEnergy Factor" Dose Equivalent

(MeV) (Q) (neutrons cm.2 rem 1)

(thermal) 2.5 x 10 8 2- 980 x 108:
1 x 10 7 2 980 x 108
1 x 10 8 2 810 x 108
1 x 10 8 2 810 x 108
-1 x 10 4 2 840 x 108
1 x 10 8 2 980 x 108
1 x 10 2 2.5 1010 x 108
1 x 10 1 7.5 170 x 108
5 x 10 1 11- 39 x 108
1- 11 27-x 108
2.5- 9 29 x 108
5 8 23 x 108
7 7 24 x 108
10 6.5 24 x 108
14 7.5 17 x 108

i 20 8 16 x 108
40 7 14 x 108

' 60 - 5.5 16 x 108
1 x-102 4 2; 108
2 x 102 3.5 19 x 108-
3 x 102 3.5- 16 x 108i

'

4 x 102 3. 5 14 x 108

"Value of quality factor (Q) at the point where
the dose equivalent is maximum-in a 30-cm diameter
cylinder tissue-equivalent phantom,
bMonoenergetic neutrons incident normally on a
30-cm diameter cylinder tissue-equivalent phantom.-

- S 20.5 Units of radioactivity.

For th'e purposes of this part, activity is-expressed in the special unit
of curies (Ci) or in the SI unit of becquerels (Bq),.or their multiples, or

| disintegrations (transformations) per unit of time.
! (a) One becquerel = 1 disintegration per second=(s 1). '

(b) One curie = 3.7 x 1018 disintegrations per- second =
13.7 x 10 0 becquerels = 2.22 x 1012 disintegrations per minute.
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IS 20,6 Interpretations,

o

Except as specifically authorized by the Commission in writing, no
interpretation of the meaning of the regulations in this part by an officer or
employee of the Commission other than a written interpretation by the General
Counsel will be recognized to be binding upon the Commission.

6 20,7 Communications.

Unless otherwise specified, communications or reports concerning the
regulations in this part should be addressed to the Executive Director for
Operations, U.S. Nuclear Regulatory Commission, Washington, DC 20555.
A communication, report, or application may be delivered in person to the
Commission's offices at 2120 L Street, NW, (Lower Level), Washington, DC
20037, or 11555 Rockville Pike, Rockville, MD 20852,

6 20.8 Implementation.

(a) Licensees shall implement the provisions of this part on or before
January 1, 1993. If a licensee chooses to implement the provisions of this
part prior to January 1, 1993, the licensee shall implement all provisions
of this part not othe mise exempted by paragraph (d) of this section, and shall
provide written notification to either the Director of the Office of Nuclear
Materials Safety and Safeguards or the Director of the Office of Nuclear

Reactor Regulation, as appropriate, that the licensee is adopting early imple-
mentation of this part. Until January 1,1993, or until the licensee notifies
the Commission of early implementation of the provisions of this part, compli-
ance will be required with the 10 CFR Part 20 in-the Code of Federal Regulations
on January 1, 1991.

(b) After the time the licensee implements this part, the applicable
section of this part shall be used in lieu of any section of this part in
effect on or before January 1, 1991 that is cited in license conditions or
technical specifications, except as specified in paragraphs (c), (d) and (e)
of this section. If the requirements of this part are more restrictive than
the existing license condition, then the licensee chall comply with this
part unless exempted by paragraph (d) of this section.
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(c) Any existing license condition or technical specification that is
more restrictive than this part remains in force until there is a technical
specification change, license amendment, or license renewal.

i

|
(d) If a -license condition or technical specification exempts a licensee

from a provision of Part 20 in effect on or before January 1,1991, it also
exempts the licensee from the corresponding provision of this part.

(e) If no section in this part corresponds to the provisions of Part 20
in effect prior to January 1,1991 cited in a license condition, a license con-
dition based on Part 20 in effect on or before January 1, 1991 remains in force

,

until either there is a technical specification change, license amendment, or
! license renewal that modifies or removes this condition.

S 20.9 Reporting, recording, and application requirements: 0MB approval.

| (a) The Nuclear Regulatory Commission will submit the information
I collection requirements contained in this part to the Office of Management

and Budget for approval as required by the Paperwork Reduction Act of 1980
(44 U.S.C. 3501 et seq.). The information collection requirements in this

| part will not become effective until OMB clearance is obtained.
(b) The information collection requirements contained in this part appear

in SS 20.101, 20.202, 20.204, 20,206, 20.301, 20.501, 20.601, 20.603, 20.703,
20.901, 20.902, 20.904, 20.906, 20.1002, 20.1004, 20.1006, 20.1102, 20.1103,
20.1104, 20.1105, 20.1106, 20.1107, 20.1108, 20.1109, 20.1110, 20.1201, 20.1202,
20,.1203, 20.1204, 20.1206, and Appendix F.

SUBPART B--P'DIATION PROTECTION PROGRAMS

S 20.101 Radiation protection programs.

(a) Each licensee sha.1 develop, document, and implement a radiation
protection program commensurate with the scope and extent of licensed activities
and sufficient to ensure compliance with the provisions of this part. (See
5 20.1102 for recordkeeping requirements relating to these programs.)
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(b) The licensee shall-use, to the extent practicable, procedures
,

! and engineering controls based upon sound radiation protection principles
to achieve occupational doses and doses to members of the public that are,

as low as is reasonably achievable (ALARA).
(c) The 1icensee shall periodically (at least annually) review the

radiation protection program content and implementation.

SUBPART C--0CCUPATIONAL DOSE LIMITS

S 20.201 Occupational dose limits for adults.

(a) Tho licensee shall control the occupational dose to individual
adults, except for planned special exposures under 6 20.206, to the
following dose limits.

(1) An annual limit, which is the more limiting of--
(i) The total effective dose equivalent being equal to 5 rems

(0.05 Sv); or
(ii) The sum of the deep-dose equivalent and the committed dose

equivalent to any individual organ or tissue other than the lens of the
eye being equal to 50 rems (0.5 Sv).

(2) The annual limits to the lens of the eye, to the skin, and to
the extremities which are:

(i) An eye dose equivalent-of 15 rems (0.15 Sv), and
(ii) A shallow-dose equivalent of 50 rems (0.50 SV) to the skin or

to each of the extremities.
(b) Ooses received in excess of the annual limits, including doses

received during accidents, emergencies, and planned special exposures, must be
subtracted from the limits for planned special exposures that the individual may

_

receive during the current year (see 9 20.206(e)(1)) and during the individuali s
lifetime (see 6 20.206(e)(2)).

(c) The assigned deep-dose equivalent and shallow-dose equivalent
must be for the part of the body receiving-the highest exposure. The deep-dose

equivalent, eye dose equivalent and shallow-dose equivalent may be assessed from
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surveys or other adiation measurements'for the purpose of demonstrating compli-
ance with the occupational dose limits, if the individual monitoring device was
not in the region of highest potential exposure, or the results of individual
monitoring are unavailable.

(d) Derived air concentration (DAC) and annual limit on intake (ALI)
values are presented in Table 1 of Appendix B and may be used to determine the
individual's dose (see 6 20.1106) and to demonstrate compliance with the
occupational dose limits.

(e) In addition to the annual dose limits, the licensee shall limit
the soluble uranium intake by an individual to 10 milligrams'in a week in
consideration of chemical toxicity (see footnote 3 of Appendix B).

(f) The licensee shall reduce the dose that an individual may be allowed
to receive in the current year by the amount of occupational dose received
while employed by any other person (see 6 20.1104(e)).

6 20.202 Compliance with requirements for summation of external and

internal doses.

(a) If the licensee is required to monitor under both 66 20.502(a) and
(b), the licensee shall demonstrate compliance with the dose limits by summing
external and internal doses. If the licensee is required to monitor only under
6 20.502(a) or only under 6-20.502(b), then summation is not required to
demonstrate compliance with the dose limits. The licensee may demonstrate
compliance with the requirements- for summation of external and internal doses

by meeting one of the conditions specified in paragraph-(b) of this section and
the conditions in paragraphs (c) and (d) of this section. (Note: The dose
equivalents for the lens of the eye, the skin, and the extremities are not-

.

included in the summation, but are subject to separate limits.)

(b) Intake by inhalation. If the only-intake of radionuclides is by
inhalation, the total effective dose equivalent limit is not exceeded if the
sum of the deep-dose equivalent divided by the total effective dose equivalent
limit, and one of the following, does not exceed unity:

(1) The sum of the fractions of the inhalation ALI for each radionuclide,
or
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(2) The total number of derived air concentration-hours ,(DAC-hours) for
all radionuclides divided by 2,000, or

(3) The sum of the calculated committed effectise dose equivalents to all
1significantly irradiated organs or tissues (T) calt.ulated from bioassay data ;

using appropriate biological models and expressed at a fraction of the annual
limit.

(c) Intake by oral ingestion. If the occupationally exposed individual
also receives an intake of radionuclides by oral ingestion greater than 10
percent of the applicable oral ALI, the licensee shall account for this intake
and include it in demonstrating compliance with the limits.

(d) Intake through wounds or absorption through skin. The licensee shall
4

evaluate and, to the extent practical, account for intakes through wounds or
skin absorption. (NOTE: The intake through intact skin has been included in
the calculation of DAC for hydrogen-3 and does not need to be further
evaluated.)

6 20.203 Determination of external dose from airborne radioactive
material.

Licensees shall, when determining the dose ,from airborne radioactive

material, it:1ude the contribution to the deep-dose equivalent, eye dose
equivalent, and shallow-dose equivalent from external exposure to the radioactive
cloud (see Appendix B, footnotes 1 and 2).

NOTE: Airborne radioactivity measurements and DAC values should not be used

as the primary means to assess the deep-dose equivalent when the airborne

radioactive material includes radionuclides other than noble gases or if the

1 An organ or tissue is deemed to be significantly irradiated if, for that
organ or tissue, the product of the weighting factors, w , and the commit-rted dose equivalent, H per unit intake is greater thah 10 percent of
themaximumweightedvbu,eofH50 (I'''' *T 50,T) per unit intake forH
any organ or tissue.
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cloud of airborne radioactive material is -not relatively uniform. The determin- |

ation of the deep-dose equivalent to an individual should be based upon measure-
ments using instruments or individual monitoring devices. ;

1

S 20.204 Determination of internal exposure.

(a) For purposes of assessing dose used to. determine compliance with
occupational dose equivalent limits, the licensee shall, when required under
S 20.502, take suitable and timely measurements of--

(1) Concentrations of radioactive materials in air _ in work. areas; or
-

(2) Quantities of radionuclides in the body; or
(3)-Quantities of radionuclides excreted ft^m the body; or
(4) Combinations of these measurements.
(b) Unless respiratory protective equipment h used, as provided-in

S 20.703, or the assessment of intake is based in bioassays, the licensee shall
assume that an individual inhales radioactive material at the airborne
concentration in which.the individual is present.

(c) When specific information on the physical' and biochemical properties
of the radionuclides taken into the body or the behavior or the material in an
individual is known, the licensee may--

(1) Use that information to calculate the committed effective dose
equivalent, and, if used, the licensee shall document.that-information in the

|
individual's record; and

,
(2) Upon prior approval of the Commission, adjust the DAC or ALI values

to reflect the actual physical and chemical characteristics of airborne
radioactive material (e.g., aerosol size distribution or density); and

|- (3) Separately assess the contribution of fractional-intakes of Class D.
W, or Y compounds of given radionuclide (see Appendtx B) to the commisted
effective dose equivalent.

(d) If the licensee' chooses to assess intakes of Class Y material using
the measurements given in S 20.204(a)(2) or (3), the licensee may delay the
recording and reporting of the assessments for periods up to 7 months, unless
otherwise required by SS 20.1202 or 20.1203, in order to permit the licensee to
make additional measurements basic to the assessments.
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(e) If the identity and concentration of each radionuclide in a mixture
are known, the fraction of the DAC applicable to the mixture for use in
calculating DAC-hours must be either--

(1) The sum of the ratios of the cencentration to the appropriate DAC
value (e.g. , D, W, Y) from Appendix B for each radionuclide in the mixture; or

(2) The ratio of the total concentration for all radionuclides in the
mixture to the most restrictive DAC value for any radionuclide in the mixture.

(f) If the identity of each radionuclide. in a mixture is known, but the
concentration of one or more of the radionuclides in the mixture is not know'n, '

the DAC for the mixture must be the most restrictive DAC of any radionuclide in-
the mixture.

(g) When a mixture of radionuclides in air exists, licensees may
disregard certain radionuclides in the mixture if--

(1) The licensee uses the total activity of the mixture in demonstrating
compliance with the dose limits in S 20.201 and in complying with the
monitoring requirements in S 20.502(b), and

(2) The concentration of any radionuclide disregarded is less than 10
percent of its DAC, and

(3) The sur of these percentages for all of the radionuclides disregarded
in the mixture does not exceed 30 percent.

(h)(1) In order to calculate the committed effective dose equivalent, the
licensee may assume that the inhalation of one ALI, or an exposure of 2,000
DAC-hours, results in a committed effective dose equivalent of 5 rems (0.05 Sv)

for radionuclides that have their ALIs or DACs based on the committed effective
dose equivalent.

(2) When the ALI (and the associated DAC) is determined by the nonsto-
chastic organ dose limit of 50 rems (0.5 Sv), the intake of radionuclides that
would result in a committed effective dose equivalent of 5 rems (0.05 Sv) (the
stochastic ALI) is listed in parentheses in Table 1 of- Appendix B. In this

case, the licensee may, as a simplifying assumption, use the stochastic ALIs
to determine committed effective dose equivalent. However, if the licensee
uses the stochastic ALIs, the licensee must also demonstrate that the limit
in S 20,201(a)(1)(ii) is met.
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| 6 20.205 (Reserved) |
: !

i !
L

6 20,206 Planned special exposures, i

!
P

; 'A licensee may authorize an adult worker to receive doses in addition to
and accounted for separately from the doses received under the limits specified f

! in S 20.201 provided that each of the following conditions is satisfied--

, _.(a) The licensee authorizes a planned special exposure only in an I

exceptional situation when alternatives that might avoid the higher exposure :

are unavailable or impractical. |
(b) The licensee (and employer if the employer is not the licensee) [

specifically authorizes the planned special exposure, in writing, before the f,

exposure occurs. [
: (c) Before a planned special exposure, the licensee ensures that the !

individuals involved are-- i

(1) Informed of the purpose'of the plannad operation;
(2) Informed of the estimated doses and associated potential risks and f

Ispecific radiation levels or other conditions that might be involved in perform-
ing the task; and !

(3) Instructed in the measures to be taken to keep the dose A1. ARA consid-
ering other risks that may be present.

(d) Prior to permitting an individual to participate in a. planned special
,

exposure, the licensee ascertains prior doses as required by 5 20.1104(b)
| during the lifetime of the individual for each individual-involved. ;

l

(e) Subject to S 20,201(b), the licensee does not authorize a planned
,

special exposure that would cause an individual to recsIve a dose from all ,

planned special exposures and all doses in excess of the limits to exceed--
(1) The numerical. values-of at,y of the dose limits in 6 20.201(a) in any

year; and ,

| (2) Five times the annual dose limits in S 20.201(a) during the I
'

individual's lifetime, j

(f) The licensee maintains records of the conduct of a planned special !

j exposure in accordance with 6 20.1105 and submits a written report in
' accordance with 5 20.1204. .
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| (g) The licensee records the best estimate of the dose resulting from the
i

planned special exposure in the individual's record and informs the individual,
in writing, of the dose within 30 days from the date of the planned special
exposure. The dose from planned special exposures is not to be considered in
controlling future occupatitnal dose of the individual under 6 20.201(a) but is,

'

to be included in evaluations required by 6 20.206(d) and (e).

6 20.207 Occupational dose limits for minors.

The annual occupational dose limits for minors are 10 percent of the
annual dose limits specified for adult workers in S 2C.201.

a

S 20,208 Dose to an embryo / fetus.

(a) The licensee shall ensure that the dose to an embryo / fetus during the
entire pregnancy, due to occupational exposure of a declared pregnant woman,

1 does not exceed 0.5 rem (5 mSv). (For record' keeping requirements, see

j S 20.1106.)

(b) The licensee shall make efforts to avoid substantial variation above
a uniform monthly exposure rate to a declared pregnant woman so as to satisfy
the limit in paragraph (a) of this section.

(c) The dose to an embryo / fetus shall be taken as-the sum of--
(1) The deep-dose equivalent to the declared pregnant woman; and
(2) The dose to the embryo / fetus from radionuclides in the embryo / fetus

and radionuclides in the declared pregnant woman.
(d) If the dose to the embryo / fetus is found to have exceeced 0.5 rem (5

mSv), or is within 0.05 rem (0.5 mSv) of this dose, by the time the woman
,

declares the pregnancy to the licetsee, the licensee shall be deemed to be in
compliance with paragraph (a) of this section if the additional dose to the
embryo / fetus does not exceed 0.05 rem (0.5 mSv) during the remainder of the
pregnancy.

:

)
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i SUBPART 0--RADIATION DOSE LIMITS FOR

INDIVIOUAL MEMBERS OF THE PUBLIC

|
; 6 20.301 Dose limits for individual members of the public.

i

(a) Each licensee shall conduct operations so that -,

(1) The total ef fective dose equivalent to individual members of the
puolic from the licensed operation does not exceed 0.1 rem (1 mSv) in a year,
exclusive of the dose contribution from the. licensee's disposal of' radioactive
material into. sanitary sewerage in accordance with 5 20.1003, and,

(2) The dose in any unrestricted area from external sources does not
exceed 0.002 rem (0.02 mSv) in any one hour.

(b) If the licensee permits members of the public to have access to

| controlled areas, the limits for members of the public continue to apply to
| these individuals.

(c) A licensee or license applicant may apply for prior NRC authorization
to operate up to an annual dose limit for an individual member of the public of
0.5 rem (5 mSv). The licensee or license applicant shall include the following

) information in this application:
(1) Demonstration of the need for and the expected duration of operations

in excess of the limit in paragraph (a) of this section;
(2) The licenseo's program to assess and' control dose within the 0.5 rem

! (5 mSv) annual limit; and
(3) The procedures to be followed to maintain the dose as low as is

reasonably achievable.

(d) In addition to the requirements of this part, a licensee subject to
the provisions of EPA's generally applicable environmental radiation standards

,

in 40 CFR Part 190 shall comply with those standards.
(e) The Commission may impose additional restrictions on radiation levels

in unrestricted areas and on the total quantity of radionuclides that a licensee
,
'

may release in effluents in order to restrict the collective dose.

!
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S 20.302 Compliance with dose limits for individual members of the public.
,

(a) The licensee shall make or cause to be made, as appropriate, surveys,

. of radiation levels in unrestricted and controlled areas and radioactive
,

i materials in effluents released to unrestricted and controlled areas to demon-
I strate complisace with the dose limits for individual members of the public in

6 20.301.

(b) A licensee shall show compliance with the annual dose limit in
6 20.301 by--

(1) Demonstrating by measurement or calculation that the total effective
dose equivalent to the individual likely to receive the highest dose from the,

licensed operation does not exceed the annual dose liinit; or
(2) Demonstrating that--
(i) The annual average concentrations of radioactive materidi released

in gaseous and liquid effluents at the boundary of the unrestricted area do not
,

exceed the values specified in Table 2 of Appendix B; and
(ii) If an individual were continually present in an unrestricted area,

the dose from external sources would not exceed 0.002 rem (0.02 mSv) in an
hour and 0.05 rem (0.5 mSv) in a year.

(c) Upon approval from the Commission, the licensee may adjust the
1

effluent concentration values in Appendix B. Table 2, for members of the public,
to take into account the actual physical and chemical characteristics of the
effluents (e.g., aerosol size distribution, solubility, density, radioactive
decay equilibrium, chemical form).

SUBPART E--[ RESERVED)

SUBPART F--SURVEYS AND MONITORING

6 20.501 General.

(a) Each licensee shall make or cause to be made, surveys that--
(1) May be necessary for the licensee to comply with the regulations in

this part; and
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(2) Are reasonable under the circumstances to evaluate--
(i) The extent of radiation levels; and
(ii) Concentrations or quantities of radioactive esterial; and
(iii) The potential radiological hazards that could be present.
(b) The licensee shall ensure that instruments and equipment used for

quantitative radiation measurements (e.g., dose rate and effluent monitoring)
are calibrated periodically for the radiation measured.

(c) All personnel dosimeters (except for direct and indirect reading
pocket ionization chambers and those dosimeters used to measure the dose to the

extremities) that require processing to determine the radiation dose and that-

are used by licensees to comply with S 20.201, with other applicable provisions
of this chapter, or with conditions specified in a license must be processed
and evaluated by a dosimetry processor--

(1) Holding current personnel dosimetry accreditation from the National
<

Voluntary Laboratory Accreditation Program (NVLAP) of the National Institute of
Standards and Technology; and

(2) Approved in this accreditation process for the type of radiation or
radiations included in the NVLAP program that most closely approximates i.he
type of radiation or radiations for which the individual wearing the dosimeter '

is monitored.

S 20.502 Conditions requiring individual monitoring of external and
internal occupational dose.

Each licensee sht11 monitor exposures to radiation and radioactive

material at levels sufficient to demonstrate compliance with-the occupational
dose limits of this p dt. As a minimum--

(a) Eacle licensee shall monitor occupational exposure to radiation _and
shall supply and require the use of individual monitoring devices by--

(1) Adults likely to receive, in 1 year from sources external to the
body, a dose in excess of 10 percent of the limits in S 20.201(a),

(2) Minors and declared pregnant women likely to receive, in 1 year from
sources external to the body, a dose in excess of 10 percent of any of the
applicable limits in SS 20,207 or 20,208, and
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(3) Individuals entering a high or very high radiation area.
(b) Each licensee shall monitor (see 6 20.204) the occupational intake

of radioactive material by and assess the committed effective dose
equivalent to--

(1) Adults likely to receive, in 1 year, an intake in excess of 10
percent of the applicable ALI(s) in Table 1, Columns 1 and 2, of Appendix B;
and

(2) Minors and declared pregnant women likely to receive, in 1 year, a
committed effective dose equivalent in excess of 0.05 rem (0.5 mSv).

,

SUBPART G--CONTROL OF EXPOSURE FROM EXTERNAL SOURCES

IN RESTRICTED AREAS

1

S 20.601 Control of access to high radiation areas.

(a) The licensee shall ensure that each entrance or access point to a
high radiation area has one or more of the following features--

(1) A control device that, upon entry into the area, causes the level of
radiation to be reduced below that level at which an individual might receive a
deep-dose equivalent of 0.1 rem (1 mSv) in 1 hour at 30 centimeters from the
radiation source or from any surface that the radiation penetrates;

(2) A control device that energizss a conspicuous visible or audible
alarm signal so that the individual entering the high radiation area and the
supervisor of the activity are made aware of the entry; or

(3) Entryways that are locked, except during periods when access to the
areas is required, with positive control over each individual entry.

(b) In place of the controls required by paragraph (a) of this section
for a high radiation area, the licensee may substitute continuous direct or
electronic surveillance that is capable of preventing unauthorized entry.

(c) A licensee may apply to the Commission for approval of alternative
methods for controlling access to high radiation areas.

(d) The licensee shall establish the controls required by paragraphs (a)
and (c) of this section in a way that does not prevent individuals from leaving
a high radiation area.

I
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i (e) Control is not required for each entrance or access point to a room

f or other area that is a high radiation area solely because of the presence of
radioactive materials prepared for transport and packaged and labeled int

accordance with the regulations of the Department of Transportation provided
that--

(1) The packages do not remain in the area longer than 3 days; and
(2) The dose rate at 1 meter from the external surface of any packagei

! -es not exceed 0.01 rem (0.1 mSv) per hour. <

(f) Control of entrance or access to rooms or other areas in hospitals is
not required solely because of the presence of patients containing radioactive
material, provided that there are personnel in attendance who will take the
necessary precautions to prevent the exposure of individuals to radiation or
radioactive material in excess of the limits established in this part and to
operate within the ALARA provisions of the licensee's radiation protection

;

program.,
,

1

6 20.602 Control of access to very high radiation areas.

In addition to the requirements in S 20.601, the licensee shall institute
additional measures to ensure that an individual is not able to gain
unauthorized or inadvertent access to areas in which radiation levels could be

'

encountered at 500 rads (5 grays) or more in 1 hour at 1 meter from a radiation
source or any surf ace through which the radiation penetrates.

1

i

,

i

I
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6 20.603 Control of access to very hich radiation areas - irradiators.

(a) Each area in which there may exist radiation levels in excess of 500
rads (5 grays) in 1 ho v at 1 meter from a sealed radioactive source 2 that is

e

used to irradiate materials must meet the following requirements.
(1) Each entrance or access point must te equipped with entry control

devices which--

(i) Function automatically to present any individual from inadvertently
entering the area when very high radiation levels exist,

(ii) Permit deliberate entry into the area only after a control device is
actuated that causes the radiation level within the area, from the sealed
source, to be reduced below that at which it would be possible for an
individual to receive a deep-dose equivalent in excess of 0.3 <sm (1 mSv) in 1
hour; and

(iii) Prevent operation of the source if the source would produce
radiation levels in the area that could result in a deep-dose equivalent to an
individual in excess of 0.1 rem (1 mSv) in I hour.

(2) Additional control devices must be provided so that, upon failure of
the entry control devices to function as required by paragraph (a)(1) of this
section--

(i) The radiation level within the area, from the sealed source, is
reduced below that at which it would be possible for an individual to receive a
deep-dose equivalent in excess of 0.1 rem (1 mSv) in 1 hour; and

(ii) Conspicuous visible and audible alarm signals are generated to make
an individual attempting to enter the area aware of the hazard and at least one
other authorized individual, who is physically present, familiar with the

2 This section applies to radiation from byproduct, source, or special
nuclear materials that are used in sealed sources in non self-shielded
irradiators. This section does_not apply to radioactive sources that
are used in teletherapy, in radiography, or in completely self-shielded
irradiators in which the source is both stored and operated within
the same shielding radiation barrier and, in the designed configuration
of the irradiator, is always physically inaccessible to any individual
and cannot create high levels of radiation in an area that is accessible
to any individual. This section also does not apply to sources from which
the radiation is incidental to some other use or to nuclear reactor-
generated radiation,

143

- _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _



7
. .. _ . _ . _ _ _ _ _ . _ . _ . - . - _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ .

i

I

| activity, and prepared to render or sumon assistance, aware of the failure
of the entry control devicea.

; (3) The licensee shall provide control devices so that, upon failure or
removal of physical radiation barriers other than the source's shielded storage

,
'

container--
I

(i) The radiation level from the source is reduced below that at which it1

would be possible for an individual to receive a deep-dose equivalent in

i excess of 0.1 rem (1 mSv) in 1 bour; and
I (ii) Conspicuous visible and audible ale.rm signals are generated to make

potentially affacted individuals aware of the hazard and the licensee or at
least one other individual, who is familiar with the activity and prepared to
render or summon assistance, aware of the failure or rein aal of the physical

,

barrier.
(4) When the shield for the stored source is a liquid, the licensee shall

provide means to monitor the integrity of the shield and to signal, automatically,
loss of adequate shielding.'

(5) Physical radiation barriers that comprise permanent structural components,
such as walls, that have no credible probability of failure or removal in

| ordinary circumstances need not meet the requirements of paragraphs (a)(3) and

(4) of this section.i

| (6) Each area must be equipped with devices that will automatically
| generate conspicuous visible and audible alarm signals to alert personnel

in the area before the source can be put into operation and in sufficient
tir.e for any individual in the area to operate a clearly _ identified control
device, which must be installed in the area and which can prevent the source
from being put into operation.

(7) Each area must be controlled by use of such administrative procedures
and such devices as are necessary to ensure that the area is cleared of personnel '

prior to each use of the source-
(8) Each area must be checked by a radiation measurement to ensure that,

prior to the first individual's entry into the area after any use of the
source, the radiation level from the source in the area is below that at wnich
it would be possible for an individual to receive a deep-dose equivalent in
excess of 0.1 rem (1 mSv) in 1 hour.-

.
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(9) The entry control devices required in paragraph (a)(1) of this section
must have been tested for proper functioning (see $ 20.1109 for recordkeeping
requirements).

(i) Testing must be conducted prior to initial operation with the source
of radiation on any day (unless operations were continued uninterrupted from
the previous day); and

(ii) Testing must be conducted prior to resumption of operation of the
source of radiation after any unintended interruption; and

(iii) The licensee shall submit and adhere to a schedule for periodic
tests of the entry control and warning systems.

(10) The licensee may not conduct operations, other than those necessary
to place the source in safe condition or to effect repairs on controls, unless
control devices are functioning properly.

(11) Entry and exit portals that are used in transporting materials to and
from the irradiation area, and that are not intended for use by individuals,
must be controlled by such devices and administrative procedures as are necessary
to physically protect and warn against inadvertent entry by any individual
through these portals. Exit portals for processed materials must be equipped
to-detect and signal the presence of any loose radiation sources that are
carried toward such an exit and to automatically prevent loose radiation
sources from being carried out of the area.

(b) Persons holding licenses or applicants for licenses for radiation ,

sources that are within the' purview of paragraph (a) of this section and
'that will be used in a variety of positions or in locations, such as open
fields or forests, that make it impracticable to comply with certain require-
ments of paragraph (a) of this section, such as those for the automatic con-
trol of radiation levels, may apply to the Director Office of Nuclear
Material Safety and Safeguards, U.S. Nuclear. Regulatory Commission, Washing-
ton, DC 20555, for approval of the use of alternative safety measures. Any_

alternative safety measures must provi.de a degree of personnel protection
at least equivalent to those specified in paragraph (a) of this section.. At
least one of the alternative measures must include an entry preventing inter- )

lock control based on a measurement of the radiation that ensures the absence
-of high radiation levels before an individual can gain access to the area
where such radiation sources are used.
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(c) The entry control devices required by paragraphs (a) and (b) of this
section must be established in such a way that no individual will be prevented
from leaving the area.

SUBPART H--RESPIRATORY PROTECTION AND CONTROLS TO RESTRICT

INTERNAL EXPOSURE IN RESTRICTED AREAS

6 20,701 Useofprocessorotherengineeringcontr.h.
1

The licensee shall use, to the extent practicable, process or other
engineering controls (e.g., containment or ventilation) to control the

,

concentrations of radioactive material in air.

6 20.702 Use of other controls.

When it is not practicable to apply process or other engineering controls
to control the concentrations of radioactive material in air to values below
those that define an airborne radioactivity area, the licensee shall, consistent
with maintaining the total effective dose equivalent ALARA, increase monitoring,
and limit intakes by one or more of the following means:

(a) Control of access;
(b) Limitation of exposure times;
(c) Use of respiratory protection equipment; or
(d)Othercontrols.

S 20.703 Use of individual respiratory protection equipment.

(a) If the licensee uses respiratory protection equipment to limit intakes
pursuant to S 20.702--

(1) The licensee shall use only respiratory protection equipment that is
tested and certified or had certification extended by the National Institute
for Occupational Safety and Health /Mine Safety and Health Administrationj

~

(NIOSH/MSHA).

~
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(2) If the licensee wishes to use equipment that has not been tested or
; certified by NIOSH/MSHA, has not had certification extended by NIOSH/MSHA, or |
! for which there is no schedule for testing or certification, the licensee shall [

submit an application for authorized use of that equipment, including a [,

demonstration by testing, or a demonstration on the basis of reliable test ',
,

i information, that the material and performance characteristics of the equipment
{

are capable of providing the proposed degree of protection under anticipated ;
*

conditions of use.,

(3) The licensee shall implement and maintain a respiratory protection !,

program that includes -

(i) Air sampling sufficient to identify the potential hazard, permit :

proper equipment selection, and estimate exposures; I
-

(ii) Surveys and bionssays, as appropriate, to evaluate actual intakes; '

; (iii) Testing of respirators for operability immediately prior to f
each use;

f
+

(iv) Written procedures regarding selection, fitting, issuance, maintenance, ;

and testing of respirators, including testing for operability immediately prior i

to each use; supervision and training of personnel; monitoring, including air !,

sampling and bioassays; ad recordkeeping; and i

; (v) Determination by a physician prior to initial fitt.ing of respirators,
_

and at least every 12 Gu c.s thereaf ter, that the individual user is physically
able to use the respiratory protection equipment. !

(4) The licensee shall issue a written policy statement on respirator
usage covering-- !

(i) The use of process or other engineering controls, instead of rsspirators; !
(ii) The routine, nonroutine, and emergency use of respirators; and I
(iii) The periods of respirator use and relief from respirator use.
(5) The licensee shall advise each respirator user.that the user may leave '

the area at any time for relief from respirator use in the event of I

equipment malfunction, physical or psychological distress, procedural or
communication failure, significant deterioration of operating conditions, i
or any other conditions that might require such relief. ;

:

1 i
i i
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(6) The licensee shall use equipment within limitations for type and mode
of use and shall provide proper visual, communication, and other special
capabilities (such as adequate skin protection) when needed.

(b) In estimating exposure'of individuals to airborne radioactive materials,
the licensee may make allowance for respiratory protection equipment used to
limit intakes pursuant to S 20.702, provided that the following conditions, in
addition to those in 6 20.703(a), are satisfied:

) (1) The licensee selects respiratory protection equipment that provides a
I protection factor (see Appendix A) greater than the multiple by which peak

concentrations of airborne radioactive materials in the working area are
expected to exceed the values specified in Appendix B, Table 1, Column 3. If

,

the selection of a respiratory protection device with a protection factor
greater than the peak concentration is inconsistent with the goal specified in
S 20.702 of keeping the total effective dose equivalent ALARA, the licensee may
select respiratory protection equipment with a lower protection factor only if,

such a selection would result in keeping the total effective dose equivalent
ALARA. The concentration of radioactive material in the air that is inhaled
when respirators are worn may be initially estimated by dividing the average
concentration in air, during each period of uninterrupted use, by the protection
factor. If the exposure is later found to be greater than estimated, the
corrected value must be used; if the exposure is later found to be less than
estimated, the corrected value may be used.

(2) The licensee shall obtain authorization from the Commission before
assigning respiratory protection factors in excess of those specified in
Appendix A. The Commission may authorize a licensee to use higher protection
factors on receipt of an application that--

,

(i) Describes the situation for which a need exists for higher protection
factors, and

(ii) Demonstrates that the respiratory protection equipment provides these
higher protection factors under the proposed conditions of use.

(c) The licensee shall use as emergency devices only respiratory protection
' - equipment that has been specifically certified or had certification extended

for emergency use by NIOSH/MSHA.

!
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(d) The licensee shall notify, in writing, the Director of the2 '

: appropriate NRC Regional Office listed in Appendix D at least 30 days

| before the date that respiratory protection equipment _is first used under
' the provisions of either 6 20.703(a) or (b).
!

}

| 6 20.704 Further restrictions on the use of respiratory protection
equipment,

,

i

The Commission may impose restrictions in addition to those in.
SS 20.702, 20.703, and Appendix A to--'

(a) Ensure that the respiratory protection program of the licensee
j is adequate to limit exposures of individuals to airborne radioactive

materials; and,

(b) Limit the extent to which a licensee may use respiratory
protection equipment instead of process or other engineering controls.

!

SUBPART l--STORAGE AND CONTROL OF LICENSED MATERIAL

6 20.801 Security of stored material.

-The licensee shall secure from unauthorized removal or access
! licensed materials that are stored in controlled or unrestricted areas.
(

6 20.802 Control of material not in stora2 ,

,

The licensee shall control and maintrin constant surveillance of
; licensed material that is in a controlled or unrestricted area and that

is not in storage.

.

I

!

,
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J

$UBPART J--PRECAUTIONARY PROCEDURES

6 20.901 Caution signs.

(a) Standard radiation symbol, Unless otherwise authorized by the,

Commission, the symbol prescribed by this part shall use the colors;

magenta, or purple, or black on yellow background. The symbol prescribed

by this part is the three-bladed design:

a*
.

i

#
0ey

A
- 1.

A\
11 I

;

'I A I
|

I

fH I

_ $g- e.:

|

RADIATION SYMBOL

1

(1) Cross-hatched area is to be magenta, or purple, or black, and
(2) The background is to be yellow.
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(b) Exception to color requirements for standard radiation symbol.
Notwithstanding the requirements of paragraph (a) of this section.
licensees are authorized to label sources, source holders, or device|

components containing sources of licensed materials that are subjected to
high temperatures, with conspicuously etched or stamped radiation caution
symbols and without a color requirement.

:

(c) Additional information on signs and labels. In addition to the
contents of signs and labels prescribed in this part, the licensee may
provide, on or near the required signs and labels, additional information,
as appropriate, to make individuals aware of potential radiation exposures
and to minimize the exposures.

S 20.902 Posting requirements.

(a) Posting of radiation areas. The licensee shall post each
radiation area with a conspicuous sign or signs bearing the radiation
symbol and the words " CAUTION, RADIATION AREA."

(b) Posting of high radiation areas. The licensee shall post each
high radiation area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAlfTION, HIGH RADIATION AREA" or "0 ANGER,
HIGH RADIATION AREA."

(c) Posting of_very high radiation areas. The licensee shall post
each very high radiation area with a conspicuous sign or signs beaaing
the radiation symbol and words " GRAVE DANGER, VERY HIGH RADIATION AREA."

(d) Posting of airborne radioactivity areas. The licensee shell
post each airborne radioactivity area with a conspicuous sign or signs
bearing the radiation symbol and the words " CAUTION, AIRBORNE
RADIOACTIVITY AREA" or "0 ANGER, AIRBORNE RADI0 ACTIVITY AREA."

(e) Posting of areas or rooms in which licensed material is used
or stored. The licensee shall post each area or room in which there is
used or stored an amount of licensed material exceeding 10 times the
quantity of such material specified in Appendix C with a conspicuous sign
or signs bearing the radiation symbol and the words " CAUTION, RADIOACTIVE
MATERI AL($)" or "0 ANGER, RADIOACTIVE MATERI AL(S)."
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$ 20.903 Exceptions to posting requirements. !

(a) A licensee is not required to post caution signs in areas or [
rooms containing radioactive materials for periods of.less than 8 hours,'

if each of the following conditions is met: f,

(1) The materials are constantly attended during these periods by f
an individual who takes the precautions necessary to prevent the exposure ;

of individuals to radiation or radioactive materials in excess of the i
,

limits established in this part; ano !

(2) The area or room is subject to t5e licensee's control. |

(b) Rooms or other areas in hospitals that are occupied by patients (
are not required to be posted with caution signs pursuant to S 20.902
provided that-- |

(1) The patient is being treated with sealed sources or has been !

treated with unsealed radioactive material in quantities less than 30 milli- |

curies, or the measured dose rate at 1 meter from the patient is less than |
0,005 rem (0.05 mSv) per hour; and !

(2) There are personnel in attendance who will take the necessary (
precautions to prevent the exposurt of individuals to radiation or i

radioactive material in excess of the limits established in this part and
,

to operate within the ALARA provisions of the licensee's radiation
protection program.

(c) A room or area is not required to be posted with a caution sign
because of the presence of a sealed source provided the radiation level
at 30 centimeters from the surface of the source container or housing

,

does not exceed 0.005 rem (0.05 mSv) per hour.

6 20.904 Labeling containers.

(a) The licensee shall ensure that each container of licensed material
bears a durable, clearly visible label bearing the radiation symbol and the f
words "CAVTION, RADIDACTIVE MATERIAL" or " DANGER, RADIOACTIVE MATERIAL." The

label must also provide sufficient information (such as the radionuclide(s) {
present, an estimate of the quantity of radioactivity, the date for which the

.

|

t
i
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!

i activity is estimated, radiation levels, kinds of materials, and mass enrichment) !

i to permit individuals handling or using the containers, or working in the !;

j vicinity of the containers, to take precautions to avoid or minimize exposures.
j (b) Each licensee shall, prior to removal or disposal of empty uncontaminated i

; containers to unrestricted areas, remove or deface the radioactive material !

] label or otherwise clearly indicate that the container no longer contains
radioactive materials. '

!;

j 5 20.905 Exemptions to labelina requirements.
4

A licensee is not required to label-- I
'

(a) Containers holding licensed material in quantities less than [
j- the quantities listed in Appendix C; or '

(b) Containers holding licensed material in concentrations less f
a

than those specified in Table 3 of Appendix B; or
!

(c) Containers attended by an individual who takes the precautions
'

necessary to prevent the exposure of. individuals in excess of the limits
established by this part; or,

(d) Containers when they are in transport and packaged and labeled
;

in accordance with the regulations of the Department of Transportation,3 |
.

or ;

(e) Containers that are accessible only to individuals authorized I
tto handle or use them, or to work in the vicinity of-the containers, if
}

the contents are identified to these individuals by a readily available !

written record (examples of containers of this type are containers in
locations 'such as water-filled canals, storage vaults, or hot cells). The

:

record must be retained as long as the containers are in use for the
r

purpose indicated on the record; or"

;

.
,

3 Labeling of packages containing radioactive materials is required by
j the Department of Transportation (DOT) if the amount and type of

iradioactive material _ exceeds the limits for an excepted quantity or
}article as defined and limited by DOT regulations 49 CFR 173.403(m)

4

'

and (w) and 173.421-424.
:

?

I

i

i'
'
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(f) Installed manufacturing or process equipment, such as reactor
components, piping, and tanks.

6 20.906 Procedures for receiving and opening packages.

(a) Each licensee who expects to receive a package containing quantities
of radioactive material in excess of a Type A quantity, as defined ir. 6 71.4

,

and Appendix ,', to Part 71 of this chapter, shall make arrangements to reLHve--
(1) The packge when the carrier offers it for delivery; or
(2) Notification of the arrival of the package at the carrier's terminal

and to take possession of the package expeditiously.
>

(b) Each licensee shall monitor the external surfaces of a package known

to contain radioactive material for radioactive contamination and radiation-
levels if the package--

(1) Is labeled as containing radioactive material; or
(2) Has evidence of potential contamination, such as packages that are

crushed, wet, or damaged.

(c) The licensee shall perform the monitoring required by paragraph (b)
of this section as soon as practicable after receipt of the package, but not
later than 3 hours after the package is received.at the licensee's facility if
it is received during the licensee's normal working hours, or not later than 3
hours from the beginning of the next working day if it is received after
working hours.

(d) The licensee shall immediately notify the final delivery carrier and,
by telephone a..d telegram, mailgram, or facsimile, the Administrator of the
appropriate NRC Regional Office listed in Appendix 0 when--

(1) Removable radioactive surface contamination exceeds the limits of
6 71.87(i) of this chapter; or

(2) External radiation levels exceed the limits of 6 71.47 of this
chapter.

(e) Each licensee shall--

(1) Establish, maintain, and retain written procedures for safely opening
packages in which radioactive material is received; and

(2) Ensure that the procedures are followed and that due consideration is
given to special instructions for the type of package being opened.
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;

I

(f) Licensees transferring special form sources in licensee owned or

| licensee-operated vehicles to and from a work site are exempt from the con-
l tamination monitoring requirements of paragraph (b), but are not exempt from

the survey requirement in paragraph (b) for measuring radiation levels that
is required to ensure tnat the source is still properly lodged in its shield.

SUBPART K--WASTE DISPOSAL4

6 20.1001 General requirements,
i

I (a) A licensee shall dispose of licensed material only--
(1) By transfer to an authorized recipient as provided in S 20.1006 or in ;

the regulations in Parts 30, 40, 60, 61, 70, or 72 of this chapter; or ,

(2) By decay in storage; or
(3) By release in effluents within the limits in 6 20.301; or
(4) As authorized under SS 20.1002, 20.1003, 20.1004, or 20.1005. *

(b) A person must be specifically licensed to receive waste containing
licensed material from other persons for:

(1) Treatment prior to disposal; or
f

: (2) Treatment or disposal by incineration; or

|
(3) Decay in storage; or

'(4) Disposal at a land disposal facility licensed under Part 61 of this'

chapter; or
,

(5) Disposal at a geologic repwitory under Part 60 of this chapter.
.

S 20.1002 Method for obtalnina approval of proposed disposal procedures. !

A licensee or applicant D r a license may apply to the Commission for ;

approval of proposed procedures, not otherwise authorized in the regulations in -

Ithis chapter, to dispose of licenssa material generated in the licensee's
activities. Each application shall include: f,

(a) A description of the waste containing licensed material to be j
'

disposed of, including the physical and chemical properties important to risk

P

w
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;

i

i

i

evaluation, and the proposed manner and conditions of waste disposal; and
' (b) An analysis and evaluation of pertinent information on the nature of

,

j the environment; and
'

(c) The nature and location of other potentially affected licensed and
unlicensed facilities; and'

|

,

(d) Analyses and procedures to ensure that doses are maintained ALARA |
and within the dose limits in this part. |

,

|

6 20,1003 Disposal by release into s'anitary seweraae.
,

(a) A licensee may discharge licensed material into sanitary sewerage if I
each of the following conditions is satisfied: 1

(1) The material is readily soluble (or is readily dispersible biological
material) in water; and

; (2) The quantity of licensed or other radioactive material that the
licensee releases into the sewer in 1 month divided by.the average monthly
volume of water-released into the sewer by the licensee does not exceed the
concentration listed in Table 3 of Appendix B; and

(3) If more than one radionuclide is released, the following conditions
must also be satisfied:

(i) The licensee shall-determine the fraction of the limit in Table 3 of
Appendix B represented by discharges into sanitary sewerage by dividing the,

actual monthly average concentration of each radionuclide released by the
; licensee into the sewer by the concentration of that radionuclide listed in

Table 3 of Appendix B; and

(ii) The sum of the fractions for each radionuclide required by paragraph
(a)(3)(i) of this section does not exceed unity; and-

| (4) The total quantity of licensed and other radioactive material that
j the licensee releases into the sanitary sewerage system in a year does not

exceed 5 curies (185 GBq) of hydrogen-3,1 curie (37 GBq)' of carbon-14, and 1-
curie (37-GBq) of all other radioactive materials combined.

(b) Excreta from individuals undergoing medical diagnosis or therapy with
radioactive material is not subject to the limitations contained in paragraph
(a) of this section.

IM
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i

6 20.1004 Treatment or disposal by incineration. '1

A licensee may treat or dispose of licensed material by incineration only;
"

in the amounts and forms specified in S 20.1005 or as specifically approved by

|_ the Comm(ssion pursuant to S 20.1002,

i

6 20.1005 Disposal of specific wastes.

!

| (a) A licensee may dispose of the following licensed material as if it .

were not radioactive:
.

1

j (1) 0.05 microcurie (1.85 kBq), or_1ess, of hydrogen 3 or carbon-14 per

| gram of medium used for liquid scintillation counting; and
(2) 0,05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per

l gram of animal tissue, averaged;over the weight of the entire animal.
(b) A licensee may not dispose of tissue under paragraph (a)(2) of this

| section in a manner that would permit its use either as food for humans.or as
animal feed.1

'

(c) The licensee shall maintain records in accordance with 6 20.1108.

5 20.1006 Transfer foe disposal and manifests.

(a) The requirements of this section and Appendix F are designed to
control transfers of low-level radioactive waste intended for disposal at a

'

land disposal facility (as defined in Part 61 of this chapter), establish a-
manifest tracking system, and supplement existing requirements concerning
transfers and recordkeeping for those wastes.

(b) Each shipment of radioactive waste intended for disposal at a
licensed land disposal facility must be accompanied by.a shipment manifest as
specified in Section I of Appendix F.

(c) Each shipment manifest must include a certification by the waste
generator as specified in Section II of Appendix F.

(d) Each person involved in the transfer for disposal and disposal of
waste, including the waste generator, waste collector, waste processor, and '

;_

disposal-facility operator, shall comply with the requirements specified-in
j Section III-of Appendix F.

|
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j $ 20.1007 Compliance with environmental and health protection regulations.
!<

I I
j Nothing in this subpart relieves the licensee from complying with other |

| applicable Federal, State, and local regulations governing any other toxic or |

hazardous properties of materials that may be disposed of under-this subpart, j

:.

:

! SUBPART L- RECORDS
!
'

!

S 20.1101- General provisions. 'i.

;

!

1 (a) Each licensee shall use the units: curie, rad, rem, including i
4 multiples and subdivisions, and shall clearly indicate the units of all I

; quantities on records required by this part. .

,

'

(b) The licensee shall make a clear distinction among the quantities
,

entered on the records required by this part (e.g., total effective dose !
equivalent, shallow-dose equivalent, eye-dose equivalent, deep-dose' equivalent, ,,

; committed effective dose equivalent). .

:4

1

S 20.1102 Records of radiation protection programs.
r

!

i (a) Each licensee shall maintain records of the radiation protection :
program, including: f

(1) The provisions of the program; and "

,_

1 (2) Audits and other reviews of program content and implementation.
i (b) The licensee shall retain the records required by paragraph (a)(1) of
p this section until the Commission terminates each pertinent license requiring i

the record. The licensee shall retain the records required by paragraph (a)(2),

of this section for 3 years after the' record is made. !

'

,

6 20.1103 ___ Records of surveys. !

!

(a) Each licensee shall maintain records showing the results of surveys-
and calibrations required by SS 20.501 and 20.906(b). The licensee shall

,

retain these records for 3 years after the record-is made.
.
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i
,

(b) The licensee shall retain each of the following records until thei

Commission terminates each pertinent license requiring the record:.

(1) Records of the results of surveys to determine the dose from external '

sources and used, in the absence of or in combination with individual monitor-
,

ing data, in the assessment of individual dose equivalents; and
"

4 (2) Records of the results of measurements and calculations used to
determine individual intakes of radioactive material and used in the assessment
of internal dose; and

(3) Records showing the results of air sampling, surveys, and bioassays
required pursuant to G 20.703(a)(3)(1) and (ii); and

(4) Records of the results of measurements and calculations used toj

l evaluate the release of radioactive effluents to the environment,

j-

6 20.1104 Determination of prior occupational dose.
,

1

(a) For each individual who may enter the licensee's restricted or
controlled area and is likely to receive, in a year, an occupational dose
requiring monitoring pursuant to 6 20.502,'the licensee shall--

(1) Determine the occupational radiation dose received during the current
year; and

(2) Attempt to obtain the records of lifetime cumulative occupational
radiation dose.

(b) Prior to permitting an individual to participate in a planned special
exposure, the licensee shall determine -

I (1) The internal and external doses from all previous planned special
i exposures; and

(2) All doses in excess of the limits (including doses received during
accidents and emergencies) received during the lifetime of the individual.

(c) In complying with the requirements of paragraph (a) of this section,
a licensee may--

(1) Accept, as a record of the occupational dose that the individual,

received during the current year, a written signed statement from the
individual, or from the individual's'most recent employer for work involving
radiation exposure, that discloses W nature and the amount of any occupational
dose that the individual may have received during the current year;

I
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!

i

(2) Accept, as the record of lifetime cumulative radiation dose, an
up to-date NRC Form 4, or equivalent, signed by the individual and
countersigned by an appropriate official of the most recent employer for work;

'

involving radiation exposure, or the individual's current employer (if the
,

; individual is.not employed by the licensee); and
j (3) Obtain reports of the individual's dose equivalent (s) from the most
I

'

recent employer for work involving radiation exposure, or the individual's
current employer (if the individual is not employed by the licensee) by

L telephone, telegram, electronic media, or letter. The licensee shall request a
written verification of the dose data if the authenticity of the transmitted

'

report cannot be established.
(d) The licensee shall record the exposure history, as required by;

paragraph (a) of this section, on NRC Form 4, or other clea; and legible

| record, of all the information required on that form.4 The form or record must
i show each period in which the individual received occupational exposure to

radiation or radioactive material and must be signed by the individual who
received the exposure. For each period for which the licensee obtains reports,

j the licensee shall use the dose shown in the report in preparing NRC Form 4.
For any period in which the licensee does not obtain a report, the licensee
shall place a notation on NRC Form 4 indicating the periods of time for which
data are not available.-

(e) If the licensee is unable to obtain a complete record of an indi-
) vidual's current and previously accumulated occupational dose, the licensee

shall assume--
4

4 ticensees are not required to reevaluate ,the separate external dose'
.

1

equivalents and internal committed dose equivalents or intakes of '
,

radionuclides assessed under the regulations in this part in offeet
before January 1, 1993. Further, occupational exposure histories
obtained and recorded on NRC Form 4 before January 1, 1993, would
not have included effective dose equivalent, but may be used in the
absence of specific information on the intake of radionuclides by,

the individual.j
!
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i

j (1) In establishing administrative controls under 6 20.201(f) for the

] current year, that the allowable' dose limit for the individual is reduced by
1.25 rems (12.5 mSv) for each quarter for which records were unavailable and
the individual was engaged in activities that could have resulted b :,ccupa-,

tional radiation exposure; and
(2) That the individual is not available for planned special exposures.
(f) The licensee shall retain the records on NRC Form 4 or equivalent

until the Commission terminates each pertinent license requiring this record.*

The licensee shall retain records used in preparing NRC Form 4 for 3 years
after the record is made.

.

S 20.1105 Records of planned special exposures.

(a) For each use of the provisions of 6 20.206 for planned special expo-
sures, the licensee shall maintain records that describe--

(1) The exceptional circumstances requiring the use of a planned special,

exposure; and

(2) The'name of the management official who authorir.ed the planned
special exposure and a copy of the signed authorization; and

(3) What actions were necessary; and
. (4) Why the actions were necessary; and
'

(5) How doses were maintained ALARA; and

(6) What individual and collective doses were expected to result, and>

the doses actually received in the planned special exposure.;

(b) The licensee shall retain the records until the Commission terminates
! each pertinent license requiring these records.

S 20.1106 Records of individual monitoring results..

(a) Recordkeeping requirement. Each licensee shall maintain records of-
doses received by all individuals for whom monitoring was required pursuant to
S 20.502, and records of doses received during planned special exposures,

*

o
.

b
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accidents, and emergency condidons. These records must include, when f5

applicable-- |;

; (1) The deep-dose equivalent to the whole body, eye dose equivalent, i

shallow dose equivalent to.the skin, and shallovdose equivalent to the j

extremities; and f,
'

(2) The estimated intake or body burden of radionuclides (see 6 20.202); [
] and j

(3) The committed effective dose equivalent assigned to the intake or f
body burden of radionuclides; and {

; (4) The specific information used to calculate the committed effective ;

dose equivalent pursuant to 6 20.204(c); and 1

(5) The total effect:ye dose equivalent when required by 6 20.202; and |
''

(6) The total of the deep-dose equivalent and the committed dose to the
organ receiving the highest total dose.

8 (b) Recordkeeping frequency. The licensee shall.make entries of the

records specified in paragraph (a) of this section at least annually. |

(c) Recordkeeping format. The licensee shall maintain the records
specified in paragraph (a) of this section on NRC Form 5, in accordance with :

the instructions for NRC Form 5, or in clear and legible records containing all' *

'

the information required by NRC Form 5.
(d) Privacy protection. The records required under this section should be |

protected frorr public disclosure because of their personal privacy nature. |

These records are protected by most State privacy laws and, when transferred to
,

the NRC, are protected by the Privacy Act of 1974, Pub.L. 93-579, 5 U.S.C. ;

552a, and the Commission's regulations in 10 CFR Part 9. |
(e) The licensee shall maintain the records of dose to an embryo / fetus |

with the records of dose to the declared pregnant woman. The declaration of !

pregnancy shall also be kept on file, but may be maintained separately from the |
dose records. '

(f) The licensee shall retain each required form or record until the
Commission terminates each pertinent' license requiring the record. |,

,

a

5' Assessments of dose equivalent and records made using units in effect t

before January 1, 1993, need not be changed.

!
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S 20.1107 Records of dose to individual members of the public.

(a) Each licensee shall maintain records sufficient to demonstrate
compliance with the dose limit for-individual members of the public (see
S 20.301).

(b) The licensee shall retain the records required by paragraph (a) of |

this section until the Commission terminates each pertinent license requiring4

the record.;

1

|
5 20.1108 Records of-waste disposal.

(a) Each licensee shall maintain records of the disposal of licensed
materials made under SS 20.1002,'20.1003, 20.1004, 20.1005 Part 61, and
disposal by burial in soil, including burials authorized before January.28,
1981.6 ;

'

(b) The licensee shall retain the records required by paragraph (a) of
this section until the Commission terminates each pertinent license requiring

'

the record.

S 20.1109 Records of testing entry control devices for very high
radiation areas. '

i
(a) Each licensee shall maintain records of tests made under 6 20,603(a)(9) t

on entry control devices for very high radiation areas. T *se records must
i include the date, time, and results of each such test of fLac ton.

(b) The licensee shall retain the records required by paragraph (a) of
. this section for 3 years after the record is made.

;
i

* i

6 A previous 6 20.304 permitted burial ~ of small quantities of licensed
materials in soil before January 28, 1981, without specific Commission '

authorization.
|

. .

.
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S 20.1110 Eorm of records.

Each record-required by this part must be legible throughout the specified
retention period. The. record may be the original or a reproduced copy or a
microform provided that the copy or microform is authenticated by authorized
personnel' and that the inieroform is capable of producing a clear copy throughout
the required retation period. The record ny also-be stored in electronic
media with the capability for producing legible, accurate, and complete records
during the required retention period. Records, such as letters, drawings, and
specifications, must include all pertinent information, such as statyA initials,
and signatures. The licensee shall maintain adequate safeguards against
tampering with and loss of records.

SUBPART M--REPORTS

S 20.1201 Reports c' thef: or loss of licensed material.

(a) Telep$nne reports.

(1) Each licensee shall report by tel.| hone as folloc :I

(i) Immediately after its occurrence becomes known to the licensee, any
lost, stolen, or missing licensed material in an aggregate quantity equal to or
greater than 1,000 times the quantity specified in Appendix C under such
circumstances that it appears to the licensee that an exposure could result to
persons in unrestricted areas; or

sli) Within 30 days after the occurrence of any lost, stolen, or missing
licensed material becomes known to-the licensee, all licensed material in ai
quantity greater than 10 times.the quantity specified in Appendix C that is
still missing at this time.

-(2) Reports must be made as=follows:

(i) Licensees having an installed Emergency Notification System shall
make the reports to the NkC Operations Center in accordance with S 50.72 of
this chapter, and

(ii) All other licensees shall make reports to the NRC Operations Center.
(b) Written reports.
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(1) Each licensee required to make a report under paragraph (a)-of this
section shall, within 30 davs af ter making the telephone report, make a written
report setting forth the following information:

,

(i) A description of the licensed material involved, including kind,
quantity, and chemical and physical form; and

(ii) A description of the circumstances under which the loss or theft.
occurred; and

(iii) A statement of disposition, or probable disposition, of the
licensed material involved; and

(iv) Exposures of individuals to radiation, circumstances under which the
exposures occurred, and the possible effective dose equivalent to persons in
unrestricted areas; and

(v) Actions that have been taken, or will be taken, to recover the i

material; and

(vi) Procedures or measures that have been, or will be, adopted to ensure
against a recurrence of the loss or theft of li.ensed material.

(2) Reports must be made as follows:

(i) Fct holders of an operating license'for a nuclear power plant, the
events included in paragraph (b) of this section must be reported in accordance
with the procedures described :n 6 50.73(b), (c), (d), (e), and (g) of this
chapter and must include the information required in paragraph (b)(1) of this
section, and

(ii) All other licensees shall make reports to the Administrato" of the
appropriate HRC Regional Offica listed-in-Appendix D.

(c) A duplicate report is not required under (b) if the licensee is also
required to submit a report pursuant to 66 30.55(c), 40.64(c), 50.72, 50.73.
70.52, 73.27(b), 73.67(e)(3)(vi), 73.67(g)(3)(iii), 73.71, or 150.19(c) of

.

chapter.

(d) Subsequent to filing the written report, the licensee shall also
report any additional substantive information on the loss or theft within 30
days after the licensee learns of such information.

(e) The licensee shall prepare any report filed with the commission

pursuant to this section so that names of individuals who may have received
exposure to radiation are stated in a separate and detachable part of the
report.
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6 20.1202 Notification of incidents.

(a) Immediate notification. !%twithstanding any other requirements for
notification, each licensee shall immediately report any event involving
byproduct, source, or special nuclear material possessed by the licensee that
may have caused or threatens to cause any of the following conditions--

(1) An individual to receive--
(i) A total effective dose equivalent of 25 rems (0.25 Sv) or more; or
(ii) An eye dose equivalent of 75 rems (0.75 Sv) or more; or
(iii) A shallow-dose equivalent to the skin or extremities of 250 rads

(2.5 Gy) or more; or
(2) The release of radioactive material, inside or outside of a

restricted area, so that, had an individual been present for 24 hours, the
individual could have received an intake five times the occupathnal annual
limit on intake (the provisions of this paragraph do not apply to locations
where personnel are not normally stationed during routine operations, such as
hot-cells or process enclosures); or

(3) A loss of 1 working week or more of the opet ation of any facilities
affected; or

(4) Damage to property in excess of $200,000.
'b) Twenty-four hour notification. Each licensee shall, within 24 hours

of discovery of the event, report any event involving loss of control of licensed
material possessed by the licensee that may have caused, or threatens to cause,
any of the following conditions:

(1) An individual to receive, in a period of 24 hours--
(i) A total effective dose equivalent exceeding 5 rems (0.05 Sv); or
(ii) An eye dose equivalent exceeding 15 rems (0.15 Sv); or
(iii) A shallow-dose equivalent to the skin or extremities exceeding 50

rems (0.5 Sv); or
(2) The release of radioactive material, inside or outside of a restricted

area, so that, had an individual been present for 24 hours, the individual
could have received an intake in excess of one occupational annual limit on
intake (the provisions of thir paragraph do not apply to locations where person-
nel are not normally stationed during routine operations, such as hat-cells or
process enclosures); or
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(3) A loss of I day or more of the operation of any facilities affected; or
(4) Damage to property in excess of $2,000.
(c) The licensee shall prepare any report filed with the Commission

pursuant to this section so that names of individuals who have received

exposure to radiation or radioactive material are stated in a separate and
detachable part of the report.

(d) Reports made by licensees in response to the requirements of
this section must be made as follows:

(1) Licensees having an installed Emergency Notification System shall make
the reports required by paragraphs (a) and (b) of this section to the NRC
Operations Center in accordance with 6 50.72; and

(2) All other licensees shall make the reports required by paragraphs (a)
and (b) of this section by telephone to the NRC Operations Center and by
telegram, mailgram, or facsimile to the Administrator of the appropriate NRC
Regional Office listed in Appendix D.

(e) The provisions of this section do not include doses that result from
planned special exposures, that are within the limits for planned special
exposures, and that are reported under 6 20.1204.

S 20.1203 Reports of exposures, radiation levels, and concentrations of
radioactive material exceeding the limits.

(a) Reportable events. In addition to the notification required by
6 20.1202, each licensee shall submit a written report within 30 days after
learning of any of the follawing occurrences:

(1) Any incident for which notification is required by 6 20.1202; or
(2) Doses in excess of any of the following:
(i) The occupational dose limits for adults in S 20.201; or
(ii) The occupational dose limits for a minor in 6 20.207; or
(iii) The limits for an embryo / fetus of a declared pregnant woman in

6 20.208; or

(iv) The limits for an individual member of the public in 6 20.301; or
(v) Any applicable limit in the license; or
(3) Levels of radiation or concentrations of radioactive material in--
(i) A restricted area in excess of any applicable limit in the license; or

,

k
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(ii) An unrestricted area in excess of 10 times any applicable limit set
forth in this part or in the license (whether or not involving exposure of any
individual in excess of the limits in S 20.301); or

(4)Forlicenseessubjecttothe'provisionsofEPA'sgenerallyapplicable <

environmental radiation standards, levels of radiation or releases of radio-
active material in excess of those standards, or of-license conditions related
to those standards.

(b) Contents of reports.
(1) Each report required by paragraph (a) of this section must describe

the extent of exposure of individuals to radiation and radioactive material,
including, as appropriato:

(i) Estimates of each ;Mividual's dose; and

(ii) The' levels of radiation and concentrations of radioactive material
involved; and-

(iii) The cause of the elevated exposures, dose rates, or concentrations;
and

(iv) Corrective steps taken or planned to ensure against a recurrence,
including the schedule for achieving conformance with applicable limits,
generally applicable environmental standards, and associated license conditions.

(2) Each report filed pursuant to paragraph (a) of this section must
include for each individual -exposed: the name, Social-Security account number,
and date of birth. The report must be prepared so that this information is
stated in a' separate and detachable part of the report.

(c) For holders of an operating license for a nuclear power plant, the
occurrences included in paragraph (a) of this section must be reported ;in
accordance with the procedures described in S 50.73(b), (c), (d), (e), and (g)
of this chapter and must also include the information required by paragraph (b)
of this section. Occurrences reported in accordance with 6 50.73 of this
chapter need not be reported by a duplicate report under paragraph (a) of this
section.

7 With respect to the limit for the embryo / fetus (S 20.208), the
identifiers should be those of the declared pregnant woman,
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(d) All licensees, other than those holding an operating license for a
nuclear power plant, who make reports under paragraph (a) of this section shall
submit the report in writing to the U.S. Nuclear Regulatory Commission, Document
Control Desk, Washington, DC 20555, with a copy to the appropriate NRC. Regional
Office listed in Appendix 0.

S 20.1204 Reports of planned special exposures.

The licensee shall submit a written report to the Administrator of the
appropriate NRC Regional Office listed in Appendix 0 within 30 days following
any planned special exposure conducted in accordance with 6 20.206, informing
the Commission that a planned special exposure was conducted and indicating the
date the planned special exposure occurred and the information required by
6 20.1105.

S 20.1205 [ Reserved).

S 20.1206 Reports of individual monitoring.

(a) This section applies to each person licensed by the Commission to--
(1) Operate a nuclear reactor designed to produce electrical or heat

energy pursuant to S 50.21(b) or S 50.22 of this chapter or a testing facility
as defined in S 50.2 of this chr9ter; or

(2) Possess or use byproduct material for purposes of radiography
pursuant to Parts 30 and 34 of this chapter; or

(3) Possess or use at any one time, for purpous of fuel processing,
fabricating, or reprocessing, special nuclear matetial in a quantity exceeding
5,000 grams of contained uranium-235, uranium-233, )r plutonium, or any combi-
nation thereof pursuant to Part 70 of this chapter; or

(4) Possess high-level radioactive waste at a geologic repository opera-
tions area pursuant to Part 60 of this chapter; or

(5) Possess spent fuel in an independent spent fuel storage installation
(ISFSI) pt.rsuant to Part 72 of this chapter; or

(6) Receive radioactive waste from other persons for disposal under
Part 61 of this chapter; or
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(7) Possess or use at any time, for processing or manufacturing for
distribution pursuant to Parts.30, 32, 33 or 35 of this chapter, byproduct
material in quantities exceeding any one of the following quantities:

Quantity of Radionuclide"
,

in curies '

Cesium-137 1
Cobalt-60 1-
Gold-198 100
Iodine-131 1.

-Iridium-192 10
Krypton-85 1,000
Promethium-147 10
Techne tium-99m 1,000
a
The Commission may require as a license condition, or by rule, regu-

lation, or order pursuant to S 20.1302, reports from licensees who are
.

'

licensed to use radionuclides not on this list, in quantities sufficient
to cause comparable radiation levels.

(b) Each licensee in a category listed in paragraph (a) of this section
shall submit an annual report of the results of individual monitoring carried
out by the licensee for' each individual for whom monitoring was required by
6 20.502 during that year. The licensee may include additional data for
individuals for whom monitoring was provided but not required. The licensee
shall use Form NRC 5 or electronic media containing all the information
required by Form NRC 5.

(c) The licensee shall file the report required by 6 20.1206(b), covering-
the preceding year, on or before April 30 of each year. The licensee shall
submit the report to the Director, Office of Nuclear Regulatory Research,
Nuclear Regulatory Commission, Washington, DC 20555.

-SUBPART N--EXEMPTIONS AND ADDITIONAL REQUIREMENTS

S 20.1301 Applications for exemptions.

The Co;nmission may, upon- application by a licensee or upon its own initia-
tive, grant an exemption from the requirements of the regulations in this part'
if it determines the exemption is authorized by law and would not result in
undue hazard to life or property.
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6 20.130*c Additional requirements.

The Commis e n may, by rule, regulation, or order, impose requirements on
a licensee, in addition to those established in the regulations in this part,
as it deems appropriate or necessary to protect health or to minimize danger to
life or property.

SUBPART 0--ENFORCEMENT

6 20.1401 Violations.

(a) The Commission may obtain an injunction or other court order to
prevent a violation of the provisions of--

(1) The Atomic Energy Act of 1954, as amended;

(2) Title 11 of the Energy Reorganization Act of 1974, as amended; or
(3) A regulation or order issued pursuant to those Acts.
(b) The Commission may obtain a court order for the payment of a civil

penalty imposed under Section 234 of the Atomic Energy Act:
(1) For violations of--
(i) Sections 53, 57, 62, 63, 81, 82, 101, 103, 104, 107, or 109 of the

Atomic Energy Act of 1954,.as amended;

(ii) Section 206 of the Energy Reorganization Act; '

(iii) Any rule, regulation, or order issued pursuant to the sections
specified in paragraph (b)(1)(i) of this section;

(iv) Any term, condition, or limitation of any license issued under the
sections specified in paragraph (b)(1)(i) of this section.

(2) For any violation for which a license may be revoked under Section
186 of the Atomic Energy Act of 1954, as amended.

(c) Any person who willfully violates a provision of the Atomic Energy
Act or regulation or order issued under the requirements of that Act may be
guilty of a crime and, upon conviction, be punished by fine or imprisonment or
both, as provided by law.
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APPENDIX A

a
PROTECTION FACTORS FOR RESPIRATORS

Protection Factors Tested & Certified Equipment

b cDescription Modes Particu- Particu- National Institute for
lates lates, Occupational Safety and

gases, Health / Mine Safety and
only & vapors' Health Administration tests

for permissibility _

II, AIR-PURIFYING RESPIRATORS

Facepiece, half-mask 9 NP 10 30 CFR Part 11,
Facepiece, full NP- 50 Subpart K.
Facepiece, half-mask PP 1000
full, or hood

II, ATMOSPHERE-SUPPLYING
RESPIRATORS

1. Air-line respirator

Facepiece, half-mask CF 1000
Facepiece, half-mask D 5
Facepiece, full CF 2000
Facepiece, full D 5 30 CFR Part 11,
Facepiece, full PD 2000 Subpart J.
Hood CF h
Suit CF i J

2. Self-contained
breathing as.paratus
(SCBA).

Facepiece, full D 50
kFacepiece, full PD 10,000 30 CFR Part 11,

Facepiece, full RD 50 Subpart H.
Facepiece, full RP 5,000)

111. COMBINATION RESPIRATORS

Any combination of air- Protection factor
purifying and atmosphere- for type and mode 30 CFR Part 11,
supplying respirators of operation as $11.63(b),

listed above
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FOOTNOTES

j

a. For use in the selection of respiratory protective devices to be
used only where the contaminants have been identified and the
concentrations (or possible concentrations) are known,

b. Only for shaven faces and where nothing interferes with the seal
of tight-fitting facepieces against the skin. (Hoods and suits
are excepted.).

c. The mode symbols are defined as follows:

CF = continuous flow
D = demand

NP = negative pressure (i.e., negative phase during inhalation)
PD = pressure demand (i.e., always positive pressure)
PP = positive pressure
RD = demand, recirculating (closed circuit)
RP = pressure demand, recirculating (closed circuit)

d.1. The protection factor is a measure of the degree of protection
afforded by a respirator, defined as the ratio of the concentra-
tion of airborne radioactive material outside the respiratory
protective equipment to that inside the equipment (usually inside
the facepiece) under conditions of use. It is applied to the
ambient airborne concentration to estimate the concentrations
inhaled by the wearer according to the following formula:

Concentration inhaled = Ambient airborne concentrationProtection factor
2. The protection factors apply:

(a) Only for individuals trained in using respirators and
wearing properly fitted respirators that are used and
maintained under supervision in a-well planned respiratory
protective program.

(b) For air purifying respirators only when high efficiency
particulate filters (above 99.97% removal efficiency by
thermally generated 0.3 pm dioctyi phthalate (DOP) test
or equivalent) are used in atmospheres not deficient in
oxygen and not containing radioactive gas or vapor
respiratory hazards.
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I

(c) No adjustment is to be made for the use of sorbents
against radioactive material in the form of gases or
vapors.

(d). For atmosphere-syplying respirators only when supplied
with adequate respirable air. Respirable' air shall be.
provided of the quality and quantity required in accor-
dance with NIOSH/MSHA certification (described in 30 CFR
Part 11). Oxygen and air shall not be used in the same-
apparatus,

e. Excluding. radioactive contaminants that present an absorption or
submersion hazard. For tritium oxide, approximately one-third of
the intake occurs by absorption through the skin so that an overall
protection factor of less than 2 is appropriate when' atmosphere-
supplying respirators are used to protect against tritium oxide. If

the protection factor for a device is 5 the effective protection
factor for tritium is about 1.4; for devices with protection factors
of 10 the effective factor for tritium-oxide i's about 1.7, and for
devices with protection factors of 100 or more the effective factor
for tritium oxide is.about l'.9. Air purifying respirators are not
suitable for protection against tritium oxide. See~also footnote i
concerning supplied-air suits.

f, Canisters and cartridges shall not be used beyond service-life
limitations.

g. Under-chin type only.- This type of respirator is not satisf actory
for use where it might be possible (e.g. , if an accident or emer-
.gency were to occur) for the ambient airborne concentrations-to

reach instantaneous values greater than 10 times the pertinent
values in Table ~1, Column 3 of Appendix B of this part. This type
of respirator is not suitable for protection against plutonium or
other high-toxicity materials. - The mask is to be tested for fit
prior to use, each time it is donned.
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h.1. Equipment shall be operated in a manner that ensures that proper air
flow-rates are maintained. A protection factor of no more than 1000
may be utilized for tested-and-certified supplied-air hoods when a
minimum air flow of 6 cubic feet (0.17 cubic meters) per minute is
maintained and calibrated airline pressure gauges or flow measuring
devices are used. A protection factor of up to 2000 may be used for-
tested and certified hoods only when the air flow is maintained at
the manufacturer's recommended maximum rate for the equipment, this
rate is giater than 6 cubic feet (0.17 cubic meters) per minute,
and calibrated airline pressure gauges or flow measuring devices
are used.

2. The' design of the supplied-air hood or helmet (with a minimum flow

of 6 cfm (0.17 m3 per minute) of air) may determine its overall
efficiency.and the protection it provides. For' example, some hoods

aspirate contaminated air into the breathing zone when the wearer
works with hands-c c -head. This aspiration may be overcome if a
short cape-like. extension to the hood is worn under a coat or over-
alls. Other limitations specified by the approval agency shall be
considered before using a hood in certain types of atmospheres (see

footnote i).

i. Appropriate protection factors shall be determined, taking into
account the design of the suit and its permeability to the contami-
nant under conditions of use. There shall' be a standby rescue
person equipped with a respirator or other apparatus appropriate
for the potential hazards and communications equipment whenever
supplied-eir suits are used.

j. No approval schedules are currently available for this equipment.
Equipment is to be evaluated by testing or on the basis of reliable
test information.
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k. This type of respirator may provide greater protection and be used
as an emergency device in unknown concentrations for protection
against inhalation hazards. External radiation hazards and other i

limitations to permitted exposure, such as' skin absorption, must
be taken.into account in such circumstances.

1. Quantitative fit testing shall be performed on each individual and
no more than 0.02% leakage is allowed with this type of apparatus.
Perceptible outward leakage of gas from this or any positive pres-
sure self-contained breathing apparatus is unacceptable because
service life will be reduced substantially. Special training in
the use of this type of apparatus shall be provided to the wearer.

Note 1: Protection factors for respirators as may be' approved by the
U.S. Bureau of Mines / National Institute for Occupational Safety and
Health (NIOSH), according to applicable approvals for. respirators for
type and mode of use to protect against airborne radionuclides, may be
used to the extent that they do.not exceed the protection. factors listed
in this table. The protection factors listed-in this table may not be
appropriate to circumstances where chemical or other respiratory hazards
exist in addition to radioactive hazards. The selection and use of
respirators for such circumstances should take into account applicable
approvals of the U.S. Bureau of Mines /NIOSH.

Note 2: Radioactive contaminants for which the concentration values in
Table 1, Column 3 of Appendix B of this part are based on internal dose
due to inhalation may, in addition, present external exposure hazards
at higher concentrations. Under these circumstances, limitations on
occupancy may have to be governed by external dose limits.
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APPENDIX B

ANNUAL LIMITS ON INTAKE (ALIs) AND DERIVED AIR CONCENTRATIONS

(DACs) 0F RADIONUCLIOES FOR OCCUPATIONAL EXPOSURE; EFFLUENT

CONCENTRATIONS; CONCENTRATIONS FOR RELEASE TO SEWERAGE

Introduction

For each radionuclide Table 1 indicates the chemical form which is to be
used for selecting the appropriate ALI or DAC value. The ALIs and DACs for
inhalation are given for an aerosol with an activity median aerodynamic diameter
(AMAD) of 1 pm'and for three classes (D,W,Y) of radioactive material, which
refer to their retention (approximately days, weeks or years) in the pulmonary
region of the lung. This classification applies to a range of clearance half-
times for 0 of less than 10 days, for W from 10 to 100 days, and for i greater
than 100 days. Table 2 provides concentration limits for airborne and liquid
effluents released to the general environment. Table 3 provides concentration
limits for discharges to sanitary sewer systems.

Notation

The values in Tables 1, 2, and 3 are presented in the computer "E" nota-
tion. In this notation a value of 6E-02 represents a value of 6 x 10 or 0.06,

26E+2 represents 6 x 10 or 600, and 6E+0 represents 6 x 10 or 6.

Table 1 " Occupational"

Note that the columns in Table 1 of this appendix captioned " Oral Ingestion
ALI," " Inhalation ALI," and "DAC," are applicable to occupational exposure to
radioactive material.

The ALIs in this appendix are the annual intakes of given radionuclide by
" Reference Man" which would result in either (1) a committed effective dose
equivalent of 5 rems (stochastic ALI) or (2) a committed dose equivalent of
50 rems to an organ or tissue (non-stochastic ALI). The stochastic ALIs were
derived to result in a risk, due to irradiation of organs and tissues, compar-
able to the risk associated with deep dose equivalent to the whole body of
5 rems. The derivation includes multiplying the committed dose equivalent to
an organ or tissue by a weighting factor, w . This weighting factor is theT
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proportion of the risk of stochastic effects resu~lting from irradiation of the
organ or tissue, T, to the total risk of stochastic effects when the whole body
is irradiated uniformly. The values of w are listed under the definition of

T

weighting factor in S 20.3. The non-stochastic ALIs were derived to avoid
non-stochastic ef fects, . such as prompt damage to- tissue or reduction in organ
function.

A value of q = 0.06 is applicable to each of the five organs or tissues
in the " remainder" category receiving the highest dose equivalents, and the dose
equivalsits of all other remaining tissues may be disregarded. The following ,

parts of the G1 tract -- stomach, small intestine, upper large intestine, and
lower large intestine -- are to be treated as four separate organs.

Note that the dose equivalents for extremities (bands and' forearms, feet
and lower legs), skin, and lens of the eye are not considered in computing the
committed effective dose equivalent, but are subject to limits that must be
met separately.

When an ALI is defined by the stochastic dose limit, this value alone, is
given, When an ALI is determined by the non-stochastic dose limit to an organ,
the organ or tissue to which the limit applies is shown, and the ALI for the
stochastic limit is shown in parentheses. (Abbreviated organ or tissue desig-
nations are used:

LLI wall = lower large intestine wall;
St. wall = stomach wall;
Blad wall = bladder wall; and

Bone surf = bone surface.)

The use of the ALIs listed first, the more limiting of the stochastic
and non-stochastic ALIs, will ensure that non-stochastic effects are avoided
and that the risk of stochastic effects is limited to an acceptably low value.
If, in a particular situation involving a radionuclide for-which the non-
stochastic ALI is limiting, use of that non-stochastic ALI is considered unduly
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conservative, the licensee may use the stochastic ALI to determine the commit-
ted effective dose equivalent. However, the licensee shall also ensure that
the 50-rem dose equivalent limit for any organ or tissue is not exceeded by
the sum of the external deep dose equivalent plus the internal committed
dose to that organ (not the effective dose). For the case where there is
no external dose contribution, this would be demonstrated -if the sum of the

fractions of the nonstochastic ALIs (ALIns) that contribute to the committed
dose equivalent to the organ receiving the highest dose does not' exceed unity

(i.e. , I (intake (in pCi) of each radionuclide/Allins) 5 1.0). If there is
an external deep dose equivalent contribution of H then this sum must be

d
less than 1 -(H /50) instead of being 51.0.

d

Note that the dose equivalents for extremities (hand and
forearms, feet and. lower legs), skin, and lens of the are
are not considered in computing the committed effective dose
equivalent, but are subject to limits that must be met
separately.

The derived air concentration (OAC). values are derived limits intended to
-

control chronic occupational exposures. The relationship between the DAC and
the ALI is given by:

DAC = ALI(in pCi)/(2000 hours per working year x 60 minutes / hour x
2 x 104 ml per minute) = [ALI/2.4 x 109] pCi/ml,

where 2 x 104 ml per minute is the volume of air breathed per minute at work
by " Reference Man" under working conditions of " light work."

The DAC values relate to one of two modes of exposure: either external
submersion or the internal committed dose equivalents resulting from inhalation
of radioactive materials. Derived air concentrations based upon submersion
are for immersion in a semi-infinite cloud of uniform concentration and apply
to each radionuclide separately.

The ALI and DAC values relate to exposure to the single rattionuclide named, but
also include contributions from the in growth of any daughter radionuclide
produced in the body by the decay of the parent. However, intakes that include
both the parent and daughter radionuclides should be treated by the general
method appropriate for mixtures.
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The value of ALI and DAC do not apply directly when the individual b'oth
ingests and inhales a radionuclide, when the individual is exposed to a mixture

. of radionuclides'by either inhalation or ingestion or both,~ or when the indi-
vidual is exposed to both internal and external irradiation _(: see 6 20.202)'.
When an individual'is exposed to radioactive ~ materials which fall under

several of the translocation classifications (i.e., Class D,' Class W, or Clas
Y) of the same radionuclide, the exposure may be evaluated as if it were a-mix-
ture of different radionuclides.

It 'should be noted that the classification of a compound as Class 0, W, or-
Y is based on the chemical form of-the compound'and does not take into account
the radiological half-life of different radioisotopes. For this reason, values
are given for Class 0, W,. and Y- compounds, even for- very short-lived' radio-

.

nuclides.

Table 2

The columns in Table 2 of this' appendix captioned " Effluents," " Air," and
" Water,'_' are applicable to the assessment and control of dose to the public,
particularly in the implementation of the provisions of S 20.302.- The concen--
tration values given in Columns 1 and 2 of Table 2 are equivalent to the radio--

nuclide concentrations which, if inhaled or-ingested continuously over the course
of a year, would produce a total effective dose equivalent of 0.05 rem (50 milli-
rem or 0.5 millisieverts)

Consideration of non-stochastic' limits' has not been inciuded,i.n deriving-
'

the air and water effluent concentration limits because non-stochastic effects
are presumed not to occur at the dose levels established.for individual members
of the public. For radionuclides, where the non-stochastic limit was governing
in' deriving the occupational DAC, the stochastic ALI was used in deriving the
corresponding airborne effluent limit in Table 2. For this= reason, the OAC

and airborne effluent limits are not always proportional as they were the
previous Appendix B.

)
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The air concentration values listed in Table 2 Column 1, were derived
by one of two methods. For those radionaclides for which the stochastic limit
is governing, the occupational stochastic inhalation ALI was divided by 2.4 x
109, relating the inhalation ALI to the DAC, as explained above, and then
divided by a factor of 300. The factor of 300 includes the following compo-
nents: a factor of 50 to relate the 5-rem annual occupational dose limit to
the 0.1-rem limit for members of the public, a factor of 3 to adjust for the
difference in exposure time and the inhalation rate for a worker and that for
members of the public; and a factor of 2 to adjust the occupational values
(derived for adults) so that they are applicable to other age groups.

For those radionuclides for which submersion (external dose) is limiting,
the occupational DAC in Table 1, Column 3, was divided by 219. The factor of
219 is composed of a factor of 50, as described above, and a factor of 4.38
relating occupational exposure for 2,000 hours per year to full-time exposure
(8,760 hours per year). Note that an additional factor of 2 for age consider-
ations is not warranted in the submersion case.

The water concentrations were derived by taking the most restrictive
occupational stochastic oral ingestion ALI and dividing by 7.3 x 107 The

factor of 7.3 x 107 (ml) includes the following components: the factors of 50

and 2 described above and a factor of 7.3 x 105 (ml) which is the annual water
intake of " Reference Man."

Note 2 of this appendix provides groupings of radionuclides which are
applicable to unknown mixtures of radionuclides. These groupings (including
occupational inhalation ALIs and DACs, air and water effluent concentrations
and sewerage) require demonstrating that the most limiting radionuclides in
successive classes are absent. The limit for the unknown mixture is defined
when the presence of the one of the listed radionuclides cannot be definitely
excluded as being present either from knowledge of the radionuclide composition
of the source or from actual measurements.
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Table 3 " Sewer Disposal"-

The monthly average concentrations for release to sanitary sewers are ap-
-

plicable to the provisions in S 20.1003. The concentration values were derived !

by taking the most restrictive occupational stochastic oral ingestion ALI and
dividing by 7.3 x 106(ml). The: factor of 7.3 x 106(ml) is composed of a factor |
of 7.3 x 106(ml), the annual' water intake by " Reference Man," ano a factor of
10, such_that the concentrations, if the sewage-released by the licensee were
the only source of water ingested by a reference man during a year, would result c
in a committed effective dose equivalent of 0.5 rem.

i

e
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LIST OF ELEMENTS-

Atomic Atomic
Neme Symbol Number Name Symbol- Number

.

Actinium Ac 89 Mercury -Hg 80
Aluminum Al 13 Molybdenum. Mo 42
Americium Am 95 Neodymium Nd 60
Antimony Sb 51 Neptunium- Np 93
Argon Ar 18 Nickel Ni 28,

Arsenic As 33- Niobium Nb 41
Astatine At 85 Osmium lDs 76
Barium Ba 56 Palladium Pd 46

4Berkelium Bk 97 Phosphorus P. 15
'

Beryllium Be 4 Platinum Pt 78
Bismuth Bi 83 Plutonium Pu 94
Bromine Br 35 -Polonium Po 84
Cadmium Cd 48 Potassium K 19
Calcium Ca 20 Praseodymium Pr 59
Californium Cf 98 Promethium Pm 61
Carbon C- 6 Protactinium Pa 91
Cerium Ce 58 Radium Ra 88
Cesium Cs 55 Radon Rn 86
Chlorine C1 17 Rhenium Re 75
Chromium Cr 24 Rhodium Rh 45
Cobalt Co 27 Rubidium Rb 37
Copper Cu 29 Ruthenium Ru 44
Curium Cm 96 Samarium Sm 62-
Dysprosium Dy- 66 Scandium Sc 21'Einsteinium Es 99 Selenium -Se 34
Erbium Er 68 Silicon Si 14
Europium Eu. 63 Silver Ag 47
Fermium. Fm 100 Sodium. Na 11Fluorine F 9 Strontium Sr 38
Francium Fr 87 Sulfuri S 16
Gadolinium Gd 64 Tantalum Ta 73
Gallium Ga 31 Technetium Tc 43
Germanium Ge 32 Tellurium Te 52
Gold Au 79 Terbium Tb 65
Hafnium Hf 72' Thallium Tl 81
Holmium. Ho 67 Thorium Th 90

~ Hydrogen H 1 Thulium Tm 69
Indium In' 49 Tin Sn 50
Iodine 1 53 Titanium Ti 22Iridium Ir 77 Tungsten W 74
Iron Fe 26 Uranium- U 92
Krypton Kr 36 Vanadium 1/ 23
Lanthanum La 57 Xenon Xe 54
Lead Pb 82 Ytterbium Yb 70
Lutetium Lu 71 Yttrium Y 39
Magnesium Mg 12 Zinc Zn 30
Manganese Mn 25 Zirconium Zr 40
Mendelevium' Md 101
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Table 1 Table 2 Table 3. .;
Occupational Values Effluent Releases to '

Concentrations Sewers-

Col. 1 Col 2 Col. 3 Col.'1 Col. 2
,

| Oral Monthly
Ingestion Inhalation Average :

Atomic Radior.uclide Class ALI ALI DAC Air Water Concentration ;

; No. (pCi) (pCi) (pCi/ml). (pCi/ml) (pCi/ml) -(pCi/al) |
. i

1 Hydrogen-3 Water, DAC includes skin
.

!

absorption 8E+4 8E+4 2E-5 1E-7 1E-3 1E-2
1Gas (HT or T ), Submersion Use above Values as HT'and T -oxidize in air and in the body to HTO.2 2

4 Beryllium-7 W,-all compounds except. 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3 >

'those given for Y *

!

! Y, oxides, halides, and
,

* nitrates - 2E+4 8E-6 - 3E-8 - - !

4 Beryllium-10 . W, see Be IE+3 2E+2 6E-8 2E-10 - -

LLI wall1

! (IE+3) - - - 2E-5 2E-4
j Y, see Be - 1E+1 6E-9 2E-11 - --

| 6 Carbon-11 Monoxide - IE+6 SE-4 2E-6 - - I
2

- Dioxide - 6E+5 3E-4 9E-7 - -
'

) Compounds' 4E+5 4E+5' 2E-4 6E-7 6E-3 ' 6E-2
i

i 6 Carbon-14 Monoxide - 2E+6 7E-4 2E-6 - -

i Dioxide 2E+5 9E-5 3E-7 - -
,

-

Compounds 2E+3 2E+3 1E-6 3E-9 .3E-5 3E-4 .i
! i
! -t
i

'

! i
i )

i
i

i

I
4 |.

!
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations- Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
'

Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI- All DAC Air Water . Concentration-
No. (pCi) (pCi) (pCi/ml) (pCi/ml). (pCi/ml) (pCi/ml)

2
9 Fluorine-18 D', fluorides of H, Li,

'

Na, K, Rb, Cs, and Fr SE+4 7E+4 3E-5 1E-7 - -

St. wall-
'

W, fluorides of Be, Mg,
Ca, Sr, Ba, Ra,"A1, Ga,
In, T1, As, Sb,'B1, Fe, 1

Ru, Os, Co, Ni, Pd, Pt,
Cu, Ag, Au, Zn, Cd, Hg,
Sc, Y, Ti, Zr, V, Nb,
Ta, Mn, Tc, and Re - 9E+4 4E-5 1E-7 - -

Y, lanthanum fluoride - 8E+4 3E-5 1E-7 - -

11 Sodium-22 D, all compounds 4E+2 6E+2 3E-7 9E-10 6E-6 6E-5 .

11 Sodium-24 .D, all compounds 4E+3 SE+3 2E-6 7E-9 ' SE-5 SE-4

12 Magnesium-28 0, all compounds except
.those given for W 7E+2 2E+3 7E-7' 2E-9 9E-6 9E-5

W, oxides, hydroxides,
carbides,. halides, and
nitrates 1E+3 SE-7 2E-9 - --

13 Aluminum-26 0, all compounds except
those given for W 4E+2 6E+1 3E-8 9E-11 6E-6 6E-5

W, oxides, hydroxides,
carbides, halides, and
nitrates - 9E+1 4 E-8 1E-10 - -

.

___
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Table 1 Table 2 Table 3'
Occupational Values Effluent Releases to j

Concentrations Sewers' |

Col. 1 Col. 2 Col.'3 Col. 1 Col. 2 i

Oral Monthly -!
Ingestion Inhalation Average I

! Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) ;

'

.r
14 Silicon-31 D, all compounds except !

those given for W and Y 9E+3 3E+4 1E-5 ~ 4E-8 1E-4 1E-3 i
i

W,-oxides, hydroxides, f
carbides, and nitrates -~ -3E+4 1E-5 SE-8 - -

|
.

;
Y, aluminosilicate glass - 3E+4 1E-5 4E-8 - - .:

! 14 Silicon-32' D, see Si 2E+3 2E+2 1E-7 3E-10 - -
..

31

; LLI wall !
(3E+3) - -

'

4E-5 4E-4 {
4

-

31W, see Si - -IE+2 SE-8 2E-10 - - .;316 Y;.see 51 - SE+0 2E-9 7E-12 -- -

|
t

15 Phosphorus-32 D, all compounds exceptd

i-'
phosphates given-for W 6E+2 9E+2 '4E-7 IE-9 9E-6 9E-5 .t

2W, phosphates of Zn +,
3 2 3S +, gg +, p,3+,.Bi +,|

j and lanthanides -- 4E+2 '2E-7- .5E-10 - -

. .

;

|' 32
,

15 Phosphorus-33 D, see 2p 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4W, see p - 3E+3 IE-6- 4E-9 - -
,.

}
>

} =

: 2

i i

'

- i

t

:
.
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to,

! Concentrations Sewers
!
| Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

16 Sulfur-35 Vapor - IE+4 6E-6 2E-8 - -

D, sulfides and sulfates
except those given for W 6E+3 2E+4 7E-6 2E-8 - -

LLI wall
(8E+3) - - - IE-4 IE-3

W, elemental sulfur,
sulfides of Sr, Ba, Ge,
Sn, Pb, As, Sb, Bi, Cu,
Ag, Au, Zn, Cd, Hg, W, and
Mo. Sulfates of Ca, Sr,
Ba, Ra, As, Sb, and Bi - 2E+3 9E-7 3E-9 - -

17 Chlorine-36 0, chlorides of H, Li,
Na, K, Rb, Cs, and Fr 2E+3 2E+3 1E-6 3E-9 2E-5 2E-4

;

W, chlorides of lantha- I

nides, Be, Mg, Ca, Sr,
Ba, Ra, A1, Ga, In, T1,
Ge, Sn, Pb, As, Sb, Bi,
Fe, Ru, Os, Co, Rh, Ir,
Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Sc, Y, Ti,
Zr, Hf, V, Nb, Ta, Cr,
Mo, W, Mn, Tc, and Re - 2E+2 1E-7 3E-10 - -

_

..

.. .
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.
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2- -Col. 3 Col. 1 Col. 2

Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml). (pCi/ml)

17 Chlorine-38 0, see.36C1 2E+4 4E+4 2E-5 6E-8 - -2

St. wall

(3E+4) - - - 3E-4 '3E-3
W, see 36 1 - SE+4 2E-5 6E-8 - -

C

2 36 ''
17 Chlorine-39 D, see C 2E+4 SE+4 2E-5 7E-8 ' - -

St. wall

(4E+4) - - - SE-4 SE-3-
36W, see C1 - 6E+4 2E-5- -8E-8 - -

1 - IE+0 6E-3
'

-18 Argon-37 Submersion - -
-

1
18 Argon-39 Submersion - -' 2E-4 -8E-7 - -

18 Argon-41 Submersir.[* - ' - 3E-6- 1E-8 - --

19 Potassium-40 D, all' compounds 3E+2- 4E+2 2E-7 GE-10 4E-6 4 E-5 '

19 Potassium-42- 0, all compounds SE+3 _SE+3- 2E-6 ' 7E-9_- 6E-5 6E-4

19 Potassium-43 D, all compounds 6E+3 -9E+3 4E-6 IE-8 ' 9E-5.' 9E-4_

2
19 Potassium-44 -D, all compounds 2E+4 7E+4' 3E-5 9E-8 - -

'

St. wall

(4E+4) - - - SE-4 5E-3

2
19 Potassium-45 D, all compounds 3E+4 1E+5 SE-5 -2E-7 - -

St. wall

(SE+4) -
-

- 7E-4 7E-3

i
f

__
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2.

Oral MonthlyIngestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml),

20 Calcium-41 W, all compounds 3E+3 . 4E+3 2E-6 - - -

Bone surf Bone surf
(4E+3) (4E+3) - SE-9 6E-5 6E-4

1

20 Calcium-45 W, all compounds 2E+3 8E+2 4E-7 1E-9 2Ei5 2E-4
20 Calcium-47 W, all compounds 8E+2 9E+2 4E-7 IE-9 ' IE-5 1E-4
21 Scandium-43 Y, all compounds 7E+3 2E+4 9E-6 3E-8 '1E-4 1E-3

j 21 Scandium-44m V, all' compounds SE+2 7E+2- 3E-7 IE-9 7 E-6 7E-5
21 Scandium-44 Y, all compounds 4E+3 1E+4 SE-6 2E-8 SE-5 5E-4,

21 Scandium-46 Y, all compounds 9E+2' 2E+2 1E-7 3E-10 .1E-5 1E-4
21 Scandium-47 Y, all compounds 2E+3' 3E+3 IE-6 4E-9 - -

LLI wall
-(3E+3) - - - 4 E-5 4E-4

21 Scandium-48 Y, all compounds 8E+2 1E+3 6E-7 2E-9 1E-5 1E-4
221 Scandium-49 Y, all' compounds' 2E+4 SE+4 2E-5 8E-8 3E-4 3E-3

22 Titanium-44 D, all compounds except
those given for W and Y 3E+2 1E+1 SE-9 2E-11 4E-6 4E-5.

! W, oxides, hydroxides,
i carbides, halides, and

nitrates - 3E+1 1E-B 4E-11 - -

. Y, SrTiO3 - 6E+0 2E-9 8E-12 - -t

)
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Table 1 Table 2 Table 3 |

Occupational Values Effluent Releases to,

Concentrations Sewers ,

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 :

Oral Monthly !

Ingestion Inhalation Average t

Atomic Radionuclide Class ALI ALI DAC _ Air Water Concentration- |
,

No. (pC1) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml). !

22 Titanium-45 D, see Ti 9E+3 3E+4 IE-5 3 E-8 IE-4 IE-34W, see Ti - 4E+4 IE-5 - SE-8 - -

;

44Y, see Ti - 3E+4 1E-5 4E-8 - -

223 Vanadium-47 D, all compounds except,

those given for W 3E+4 8E+4 3E-5- IE-7 - - t

St. wall.

(3E+4) - - - 4E-4 4E-3 |

W, oxides, hydroxides,
j carbides, and halides - IE+5 4E-5 IE-7 '- -

W,see.[V- - 6E+2 3E-7 9E-10 - - -|
!

23 Vanad.um-48 D, .see V 6E+2 1E+3 SE-7 2E-9 9E-6 9E-5
!

4723 Vanadium-49 D,, see V 7E+4 3E+4 IE-5 - - - !
.

j.
LLI wall Bone surf

47 (9E+4) (3E+4) - SE-8 IE-3 1E-2
| W, see V- 2E44 8E-6 2E-8-

- -

24 Chromium-48 D,'all compounds except .

.I those given for W and Y 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4

j W, halides and nitrates - 7E+3 3E-6 IE-8 - - !

! Y, oxides and hydroxides - 7E+3 3E-6 1E-8
'

- -

t

224 Chromium-49 D,'see 48Cr 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3 :W, see Cr 1E+5 4E-5 IE-7 - - !
-

Y, see Cr - 9E+4 4E-5 1E-7 - -

* I

) *

I f
*

i

'

!
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers :

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
IOral Monthly

Ingestion Inhalation Average iAtomic Radionuclide' Class ALI ALI DAC Air Water Concentration <

No. (pCI) (pC1) (pCi/ml) (pCi/ml) (pC1/ml) (pC1/ml)'
4824 -Chromium-51 D,-see Cr 4E+4 SE+4 2E-5 6E-8 SE-4 SE-3

'

i W, see Cr - 2E+4 1E-5 3E-8 - -

Y, see Cr - 2E+4 8E-6 3E-8 - -

i
225 Manganese-51 D, all compounds except ~

those given for W 2E+4 SE+4 2E-5 7E-8' 3E-4 3E-3 i

W,' oxides, hydroxides,
halides, and nitrates - 6E+4 3E-5 8E-8 - -

2 525- Manganese-52m D, see n 3E+4' 3E+4 4E-5 -IE-7 - - |
1

St. wall

(4E+4) - - - SE-4 SE-3W, see 51Mn 1E+5 4E-5 IE-7 - -
-

5125 Manganese-52 0, see Mn 7E+2 1E+3 SE-7 2E-9 1E-5 1E-4W, see . n - 9E+2 4E-7 1E-9 - -

-

51 !
25 Manganese-53 D, see Mn SE+4 IE+4- SE-6 - 7E-4 7E-3

Bone surf
5

- (2E+4) - 3E-8 - -

W, see n - 1E+4 SE-6 2E-8- - -
,

25 Manganese-54 D,.see bn 2E+3 9E+2 4E-7 1E-S 3E-5 3E-4 [; W,'see n - 8E+2 3E-7 1E-9 - - :

25 Manganese-56 D, see hn SE+3 2E+4 6E-6 2E-8 7E-5 7E-4
{ W, see Mn - 2E+4 9E-6 3E-8 - -

.

1

! ,

]- i

i |

| !

i
i
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Table 1 Table 2 Table 3'

Occ:pational Values Effluent Releases to
Concentrations Sewers j

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly

,

Ingestion Inhalation Average i-

titomic Radionuclide Class ALI ALI DA F Air Water Concentration .-

No. (pCI) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml),

26 Iron-52 0, all compounds except
.'

those given for W 9E+2 3E+3 IE-6 4E-9 IE-5 IE-4

W, oxides, hydroxides, '

and halides - 2E+3 IE-6 3E-9 - -

5226 Iron-55 D, see Fe 9E+3 2E+3 BE-7 3E-9 1E-4 1E-352W, see Fe - 4E+3 2E-6 6E-9 - -
-

26 Iron-59 D, see Fe 8E+2 3E+2 1E-7 SE-10 1E-5 1E-4
W,see Fe - SE+2 2E-7 7E-10 - -

1

W,see.hFe - 2E+1 8E-9 3E-11 - - '
h26 Iron-60 D, see 3E+1 6E+0 3E-9 9E-12 4E-7 4E-6

Fe

27 Cobalt-55 W, all compounds except
those given for Y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4

Y, oxides, hydroxides,
halides, and nitrates - 3E+3 1E-6 4E-9 - -

'

27 Cobal t-56 W, see Co 4E+2 3E+2 IE-7 4E-10 6E-6 6E-5
Y, see Co - 2E+2 8E-8 3E-10 - -

t

i 27 Cobalt-57 W, see Co 4E+3 3E+3 Ir.-6 4E-9 6E-5 6E-4 '

Y, see Co - 7E+2 3E-7 9E-10 - -

,

'
. . . . _ _ _ , ___ __ _ _ _ . , _ . _ . _ _ _ . . . . . _. - ,. __
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Table 1 Table 2 Table 3 l
Occupational Values Effluent Releases to (

+

Concentrations Sewers !

,

[ tal. 2 Col. 3 Col. 1 Col. 2
'

L.s Monthly
Ingestion Inhalation Average i

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration !

No. (pC1) (pC1) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
| 27 Cobal t-58m W,see(Co

- 6E+4 3E-5 9E-8 - -

6E+4 9E+4 4E-5 1E-7 8E-4 8E-3
Y, see Co

527 Cobal t-58 W, see 00 1E+3 1E+3 SE-7 2E-9 2E-5 2E-45
Y, see Co 7E+2 3E-7 IE-9 - -

-

2 5527 Cobalt-60m W, see Co IE46 36 2E-3 6E-6 - -;
: St. wall
i

55 (1E+6) - - - 2E-2 2E-1
Y, see Co 3E+6 1E-3 4E-6 - -

-

1

'

27 Cobalt-60 W, see Co 2E+2 2E+2 7E-8 2E-10 3E-6 3E-5Y, see to - 3E+1 IE-8 SE-11 - -

227 Cobalt-61 W, see Co 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
Y, see Co - 6E+4 2E-5 8E-8 - -

2 5527 Cobalt-62m W, see 00 4E+4 2E+5 70-5 2E-7 - -

St. wall

55 (5E+4) - - - 7E-4 7E-3Y, see C0 - 2E+5 6E-5 2E-7 - -

28 Nickel-56 0, all compounds except
'

those given for W IE+3 2E+3 8E-7 3E-9 2E-5 2E-4
'

W, oxides, hydroxides,,

and carbides - 1E+3 SE-7 2E-9 - - '
- Vapor - 1E+3 SE-7 2E-9 - -

G28 Nickel-57 D, see Ni 2E+3 SE+3 2E-6 7E-9 2E-5 2E-46W, see Hi - 3E+3 IE-6 4E-9 - -

Vapor - 6E+3 3E-6 9E-9 - -

_ _ _ _



, ~

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pC1) (pCl) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

28 Nickel-59 D, see Ni 2E+4 4E+3 2E-6 SE-9 3E-4 3E-3
W, see Ni - 7E+3 3E-6 1E-8 - -

Vapor - 2E+3 8E-7 3E-9 - -

28 Nickel-63 D, see Ni 9E+3 2E+3 7E-7 2E-9 IE-4 1E-3
W, see Ni - 3E+3 IE-6 4E-9 - -

Vapor - 8E+2 3E-7 IE-9 - -

28 Nickel-65 D, see Ni 8E+3 2E+4 1E-5 3E-8 IE-4 IE-3
W, see N1 - 3E+4 IE-5 4E-8 - -

Vapor - 2E+4 7E-6 2E-8 - -

628 Nickel-66 D, see Ni 4E+2 2E+3 7E-7 2E-9 - -

LLI wall
(SE+2) - - - 6E-6 6E-556W, see Hi - 6E+2 3E-7 9E-10 - -

Vapor - 3E+3 IE-6 4E-9 - -

2
29 Copper-60 D, all compounds except

those given for W and Y 3E+4 9E+4 4E-5 1E-7 - -

St, wall

| (3E+4) - - - 4E-4 4E-3
W, sulfides, halides,
and nitrates - 1E+5 SE-5 2E-7 - -

Y, oxides and hydroxides - 1E+5 4E-5 IE-7 - -

29 Copper-61 D,see Cu 1E+4 3E+4 IE-5 4E-8 2E-4 2E-3
W, see Cu - 4E+4 2E-5 6E-8 - -

Y, see Cu - 4E+4 1E-5 SE-8 - -

-

_ _ _ _ - .



Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

6029' Copper-64 D, see Cu 1E+4 3E+4 IF-5 4E-8 2E-4 2E-3
W, see Cu - 2E+4 1E-5 3E-8 - -

Y, see Cu - 2E+4 9E-6 3E-8 - -

6029 Copper-67 D, see Cu SE+3 8E+3 3E-6 1E-8 6E-5 6E-460W, see Cu - SE+3 2E-6 7E-9 - -

60
Y, see Cu - SE+3 2E-6 6E-9 - -

30 Zinc-62 Y, all compounds 1E+3 3E+3 IE-6 4E-9 2E-5 2E-4
230 Zinc-63 Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -

St. wall
(3E+4) - - - 3E-4 3E-3

30 Zinc-65 Y, all compounds 4E+2 3E+2 1E-7 4E-10 SE-6 SE-5

30 Zinc-69m Y, all compounds 4E+3 7E+3 3E-6 IE-8 6E-5 6E-4
230- Zinc-69 Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3

30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 BE-4
l
'

30 Zinc-72 Y, all compounds IE+3 1E+3 SE-7 2E-9 IE-5 1E-4
231 Gallium-tis D, all compounds except

| those given for W SE+4 2E+5 7E-5 2E-7 - -

St. wall

(6E+4) - - - 9E-4 9E-3
W, oxides, hydroxides,
carbides, halides, and
nitrates - 2E+5 8E-5 3E-7 - -

_ _ _ _ _ _ _ . ... .. _
. . . . . . - - -

- -- -- -
- - -

- - ~- - - - - - - - - - - - -
-
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j- Table 1 T41e 2 Table 3 i
Occupational Values Effluent Releases to [

Concentrations Sewers ',

--

3

Col. 1 Col. 2 . Col. 3 Col. 1 Col. 2 |t Oral
. Monthly ;

i Ingestion ' Inhalation Average
,Atomic Radionuclide Class ALI ALI DAC Air . Water Concentration ',

j No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
-

'

s

31 Ga11ium-66 D, see Ga 1E+3 4E+3 IE-6- SE-9 1E-5 1E-4.i

: W, see Ga - 3E+3 IE-6' 4E-9 - -
.

.c

31 Gallium-67 D, see Ga 7E+3 1E+4 6E-6 26-8 1E-4 IE-3 !,

W, see Ga - 1E+4 4E-6 1E-8 - -
,

231 Gallium-68 D, see Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
|. W, see Ga - SE+4 2E-5 7E-8 - -

!
-

2 65
'

!| 31 Gallium-70 D, see Ga SE+1 2E+5 7E-5 2E-7 - -

St. wall !

65 (7E+4)
. 1E-3 1E-2 |

- - -

W, see Ga - 2E+5 8E-5 3E-7 - - '

1

| 31 Gallium-72 _D, see Ga IE+3 4E+3 IE-6 SE-9 2E-5 2E-4
'

W, see Ga - 3E+3 1E-6 4E-9 - -

31 Gallium-73 D, see' Ga SE+3 2E44 6E-6 2E-8 7E-5 7E-4 i
; W, see Ga - 2E+4 6E-6 2E-8 - -

+'
;

| 32- Germanium-66 D, all compounds except
!'those given for.W -2E+4 3E+4 1E-5 4E-8 3E-4' 3E-3

;- W, oxides, sulfides,
and halides - 2E+4 8E-6 3E-8 - - {;

| ;

$
t- t

i !

i
'

!
!,

! !

i !

i k
*

. . . . . . - . _ . . .

-
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers
_

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2!

Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

2 6632 Germani um-67 D, see Ge 3E+4 9E+4 4E-5 IE-7 - -

St. wall

66 (4E+4) 6E-4 6E-3
- - -

W, see Ge 1E+5 4E-5 1E-7 - -
-

632 Germanium-68 D,see Ge SE+3 4E+3 2E-6 SE-9 6E-5 6E-4W, see Ge - 1E+2 4E-8 IE-ID - -

6632 Germanium-69 D, see Ge IE+4 2E+4 6E-6 2E-8 2E-4 2E-3
4

) W, see Ge - 8E+3 3E-6 1E-8 - -

6632 Germanium-71 D, see Ge SE+5 4E+5 2E-4 6E-7 7E-3 7E-26W, see Ge - 4E+4 2E-5 6E-8 - -

2 6632 Germanium-75 D,see Ge 4 E+4 8E+4 3E-5 1E-7 - -

St. wall

66 (7E+4) - - - 9E-4 9E-3W, see Ge - 8E+4 4E-5 1E-7 - -

32 Germanium-77 D, see 6fGe 9E+3 1E+4 4E-6 IE-8 IE-4 1E-3W, see "Ge - 6E+3 2E-6 8E-9 - -

2 6632 Germanium-78 D, see Ge 2E+4 2E+4 9E-6 3E-8 - -

St. wall

66 (2E+4) - - - 3E-4 3E-3W, see Ge - 2E+4 9E-6 3E-8 - -

d

)

'|

1

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class Atl Atl DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

233 Arsenic-69 W, all compounds 3E+4 IE+5 SE-5 2E-7 - -

St. wall

(4E+4) - - - 6E-4 6E-3 |

233 Arsenic-70 W, all compounds 1E+4 SE+4 2E-5 7E-8 2E-4 2E-3

33 Arsenic-71 W, all compounds 4E+3 SE+3 2E-6 6E-9 SE-5 5E-4

33 Arsenic-72 W, all compounds 9E+2 1E+3 6E-7 2E-9 IE-5 1E-4

33 Arsenic-73 W, all compounds 8E+3 2E+3 7E-7 2E-9 1E-4 IE-3

33 Arsenic-74 W, all compounds 1E+3 8E+2 3E-7 IE-9 2E-5 2E-4,

33 Arsenic-76 W, all compounds 1E+3 1E+3 6E -7 2E-9 1E-5 1E-4

33 Arsenic-77 W, all compounds 4E+3 SE+3 2E-6 7E-9 - -

LLI wall
(5E+3) - - - 6E-5 6E-4

233 Arsenic-78 W, all compounds BE+3 2E+4 9E-6 3E-8 1E-4 IE-3
,

234 Selenium-70 0, all compounds except
those given for W 1E+4 4E+4 2E-5 SE-8 IE-4 1E-3

W, oxides, hydroxides,
carbides, and
elemental Se - 4E+4 2E-5 6E-8 - -

- - _ _ _ _ _ _ _ _ _ _ _ _
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Table 1 Table 2 Tcble 5
Occupational Values Effluent Releases to ,

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Coi. 1 Col. 2
Oral Mt,nthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC. Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

2 7034 Selenium-73m D,see Se 3E+4 2E+5 6E-5 2E-7 4E-4 4E-3OW, see Se - 1E+5 6E-5 2E-7 - -

| 34 Selenium-73 D, see Se 3E+3 1E+4 SE-6 2E-8 4E-5 4E-4
| W, see Se 2E+4 7E-6 2E-8 - -

-

34 Selenium-75 D, see Se SE+2 7E+2 3E-7 IE-9 7E-6 7E-5W, see Se - 6E+2 3E-7 8E-10 - -

7034 Selenium-79 D, see Se 6E+2 8E+2 3E-7 IE-9 8E-6 8E-57W, see Se - 6E+2 2E-7 8E-10 - -

234 Selenium-81m D, see Se 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3' W, see' Se - 7E+4 3E-5 1E-7 - -

2 O34 Selenium-81 0,see Se 6E+4 2E+5 9E-5 3E-7 - -

St. wall

70 (8E+4) - - - IE-3 IE-2W, see Se - 2E+5 IE-4 3E-7 - -

21 34 Selenium-83 D, see Se 3E+4 1E+5 SE-5 2E-7 4E-4 4E-3i W, see Se - IE+5 SE-5 2E-7 - -

i '

,

o
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Table 1 Table 2 Table 3
Occupational Vavues. Effluent Releases to i

{ Concentrations Sewers [
I

i

I Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 |j Oral
.

Monthly t

{ Ingestion Inhalation Average [! Atomic Radionuclide -Class ALI ALI DAC Air Water Concentration t
b No. (pCi) (pCi)- (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) !

! 35 Bromine-74m 0, bromides of H, Li,
2

i- Na, K, Rb, Cs, and Fr IE+4. E+4 2E-5 SE-8 - -

)
] St. wall

{-(2E+4) - - - 3E-4 3E-3 I

'

i W, bromides of lantha-

| nides, Be, Mg, Ca, Sr,
; Ba, Ra, Al, Ga, In, T1,

!'

Ge, Sn, Pb, As, Sb,:Bi.. j; Fe,'Ru, Os, Co, Rh, Ir, ;

Ni,.Pd, Pt, Co, Ag, Au,- .iZn, Cd,'Hg, Sc, Y, Ti,
!

e Zr, Hf, V, Nb, Ta, Mn,
fj '. Tc, and Re

'

4E+4 2E-5 6E-8 - -

!
-

4

- 2 !
| 35 ' Bromine-74 D, see'7br- 2E+4 7E+4 3E-5 IE-7 '

i
- --

St. wall 1
-

(4E+4) .

- - SE-4 SE-3 !
2

! W, see Dr - 8E+4 4E-5 IE-7 - -

||
2| 35 ' Bromine-75 0, see 74*Br 3E+4 SE+4 2E-5 7E-8 - -

| St. wall
:-

(4E+4) - -
'

SE-4 SE-3
| W, see Dr - SE+4 2E-5 7E-8 - -

-

!

0,see.h"*Br
- 4E+3 2E-6 .6E-9 - -

{

35 Bromine-76 r- 4E+3 SE+3 2E-6 7E-9 SE-5 SE-4
|

,W, see
,

f D,seefbr35 Bromine-77
f2E+4 2E+4' IE-5 3E-8 2E-4 2E-3

| W, see r - 2E+4- 8E-6 3E-8 - -

}i-

.

t,
-

;-
i |
| .. l

*

. . _ . - _ .. .- ._ ,- , .-. ._ . . _ . , _ . _.
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
nral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water Concentration

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml).

35 Bromine-80m D, see #4*Br 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3W, see #*Br - 1E+4 6E-6 2E-8 - -

235 Sromine-80 D, see 74*Br SE+4 2E+5 8E-5 3E-7 - -

St. wall

(9E+4) - - - IE-3 IE-2W, see "Br - 2E+5 9E-5 3E-7 - -

35 Bromine-82 D, see "Br 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4W, see "Br - 4E+3 2E-6 SE-9 - -
,

35 Bromine-83 D, see #*Br SE+4 6E+4 3E-5 9E-8 - -

St. wall'

(7E+4) - - - 9E-4 9E-3W, see "Br 6E44 3E-5 9E-8 - -
-

235 Bromine-84 D, see 74*Br 2E+4 6E+4 2E-5 8E-8 - -

St. wall

(3E+4) - - - 4E-4 4E-3W, see "Br - 6E+4 3E-5 9E-8 - -

2 135 Krypton-74 Submersion - - 3E-6 IE-8 - -

136 Krypton-76 Submersion - - 9E-6 4 E-8 - -

2 1| 36 Krypton-77 Submersion - - 4E-6 2E-3 - -

136 Krypton-79 Submersion - - 2E-5 7E-8 - -

136 Krypton-81 Submersion - - 7E-4 3E-6 - -

i

4

_ _ . _ _ _ _ _ _ _ . . _ _ _ _
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; . Table 1 Table 2 Table 3 [
i. Occupational Values Effluent Releases to |
} Concentrations Sewers j

1

!' Col. 1 Col. 2 Col.'3 Col. 1- Col. 2 .i
i Oral Monthly i
j Ingestion Inhalation Average f

j. Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
; No. (pCi) (pCi) (pCi/ml) (pCi/al) (pCi/ml) (pCi/ml) ;
;

2 136 Krypton-83m Submersion ' - - IE-2 SE-5 - -

1
! 36 Krypton-85m Submersion - - 2E-5 IE-7 - -

a !
1 '

>
-

j 36 Krypton-85 Submersion - - IE-4 7E-7 - -

.
,!

| 36 Krypton-87 Submersion - - SE-6 2E-8 - -

2 1

4

i !'
,

I
- - 2E-6 9E-9 - -36 Krypton-88 Submersion i

,

2j' 37 Rubidium-79 D, all compounds 4E+4 1E+5 SE-5 2E-7 - -

i St. wall '

| (6E+4) - - - 8E-4 BE-3

) 37 ' Rubidium-81m2 D, all compounds 2E+5
. 3E+5 1E-4 SE-7 - -

i
| St. wall i

[ (3E+5) - - - '4E-3 4E-2 I.(

| 37 Rubidium-81 D, all compounds. 4E+4 SE+4 2E-5 7E-8 SE-4 SE-3 f,i

f 37 Rubidium-82m 0, all compounds IE+4 2E+4 7E-6 2E-8 2E-4 2E-3

j 37 Rubidium-83 0, all compounds 6E+2 1E+3 4E-7- 1E-9 9E-6 9E-5 (1

{ 37 Rubidium-84 D, all compounds SE+2. 8E+2 3E-7 IE-9 7E-6 7E-5
,

37- Rubidium-86 D, all compounds SE+2' BE+2 3E-7 IE-9 7E-6 7E-51

37 ' Rubidium-87 D, all compounds. 1E+3 2E+3 '' 2E-9 IE-5 IE-4 !)
: :

i 1
! i
i
i |
2 i

! i

_ _ _ _ . _ _ . _ _ . . , . . . _ _ . , . _ . . . . . . _ . . . _ _ _ _ _ . _ ~ . . _ _ . . _ _ . . _ _ _ _ . ~ . . _ _ _ _ _ _ _ _ . -_.._iN,-._._,.
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Table 1 Table 2 Table 3 +

Occupational Values Effluent Releases to '
,

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 i
j Oral -Monthly [<

Ingestion- Inhalation Average
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration ;

; No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) f:

237' Rubidium-88 D, all compounds 2E+4 6E+4 3E-5 9E-8 - - I4

. St. wall I
; (3E+4) - - - 4E-4 4E-3 !,

|
,

37 ' Rubidium-892 D, all compounds 4E+4 IE+5 6E-5 2E-7 - - I,
l. St. wall

i

!{ (6E+4) - - - 9E-4- 9E-3 i

|
2 i

38 Strontium-80 0, all soluble compounds
;except SrTI0a 4E+3- 1E+4 SE-6 2E-8 6E-5 6E-4 <

j Y, all insoluble com-
.

; pounds and SrTiO3
- 1E+4 SE-6 2E-8 - -

2
Y, see $5r

- 8E+4 3E-5 1E-7 - -

.38 Strontium-81 D,see 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
,

j Sr
i

! 38 Strontium-82 D, see Sr 2E+2 4E+2 2E-7 6E-10
80 t

-
- I; LLI wall

4 80 (2E+2) - - - 3E-6 3E-5 i

,

Y, see Sr - 9E+1 4E-8 1E-10 - -

i 38- Strontium-83 D, see Sr 2E+3 7E+3 3E-6 1E-8 3E-5 3E-4 !Y, see Sr - 4E+3 1E-6 SE-9
!

- -

2 80 i38 Strontium-85m D, see Sr 2E+5 6E+5 3E-4 9E-7 3E-3 3E-2
'

80Y, see Sr - 8E+5 4E-4 1E-6 - - i'

80 !! 38 Strontium-85 D, see Sr 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4 !| Y, see Sr - 2E+3 6E-7 2E-9 - -

80
I.<

.

; 38- Strontium-87m. D, see Sr 4E+4 IE+5- SE-5 2E-7 6E-4 6E-3 f; Y, see Sr - 2E+5 6E-5 2E-7 - -
i

. i
k u

;
- _ _ - - . _ _ _ _ _ _ - _ _ _ __ - _ - . s' - -
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Table 1 Table 2 Table 3 :

Occupational Values Effluent Releases to |
<

4 Concentrations Sewers !
!

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !,

Oral
.

Monthly }
; Ingestion' Inhalation Average |Atomic Radionuclide Class ALI ALI DAC Air Water . Concentration i
'

j No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) }.

| 8038 Strontium-89. D,see Sr SE+2 BE+2 4E-7 1E-9 - - !
* LLI wall '

(6E+2) - - - 8E-6 8E-580
Y, see Sr - 1E+2 6E-8 2E-10 - -

j

! 8038 St.ontium-90 D, see Sr. 3E+1' 2E+1 8E-9 - - -

Bone surf Bone surf }
(4E+1) (2E+1) - 3E-11 SE-7 SE-6 !

3-
80

| Y, see Sr - 4E+0 2E-9 6E-12 - - !

! 80
,

38 Strontium-91 D, see Sr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4 f80Y, see Sr - 4E+3 IE-6 SE-9 - -

|
t

! 38 Strontium-92 D, see. Sr 3E+3 9E+3 4E-6 IE-8 4E-5 4E-4
j Y, see -r - '7E+3 3E-6 9E-9 - -

|
!

2
] 39 Yttrium-86m W, all compounds except

those given for Y
'

2E+4 6E+4 2E-5 8E-8 3E-4 3E-3 j
>

;- ,

j. Y, oxides and hydroxides - SE+4 2E-5 8E-8 - -

,

86m tl' 39 Yttrium-86 W, see Y 1E+3 3E+3 IE-6 SE-9 2E-5 2E-4 i! Y, see OD 3E+3' IE-6 SE-9 - - !
-

i

!- 86m
,

'

39 Yttrium-87 W, sec Y 2E+3 3E+3 IE-6 SE-9 3E-5 3E-4Y, see Ob - 3E+3 1E-6 SE-9 - - .f
86m39 Yttrium-88 W, see Y 1E+3 3E+2 1E-7 3E-10 1E-5 IE-43

; Y, see - 2E+2 1E-7 3E-10 - -

!' 86m39 Yttrium-90s W, see Y 8E+3 IE+4 SE-6 2E-8 1E-4 IE-386mY, see Y 1E+4 SE-6 2E-8 - -
-

I
i !
-

.

+-w w==m-w-.--w-nu==<,+ismos-w- w v--= w era e me %e r,mW w + - e n wagsy=-*---e=-s--+-- w+w4-~vm-w vi' sa+ + w -,'= rep - er-m--*e.,'*<t n W+-w w,e- e-e o .e s v'**vy,w-www - --ee+-r-w uq *-m '-res-- -2----w " -e**ev*-+-e=w *m,w-*.ee 7 -+-e*es---vw- ---v-ww r
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Table 1 Table 2 Table 3 i

Occupational Values Effluent Releases to
,

Concentrations Sewers i

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 5
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI All DAC Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

86m39 Yttrium-90 W, see Y 4E+2 7E+2 3E-7 9E-10 - -

LLI wall
86m (5E+2) - - - 7E-6 7E-5Y, see Y - 6E+2 3E-7 9E-10 - -

2 86m39 Yttrium-91m W, see Y 1E+5 2E+5 1E-4 3E-7 2E-3 2E-2
,

i
Y, see - 2E+5 7E-5 2E-7 - -

86m :39 Yttrium-91 W, see Y SE+2 2E+2 7E-8 2E-10 - -

LLI wall ,

>

86m (6E+2) - - - 8E-6 8E-5Y, see Y - IE+2 SE-8 2E-10 - -

39 Yttrium-92 W, see,86mY 3E+3 9E+3 4E-6 1E-8 4E-5 4E-486mY, see Y - 8E+3 3E-6 IE-8 - -

39 Yttrium-93 W, see *Y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
'

Y, see "Y - 2E+3 IE-6 3E-9 - -!

2 86m39 Yttrium-94 W, see Y 2E+4 8E+4 3E-5 IE-7 - -

St. wall

86 (3E+4) - - - 4E-4 4E-3 i
; Y, see 5 - 8E+4 3E-5 IE-7 - -

! 2 86m39 Yttrium-95 W, see Y 4E+4 2E+5 6E-5 2E-7 - -

St. wall

86m (SE+4) - - - 7E-4 7E-3Y, see Y - IE+5 6E-5 2E-7 - -

-_ _ _ - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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|

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. I Col. 2
Oral Monthly
Ingestion Inhalation Average i

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

40 Zirconium-86 0, all compounds except
those given for W and Y 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4

W, exides, hydroxides,
halides, and nitrates - 3E+3 IE-6 4E-9 - -

Y, carbide - 2E+3 1E-6 3E-9 - -

40 Zirconium-88 D,see Zr 4E+3 2E+ 2. 9E-8 3E-10 SE-5 SE-4
W, see Zr - 562 2N R-10 - -

86
Y, see Zr - 3E+2 1E-7 4E-10 - -

40 Zirconium-89 D, see Zr 2E43 4E+3 1E-6 SE-9 2E-5 2E-4
'

W, see r - 2E+3 IE-6 3E-9 - --86
Y, see Zr - 2E+3 1E-6 3E-9 - -

8640 Zirconiur-93 0, see Zr IE+3 6E+0 3E-9 - - -

Bone surf Bone surf
(3E+3) (2E+1) - 2E-11 4E-5 4E-486W, see Zr - 2E+1 1E-8 - ' - -

Bone surf
86

- (6E+1) - 9E-11 - - '

Y, see Zr - 6E+1 2E-8 - - -

Bone surf
- (7E+1) - 9E-11 - -

8640 Zirconium-95 0, see Zr IE+3 1E+2 SE-8 - 2E-5 2E-4
Bone surf

86
- (3E+2) - 4E-10 - -

W, see Zr - 4E+2 2E-7 SE-10 - -86
f, see Zr - 3E+2 IE-7 4E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration ,

Vio. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

40 Zirconium-97 D, see Zr 6E+2 2E+3 8E-7 3E-9 92-6 9E-5
W, see Zr - 1E+3 6E-7 2E-9 - -

80Y, see Zr - 1E+3 5E-7 2E-9 - -

241 Niobium-88 W, all compounds except
those given for Y SE+4 2E+5 9E-5 3E-7 - -

St. wall

(7E+4) - - - IE-3 IE-2
Y, oxides and hydroxides - 2E+5 9E-5 3E-7 - -

2
! 41 Niobium-89 y, 3,,88Nb 1E+4 4E+4 2E-5 6E-8 1E-4 1E-3

(66 min) Y, see Nb - 4E+4 2E-5 SE-8 - -

41 Niobium-89 W, see.88Nb SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
<

88(122 min) Y, see Hb - 2E+4 6E-6 2E-8 - -

8841 Niobium-90 W, see Nb IE+3 3E+3 IE-6 4E-9 IE-5 1E-488Y, see Nb - 2E+3 1E-6 3E-9 - -

8841 Niobium-93m W, see Nb 9E+3 2E+3 8E-7 3E-9 - -

LLI wall

00 (IE+4) - - - 2E-4 2E-3Y, see Nb - 2E+2 7E-8 2E-10 - -

41 Niobium-94 W, see Nb 9E+2 2E+2 8E-8 3E-10 IE-5 1E-400Y, see Nb - 2E+1 6E-9 2E-11 - -

;88l 41 Nicoium-95m W, see Nb 2E+3 3E+3 IE-6 4E-9 - -'

LLI wall
88 (2E+3) - - - 3E-5 3E-4Y, see Nb - 2E+3 9E-7 3E-9 - -

i

i



.

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to :

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclida Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

b841' Niobium-95 W, see Nb 2E+3 1E+3 SE-7 2E-9 3E-5 3E-4
OO

Y, see Nb - 1E+3 SE-7 2E-9 - -

|

41 Niobium-96 W, see Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see Nb - 2E+3 1E-6 3E-9 - - :

,

2 8841 Niobium-97 W, see Nb 2E+4 8E+4 3E-5 IE-7 3E-4 3E-388 ,

Y, see Nb - 7E+4 3E-5 1E-7 - -

41 Niobium-98 y, 3,,8 Nb IE+4 SE+4 2E-5 8E-8 2E-4 2E-3
2

Y, see Nb - SE+4 2E-5 7E-8 - -

42 Molybdenum-90 D, all compounds except
those given for Y 2E+3 7E+3 3E-6 IE-8 3E-5 3E-4

'

Y, oxides, hydroxides,
and MoS - SE+3 2E-6 6E-9 - -2

9042 Molybdenum-93m D, see Mo 4E+3 2E+4 7E-6 2E-8 6E-5 6E-42

O
Y, see Mo - IE+4 6E-6 2E-8 - -

42 Molybdenum-93 0,see Mo 4E+3 SE+3 2E-6 8E-9 SE-5 SE-4
Y, see Mo - 2E+2 8E-8 2E-10 - -

9042 Molybdenum-99 D, see Mo IE+3 3E+3 IE-6 4E-9 - -

LLI wall

(IE+3) - - - 2E-5 2E-490Y, see Mo - 1E+3 6E-7 2E-9 - -

2 9042 Molybdenem-101 D, see Mo 4E+4 1E+5 6E-5 2E-7 - -

St. wall

(SE+4) - - - 7E-4 7E-390Y, see Mo - IE+5 6E-5 2E-7 - -

- .. . , - - . . . . . .. . _. - - . . . _ , . . -. . .. -



Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI All DAC Air Water- Concentration

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
243 Technetium-93m D, all compounds except

those given for W 7E+4 2E+5 6E-5 2E-7 IE-3 IE-2
!

W, oxides, hydroxides,
halides, and nitrates - 3E+5 1E-4 4E-7 - -

43 Technetium-93 0, see 9 "Tc 3E+4 7E+4 3E-5 IE-7 4E-4 4E-3
'

93mW, see Tc - 1E+5 4 E-5 1E-7 - -

2 93m43 Technetium-94m D, see ic 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3W, see 93"Tc - SE+4 2E-5 8E-8 - -

43 Technetium-94 D, see *Tc 9E+3 2E+4 8E-6 3E-8 1E-4 1E-3W, see Sc - 2E+4 1E-5 3E-8 - -

D,seeh*Tc43 Technetium-95m 4E+3 SE+3 2E-6 8E-9 SE-5 SE-4W, see Sc - 2E+3 8E-7 3E-9 - -

*

4

D,seef343 Technetium-95 Tc 1E+4 2E+4 9E-6 3E-8 1E-4 1E-3W, see Sc - 2E+4 8E-6 3E-8 - -

2 9343 Technetium-96m D, see 1c 2E+5 3E+5 IE-4 4E-7 2E-3 2E-293mW, see Tc - 2E+5 1E-4 3E-7 - -

D,seef3"Tc
*43 Technetium-96 2E+3 3E+3 1E-6 SE-9 3E-5 3E-4W, see It - 2E+3 9E-7 3E-9 - -

43 Technetium-97m D, see 9 "Tc SE+3 7E+3 3E-6 6E-5 6E-4-

St. wall

93m
-

(7E+3) - 1E-8 - -

W, see ic -

.

1E+3 SE-7 2E-9 - -



_
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Table 1 Table 2 Table 3
Occupational Values Efficent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

43 Technetium-97 D, see 3*Tc 4E+4 SE+4 2E-5 7E-8 SE-4 SE-3
93mW, see Tc - 6E+3 2E-6 8E-9 - -

43 Technetium-98 0, see "Tc IE+3 2E+3 7E-7 2E-9 IE-5 IE-4
93mW, see Tc - 3E+2 1E-7 4E-10 - -

43 Technetium-99m D, see 9 *Tc 8E+4 2E+5 6E-5 2E-7 1E-3 IE-2
93mW, see Tc - 2F+5 IE-4 3E-7 - -

93m
43 Technetium-99 D, see Tc 4E+3 SE+3 2E-6 - 6E-5 6E-4

St. wall

93m
- (6E+3) - 8E-9 - -

W, see ic - 7E+2 3E-7 9E-10 - -

2 93m
43 Technetium-101 0, see Tc 9E*4 3E+5 1E-4 SE-7 - -

St. wall

(1E+5) - - - 2E-3 2E-2
93m

| W, see ic - 4E+5 2E-4 SE-7 - - j

2 93m43 Technetium-104 0, see Tc 2E+4 7E+4 3E-5 1E-7 - -

St. wall |
(3E+4) - - - 4E-4 4E-3

93mW, see Tc - 9E+4 4 E-5 IE-7 - -

244 Ruthenium-94 D, all compounds except
those given for W and Y 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

W, halidas - 6E+4 3E-5 9E-8 - -

Y, oxides and nydroxides 6E+4 2E-5 8E-8 - --



_ _ _ _ _ _ _ _ __
_ _ _

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

t

Concentrations Sewers !

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class All All DAC Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

44 Ruthenium-97 D, see Ru 8E+3 2E+4 8E-6 3E-8 1E-4 IE-3W, see Ru - IE+4 SE-6 2E-8 - -

Y, see 4Ru - IE+4 SE-6 2E-8 - -

q

44 Ruthenium-103 0, see Ru 2E+3 2E+3 7E-7 2E-9 3E-5 3E-4W, see Ru - IE+3 4E-7 IE-9 - -94Y, see Ru - 6E+2 3E-7 9E-10 - -

W,see|4
- 1E+4 6E-6 2E-8 - -

444 Ruthenium-105 D, see Ru SE+3 1E+4 6E-6 2E-8 7E-5 7E-4
Ru

94Y, see Ru - 1E+4 SE-6 ZE-8 - -

9444 Ruthenium-106 0,see Ru 2E+2 9E+1 4E-8 IE-10 - -

LLI wall

(2E+2) - - - 3E-6 3E-5W, see Ru - SE+1 2E-8 8E-11 - -

Y, see Ru - 1E+1 SE-9 2E-11 - -

45 Rhodium-99m D, all compounds except
those given for W and Y 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3

W, halides - 8E+4 3E-5 1E-7 - -

Y, oxides and hydroxides 7E+4 3E-5 9E-8 - -
-

45 Rhodium-99 D, see Rh 2E+3 3E+3 IE-6 4E-9 3E- 5 3E-4 '

W, see Rh - 2E+3 9E-7 3E-9 - -gg
Y, see Rh - 2E+3 8E-7 3E-9 - -

, - --- - - -



__. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ _ -

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average,

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

D, see "9*Rh
*45 Rhodium-100 2E+3 SE+3 2E-6 7E-9 2E-5 2E-4,

9W, see Rh - 4E+3 2E-6 6E-9 - -

9
Y, see Rh - 4E+3 2E-6 SE-9 - -

45 Rhodium-101m D, see 99"Rh 6E+3 1E+4 SE-6 2E-8 BE-5 8E-4
W, see "Rh - 8E+3 4E-6 IE-8 - -

Y, see ,Rh - 8E+3 3E-6 1E-8 - -

45 Rhodium-101 D, see 99"Rh 2E+3 SE+2 2E-7 7E-10 3E-5 3E-4
W, see 99*Rh - 8E+2 3E-7 IE-9 - -

Y, see 99*Rh - 2E+2 6E-8 2E-10 - -

45 Rhodium-102m D, see 9 *Rh IE+3 SE+2 2E-7 7E-10 - -

LLI wall
(1E+3) - - - 2E-5 NA

W, see gg,Rh - 4E+2 2E-7 SE-10 - -gg
Y, see Rh - 1E+2 SE-8 2E-10 - -

45 Rhodium-102 D, see Rh 6E+2 9E+1 4E-8 1E-10 8E-6 8E-5W, see Rh - 2E+2 7E-8 2E-10 - -gg
Y, see Rh - 6E+1 2E-8 8E-11 - -

245 Rhodium-103m 0, see 99*Rh 4E+5 1E+6 5E-4 2E-6 6E-3 6E-2*
- IE+6 SE-4 2E-6 - -W, see 99*Rh
- 1Ef6 SE-4 2E-6 - -

!
Y, see Rh

45 Rhodium-105 D, see 99"Rh 4E+3 1E+4 SE-6 2E-8 - -i

LLI wall

99m (4E+3) - - - SE-5 SE-4W, see Rh - 6E+3 3E-6 9E-9 - -gg
Y, see Rh - 6E+3 2E-6 8E-9 - -

. _ - _ _ _ _ - _ _ _ _ _ - - - - _ _ _ _ _ _ _ .
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Table 1- Table 2- Table 3
Occupational Values Effluent Releases to i

j Concentrations Sewers I

} Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !
l Oral Monthly i
1 Ingestion Inhalation Avertge j
j Atomic Radionuclide Class ALI All DAC Air Water Concentration !
| No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/el) |

45 Rhodium-106m D, see Rh 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
'

;

1 W, see Rh 4E+4 2E-5 SE-8 - -
:

--

Y, see Rh - 4E+4 1E-5 SE-8 - - !

f245 Rhodium-107 D, see "Rh . 7E+4 2E+5 IE-4 3E-7 - -

St. wall
I

,

l' (9E+4) - - - 1E-3 1E-2 ;W, see ggRhi
3E+5 1E-4 4E-7 - -

!
-

Y, see bh 3E+5 1E-4 3E-7 - -
. -

i - 46 Palladium-100 D, all compounds except b

;|- those given for W and Y 1E+3 1E+3- 6E-7 2E-9 2E-5 2E-4
|3.-

; .. .W, nitrates - 1E+3 SE-7 2E-9' - - !
Y, oxides and hydroxides 1E+3 6E-7 2E-9-

- -

t' 46 Palladium-101 'D, see Pd' 1E+4 3E+4 IE-5 SE-8 2E-4 2E-3
: W, see Pd - 3E+4 IE-5 SE-8- - -

f
.

{- Y, see.100Pd !3E+4 IE- 5 4E-8 - -

|

-

t

| 46 Palladium-103 D,see Pd 6E+3 6E+3 3E-6 9E-9 - -

100

! LLI wall
100 (7E+3) - - - 1E-4 1E-3 iW, see Pd - 4E+3 2E-6 6E-9 - -100

j Y, see Pd - 4E+3 1E-6 SE-9 - -

f 100
;

46 Palladium-107 D, see Pd 3E+4 2E+4 9E-6 - - -

[ LLI wall . Kidneys
j (4E+4) (2E+4) - 3E-8 SE-4 SE-3100j W, see Pd - 7E+3 3E-6 IE-8 - -100

'

J Y, see Pd - 4E+2 2E-7 6E-10 - -
c

{i-
"

.

i

i- .

;
_ .. . - - - .

.-
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; Table 1 Table 2 Table 3 I

' Occupational Values Effluent Releases to -

Concentrations Sewers -!

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !
I Oral Monthly [Ingestion Inhalation Average

'

.

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
'

-

No .'. (pti) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) !

'

!10046 Palladium-109 D, see rd 2E+3 6E+3 3E-6 -9E-9 3E-5 3E-4 !,W, see y ,,Pd - SE+3 2E-6 8E-9 - -

:100Y, see Pd - SE+3 2E-6 6E-9 - - - -

247 Silver-102 D, all compounds except;

those given for W and Y SE+4 2E+5 8E-5 2E-7 - -

St. wall
I (6E+4) - - - 9E-4 . 9E-3 !'

-

| W, nitrates and sulfides - 2E+5 9E-5 3E-7 - -

Y, oxides and hydroxins - 2E+5 8E-5 3E-7 - -4

|

247 Silver-103 D, see. Ag 4E+4 1E+5 4E-5 IE-7 SE-4 SE-3
: W, see A - 195 SE-5 2E7 - -

[ Y, see 102 g - 1E+5 SE-5 2E-7 {Ag i- -

t
247 ' Silver-104m 0, see Ag 3E+4 9E+4 4E-5 IE-7 4E-4 4E-3L;

W. sea 102 g - 1E+5 SE-5 2E-7- - -
-

A
.

; Y, s<e Ag - 1E+5 SE-5 2E-7 - - *

i

f 47 Silver-104 D, see Ag 2E+4 7E+4- 3E-5 IE-7 3E-4 3E-3 i

<

2- I

W, see 102 g
- 1E+5 6E-5 2E-7

A - 195 6E-5 2E-7 j
- -

Y, see Ag ' -

!

|
,

47 Silver-105 D, see Ag 3E+3 IE+3 4E-7 1E-9- 4E-5 4E-4 !!

W, see 102 g
'

2E+3 7E-7 2E-9- - -

A - 2E+3 K-7 2E9 - - -

Y, see Ag - j
j' ,

I
'

i i
! !

6 ,

.-

-

>
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if Table 1 Table 2 Table 3 '

Occupational Values Effluent Releases to {j. Concentrations Sewers i
! I
!

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral.. Monthly.t

;
; Ingestion Inhalation Average j
j Atomic Radionuclide Class ALI All DAC Air Water Concentration ;j No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) |=

147 Silver-106m D, see Ag 8E+2 7E+2 3E-7 IE-9 1E-5 IE-47
| W, see 102 g - 9E+2 4E-7 1E-9A -- -

!Y, see Ag 9E+2 4E-7 IE-9 - -

|
-

2 02 !

47 Silver-106 D, see Ag 6E+4 2E+5 8E-5 3E-7 - - [St. wall
:

!<
(6E+4)

'

- - - 9E-4 9E-3W, see Ag - 2E+5 9E-5 3E-7 - -

!
} Y, see Ag - 2E+5 8E-5 3E-7 - -

j
!' 47 Silver-100m- D, see Ag 6E+2 2E+2 8E-8 3E-10 9E-6 9E-5 fW, see 102 g - + - 4-0 - "A

j
.

Y, see Ag - 2E+1 1E-8 3E-11 - -
'

i
: 47 Silver-110m D, see Ag SE+2 1E+2 SE-8. 2E-10 6E-6 6E-5
|- W, see 102 g

- 9E+1 4E-8 IE-10
A - 2E+2 8E-8 3E-10 - -

).
Y, see Ag.

- -

I 102'47 Silver-111 D, see Ag 9E+2 2E+3 6E-7 - - -

: LLI wall Liveri

102: (1E+3). (2E+3) - 2E-9 2E-5 2E-4 r

i W, see 102 g - +2 4E-7 ,1E-9A
j Y, see Ag - 9E+2 4E-7 IE-9'

- -

,-
,.

! - 47 Silver-112 D, see Ag 3E+3 8E+3 3E-6 IE-8 4E-5 '4E-4}. W, see 102 g - 1E+4 4E-6 1E-8 - -

|

A

|. Y, see Ag - 9E+3 4E-6 1E-8 - -
4

.

: !
; :

|
,

$.
f;
i
i'

=

t
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Table 1 Table 2 Table 3
l' Occupational Values Effluent Releases to

Concentrations Sewers

| Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 t

Oral Monthly I

; Ingestion Inhalation Average
|- Aton.ic Radionuclide Class ALI All DAC Air- Water Concentration
i No. (pCi)- (pCi) (pCi/el) (pCi/al) (pCi/ml) (pCi/ml)
J

2 10247 Silver-115 D, see Ag 3E+4 9E+3 4E-5 - IE-7 - -

i. St. wall
i (3E+4) - - - 4E-4 4E-3
:- W, see'102 :

A102 g
- 9E+4 4E-5 '1E-7 - -

!

| .Y, see Ag - 8E+4 3E-5- IE-7 - -

!
2!: 48 Cadmium-104 D, all compounds except

'' those given for W and Y 2E+4- 7E+4 3E-5 9E-8 3E-4 3E-3 '

i
ij. W, sulfides, halides,
{l and. nitrates - 1E+5 SE-5 2E-7 - -

; |
t

j' Y, oxides and hydroxides - 1E+5 SE-5 2E-7 - -

|
48 Cadmium-107 D, see Cd . 'i+4 SE+4 2E-5 8E-8- 3E-4 3E-3W, see Cd - 6E+4 2E-5 8E-8 - -

Iyg
j- Y, see Cd - SE+4 2E-5 7E-8 - - (

i1M48 Cadmium-109- 0, see Cd 3E+2 4E+1 IE-8 - - -

1 Kidneys Kidneys :

104 (4E+2) (SE+1) - 7E-11 6E-6 6E-5 (
;

|;
W, see Cd - 1E+2 SE-d - - -

<

Kidneys (j -

(1E+2) .. - 2E-10 - -104 )
j Y, see Cd - IE+2 SE-8 -. 2E-10 - - !
: $

i

i .. ;

I I
t
.

i !

I i
t i

L - . . ._
i.
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| Table 1 Table 2 Table 3 f; Occupational Values Effluent- Releases to
Concentrations' Sewers

' Col. l' Col. 2 Col. 3 Col. 1 Col. 2
; Oral Monthly [Ingestion Inhalation Average !

Atomic Radionuclide Class ALI. , All DAC Air Water Concentration
'

,

4 No. (pCi) (pCi) (pCi/ml) (pCi/ml) -(pCi/ml) (pCi/ml)
,

|
I| 48 Cadmium-113m D, see Cd 2E+1 2E+0 1E-9 - - - !

i
Kidneys Kidneys !

(4E+1) (4E+0) - SE-12 SE-7 SE-6 '!104
! W,-see cd - 8E+0 4E-9 - - - ;

Kidneys
[

3

'

104
- (IE+1) - 2E-11 - -

,

Y, see Cd - 1E+1 SE-9 2E-11 -
. !

,

1
|- 48 Cadmium-113 D, see Cd 2E+1 2E+0 9E-10 - - -

Kidneys Kidneys,

$ (3E+1) (3E+0) - SE-12 4E-7 4E-6104; W, see Cd - 8E+0 3E-9 - - -

Kidneys3

i - (1E+1) - 2E-11 - -

|

;

104''
Y, see Cd - 1E+1 6E-9 2E-11 - - :

t
! 148 Cadmium-115m D, see Cd 3E+2 SE+1 2E-8 - 4E-6 4E-5 !.) Kidneys

104
- (8E+1) - 1E-10 -- -.

1{ .
W, see Cd - 1E+2 SE-8 2E-10104 - -

Y, see cd - 1E+2 6E-8 2E-10 - -

,

1'48 Cadmium-115 0, see Cd 9E+2 1E+3 6E-7 2E-9 .

-

; LLI wall r
: i

4 1M (1E+3) - - - 1E-5 IE-4 ?W, see Cd - 1E+3 SE-7 2E-9 - -
'

1j Y, see Cd - '1E+3 -6E-7 2E-9 - -

! 48 Cadmium-117m D, see Cd SE+3 1E+4 SE-6 - 2E-8 6E-5 6E-4
| W, see.104Cd - 2E+4 7E-6 2E-8 - -

;; .Y, see Cd - 1E+4 6E-6 2E-8 - -4

j. e

i I

! [

t,.-.-._.-_..- ....w.,-.--.--...- , _ . . . . - . . - - , . . . , . . - , . - _ . . - - . . - - - - - - . - . - _ - - _ . _ . . . _ . _
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Table 1 Table 2 Table S
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class. ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

10448 Cadmium-117 D, see Cd SE+3 1E+4 SE-6 2E-8 6E-5 6E-4
104W, see Cd - 2E+4 7E-6 2E-8 - -

104
Y, see Cd - 1E+4 6E-6 2E-8 - -

49 Indium-109 0, all compounds except
those given for W 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3

W, oxides, hydroxides,
halides, and nitrates - 6E+4 3E-5 9E-8 - -

2 149 Indium-110 0, see In 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
7

(69.1 min) W, see In - 6E+4 2E-5 8E-8 - -

949 Indium-11C D, see. In SE+3 2E+4 7E-6 EE-8' 7E-5 7E-49(4.9 h) W, see In - 2E+4 8E-6 3E-8 - -

| 149 Indium-111 D, see In 4E+3 6E+3 3E-6 9E-9 6E 5 6E-470W, see In - 6E+3 3E-6 9E-9 - -

249 Indium-112 D, see In 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2
W, see In - 7E+5 3E-4 1E-6 - -

2 10949 Indium-113 D, see In SE+4 IE+5 6E-5 2E-7 /E-4 7E-399W, see In - 2E+5 8E-5 3E-7 - -

10949 Indium-114m D, see In 3E+2 6E+1 3E-8 9E-11 - -

LLI wall
(4E+2) - - - SE-6 SE-5| 109

- IE+2 4E-8 IE-10 - -| W, see In
10949 Indium-115m D, see In 1E+4 4E+4 2E-5 6E-8 ZE-4 2E-379W, see In - SE+4 2E-5 7E-8 - -

--

_ _ _ _ _ _ _ _ _ _
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Table 1 Table 2 Table 3 ][ Occupational Values Effluent Releases to

: Concentrations Sewers ;

!. t

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !.
e
!

i Oral Monthly [Ingestion Inhalation Average
! Atomic Radionuclide Class ALI ALI DA F Air Water Concentration
{ No. (pCi) (pCi) (pCi/al) (pCi/ml) (pCi/ml) (pCi/ml)

3
I

D,seehIn 4E+1 1E+0 6E-10 2E-12 SE-7 SE-6 h49 Indium-115'-
W, see In SE+0 2E-9 8E-12 - - '

-

i-

249 Indium-116m D,-see In 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3 [W, see In - 1E+5 SE-5 7E-7 - - :

!2 10949 Indium-117m D see 1n IE+4 3E+4 IE-5 SE-8- 2E-4 2E-3 I-109W, see In - 4E+4 2E-5 6E-8 t
- -

2 10949 Indium-117 D, see- In 6E+4 2E+5 7E-5 2E-7 8E-4 8E-3
j W, see_109In - 2E+5 9E-5 3E-7 - -

L

|
249 . indium-119m 0, see.1091n 4E+4 IE+5 5E-5 2E-7 - -

[;
St. wall

! (SE+4) - - - 7E-4 7E-3 [
i

109W, see In - IE+5 6E-5 2E-7 - -
4

;
, ,

;
; 50 Tin-110 D, all compounds except
! those given for W 4E+3 1E+4 SE-6 2E-8 SE-5 SE-4

|1

W, sulfides, oxides, |
.

'

hydroxides, halides, !

; nitrates, and stannic
; phosphate - 1E+4 SE-6 2E-8 - -

:

2 11050 Tin-111 D, see 5n 7E+4 2E+5 9E-5 3E-7 IE-3 1E-2110i W, see Sn - 3E+5 IE-4 4E-7 - -

! !
:
*

>

t !
i- !
; -

i t

)
. . .-. _ _...,.__._, . . . . - . _ _ _ - , - _ . _ . . _ . . . _ _ . _ . _ _ . , _ _ . _ . . . _ . . . _ . - , . _ . - . _ _ _ _-
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Tahic 1 Table 2 Table 3 *

Occupational Values Effluent Releases to -[;

t Cont.entrations Sewers :
i ,

Col. 1 Col. 2 Col..'3 Col. 1 Col. 2 [
Oral Monthly '

Ingestion Inhalation ' Average ;,

j Atomic Radionuclide Class ALI All DAC Air Water Concentrstion i
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

|
! 1150 ' Tin-113 D, see .n 2E+3 1E+3 5E-7 2E-9: - -

LLI wall i

(2E+3) - - - 3E-5 3E-4 I110
| W, see Sn SE+2 .2E-7 8E-10 - - |

-

11050 Tin-117m D, see Sn 2E+3 1E+3 SE-7- -- - -

i LLI wall Bone surf
(2E+3) (2E+3) - 3E-9 3E-5 '3E-4110W, see Sn - 1E+3 6E-7 2E-9 - -

'

11050 Tin-119m D, see Sn 3E+3 2E+3 1E-6 3E-9 - - -

LLI wall '

! (4E+3) - - - 6E-5 6E-4 iW, see.110Sn - 1E+3 4E-7 1E-9 - -

.

110
| 50 Tin-121m D, see Sn '3E+3 9E+2 4E-7 1E-9 - -

'LLI wall
'

(4E+3)- - - - SE-5 SE-4 !110W, see Sn - SE+2 2E-7 8E-10 - - *

11050 Tin-121 D, 'see Sn' 6E+3 2E+4- 6E-6 2E-8' - -

,LLI wall-
i

(6E+3) - - - 8E-5 8E-4 a110
; W, see Sn 1E+4 SE-6 2E-8 - -

'-

,

250 ' Tirr-123m D, see Sn SE+4- 1E+5 SE-! 2E-7 7E-4 7E-3-
'

W, see Sn - 1E+5 .6E-5 2E-7 - -

110
| 50 Tin-123 D, see Sn 5E+2 6E+2 3E-7 9E-10 - -

: LLI wall
110 (6E+2) - - - 9E-6 9E-5 !W, s(.e Sn - 2E+2 7E-8 2E-10 - -

.

,

1

!

''
_ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ . , -
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Table 1 .. Tabla 2 Table 3 [
Occupational Values - Effluent Releases to *

. Concentrations Sewers.
.

sCol. 1 Col. 2 Col. 3 Col. 1 Col. 2 i
Oral Monthly
Ingestion. ,.

Atomic Radionuclide Class ALI
.

Inhalation Average i
ALI DAC Air Water ConcentrationNo. '(pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

{

,-'

$ 50 Tin-125 D, see 5n 4E . 9E+2 4E-7- 1E-9 -
-

110
fLLI wall,

i

110 (5E+2) - - - 6E-6 6E-5 (* V, see Sn- - 4E+2 M-7 SE-10 - --
.

) 50 Tin-126 D, see Sn 3E+2 6E+1 2E-8 8E-11 4E-6 4E-5''

W, see Sn - :7E+1 3E-8 9E-11 - -
i
!

! 50 Tin-127 D, see Sn 7E+3' 2E+4 8E-6 3E-S OE-5 9E-4 '
'

! W,-see Sn 2E+4 8E-6 3E-8 -- -
-

1

250 Tin-128 D, see Sn 9E d 3E+4 IE-5 4E-8 IE-4 1E-3 )~W, see Sn - '4E+4 1E-5 SE-8 - -

|2
. 51 Antimony-115 0, all compounds'except

j 'those given for W 8E+4 2E+5 1E-4 3E-7 IE-3 1E-2 !

'

i-

i W, oxides, hydroxides, %

~

halides, sulfides,
i sulfates, and nitrates - 3E+5 1E-4 -4E-7 - -

2
| 51 Antimony-116m .D, see Sb 2E+4 7E+4 3E-5 IE-7 3E-4 3E-3
; W, see Sb - IE+5 6E-5 2E-7 - -

2 115 .,*

51 Antimony-116 D, see Sb 7E+4- '3E+5 1E-4 4E-7 .
-

.St. wall
-

115 (9E+4) - '
,

1E-3 1E-2 |
- --

. W, see Sb - 3E+5 1E-4 SE-7 - -

51 Antimony-117 0, see Sb 7E+4 2E+5- 9E-5 3E-7- 9E-4 9E-3
'

. W, see' Sb - 3E+5 IE-4 4E-7 - -
!,

4

! ,

: i
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pC1/ml) (pCi/ml)

51 Antimony-118m D, see Sb SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
W, see Sb - 2E+4 9E-G 3E-8 - -

51 Antimony-119 0, see Sb IE+4 SE+4 2E-5 6E-8 2E-4 2E-3
W, see Sb - 3E+4 1E-5 4E-8 - -

2 31551 Antimony-120 0, see Sb 1E+5 4E+5 2E-4 6E-7 - -

(16 min) St. wall

(2E+5) - - - 2E-3 2E-2115W, see Sb - SE+5 2E-4 7E-7 - -

51 Antimony-120 D, see Sb 9E+2 2E+3 9E-7 3E-9 IE-5 1E-4
(5.76 d) W, see Sb - 1E+3 SE-7 2E-9 - -

11551 Antimony-122 0,see Sb 7E+2 2E+3 IE-6 3E-9 - -

LLI wall
(8E+2) - -- - 1E-5 IE-4115W, see Sb - 1E+3 4E-7 2E-9 - -

251 Antimony-124m D, see Sb 2E+5 8E+5 4E-4 1E-6 3E-3 3E-2W, see Sb - 6E+5 2E-4 8E-7 - -

51 Antimony-124 D, see Sb SE+2 9E+2 4E-7 1E-9 7E-6 7E-5W, see Sb - 2E+2 1E-7 3E-10 - -

51 Antimony-125 D, see Sb 2E+3. 2E+3 1E-6 3E-9 3E-5 3E-4W, see Sb - SE+2 2E-7 7E-10 - -
|

2 11551 Antimony-126m D, see Sb SE+4 2E+5 8E-5 3E-7 - -

St. wall
|

115 (7E+4) - - - 9E-4 9E-3
'

W, see Sb - 2E+5 BE-5 3E-7 - -
;

!

...
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

5
51 Antimony-126 D, see Sb SE+2 1E+3 SE-7 2E-9 7E-6 7E-5

5W, see Sb - SE+2 2E-7 7E-10 - -

11551 Antimony-127 0, see Sb 7E+2 2E+3 9E-7 3E-9 - -

LLI wall
(8E+2) - - - IE-5 1E-4115W, see Sb - 9E+2 4E-7 1E-9 - -

2 115
51 Antimony-128 D, see Sb 8E+4 4E+5 2E-4 SE-7 - -

(10.4 min) St. wall

(1E+5) - - - 1E-3 IE-2115W, see Sb - 4E+5 2E-4 6E-7 - -

II551 Antimony-128 D, see Sb 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4I5(9.01 h) W, see sb - 3E+3 1E-6 SE-9 - -

11551 Antimony-129 D, see Sb 3E+3 9E+3 4E-6 IE-8 4E-5 4E-4115W, see 56 - 9E+3 4E-6 IE-8 - -

2 11551 Antimony-130 D, see Sb 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3115W, see Sb - 8E+4 3E-5 1E-7 - -

2 11551 Antimony-131 D, see Sb IE+4 2E+4 1E-5 - - -

Thyroid Thyroid
(2E+4) (4E+4) - 6E-8 2E-4 2E-3115|

W, see Sb - 2E+4 IE-5 - -
'

Thyroid
- (4E+4) - 6E-8 - -

L
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral Monthly.
Ingestion Inhalation Average

Atomic Radionuclide Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

52 Tellurium-116 D, all compounds except
those given for W 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3

W, oxides, hydroxides,
and nitrates - 3E+4 1E-5 4E-8 - -

116
52 Tellurium-121m D, see Te SE+2 2E+2 8E-8 - - -

Bone surf Bone surf
( 2) ( O 2) - SE-10 1E-5 1E-4

116W, see Te - 4E+2 2E-7 6E-10 - -

52 Tellurium-121 D, see Te 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see Te - 3E+3 IE-6 4E-9 - -

116
52 Tellurium-123m D, see Te 6E+2 2E+2 9E-! - - -

Bone surf Bone surf
(1E+3) (5E+2) - 8E-10 1E-5 1E-4

116W, see Te - SE+2 2E-7 8E-10 - -

116
52 Tellurium-123 D, see Te SE+2 2E+2 8E-8 - - -

Bone surf Bone surf
(1E+3) (5E+2) - 7E-10 2E-5 2E-4116W, see Te - 4E+2 2E-7 - - -

Bone surf
- (1E+3) - 2E-9 - -

11652 Tellurium-125m D, see Te IE+3 4E+2 2E-7 - - -

Bone surf Bone surf
(IE+3) (IE+3) - 1E-9 2E-5 2E-4116W, see Te - 7E+2 3E-7 1E-9 - -

_
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Table'1 Table-2 Table 3
Occupational Values Tffluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average

Atomic 'Radionuclide Class ALI All DAC Air Water Concentration
No. (pCi) '(pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

11652 ' Tellurium-127m D,see Te 6E+2 3E+2 IE-7 - 9E-6 9E-5
Bone surf

116
- (4E+2) .

6E-10 - -

W, see Te - 3E+2 IE-7 4E-10 - -

52 : Tellurium-127 D, see Te 7E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, see Te - 2E+4 7E-6 2E-8 - -

116
52 Tellurium-129m D, see Te SE+2 6E+2 3E-7 9E-10 7E-6 7E-5116W, see Te - 2E+2 1E-7 3E-10 - -

2 11652 Tellurium-129 D, see Te 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3116W, see Te - 7E+4 3E-5 1E-7 - -

11652 Tellurium-131m D, see Te 3E+2 4E+2 2E-7 - - -

Thyroid . Thyroid
(6E+2) (1E+3) - 2E-9 8E-6 8E-5 |116 .

W, see Te - 4E+2 2E-7 - - - J

Thyroid
- (9E+2) - IE-9 - -

2 11652 Tellu-ium-131 D, see Te 3E+3 5E+3 2E-6 - - -

Thyroid Thyroid
.

(6E+3) (1E+4) - 2E-8 8E-5 8E-4116W, see Te - SE+3 2E-6- - - -

. Thyroid
- (1E+4) - 2 E-8 . - -

|

, . _ . . . _ . - . . . . . . . . . . . , - - - . . ~ ~ . - - - - - - .-_ -- .-

_ _ _ _
.. _ . . . . . . .- - -.- ..
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Table 1 Table 2 Table 3-
Occupational Values Effluent Releases to,

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average.

Atomic Radionuclide Class ALI' ALI DAC Air Water, Concentration -
No. (pCi) _ (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)-

116
52 Tellurium-132 D, see Te 2E+2 2E+2. 9E-8 -- - -

Thyroid . Thyroid
(7E+2) (8T+2): - 1E-9 9E-6 - 9E-5

116W, see Te - 2E+2 9E-8 - - -

. Thyroid
- (6E+2) - 9E-10 - -

116
52 Tellurium-133m D,see Te 3E+3 SE+3 _ 2E-6 - - -

Thyroid- Thyroid
(6E+3) '(IE+4) - : 2E-8 9E-5 ' 9E-4116W, see Te - SE+3- - 2E-6 - - -

-Thyroid
- .(1E+4) 2E-8. - -

52 ' Tellurium-133 0, see'116Te IE+4 2E+4 9E-6 - - - --
2

Thyroid . Thyroid
(3E+4)- (6E+4) - 8E-8 4E-4 4E-3'116W, see Te - 2E+4 9E-6 - - -

'

. Thyroid
- (6E+4) - 8E-8 - -

1162 --

52 Tellurium-134 D, see Te 2E+4' 2E+4 1E-5: - - -

-Thyroid Thyroid
.(2E+4)' (5E+4) - 7E-8 3E-4 ~3E-3116W, see Te '- 2 E+4 . - 1E-5 - - -

'

Thyroid
- (SE+4) - 7E-8

'

--

253 Iodine-120m D, all compounds' 1E+4 2E+4 9E-6 3E-8 -: -

Thyroid
. (1E+4)

- - - 2E-4 2E-3

|
-

._ - _ _ . _ - .
. _ .

_
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Table 1 Table 2 Table 3
Occupational. Values Ef fluent Releases to

.

Concentrations Sewers-

Col. 1 Col. 2 Col. 3 Col. 1 Col.'2
- Oral Monthly

Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALI DAC Air . Water Concentration

No. (pCi) (pCi) -(pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

253 Iodine-120 D, all compounds. 4E+3 9E+3 4E-6' - - -

Thyroid Thyroid
(8E+3) (1E+4)- - 2E-8 1E-4 1E-3

2E+4 8E-6 - - -53 Iodine-121 D, all compounds IE+4 .
ThyroidThyroid

(3E+4) (SE+4) - 7E-8 4E-4 4E-3

53 Iodine-123 D, all compounds 3E+3 6E+3 3E-6 - - -

Thyroid Thyroid
(IE+4) (2E+4) - 2E-8 IE-4 1E-3

53 Iodine-124 D,-all compounds 5E+1 8E+1- 3E-8 - - -

Thyroid Thyroid :)
(2E+2) (3E+2) - 4E-10 2 E-6 2E-5

53 Iodine-125 D, all compounds .4E+1 6E+1 3E-8 - - -

Thyroid Thyroid
. (1E+2) (2E+2) - 3E-10' 2E-6 2E-5

53 Iodine-126 D, all compounds 2E+1' 4E+1 1E-8 - - -

Thyroid Thyroid
(7E+1) (1E+2) - 2E-10. 1E-6' 1E-5

253 Iodine-128 D, all compounds 4E+4 1E+5 SE-5 2E-/ -' -

St.. wall
(6E+4) - - - 8E-4 8E-3,

|

53 Iodine-129 D, all compounds SE+0 9E+0 . 4E-9 - - -

Thyroid Thyroid
(2E+1) (3E+1) 4E-11 2E-7 2E-6-

_ _
_ _ .- - _ -
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Table 1 Table 2. Table 3 {3 -Occupational Values Effluent Releases to |-

Concentrations Sewers- ;

'

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 I
; Oral Monthly ;' Ingestion Inhalation Average |Atomic Radionuclide Class ALI ALI DAC Air Water Concentration *

No. (pCi) (pCi). (pCi/ml) (pCi/ml) '(pCi/ml) '(pCi/ml)

53 Iodine-130 D, all compounds 4E+2 7E+2 '3E-7 - - -

'

' Thyroid Thyroid '!
(1E+3) (2E+3) - 3E-9 2E-5 2E-4 :!

'

;

53 Iodine-131 D, all compounds
|

~
3E+1 SE+1 2E-8 - - -

Thyroid Thyroid
1

; (9E+1). (2E+2) 2E-10 1E-6 1E-5- '

2
! 53 lodine-132m D, all compounds 4E+3 8E+3 .4E-6 - - - {| . Thyroid- Thyroid

(1E+4) (2E+4) - 3E-8 IE-4 IE-3- !

,

. 53 Iodine-132 D, all compounds- 4E+3 8E+3 3E-6 - - -

'

Thyroid Thyroid -(j (9E+3) (1E+4) - 2E-8 IE-4 1E-3- |
*

.

53 Iodine-133 0,-all compounds 1E+2 3E+2 1E-7 - - -

Thyroid Thyroid'

(SE+2) (9E+2) 1E-9 7E-6 7E-5 i
-

2 L

53 Iodine-134 D, all compounds 2E+4' SE+4. 2E-5 6E-8 - -

[
:

! Thyroid' !

; (3E+4) - - - 4E-4 4E-3 ;
t

; 53 Iodine-135 D,'all compounds 8E+2 2E+3 7E-7 -
- --

|j . Thyroid Thyroid
!j (3E+3) (4E+3) - 6E-9 3E-5 3E-4 ['

, ,

!

:

I
'

<.

, . _ _ _ _ _ _ _ - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

2 1
54 Xenon-120 Submersion - - IE-5 4E-8 - -

2 154 Xenon-121 Submersion - - 2E-6 IE-8 - -

1
54 Xenon-122 Submersion - - 7E-5 3E-7 - -

154 Xenon-123 Submersion - - 6E-6 3E-8 '- -

1
54 Xenen-125 Submersion - - 2E-5 7E-8 - -

1
54 Xenon-127 Submersion - - 1E-5 6E-8 - -

154 Xenon-129m Submersion - - 2E-4 9E-7 - -

154 Xenon-131m Submersion - - 4E-4 2E-6 - -

154 Xenon-133m Submersion - - 1E-4- 6E-7 - -

154 Xenon-133 Submersion - - IE-4 SE-7 - -

|
2 I

| 54 Xenon-135m Submersion - - 9E-6 4E-8 - -

154 Xenon-135 Submersion - - 1E-5 7E-8 - -

2 154 Xenon-138 Submersion - - 4 E-6 2E-8 - -

255 Cesium-125 D, all compounds SE+4 1E+5 6E-5 2E-7 - -

St. wall

(9E+4) - - - 1E-3 IE-2

55 Cesium-127 0, all compounds 6E+4 9E+4 4E-5 1E-7 9E-4 9E-3



__

Table 1 Table 2 Table 3
Occupational. Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class =ALI All DAC ~ Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) -(pCi/ml) (pCi/ml)

55 Cesium-129 D, all compounds 2E44 3E+4 ~ 1E-5 SE-8 3E-4 3E-3

255 Cesium-130 D, all compounds 6E+4 2E+5 - 8E-5 3E-7 -- -

St. wall

(1E+5) - - - IE-3 1E-2

55 Cesium-131 D, all compounds 2E+4 3E+4 1E-5 ' 4 E-8 3E-4 3E-3

55 Cesium-132 D, all compounds' 3E+3 4E+3- 2E-6 6E-9 4E-5 4E-4'

55 Cesium-134m D, all compounds 1E+5 IE+5 6E-5 2E-7 - -

St. wall

(1E+5) - - - 2E-3 2E-2

55 Cesium-134 D, all compounds 7E+1 1E+2 4E-8 2E-10 9E-7 9E-6

255 Cesium-135m 0, all compounds 1E+5 '2E+5 8E-5 3E-7 IE-3 1E-2

55 Cesium-135 D, all compounds 7E+2 IE+3' SE-7 2E-9' 1E-5 1E-4
.

55 Cesium-136 D,-all compounds 4E+2 -7E+2 3E-7 9E-10 6E-6 6E-5
!

55 Cesium-137 D, all compounds _ 1E+2 2E+2 6E-8 2E-10 IE-6- 1E-5

2'55 Cesium-138 D' all compounds' '2E+4 6E+4 2E-5 8E-8 - -
,

'St. wall

(3E+4) - - - 4E-4 4E-3
256 Barium-126 D, all compounds 6E+3 2E+4 6E-6 2E-8 8E-5 8E-4

I

. - ~ . - .
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2.

Oral
.

Monthly
Ingestion Inhalation Average :

Atomic Radionuclide Class ALI- ALI DAC Air . Water Concentration
No. (pCi) (pC1) (pCi/ml) (pCi/ml) (pC1/ml) (pCi/ml)

56 Barium-128 D, all compounds. SE+2 2E+3 7E-7 2E-9 7E-6 7E-5

2
56 Barium-131m D, all compounds 4E+5 IE+6 6E-4 2E-6 - -

St. wall

(5E+5) - - - 7E-3 7E-2

56 Barium-131 D, all compounds 3E+3 8E+3 .3$-6 1E-8 4E-5 4E-4.

56 Barium-133m~ D, all compounds 2E+3 9E+3 4E-6 IE-8 - -

LLI wall
| (3E+3) - - - 4E-5 ' 4E-4-

56 Barium-133 D, all compounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E-4

56 Barium-135m- D, all compounds 3E+3 1E+4 SE-6 2E-8- 4E-5 4E-4

2 '

56 Barium-139 D, all compounds 1E+4 3E+4 -1E-5 4E-8 2E-4 2E-3
L
'

56 Barium-140 D, all compounds SE+2 1E+3 6E-7 2E-9 - -

LLI wall
.(6E+2) - - - 8E-6 8E-5

256 Barium-141 D, all compounds 2E+4 7E+4 3E-5 '1E-7 3E-4 3E-3

256 Barium-142 D, all compounds SE+4 1E+5 6E-5 2E-7 7E-4 7E-3

2
57 Lanthanum-131 D, all compounds except

those given for W SE+4 1E+5 5E-5 2E-7 6E-4 6E-3-

W, oxides and hydroxides - 2E+5 7E-5 2E-7 - -

. . _ _ _
. - . . . . . . .

-
- - - - - - - - - - - - - - - - - . - ,

_
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Table 1

. Table 2 Table 3 j
Occupational Values Ef fluent Releases to *

, Concentrations Sewers
'

,

Col. 1 Col. 2 Col. 3 Col. 1- Col. 24

Oral
. Monthly ,

Ingestion Inhalation Average
. Atomic Radionuclide Class ALI ALI DAC Air' Water Concentration

,

i

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) |
i13I57 Lanthanum-132 D, see ta 3E+3 1E+4 4E-6 IE-8 4E-5 - 4E-4 !131

. W, see La - 1E44 SE-6 2E-8 -- --

1

' 57 Lanthanum-135 D, see La 4E+4 IE+5 4E-5 1E-7 '5E-4 SE-3
4

W, see La 9E+4 4E-5 IE-7 - -
!

-

13157 Lanthanum-137 D, see La IE+4 .6E+1 3E-8 - 2E-4 2E-3
Liver

131
- (7E+1) - 1E-10 - -

W, see La - 3E+2 1E-7 - - -

Liver I
- (3E+2) - 4E-10 - - '

4

! 57 Lanthanum-138 0, see La 9E+2 4E+0 -1E-9 SE-12 1E-5 1E-4 !W, see La - 1E+1 6E-9 2E-11 - -

'

1312- 57 Lanthanum-140 D, see La 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5-131W, see La - 1E+3 SE-7 '2E-9 -

- i

1I57 Lanthanum-141 D, see la 4E+3 9E+3 4E-6 1E-8 SE-5 SE-4 i1I'
W, see ta - -1E+4 SE-6 2E-8 - - !

2 D,seehla57 Lanthanum-142 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3W,'see La - 3E+4 IE-5 SE-8 - -

2 13157 Lanthanum-143 D, see La 4E+4 IE+5 4E-5 IE-7 - - fj St. wall
i 131 (4E+4) - - - SE-4 SE-3
; W, see La - 9E+4- ; 4E-5 1E-7 -

- ;

( ,

A !

:

!
.

! t
i i

e

m t
-' - ~ ~ '- - - - - - - - _ . _ - . _ _
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i Table 1 Table 2 Table 3-
Occupational Values Effluent Releases to: (, Concentrations Sewers ;

Col. 1 Col. 2 Col. 3 Col. 1 Col.'2
-

Oral
. Monthly ,

Ingestion Inhalation
_ Average

'

' Atomic Radionuclide Class ALI ALI DAC Air Water Concentration. fNo. (pCi) (pCi) '(pCi/ml)- (pCi/ml) (pCi/ml) (pCi/ml) '

58 Cerium-134 W, all compounds except.
those given for Y SE+2 7E+2 3E-7 1E-9 - -

LLI. wall,
'

t (6E+2)- - - - 8E-6 8E-5 *

; Y, oxides, hydroxides,
and fluorides - 7E+2 3E-7 9E-10 - - :

,

13458 Cerium-135 W, see Ce 2E+3 4E+3 2E-6 5E-9- 2E-5 2E-4; Y, see 1 Ce - 4E+3 IE-6 - SE-9 -' -
:

13458 Cerium-137m W, see Ce 2E+3 4E+3 2E-6 6E-9 - - f2 LLI wall '

i (2E+3). - - - 3E-5 3E-4 :

.

Y, see.134-Ce - 4E+3 2E-6 SE-9 -- --
:

:[(
58 Cerium- 137 W, see Ce SE+4 1E+5 6E-5 2E-7 7E-4 7E-3; Y, see Ce - 1E+5 5E-5 2E-7 - -

+
-

} 58 Cerium-139 W, see Ce SE+3- 8E+2 3E-7 IE-9 7E-5 7E-4
4 :

4Y, see Ce - 7E+2 -3E-7 9E-10 - -

13458 Cerium-141 W, see Ce 2E+3 7E+2 3E-7 1E-9 -
-

^

LLI wall
t

- 134 (2E+3) - - - 3E-5- 3E-4-j Y, see Ce - 6E+2- 2E-7 8E-10 - -

';
[

13458- Cerium-143 W, see Ce IE+3 2E+3 8E-7 3E-9 - -

LLI wall
134 (IE+3) - - - 2E-5 2E-4 !Y, see Ce - 2E+3 7E-7 2E-9 - -

!
.

;
ij

.-. -
_ _ - - _ _ _



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ -__ . _ _ _ -_

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pC1) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

13458 Cerium-144 W, see Ce 2E+2 3E+1 1E-8 4E-11 - -

LLI wall

(3E+2) - - - 3E-6 3E-5134Y, see Ce - IE+1 6E-9 2E-11 - -

259 Praseodymium-136 W, all compounds except
those given for Y SE+4 2E+5 IE-4 3E-7 - -

St. wall

(7E+4) - - - IE-3 IE-2Y, oxides, hydroxides,
carbides, and fluorides - 2E+5 9E-5 3E-7 - -

2 159 Praseodymium-137 W, see Pr 4E+4 2E+5 6E-5 2E-7 SE-4 SE-3Y, see. 3 Pr - 1E+5 6E-5 2E-7 - -

59 Praseodymium-tstsm W, see Pr IE+4 SE+4 2E-5 8E-8 1E-4 1E-313Y, see Pr - 4E+4 2E-5 6E-8 - -

59 Praseodymium-139 W, see Pr 4E+4 1E+5 SE-5 2E-7 6E-4 6E-3Y, see Pr - 1E+5 SE-5 2E-7 - -

259 Praseodymium-142m W, see Pr 8E+4 2E+5 7E-5 2E-7 1E-3 1E-26Y, see Pr - 1E+5 6E-5 2E-7, - -

159 Praseodymium-142 W, see Pr 1E+3 2E+3 9E-7 3E-9 1E-5 1E-43Y, see Pr - 2E+3 8E-7 3E-9 - -
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Table 1 Table 2 Table'3 (Occupational Values Effluent Releases to
Concentrations Sewers i

!
!

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 |Oral Monthly. "

Ingestion Inhalation Average.Atomic Radionuclide Class ALI- ALI DAC Air Water Concentrationi No. (pCi) (pCi) .(pCi/ml) (pCi/ml) (pCi/ml) -(pCi/ml) ,

136 !
59 Praseodymium-143 W,:see Pr '9E+2 8E+2 3E-7 1E-9 - - !

LLI wall !
136 (1E+3) - - - 2E-5 2E-4Y,.'see Pr - 7E+2 3E-7 9E-10 - -

259 Praseodymium-144 W, se 136Pr .3E+4 1E+5 SE-5- 2E-7 - -,

St. wall '!*
~.

136 (4E+4) - - -- 6E-4 6E-3 "

Y, see Pr - 1E+5 SE-5 2E-7 -- -

59 Praseodymium-145 'W, see Pr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4-Y,'see Pr - 8E+3 3E-6 1E-8 - - !

2
i 59 Praseodymium-147 W, see.136Pr 5E+4 2E+5 8E-5 3E-7 - - it

St. wall

136 (8E+4) - - - 1E-3 IE-2 - I
, Y, see P r- - 2E+5 8E-5 3E-7- - - +'

.

| 60 Neodymium-136 y, gjj; compounds except2 |

jthose given for Y. 1E+4' 6E+4- 2E-5 8E-8 2E-4 2E-3 ;.

; Y, oxides', hydroxides, -!
'

-carbides, and fluorides- - '5E+4 2E-5 8E-8 - -;-
t

60 Neodymium-138 W, see Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4'

; Y, see Nd - SE+3 2E-6 7E-9 - - -

j 60 Needymium-139m W, see Nd SE+3- 2E+4 ~7E-6~ - 2E-8- 7E-5 7E-4 !

<

>

Y, see Nd - 1E+4 6E-6 - 2E-8 -- )-

- :

i ,

{i

!,
,

I!
_

-
_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ . _
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Table 1 Table 2 Table 3
Occupational Values Effluent- Releases to

Concentrations' Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

~ Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI .ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

60 Neodymium-139 W,seehNd
- .3E+5 IE-4 4E-7 - -

2 9E+4 3E45 IE-4 SE-7 1E-3- IE-2
Y, see Nd

60 Neodymium-141 W, see Nd 2E+5 7E+5 3E-4 1E-6 2E-3 2E-2
Y, see Nd - 6E+5 3E-4 9E-7 - -

136
60 Neodymium-147 W,.see Nd IE+3 9E+2 4E-7. IE-9 - -

LLI. wall
(1E+3) - - - 2E-5 2E-4

136Y, see Nd. - 8E+2- 4E-7 1E-9 - -

260 Neodymium-149 W, see Nd IE+4 3E+4' IE-5 4E-8 1E-4 1E-3-
Y, see Nd - 2E+4 1E-5 3E-8 - - j

2
60 Neodymium-151 W, see' Nd 7E+4 2E+5 8E-5 3E-7 9E-4 9E-3

Y, see Nd -- 2E+5 8E-5' 3E-7' - -

2 -

61 Promethium-141 y, all compounds except
.

3E-7 - -those given for Y SE+4 2E+5 8E 5
St. wall

.(6E+4) - - - ' 8E-4. - 8E-3
Y, oxides, hydroxides,.
carbides, and fluorides - 2E+5 7E-5 2E-7 - -

14161 Promethium-143 W, see Pm SE+3 6E+2 2E-7 8E-10 7E-5' 7E-4
Y, see 1g}Pm- - 7E*2 3E-7 IE-9 - -

161 Promethium-144 W, see Pm 1E+3' IE+2 SE-8 2E-10 2E-5 2E-4-y
.Y, see: Pm - 1E+2 SE-8 2E-10 - -
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Table 1 Table 2 Tabla 3
Occupational Values Ef fluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation ; Average-

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) -(pCi/ml) (pCi/ml) (pCi/ml)

14161 Promethittm-145 W, see Pm 1E+4 2E+2 7E-8- - IE-4 IE-3
Bone-surf

- (2E+2) - 3E-10 - -

Y, see I 1Pm - 2E+2 8E-8 3E-10 -- -

14161 Promethium-146 W, see Pm 2E+3 5E+1 2E-8 7E-11 2E-5 2E-4
Y, see 141Pm - 4E+1 2E-8 6E-11 ' -

14161 Promethium-147 W, see Pm 4E+3 1E+2 SE-8 - - -

LLI wall Bone surf
(5E+3) (2E+2) - 3E-10 M-5 7E-4143Y, see Pm - 1E+2 6E-8 2E-10 - --

61 Promethium-148m W, see' Pm 7E+2 3E+2 1E-7 4E-10 1E-5 1E-4
Y, see Pm - 3E+2 IE-7 5E-10 - -

1461 Promethium-148 W, see Pm 4E+2 SE+2 2E-7- 8E-10 - -

LLI wall i

(SE+2) - - - 7E-6 7E-5 -)141Y,.see Pm - SE+2 2E-7 7E-10 - - !

61 Promethium-149 W, see 14IPm 1E+3 2E+3 8E-7 3E-9 - -

LLI wall
(1E+3) - -' - 2E-5 2E-4141Y, see Pm - 2E+3 8E-7 2E-9 - -

14161 Promethium-150 W, see Pm SE+3 2E+4 8E-6 3E-8 7E-5 7E-4141Y,"see Pm 2E+4 7E-6 2E-8 - --

61 Promethium-151 W, see Pm 2E+3 4E+3 1E-6 SE-9 2E-5 2E-4,

| Y, see Pm - 3E+3 IE-6 ' 4E-9 -

-

- - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) _(pCi/ml)

2
62 Samarium-141m W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3

2
62 Samarium-141 W, all compounds SE+4 2E+5 8E-5 2E-7 - -

St. wall

(6E+4) - - ~- SE-4 8E-3-

2
62 Samarium-142 W, all compounds 8E+3 3E+4 IE-5 4 E-8 1E-4 1E-3

62 Samarium-145 W, all compounds 6E+3 5E+2 2E-7 7E-10 8E-5 8E-4
'

62 Samarium-146 W, all compounds 1E+1. 4E+2 1E-11 - - -

Bone surf Bone surf
(3E+1) (6E-2) - 9E-14 3E-7 3E-6

62 Samarium-147 W, all compounds 2E+1 4E+2 2E-11 - - -

Bone surf Bone surf
(3E+1) (7E-2) - 1E-13 4E-7 4E-6

62 Samarium-151 W, all compounds IE+4 1E+2 4E-8 - - -

LLI wall Bone surf
(1E+4) (2E+2) - 2E-10 2E-4 2E-3-

62 Samarium-153 W, all compounds 2E+3 3E+3 1E-6 4E-9 - .-

LLI wall'
(2E+3). - - - 3E-5 3E-4

2
62 Samarium-155 W, all compounds 6E+4 2E+5 9E-5 3E-7 - -

t

St.-wall
'

'(8E+4)
'

- - - 1E-3 1E-2

- _ -
. . -.
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Tabie 1 Table 2 Table 3 t

: Occupational Values Effluent Releases to
Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly

i Ingestion Inhalation Average
Atomic Radiontclide Class ALI ALI DAC Air Water. Concentration i

.

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

62 Samarium-156 W, all compounds SE+3 9E+3 4E-6 IE-8 7 E-5 ' 7E-4
~

63 Europium-145 W, all compounds 2E+3' 2E+3 8E-7 3E-9 2E-5 2E-4 ,

) 63 Europium-146 W, all compounds 1E+3 1E+3 SE-7 2E-9' 1E-5 1E-4s

|i 63 Europium-147' W, all compounds 3E+3 2E+3 7E-7 2E-9 4 E-5 4E-4
I

63 Europium-148 W, all compounds' 1E+3 4E+2 1E-7 SE-10 1E-5 IE-4 '

,

i 63 Europium-149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3 '

i 63 Europium-150 W, all' compounds 3E+3 8E+3- 4E-6 1E-8 4 E-5 4 E-4'

(12.62 h)

63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4 .'
,

j (34.2 y)

63 Europium-152m W, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
: ,

| 63 Europium-152 W, all compounds 8E+2 2E+1 1E-8 3E-11 1E-5 1E-4 |

*

63 Europium-154 W, all compounds SE+2 2E+1 8E-9 3E-11 7E-6 7E-5
j 63 Europium-155 W, all compounds 4E+3- 9E+1 4E-8 - SE-5 SE-4
; Bone surf
,' - (1E+2) - 2E-10 - -

63 Europium-156 W, all compounds 6E+2 SE+2 2E-7 6E-10 8E-6 8E-5
4

.!.

1

;

i

4
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!
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Table 1 Table 2 Table 3 !

Occupational Values Effluent Releases to
Concentrations Sewers [

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral

. Monthly j
Ingestion Inhalation Average *

Atomic Radionuclide Class ALI- ALI DAC Air Water Concentration i
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml).

f.

63 Europium-157 W, all compounds 2E+3 SE+3 2E-6 7E-9 3E-5 3E-4 ; !

263 Europium-158 W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
i

i 64 Gadolinium-145 0, all compounds except !
2

those given~for W SE+4 2E+5 6E-5 2E-7 - - I

St. wall "

(SE+4) - - - 6E-4 6E-3 : i
W, oxides, hydroxides,
and fluorides - 2E+5 7E-5 2E-7 -

- -,

. ;

64 Gadolinium-146- D, see Gd 1E+3 1E+2 SE-8 2E-10 2E-5 2E-4 I
W, see Gd - 3E+2 IE-7 4E-10 - -

64 Gadolinium-147 D, see Gd 2E+3 4E+3 2E-6 6E-9 3E-5~ 3 E-4 ' ;W, see Gd - 4E+3' 1E-6 SE-9 - - "

14564 Gadolinium-148 D, see Gd IE+1 8E+3 3F- 12 - - ' -

Bone surf Bone surf -

-145 (2E+1) (2E+2) - 2E-14 3E-7 3E-6 '

W, see Gd - 3E-2 1E-11 - - -

Bone surf
- (6E-2) 8E-14- - -

64 Gadolinium-149 D,see Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4W, see Gd - 2E+3 1E-6 3E-9 - -
,

14564 Gadolinium-151 0,see Gd 6E+3 4E+2 2E-7 - 9E-5 9E-4
Bone surf

145
- (6E+2) - 9E-10 - -

W, see Gd - IE+3 SE-7 2E-9 - -

,

.-..-, -... ww-%=~--..w +_m. e .--n-.---_--- e- - - -- _a-----
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases _to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 .,

Oral Monthly
Ingestion Inhalation Average

Air Water ConcentrationAtomic Radionuclide Class ALI ALI DAC
~(pCi/ml) (pCi/ml) (pCi/ml)No. (pCi) (pCi) (pCi/ml)

145
64 Gadolinium-152 D, see Gd 2E+1 1E-2 4E-12 - - -

Bone surf Bone surf
(3E+1) (2E-2) - 3E-14 4E-7 4E-6

145 .

W,.see Gd - 4E-2 2E-11 - - -

Bone surf>

- (8E-2) - IE-13 - -

145
64 Gadolinium-153 D, see Gd SE+3' '1E+2 6E-8 - 6E-5 6E-4-

Bone surf
145

- (2E+2) - 3E-10 - -

W,.see Gd - 6E+2 2E-7 8E-10 - -

64 Gadolinium-159 D, see Gd 3E+3- 8E+3 3E-6 1E-8- 4E-5 4E-4
W,_see- Gd 6E+3 2E-6 8E-9- - -

265 Terbium-147 W, all compounds 9E+3 3E+4 IE-5 SE-8 ~ 1E-4 1E-3
i

65 Terbium-149 W, all compounds SE+3 7E+2 3E-7 IE-9 7E-5 7E-4 1

65 Terbium-150 W, all compounds SE+3 2E+4 9E-6 3E-8 7E-5 7E-4

65 Terbium-151 W, all compounds 4E+3 9E+3 4E-6 1E-8 SE-5 SE-4

65 Terbium-153 W, all compounds SE+3 7E+3 3E-6 1E-8 7E-5 7E-4

65 Terbium-154 W, all compounds 2t+3 4E+3 2E-6 6E-s 2E-5 2E-4

65 Terbium-155 W, all compounds 6E+3 '8E+3 3E-6 IE-8 8E-5 .8E-4

l- 65 Terbium-156m W, all compounds _2E+4 3E+4 1E-5 4E-8 2E-4 2E-3
(5.0'h)

_ _ _ V- - - -
-
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!

. Table 1 -Table 2' .'able 3
Occupational Values Ef fluent Releases to

Concentrations. Sewers
, ,

Col.-1 Col. 2 ' Col. 3 Col. 1 . Col. 2' *

Oral Monthly !

Ingestion Inhalation. Average :Atomic Radionuclide Class ALI ALI DAC Air Water Concentration. '

No. (pCi) (pCi) (pCi/ml) (pCi/ml) '(pCi/31) (pCi/ml) !

5

65 Terbium-156m W, all' compounds 7E+3 8E+3 3E-6 - 1E-8 1E-4 IE-3' |

"

(24.4 h) >

4 ,

65 Terbium-156 W, all compounds IE+3 1E+3 6E-7 2E-9 1E-5 1E-4
. |

65 Terbium-157 W, all compounds SE+4 3E+2 1E-7 - - -

LLI wall ' Bone surf
!'

(5E+4) (6E+2) - - 8E-10 7E-4 7E-3 |
, - ;
; 65 Terbium-158 W, all compounds 1E+3 2E+1 8E-9 3E-11 ' 2E-5 2E-4
i . (65 Terbium-160 W, all. compounds 8E+2 2E+2 9E-8 3E-10 IE-5 1E-4
1

j 65 Terbium-161- W, all, compounds 2E+3 2E+3 7E-7 - 2E-9 - - -
'

LLI wall
(2E+3) -- - - 3E-5 3E-4 |

66 Dysprosium-155 W, all compounds 9E+3 3E+4 IE-5- 4E-8 IE-4 1E-3 !

j- 66 Dysprosium-157 W, all compounds- 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3 ' '

66 - Dysprosium-159 W, all con. pounds' IE+4 - 2E+3 1E-6 3E-9 2E-4' 2E-3
?
'

66 Dysprosium-165 W, all compounds '1E+4 SE+4 2E-5 6E-8 2E-4 2E-3
|
j 66 Dysprosium-166 W, all compounds 6E+2 7E+2 3E-7' IE-9 - -

! LLI. wall ,!

(8E+2)' - - - - IE-5 1E-4 -- ' !..

267 Holmium-155 W, all' compounds- 4E+4 2E+5 - 6E-5 - 2E-7- 6E-4 6E-3
ci

;

!
l

4

- 74e e w r - fr 'e'e +tet7 v''w 4+%-- Y 4- 4 v-W a r -' t d"t- -#''s* ''7*--'T 4 V' 9"-"--'t- W D-v' ''d%-h--*-'e- "' T'*'**W"'W-Wu-Eu''u+'++++v- e w er' -u 9 WTpv ''4#*--' -N'TP'WE " s-Tw-**'N-%r-' - *w4 'd v ww2 e-e-'w-

'
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1- Col. 2-
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ci) (pCi/ml) (pCi/ml) (pCi/ml)

67 Holmium-157 .W, all' compounds 3E+5 1E+6 SE-4 2E-6 4 E-3 4E-2

2
67 Holmium-159 W, all compounds 2E+5 1E+6 4E-4 196 3E-3 3E-2

67 Holmium-161 W, all compounds IE+5 4E+5 2E-4 6E-7 IE-3 IE-2
267 Holmium-162m W, all compounds SE+4 3E+5 1E-4 4E-7 7E-4 7E-3

267 Holmium-162 W, all compounds SE+5' 2E+6 1E-3 3E-6- - -

St. wall

(8E+5) - - - 1E-2 1E-1

2c7 Holmium-164m W, alI corapounds 1E+5~ 3E+5 1E-4 4E-7 IE-3 1E-2

2(7 Holmium-164 W, all. compounds 2E+5 6E+5 3E-4 9E-7 - -

St. wall

(2E+5) - - - 3E-3 3E-2

67 Holmium-166m W, all compounds 6E+2 7E+0 3E-9 9E-12 9E-6 9E-5

67 Holmium-156 W, all compounds 9E+2., 2E+3 7E-7 2E-9 - -

LLI wall

.- (9E+2) - - - IE-5 1E-4

67 Holmium-167 W, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 .2E-3.

1

( 68 Erbium-161 W, all compounds' 2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
|

| 68 Erbium-165 W, all compounds 6E+4- 2E+5 8E-5 3E-7 9E-4 9E-3
!

~ ~

_. _ _ _ _ _ _
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

'

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) _(pCi/ml) (pCi/ml)

68 Erbium-169 W, all compounds 3E+3 3E+3 1E-6 4E-9 - -

LLI-wall
(4E+3) - - - SE-5 SE-4

68 Erbium-171 W, all compounds 4E+3 IE+4 4E-6 IE-8 '5E-5 SE-4

68 Erbium-172 W, all compounds 1E+3
..

1E+3 6E-7 2E-9 - -

LLI wall
(IE+3) - - - 2E-5 2E-4'

269 Thulium-162 W, all compounds 7E+4- 3E+5 IE-4 4E-7 - -

St.. wall
(7E+4) - - - 1E-3 1E-2-

69 Thulium-166' W,-all compounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E-4

69 Thulium-167 W, all compounds 2E+3
.

2E+3 8E-7 3E-9 - -

~LLI wall
(2E+3) - - - 3E-5 .3E-4

69 Thulium-170 W, all compounds 8E+2 2E+2 9E-8 3E-10 - -

LLI wall
(1E+3) - - - IE-5 IE-4

l

69 Thulium-171 W, all compounds 1E+4 3E+2 1E-7 - - -

LLI wall Bone surf
-(IE+4) (6E+2) - 8E-10 2E-4 2E-3

69 Thulium-172 W, all compounds 7E+2 1E+3 '5E-7 2E-9 -= -

LLI wall

(8E+2) - - - 1E-5 1E-4
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Table 1 Table 2 Table 3 '

Occupational' Values Effluent ' Releases to
Concentrations Sewers

,

Col. 1 Col. 2 Col.-3 Col. 1 Col. 2
Oral

. ' Monthly -

Ingestion Inhalation : AverageAtomic Radionuclide Class ALI ALI. DAC Air Water Concentration
'

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
69 Thulium-173 W, all compounds 4E+3 1E+4 SE-6 2E-8 .6E-5 6E-4

'

-

269 Thulium-175 W, all compounds 7E+4 3E+5 IE-4 4 E-7 - -

St. wall

(9E+4) - - - IE-3 1E-2
3

2 ,

70 Ytterbium-162 W, all compounds except
those given for Y 7E+4 3E+5 IE-4 4E-7 IE-3 1E-2

'
Y, oxides, hydroxides,
and fluorides - 3E+5 1E-4 4E-7 - -

16270 Ytterbium-166 W, see Yb IE+3 2E+3 .8E-7 3E-9 2E-5 2E-4Y, see.162Yb - 2E+3 8E-7 3E-9' - -
,

,

2 6270 Ytterbium-167 W, see Yb 3E+5 8E+5 3E-4 IE-6- 4E-3 4E-2162'

Y, see Yb - 7E+5 3E-4 IE-6 - -

162'

70 Ytterbium-169 W, see Yb 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4162Y, see Yb - 7E+2 3E-7 1E-9 - - '

16270 Ytterbium-175 W, see Yb 3E+3- 4E+3 IE-6 SE-9 - - i
,

. LLI wall;

I (3E+3) - - - 4 E-5 4E-4162J Y, see Yb - 3E+3 IE-6 SE-9 - -

;
; -

270 Ytterbium-177 W, see Yb 2E+4 SE+4 .2E-5 7E-8 - 2E-4 2E-3
; Y, see Yb - SE4.1 2E-5- 6E-8 - -

,

70 Ytterbium-178 -W, see- Yb IE+4 4E+4 2E-5 6E-8 2E-4 2E-3
; Y, see - Yb - 4E+4 2E-5 SE-8 - -

,

|[

i

. . _ . - . - _ . . . ,- ., . . - - .
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases.to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration ~ ;

No. (pCi) (pCi) -(pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) H

!
!

71 Lutetium-169 W, all compounds except
those given for Y 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4~

i

|
Y, oxides, hydroxides,
and fluorides - '4E+3 2E-6 6E-9 - -

169
71 Lutetium-170 W, see tu 1E+3 2E+3 9E-7 3E-9 2E-5 -2E-4

169
Y, see tu - 2E+3 8E-7 3E-9 - -

169
71 Lutetium-171 W, see Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4

169 '-Y, see Lu - 2E+3 8E-7 3E-9- -

71 Lutetium-172 W, see Lu 1E+3 1E+3 SE-7 2E-9 1E-5 1E-4
Y, see. Lu - 1E+3 SE-7 2E-9 - -

71 Lutetium-173 W, see 169Lu SE+3 3E+2 1E-7 - 7E-5 7E-4
Bone surf '4

169
- -(SE+2) - 6E-10 - -

Y, see Lu - 3E+2 IE-7 4E-10 -- -

16971 Lutetium-174m W, see tu 2E+3 2E+2 1E-7 -- -- -
"

LLI wall Bone surf
(3E+3) .(3E+2) - SE-10 '4E-5 4E-4169Y, see Lu - 2E+2 9E-8 3E-10 '- -

71 Lutetium-174 W, see 169Lu SE+3 1E+2 SE-8
'

7E-5 7E-4 -
'

-

Bone surf
169

- (2E+2) .
3E-10 - -

Y, see Lu - 2E+2 6E-8 2E-10' - -

71 Lutetium-176m W, see Lu 8E+3 -3E+4 1E-5 3E-8 -1E-4 1E-3
Y, see Lu - 2E+4 9E-6 3E-8 - -

m, -
-
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Table 1 Table 2 Table 3 I

Occupational Vaiues Effluent Releases to ;
; Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly

; Ingestion Inhalation AverageAtomic Radionuclide Class ALI XLI .. DAC - Air- Water. Concentration
.

No. (pCi) (pCi) (pCi/ml) (pCi/ml)_ (pCi/ml) . (pCi/ml)

71- Lutetium-176 W, see.169Lu 7E+2 SE+0 2E-9 - 1E-5 1E-4 (;
Bone surf

169
- (1E+1) - 2E-11' - - I

| Y, see Lu - 8E+0 3E-9 ~IE-11 - -

! 71 -Lutetium-177m W, see Lu 7E+2 1E+2 SE-8
169

1E-5 1E-4-

Bone surf,
, *

,
- (1E+2) - -2E-10 -

'

169 -

; Y, see Lu - 8E+1 3E-8 1E-10 - -

' ' .
"! 16971 ' Lutetium-177' W, see Lu 2E+3 2E+3 9E-7 -3E-9 - -

1 LLI wall
'

.(3E+3) - - ~- 4E-5 4E-4 -
,Y,~see 169Lu - 2E+3 9E-7 3E-9 -- - -

! 2 16971 Lutetium-178m y,.see Lu -SE+4 2E+5 8E-5- 3E-7 - -

- St. wall
169 (6E+4) - - -- 8E-4 6E 1Y, see Lu - 2E+5 7E-5 2E-7-

*

- - i

| 71 Lutetium-173 W, see tu 4E+4 1E+5 SE-5 2E-7 ~
2 169

- -:
j St. wall

169 (4E+4) - - - 6E-4 6E-3Y, see Lu - 1E+5- SE-5 2E-7 - -
,

! 169 ,

71 Lutetium-179 W, see tu T+3 2E+4 8E-6 3E-8 9E-5 9E-4169
: Y, see Lu 2E+4 6E-6' 3E-8 - -

;
J
l
'

.

i;
3- ,

!

:
i
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Table 1 Table 2 Table 3
; Occupational Values Effluent F le.'ses to

Concentrations .ers

Col. 1 Cel. 2 Col. 3 Cal. 1 Col. 2
3 Oral Mt.4nly *

Ingestion Inhalation Average i

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration '

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) j
<

72 Hafniunt-170 0, all compounds except
those given for W 3E+3 SE+3 2E-6 8E-9 4E-5 4E-4

W, oxides, hydroxides,
'

carbides, and nitrates - SE+3 2E-6 6E-9 - -

! 72 ' Hafnium-172 D, see Hf IE+3 9E+0 4E-9 - 2E-5 2E-4
O

| Bone surf
1

- (2E+1) - 3E-11 - -

170W, see Hf - 4E+1 2E-8 - - -

!
Bone surf

- (6E+1) - 8E-11 - -

i

72 Hafnium-173 D, see. Hf SE+3 1E+4 SE-6 2E-8 7E-5 7E-4 1

. W, see Hf - 1E+4 SE-6 2E-8 - -

?

170
! 72 Hafnium-175 D, see Hf 3E+3 9E+2 4E-7 - 4E-5 4E-4
i Bone surf
i

170
- (1E+3) - IE-9 - -

W, see Hf - IE+3 SE-7 2E-9 - -

272 Hafnium-177m D, see Hf 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
W, see Hf - 9E44 4E-5 IE-7 - -

1Oi 72 Hafnium-178m D, see Hf 3E+2 1E+0 SE-10 - 3'i-6 3E-5
i Bone surf

170
- (2E+0) - 3E-12 - -

W, see Hf - SE+0 2E-9 - - -

1Bone surf
4

- (9E+0) - IE-11 - -

|

. . - - - ,---- . . - - -, -- - - , - - , - .- . - - - - - . , _ - - - - . - - . - , . - - - _ .
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI XLI DAC Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

17072 Hafnium-179m D, see Hf IE+3 3E+2 1E-7 - IE-5 IE-4
Bone surf

I'd
- (6E+2) - 8E-10 - -

W, see Hf - 6E+2 3E-7 8E-10 - -

1O72 Hafnium-180m D, see Hf 7E+3 2E+4 9E-6 3E-8 IE-4 IE-3170W, see Hf 3E+4 IE-5 4E-8 - -
-

1O72 Hafnium-181 D, see Hf IE+3 2E+2 7E-8 - 2E-5 2E-4
Bone surf

170
- (4E+2) 6E-10 - -

-

W, see Hf - 4E+2 2E-7 6E-10 - -

2 172 Hafnium-182m 0, see Hf 4E+4 9E+4 4E-5 IE-7 SE-4 SE-37W, see Hf - 1E+5 6E-5 2E-7 - -

17072 Hafnium-182 D, see Hf 2E+2 8E-1 3E-10 - - -

Bone surf Bone surf
170 (4E+2) (2E+0) - 2E-12 SE-6 SE-5W, see Hf - 3E+0 1E-9 - - -

Bone surf
- (7E+0) IE-11 - -

-

272 Hafnium-183 D, see Hf 2E+4 SE+4 2E-5 6E-8 3E-4 3E-3 IW, see Hf - 6E+4 2E-5 8E-8 - -

' D,seef7| 72- Hafnium-184 Hf 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4W, see Hf - 6E+3 3E-6 9E-9 - -
4

+

r
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Table 1 Table 2 Table |
Occupational Values Effluent Reles - 5 3

Concentrations Sewe.. !

,

! Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 |
Oral Monthly (

; Ingestion Inhalation Average
j. Atomic Radionuclide Class All All DAC Air Water Concentration

No. (pCi) (pCi) (pCi/ml) (pCi/mlb (pCi/ml) (pCi/ml) !
]

273 Tantalum-172 W, all compounds except
.

|

those given for Y 4E*4 1E+5 SE-5 2E-7 SE-4 SE-3' i
: -

Y, elemental Ta, oxides, '

'

hydroxides, ha1 ides,
|

carbides, nitrates,
|

s..
and nitrides - IE+5 4E-5 . IE-7 - -

!

! 73 Tantalum-173 72W,seef7 Ta 7E+3 2E+4 8E-6 3E-8 '9E-5 9E-4 .

] Y, see Ta - 2E+4 7E-6' 2E-8 - --
. !

l2 W,seef7| 73 Tantalum-174 Ta 3E+4 IE+5 4E-5 IE-7' 4E-4 4E-3 [; Y, see Ta - 9E+4 4E-5 1E-7 - -
t

j 73 Tantalum-175 W, see Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
j Y, see Ta - 1E+4 6E-6 2E-8 - --

;

i

73 Tantalum-176 W, see Ta 4E+3 1E+4 SE-6 2E-8 SE-5 SE-4
4

j Y, see Ta - 1E+4 SE-6 2E-8 - - *

,

,
.

{ 73 Tantalum-177 W. see Ta IE+4 - 2E+4 8E-6 - 3E-8 2E-4 2E-3 [Y, see Ta - 2E+4 7E-6 - 2E-8 - -

i,
'

73 Tantalum-178 W, .'.see Ta 2E+4 9E+4 4E-S ' IE-7 2E-4 2E-3
i Y,-see Ta - 7E+4 3E-5 1E-7 - -

;

73 Tantalum-179 W, see Ta 2E+4- SE+3 2E-6 8E-9 3E-4 3E-3Y, see Ta - 9E+2 4E-7 IE-9 - -

|i

i 73 Tantalum-180m W, see Ta 2E+4 7E+4 3E-5 SE-8 3E-4 3E-3j Y, see. Ta - 6E+4 2E-5 8E-8 - - t

i

i

:

, m p a @ ' -.4 ,ai- g 'Ee+ .W- = ,w,. e. y
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Table 1 Table 2 Table 3 |

Occupational Values Effluent Releases to I

. _ _ _ _

|Concentrations Sewers
>

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !
Oral Monthly

j Ingestion Inhalatien Average
i~ Atomic Radionuclide Class ALI ALI DAC Air Water Concentration !

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) [

f
t

173 : Tantalum-180 'W, see Ta IE+3- 4E+2 2E-7 6E-10 2E-5 2E-4 f3i Y, see Ta - 2E+1 1E-8 3E-11 - - !

2 172j 73 Tantalum-182m W, see Ta 2E+5 SE+5 2E-4 8E-7 - -

| St. wall- *

3E-3 3E-2 !(2E+5) - - -12
_

Y, see Ta - 4E+5 2E-4: 6E-7 - -

!i

! .- 73 Tantalum-182 W, see Ta 8E+2 3E+2 1E-7 SE-10 1E-5 IE-4j. Y, see Ta - 1E+2 6E-8 2E-10'
'

- -

17273 Tantalum-183 W, see Ta 9E+2- IE+3 SE-7 2E-9 - -
4

LLI wal.
172 (1E+3) - - - 2E-5 2E-4 !Y, see Ta - 1E+3 4E-7 1E-9 -- - i

i
!. 73- Tantalum-184 W, see Ta 2E+3 SE+3 2E-6 8E-9 3E-5 3E-4 i
'

Y, see Ta SE+3 2E-6 7E-9 - -

j
-

273 Tantalum-185 W, see Ta 3E+4 7E+4 30-5 1E-7 4E-4 4E-3Y, see Ta - 6E+4 3E-5 9E-8 - -

j
2i. 73 - Tantalum-186 y, 3,, 172Ta SE+4 2E+5 1E-4 '3E-7 - - f.St. wal)

!

172 (7E+4) - - - 1E-3 1E-2 i
: Y, see Ta 2E+5 9E-5 3E-7 - -

;
-

t
,

1 74 ' Tungsten-176 D, all compounds 1E+4 SE+4 2E-5 7E-8 1E-4 1E-3 !i.

{ 74 Tungsten-177 D, all compounds 2E+4 9E+4 4E-5 1E-7 3E-4 4t-4
*

!
'

:
i

,

- - _ _ _ _ - _ _ -
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Table 1 Table 2 Table'3 '

Effluent Releases to [Occupational Values
. Concentrations Sewers i

,

Col. 1 Col. 2' Col. 3 Col. 1 Col. 2
Oral

.
. Monthly

; Ingestion Inhalation Average r

i Atomie 'Radionuclide Class ALI ALI DAC Air Water Concentration [
No. (pCi) (pti) (pCi/ml). (pCi/ml) (pCi/ml) '(pCi/ml) !

[
l 74 Tungsten-178 0, all compounds SE+3 2E+4 ' 8E-6 3E-8 7E-5 7E-4

t

$ 74 Tungsten-179 D, all compounds SE+5 2E+6 7E-4' 2E-6 7E-3 7E-2 [
2

i , j

j 74' Tungsten-181 D, all compounds 2E+4 3E+4 IE-5 SE-8 2E-4 2E-3 !

i.74
| ~

Tungsten-185 D, all compounds 2E+3 -7E+3 3E-6 9E-9 - -

}LLI wall r

[ (3E+3) - - -- 4E-5 46-4 !
1

i
{' 74 Tungste.n-187 D, all compounds 2E+3 9E+3 4E-6 - IE-8 3E-5 3E-4 !
i ;

i 74 Tungsten-188 D,.all compounds- 4E+2 1E+3 SE-7 '2E-9 - -

!
|

'

LLI wall
;

j (SE+2) - - --- 7E-6 7E-5 j
275 Rhenium-177 D, all compounds except

p those given for. W 9E+4 3E+5 1E-4 4E-7 - - f
ST.. wall {

'

j (IE+5) - -- - 2E-3 2E-2 |! W, oxides, hydroxides,
i

i and nitrates - 4E+5 IE-4 SE-7 - -

!
275 Rhenium-178 0,see Re 7E+4 3E+5 IE-4 4E-7 - -

t St. wall
,

|! (IE+5) - - - IE-3 1E-2W, see:177Re - 3E+5 .1E-4 4E-7 - -;
,

75 Rhenium-181 D, see Re SE+3 9E+3 4E-6 1E-8 7E-5 7E-4177
} W, see Re - 9E+3 4E-6 IE-8 - -

!
?

.|:

.;
i
,
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to,

Concentrations Sen rs

Col. 1 Col. 2 Col . .', Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI All DAC Air Water ConcentrationNo. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)1

75 Rhenium-182 D, see Re 7E+3 1E+4 SE-6 2E-8 9E-5 9E-4(12.7 h) W, see Re 2E+4 6E-6 2E-8 - -
-

75 Rhenium-182 D, see Re IE+3 2E+3 1E-6 3E-9 2E-5 2E-47(64.0 h) W, see Re - 2E+3 9E-7 3E-9 - -

17775 Rhenium-184m D, see Re 2E+3 3E+3 IE-6 4E-9 3E-5 3E-47W, see Re - 4E+2 2E-7 6E-10 - -

75 Rhenium-184 D, see Re 2E+3 4E+3 IE-6 SE-9 3E-5 3E-4W, see Re - 1E+3 6E-7 2E-9 - -

17775 Rhenium-186m D, see Re 1E+3 2E+3 7E-7 - - -

St. wall St. wall

177 (2E+3) (2E+3) - 3E-9 2E-5 2E-4W, see Re - 2E+2 6E-8 2E-10 - -

:| 75 Rhenium-186 D, see Re 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4W, see Re - 2E+3 7E-7 2E-9 - - t

175 Rhenium-187 D, see Re 6E+5 8E+5 4E-4 - 8E-3 8E-2 !
St. wall

177
-

(9E+5) - IE-6 - -

W, see Re - IE+5 4E-5 IE-7 - -

2
; 75 Rhenium-188m D, see Re 8E+4 1E45 6E-5 2E-7 1E-3 1E-2W, see Re - IE+5 6E-5 2E-7 - -

75 Rhenium-188 0, see Re 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4 iW, see Re - 3E+3 IE-6 4 E-9 - -

i

:

-

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers
_

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

75 Rhenium-189 0, see Re 3E+3 SE+3 2E-6 7E-9 4E-5 4E-4
W, see Re - 4E+3 2E-6 6E-9 - -

276 Osmium-180 D, all compounds except
those given for W and Y 1E+5 4E+5 2r-4 SE-7 1E-3 IE-2

W, halides and nitrates - SE+5 2E-4 7E-7 - -

Y, oxides and hydroxides - SE+5 2E-4 6E-7 - -

2 1876 Osmium-181 D, see Os IE+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see 0s - SE+4 2E-5 6E-8 - -

180Y, see Os - 4E+4 2E-5 6E-8 - -

76 Osmium-182 0, see Os 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4
W, see 0s - 4E+3 2E-6 6E-9 - -

180'

Y, see Os - 4E+3 2E-6 6E-9 - -

I876 Osmium-185 0, see 0s 2E+3 SE+2 2E-7 7E-10 3E-5 3E-4I0
'

W, see 0s - 8E42 3E-7 IE-9 - -;
180Y, see Os - 8E+2 3E-7 1E-9 - -

18076 Osmium-189m D, see 0s 8E+4 2E+5 1E-4 3E-7 1E-3 IE-2180W, see 0s - 2E+5 9E-S 3E-7 - -180; Y, see 0s - 2E+5 7E-5 2E-7 - -

1 76 Osmium-191m D,see Os 1E+4 3E+4 IE-5 4E-8 2E-4 2E-3W, see 0s - 2E+4 8E-6 3E-8 - -180
Y, see Os - 2E+4 7E-6 2E-8 - -

>

+ y - - ,
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Table 1 Table 2 Table 3
Occupational values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water Concentration

.No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
|18076 Osmium-191 D,see 0s 2E+3 2E+3 9E-7 3E-9 - -

LLI wall
(3E+3) - - - 3E-5 3E-4W, see Os - 2E+3 7E-7 2E-9 - -

Y, see Os - IE+3 6E-7 2E-9 - -

18076 Osmium-193 0, see 0s 2E+3 SE+3 2E-6 6E-9 - -

LLI wall
3 (2E+3) - - - 2E-5 2E-4W, see O - 3E+3 1E-6 4E-9 - -Y, see ^# s - 3E+3 IE-6 4E-9 - -
0s

18076 Osmium-194 D, see 0s 4E+2 4E+1 2E-8 6E-11 - -

LLI wall
180 (6E+2) - - - 8E-6 8E-5W, see 0s - 6E+1 2E-8 8E-11 - -180Y, see Os - 8E+0 3E-9 1E-11 - -

277 Iridium-182 - 0, all compounds except
those given for W and Y 4E+4 IE+5 6E-5 2E-7 - -

St. wall

(4E+4) - -

W, halides, nitrates,
- 6E-4 SE-3

and metallic iridium - 2E+5 6E-5 2E-7 - -;

Y, oxides and hydroxides - 1E+5 SE-5 2E-7 - -

!

177 Iridium-184 D, see Ir 8E+3 2E+4 IE-5 3E-8 IE-4 1E-37W, see Ir
! 182

- 3E+4 IE-5 SE-8 - -

Y, see 1r - 3E+4 IE-5 4E-8 - -

___



_ _ . _ _ _ . - - - - - _ _ _ _ _ _ _ _ _ _ _ _ __ _ ._ _. _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ __

| _t
i t

!
I I
; !
; Table 1 -, Table 2 Table 3 .;

Occupctional Values Effluent Releases to
|. Concentrations Sewers [

t

Col. 1 Col. 2 Col. 3 Col. 1- Col. 2 I.

Oral
.

Monthly
.

<

Ingestion Inhalation Average [
x

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration !
No. (pCi) (pCi)- (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) [

f] 77 Iridium-185 0, see I r. SE+3 1E+4 SE-6 2E-8 7E-5 7E-4
* W, see Ir - IE+4 SE-6 2E-8 - -

i182
| Y, see Ir - 1E+4 4E-6 IE-8 ' - -

,

,

18277.. Iridium-186 0, see Ir 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4182W, see # r - 6E+3 3E-6 9E-9 -

- !I
Y, f ;e Ir - 6E+3 2E-6 8E-9- - -

!

| 77 Iridium-187 D, see Ir IE+4 3E+4 1E-5 SE-8 1E-4 1E-3 [
; W, see 1r - 3E+4 1E-5 4E-8 - -182Y, see Ir - 3E+4 1E-5 4E-8 ' - - i
,

1

|' 77 Iridium-188 D, see Ir 2E+3. SE+3 2E-6 .6E-9 3E-5 3E-4
|- W, see 1r

182 4E+3 IE-6 SE-9 - -
-

;
1 Y, see Ir '3E+3 IE-6 SE-9 - -

-

!' 77 Iridium-189 D,see Ir SE+3 5E+3 2E-6 7E-9 - -

182

LLI wall i

182 (5E+3) - - - 7E-5 7E-4 iW, see 1r - 4E+3 2E-6 SE-9 - - !82
s Y, see Ir - 4E+3 1E-6 SE-9 - - |

2 182 !77 Iridium-190m D, see Ir- 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2
'

182W, see Ir
182 2E+5 9E-5. 3E-7 - -

i

-

Y, see Ir 2E+5 BE-5 3E-7 -
-

--
'

. 77 Iridium-190 D, see Ir 1E43 9E+2 4E-7 IE-9 IE-5 IE-4'

W, see Ir - IE+3 4E-7 IE-9 - - '102Y, see 1r - 9E+2- 4E-7 IE-9 - -

i
'

.

1

!

;-
-

3



Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

bl. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pC1/ml) (pCi/ml) (pCi/ml) (pCi/ml)

177 Iridium-192m O, see Ir 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
78W, see 1r - 2E+2 9E-8 3E-10 - -

182
Y, see Ir - 2E+1 6E-9 2E-11 - -

177 Iridium-192 D, see Ir 9E+2 3E+2 1E-7 4E-10 1E-5 1E-418W, see 1r - 4E+2 2E-7 6E-10 - -

182
Y, see Ir - 2E+2 9E-8 3E-10 - -

18277 Iridium-194m D, see Ir 6E+2 9E+1 4E-8 IE-10 9E-6 9E-5
W, see Ir - 2E+2 7E-8 2E-10 - -

Y, see Ir - 1E+2 4E-8 IE-10 - -

77 Iridium-194 D, see Ir IE+3 3E+3 IE-6 4E-9 IE-5 IE-4
W, see 182

- 2E+3 8E-7 3E-9 - -

r - 2D3 9E-7 3E-9 - -

Y, see Ir

77 Iridium-195m D, see Ir 8E+3 2E+4 IE-5 3E-8 IE-4 IE-3
W, see Ir - 3E+4 1E-5 4E-8 - -

182
Y, see Ir - 2E+4 9E-6 3E-8 - -

177 Iridium-195 D, see Ir IE+4 4E+4 2E-5 6E-8 2E-4 2E-37W, see Ir - SE+4 2E-5 7E-8 - -

182
Y, see Ir - 4E+4 2E-5 6E-8 - -

~8 Platinum-186 D, all compounds 1E+4 4E+4 2E-5 SE-8 2E-4 ZE-3

78 Platinum-188 D, all compounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E-4

78 Platinum-189 D, all compounds IE+4 3E+4 IE-5 4E-8 1E-4 IE-3

7@ Platinum-191 D, all compounds 4E+3 8E+3 4E-6 IE-8 SE-5 SE-4

- - ~

_ _ _ _ _ _ _
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Conctntrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/mi) (pCi/ml) (pCi/ml) (pCi/ml)

78 Platinum-193m D, all compounds 3E+3 6E+3 3E-S 8E-9 - -

1.LI wall
(3E+4) - - - 4E-5 4E-4

78 Platinum-193 D, all compounds 4E+4 2E+4 IE-5 3E-8 - -

LLI wall

(5E+4) - - - 6E-4 6E-3

78 Platinum-195m D, all compounds 2E+3 4E+3 2E-6 6E-9 - -

'

LLI wall

(2E+3) - - - 3E-5 3E-4
278 Platinum-197m D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3

78 Platinum-197 D, all compounds 3E+3 IE+4 4E-6 IE-8 4t-5 4E-4
278 Platinum-199 D, all compounds SE+4 1E+5 6E-5 2E-7 7E-4 7E-3

78 Platinum-200 D, all compounds IE+3 3E+3 1E-6 SE-9 2E-5 2E-4
.

79 Gold-193 D, all compounds except
those given for W and Y 9E+3 3E+4 1E-5 4E-8 1E-4 IE-3
W, halides and nitrates - 2E+4 9E-6 3E-8 - -

,

Y, oxides and hydroxides - 2E+4 8E-6 3E-8 - -
.

19379 Gold-194 D,see Au 3E+3 8E+3 3E-6 IE-8 4E-5 4E-493W, see Au - 5E+3 2E-6 8E-9 - -
'yg3Y, see Au - SE+3 2E-6 7E-9 - -
,

:
2



., y

Table 1 Table 2 Table 3
Occupatiomi Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

I
79 Gold-195 D, see Au SE+3 1E+4 LE-6 2E-8 7E-5 7E-4

193W, see Au - 1E+3 6E-7 2E-9 - -

193Y, see Au - 4E*2 2E-7 6E-10 - -

19379 Gold-198m D, see Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4193W, see Au - 1E+3 SE-7 2E-9 - -

193
Y, see Au - IE+3 SE-7 2E-9 - -

79 Gold-198 D, see Au IE+3 4E+3 2E-6 SE-9 2E-5 2E-4
W, see Au - 2E+3 8E-7 3E-9 - -

yg3
Y, see Au - 2E+3 7E-7 2E-9 - -

1379 Gold-199 11, see Au 3E+3 9E+3 4E-6 1E-8 - -

LLI wall
(3E+3) - - - 4E-5 4E-4193W, see Au - 4E+3 2E-6 6E-9 - -

193
Y, see Au - 4E+3 2E-6 SE-9 - -

79 Gold-200m D, see Au 1E+3 4E+3 1E-6 SE-9 2E-5 2E-43W, see Au - 3E+3 1E-6 4E-9 - -

193
Y, see Au - 2E+4 1E-6 3E-9 - -

2 3
! 79 Gold-200 D,see Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-33W,see Au - 8E+4 3E-5 IE-7 - -

193,

! Y, see Au - 7E+4 3E-5 IE-7 - -

2 19379 Gold-201 D, see Au 7E+4 2E+5 9E-5 3E-7 - -,

St. wall

(9E+4) - - - IE-3 IE-2193W, see Au - 2E+5 IE-4 3E-7 - -

193Y, see Au - 2E+5 9E-5 3E-7 - -

-

.__

~
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Table 1 ' Table 2 Table 3 ,

! Occupational Values Effluent Releases to -

Concentrations Sewers i
>

a.

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !
! Oral Monthly [; Ingestion Inhalation Average -f

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
| No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
!. t

i 80 Mercury-193m Vapor - 8E+3 4 E-6 1E-8 - - f
: Organic D 4E+3 1E+4 SE-6 2E-8 6E-5 6E-4 i

D, sulfates 3E+3 9E+3 4E-6 IE-8 4E-5 4 E-4 I
:

'
| W, oxides, hydroxides,

,

halides, nitrates, and i
-

sulfides - 8E+3 3E-6 1E-8 - - !,

)

II 80 Mercury-193 Vapor - 3E44 IE-5 4E-8 - -

|
} Organic D 2E+4 6E+4 3E-5 SE-8 3E-4 3E-3 jt
i 19 ,

kj 0, see yg g 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see g - 4E+4 2E-5 6E-8 - -

r
d

i-1

! 80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -

Organic D 2E+1 3E+1 IE-8 4E-11 2E-7 2E-6 i

D, see h g- 8E+2, 3E+1 2E-8 6E-11 IE-5 IE-4
i, W, see - 1E+2 SE-8 2E-10 - --

80 Mercury-195m Vapor - 4E+3 2E-6 6E-9 - - |j
'

Organic D 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4 |
!- .D, see 3"Hg 2E+3 SE+3 2E-6 7E-9 3E-5 3E-4 fW, see g. - 4E+3 2E-6 SE-9 - - !

t

80 Mercury-195 Vapor - 3E+4 IE-5 4E-8 -- -
1

iOrganic D 2E+4- SE'4 2E-5 6E-8 2E-4 2E-3 I

} D,.see h"Hg - 3E+4 IE-5 SE-8- - -
f

g IE+4 4E+4 IE-5 SE-8 2E-4 2E-3
j W, see

:

;
i<

i

I

. - _ _ _ _ . _ _ _ _ _ _ . _ _ . _ _ - _ _ . _ , _ _ _ .. _ .. _ _ _ _ . _ _ .
!'
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly '

Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

80 Mercury-197m Vapor - SE+3 2E-6 7E-9 - -

Organic 0 4E+3 9E+3 4E-6 IE-8 SE-5 SE-4

D, see "Hg 3E+3 7E+3 3E-6 IE-8 4E-5 4E-4W, see "Hg - SE+3 2E-6 7E-9 - -

80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 - -

Organic D 7E+3 1E+4 6E-6 2E-8 9E-5 9E-4
3mD, see Hg 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4W, see 3"Hg - 9E+3 4E-6 IE-8 - -

280 Mercury-199m Vapor - 8E+4 3E-5 1E-7 - -

Organic D 6E+4 2E+5 7E-5 2E-7 - -

St. wall

193 (IE+5) - - - 1E-3 1E-2D,see 193 g 6E+4 1E+5 6E-5 2E-7 8E-4 BE-3W, see 19
- 2E+5 7E-5 2E-7 - -

80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -

Organic D SE+2 BE+2 3E-7 IE-9 7E-6 7E-5

D, see "Hg 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4W, see "Hg - IE+3 SE-7 2E-9 - -

2f,1 Thallium-194m D, all compounds 5E+4 2E+5 6E-5 2E-7 - -

St. wall

(7E+4) - - - 1E-3 1E-2

;

,

1
1

_ -_ ___
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Table 1 Table 2 Table 3 -

Occupational Values Effluent Releases to
Concentrations Sewers i

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class At T All DIC- Air Water Concentration
! No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

281 Thallium-194 D. all compounds 3E+5 6E+5 2E-4 8E-7 - -

St. wall

(3E+5) - - - 4E-3 4E-2
281 Thallium-195 D, all compounds 6E+4 1E+5 SE-5 2E-7 9E-4 9E-3

81 Thallium-197 D, all compounds 7E+4 1E+5 SE-5 2E-7 IE-3 1E-2

j 81 Thall ium-198n.2 D, all compounds 3E+4 SE+4 2E-5 8E-8 4E-4 4E-3 I-

;

81 Thallium-l'J8 D, all compounds 2E+4 3E+4 IE-5 SE-8 3E-4 3E-3

81 Thallium-199 D, all compounds 6E+4 8E+4 4E-5 1E-7 9E-4 9E-3

81 Thallium-200 D, all compounds 8E+3 1E+4 SE-6 2E-8 1E-4 1E-3

81 Thallium-202 D, all campounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3

81 Thallbr,-202 D, all compounds 4E+3 SE+3 2E-6 7E-9 SE-5 SE-4

81 Thall'um-204 D, all compounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
282 Lead-195m D, all compounds 6E+4 2E+5 8E-5 3E-7 8E-4 8E-3

,

82 Lead-198 D, all coinpounds 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
282 Lead-199 0, all compour.as 2E+4 7E+4 3E-! IE-7 3E-4 3E-3

; 82 Lead-200 D,-all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4 !

82 Lead-201 D, all compounds 7E+3 2E+4 8E-6 3E-8 IE-4 IE-3

!

-.. - . - , , - _ . . . - . - . -- - . , _ . . . . . .. .-. . .- - _ . _ . , - - - . . _ _ . . - . - - - . . . - _
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sable 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Rat ionts.lide Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

82 Lead-202m D, all compounds 9E+3 3E+4 1E-5 4E-8 IE-4 IE-3

82 Lead-202 0, all compounds 1E+2 SE+1 2E-8 7E-11 2E-6 2E-5

82 Lead-203 D, all compounds SE+3 9E+3 4E-6 IE-8 7E-5 7E-4

82 Lead-205 D, all compounds 4E+3 1E+3 6E-7 2E-9 SE-5 SE-4

82 Lead-209 0, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3

82 Lead-210 0, all compounds 6E+1 2E+1 IE-10 - - -

Bone surf Bone surf
(IE+0) (4E-1) - 6E-13- IE-8 1E-7

282 Lead-211 0, all compounds IE+4 6E+2 3E-7 9E-10 2E-4 2E-3

82 Lead-212 0, all compounds 8E+1 3E+1 IE-8 SE-11 - -

!
Bone surf

(IE+2) - - - 2E-6 2E-5
2

|82 Lead-214 D, all compounds 9E+3 8E+2 3E-7 IE-9 1E-4 1E-3
283 Bismuth-200 D, nitrates 3E+4 8E+4 4E-5 IE-7 4E-4 4E-3

W, all other compounds - IE+5 4E-5 1E-7 - -

2 20083 Bismuth-201 D, see Bi 1E+4 3E+4 IE-5 4E-8 2E-4 2E-3200W, see Bi - 4E+4 2E-5 SE-8 - -

283 Bismuth-202 D, see Bi 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see Bi - 8E+4 3E-5 IE-7 - -

___ _. -
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. Table 1 Table 2 Table 3
i Occupational Values Effluent Releases to'

Concentrations Sewrs |
., S

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !
'

Oral Monthly {Ingestion Inhalation Average t
-

| Atomic Radionuclide Class ALI All DAC Air Water -Concentration !No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) i,

i
*

!
|83 Bismuth-203 D, see' Bi. 2E+3 7E+3 3E-6 9E-9 3E-5 3E-4

W, see Bi - 6E+3 3E-6 9E-9 - --

ia

83 Bismuth-205 D, see Bi 1E+3 3E+3 1E-6 3E-9 2E-5 2E- : .
.W, see Bi - 1E+3 SE-7 2E-9 - - ;

L 83 Bismuth-206 D, see Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-S f; W, see Bi- - 9E+2 4E-7 IE-9~ - - !
\

83 Bismuth-207' D, see Bi 1E+3 '2E+3 7E-7 2E-9 IE-5 IE-4 I
W, see Bi - 4E+2 IE-7 SE-10 - -

|
283 Bismuth-210m D, see Bi 4E+1 : SE+0 . 2E-9 -

,
-

Kidneys ! Kidneys
200 (6E+1) (6E+0) - -9E-12 BE-7 8E-6W, see Bi - 7E-1 3E-10 9E-13

7
- -

i

283 Bismuth-210 D, see Bi 8E+2 2E+2 1E-7 - IE-5 IE-4
Kidneys

2M
- (4E+2) - SE-10 - -

W, see Bi - 3E+1 1E-8 4E-11 - -

5

2 2%83 Bismuth-212 D, see 81 '5E+3 2E+2 1E-7 3E-10 7E-5 7E-4-g9W, see Bi - 3E+2 1E-7 4E-10 -

i
-

2 2M83 Bismuth-213 D, see Bi 7E+3 3E+2 1E-7 4E-10 1E-4 1E-3 !2%W, see Bi - 4E+2 1E-7 5E-10- - -

!,

!

!

!

!
1

|

I
- _

_ . _ .

,
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Cnl. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation AverageAtomic Radionuclide Class ALI ALI DAC Air Water Concentration

No. (pCi) (pCi) (pCi/ml) (pCifml) (pCi/ml) (pCi/ml)
2 20083 Bismuth-214 D, see 81 2E+4 8E+2 3E-7 IE-9 - -

] St. wall
| (2E+4) - - - 3E-4 3E-3200W, see Bi - 9E-2 4E-7 IE-9 - -

284 Polonium-203 0, all compounds except
those given for W 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3

W, oxides, hydroxides,
and nitrates - 9E+4 4E-5 IE-7 - -

2 20384 Polonium-205 D, see Po 2E+4 4E+4 2E-5 SE-8 3E-4 3E-3203W, see Po - 7E+4 3E-5 1E-7 - -

203
. 84 Polonium-207 0, see Po 8E+3 3E+4 IE-5 3E-8 IE-4 1E-3I 203

- 3E+4 1E-5 4E-8 - -
W, see Po

84 Polonium-210 D, see Po 3E* 0 6E-1 3E-10 9E-13 4E-8 4E-7W, see Po - 6E-1 3E-10 9E-13 - -

285 Astatine-207 D, halides 6E+3 3E+3 IE-6 4E-9 8E-5 8E-44 W - 2E+3 9E-7 3E-9 - -

85 Astatine-211 D, halides 1E+2 8E+1 3E-8 IE-10 2E-6 2E-5W - SE+1 2E-8 8E-11 - -

86 Radon-220 * lith daughters.

removed - 2E+4 7E-6 2E-8 - -

With daughters
present - 2E+1 9E-9 3E-11 - -

(or 12 working (or 1.0
level months) working

level)

,



!

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers
.

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly,

Ingestion Ir.halation Average
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
:

86 Radon-222 With daughters
removed - 1E+4 4E-6 IE-8 - -

With daughters
present - IE+2 3E-8 IE-10 - -

(or 4 working (or u.33
level months) working

level)
287 Francium-222 D, all compounds 2E+3 SE+2 2E-7 6E-10 3E-5 3E-4
287 Francium-223 D, all ccmpounds 6E+2 8E+2 3E-7 IE-9 8E-6 8E-5

88 Radium-223 W, all compounds SE+0 7E-1 3E-10 9E-13 - -

Bone surf
(9E+0) - - - IE-7 IE-6

88 Radium-224 W, all compounds 8E+0 2E+0 7E-10 2E-12 - - '

Bone surf
(2E+1) - - - 2E-7 2E-6

88 Radium-225 W, all compounds 8E+0 7E-1 3E-10 9E-13 - -

Bone surf
(2E+1) - - - 2E-7 2E-6

88 Radium-226 W, all compounds 2E+0 6E-1 3E-10 9E-13 - -

Bone surf
(5E+0) - - - 6E-8 6E-7

288 Radium-227 W, all compounds 2E+4 1E+4 6E-6 - - - ;

Bone surf Bone surf
(2E+4) (2E+4) - 3E-8 3E-4 3E-3

i

>

_ . _ , , - . , - , . . ~ . . . . .m_. ..._ . ._. ,
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; Table 1 Table 2 Table 3 :'

Occupational values Effluent Releases to i

Concentrations Sewers [
,

;- ,

y Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly !' Ingestion Inhalation _ Average !; Atomic Radionuclide Class ALI ALI DAC Air Water Concentration I' - No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) [

2 88 Radium-228 W, all compounds 2E+0 1E+0 SE-10 2E-12 - -

5

:
Bone surf

(
(4E+0) - - - 6E-8 6E-7

i89 Actinium-224 D, all compounds except- !

j- those given for W and Y 2E+3 3E+1 1E-8 - - -

LLI wall Bone surf I

| (2E+3) (4E+1) - SE-11 3E-5 3E-4 |1

l' W, halides and nitrates - SE+1 2E-8 7E-11 - -

i

Y, oxides and hydroxides - SE+1 2E-8 6E-11
:

- -

| 89 Actinium-225 D, see.224Ac SE+1 3E-1 1E-10 - - -

;- LLI wall Bone surf
224 (SE+1) (SE-1) 7E-13 7E-7 7E-6 !

-

; W, see Ac - 6E-1 3E-10 9E-13 - -224 '
i Y, see Ac' 6E-1 3E-10 9E-13 - --

'

,-

224 !89 Actinium-226~ D, see Ac IE+2 3E+0
. 1E-9 - - - I

LLI wall Bone surf,

1

j
224 (IE+2) (4E+0) - SE-12 2E-6 2E-5W, see Ac

- -
|

.

224 SE+0 2E-9 7E-12
-

i Y, see Ac SE+0 2E-9 6E-12 - - !

- .

i

} 89 Actinium-227 D, see Ac 2E-1 4E-4 2E-13 - - - !

224 <

! Bone surf Bone surf '

224 (4E-1) (8E-4) -- IE-15 SE-9 - SE-8 i

t

W, see Ac - 2E-3 7E-13 - - -

Bone surf
.

!224
- (3E-3) - 4E-15 - -Y, see Ac - 4E-3 2E-12 6E-15 - - '

;

.

1 !
i-

, . . _ _ .
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

22489 Actinium-228 D, see Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4
Bone surf

224
- (2E+1) - 2E-11 - -

W, see Ac - 4E+1 2E-8 - - -

Bone surf
2

- (6E+1) - 8E-11 - -

Y, see Ac - 4E+1 2E-8 6E-11 - -

290 Thorium-226 W, all compounds except
; those given for Y SE+3 2E+2 6E-8 2E-10 - -

.

St. wall

(5E+3) - - - 7E-5 7E-4 -

Y, oxides and hydroxides - 1E+2 6E-8 2E-10 - -

W,seehTh
- 3E-1 IE-10 SE-13 - -

90 Thorium-227 IE+2 3E-1 1E-10 SE-13 2E-6 2E-5
Y, see Th

22690 Thorium-228 W, see Th 6E+0 1E-2 4E-12 - - -

Bone surf Bone surf
(1E+1) (2E-2) - 3E-14 2E-7 2E-6226Y, see Th - 2E-2 7E-12 2E-14 - -

22690 Thorium-229 W, see Th 6E-1 CE-4 4E-13 - - -

Bone surf tione surf

226 (IE+0) (2E-3) - 3E-15 2E-8 2E-7Y, see Th - 2E-3 1E-12 - - -

Bone surf
- (3E-3) - 4E-15 - -

I

=



Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) |

226
90 Thorium-230 W, see Th 4E+0 6E-3 3E-12 - - -

Bone surf Bone surf
(9E+0) (2E-2) - 2E-14 1E-7 IE-6

226
Y, see - 2E-2 6E-12 - - -

Bone surf
- (2E-2) - 3E-14 - -

22
90 Thorium-231 W, see Th 4E+3 6E+3 3E-6 9E-9 SE-5 SE-4p

Y, see Th - 6E+3 3E-6 9E-9 - -

226
90 Thorium-232 W, see Th 7E-1 1E-3 SE-13 - - -

Bone surf Bone surf
(2E+0) (3E-3) - 4E-15 3E-8 3E-7226

Y, see Th - 3E-3 IE-R - - -

Bone surf
- (4E-3) - 6E-15 - --

22690 Thorium-234 W, see Th 3E+2 2E+2 8E-8 3E-10 - -

LLI wall
(4E+2) - - - SE-6 SE-5226Y, see Th - 2E+2 6E-8 2E-10 - -

291 Protactinium-227 W, all compounds except
those given for Y 4E+3 IE+2 SE-8 2E-10 SE-5 SE-4

Y, oxides and hydroxides - IE+2 4E-8 IE-10 - -

22791 Protactinium-228 W, see Pa 1E+3 1E+1 SE-9 - 2E-5 2E-4
Bone surf

226
- (2E+1) - 3E-11 - -

Y, see Pa - IE+1 SE-9 2E-11 - -

-

- - - - - _ - - - - - - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Co!. 1 Col. 2,

Oral Monthly
'

Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)
,

22791 Protactinium-230 W, see Pa 6E+2 SE+0 2E-9 7E-12 - -

Bone surf
(9E+2) - - - 1E-5 IE-4227Y, see Pa - 4E+0 IE-9 SE-12 - -

22791 Protactinium-231 W, see Pa 2E-1 2E-3 6E-13 - - -

Bone surf Bone surf
i (SE-1) (4E-3) - 6E-15 6E-9 6E-8226

Y, see Pa - 4E-2 2E-12 - - -

Bone surf
- (6E-3) - 8E-15 - -

.

22791 Prc.tactinium-232 W, see Pa 1E+3 2E+1 9E-9 - "E-5 2E-4
Bone surf

227
- (6E+1) - 8E-11 - -

4

| Y, see Pa - 6E+1 2E-8 - - -

! Bone surf
- (7E+1) - 1E-10 - -

22791 Protactinium-233 W, see Pa 1E+3 7E+2 3E-7 IE-9 - -

LLI wall,

(2E+3) - - - 2E-5 2E-4227
Y, see Pa - 6E+2 2E-7 8E-10 - -

291 Protactinium-234 W, see Pa 2E+3 8E+3 3E-6 IE-8 3E-5 3E-4227Y, see Pa - 7E+3 3E-6 9E-9 - -

I
6

i
<

_ , . ._ . .
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Or'l Monthly

'

,

Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

92 b.anium-230 D, UFe, UO F , UO (NO )2 4E+0 4E-1 2E-10 - - -2 2 2 3
'

Bone surf Bone surf !

(6E+0) (6E-1) - BE-13 8E-8 8E-7.

W, 00 , UF , UC1, - 4E-1 1E-10 SE-13 - -3 4
Y, U0 , U 033 - 3E-1 1E-10 4E-13 - -2

23092 Uranium-231 0, see 0 4E+3 8E+3 3E-6 IE-8 - -

LLI wall

(4E+3) - - - 6E-5 6E-4230W, see 0 6E+3 2E-6 8E-9 - -
-

230Y, see U - SE+3 2E-6 6E-9 - -
!

23092 Uraniun-232 D, see 0 2E+0 2E-1 9E-11 - - -

Bone surf Bone surf
'

(4E+0) (4E-1) - 6E-13 6E-8 Er.-72W, see .,300 - 4E-1 2E-10 SE-13 - - '

Y, see '30U - 8E-3 3E-12 1E-14 - -

230
! 92 Uranium-233 D, see 0 1E+1 1E+0 SE-10 - - -

) Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6 |230W, see 0 - 7E-1 3E-10 1E-12 - -230Y, see U - 4E-2 2E-11 SE-14 - -

3 230
; 92 Uranium-234 0, see 0 1E+1 1E+0 SE-10 - - -

Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6 ;230

; W, see 0 - 7E-1 3E-10 1E-12 - -230'

Y, see U - 4E-2 2E-11 SE-14 - -

.
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concent/ations Sewersi

f

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average ,

Atomic Radienuc~.de Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

,

3 230
I 92 Uranium-235 0, see 0 1E+1 1E+0 GE-10 - - -

Bone surf Bone surf
'

(2E+1) (2E+0) - 3E-12 3E-7 3E-6230W, see 0 - BE-1 3E-10 1E-12 - -

230
Y, see U - 4E-2 2E-11 6E-14 - -

;

23092 Uranium-236 D, see 0 1E+1 1E+0 SE-10 - - - -

Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6230i W, see 0 - 8E-1 3E-10 1E-12 - -

230
Y, see U - 4E-2 2E-11 6E-14 - -

;

23092 Uranium-237 0, see 0 2E+3 3E+3 1E s, 4E-9 - -,

LLI wall '

'

(2E+3) - - - 3E-5 3E-4230W, see U 2E+3 7E-7 2E-9 - --

230
Y, see 0 - 2E+3 6E-7 2E-9 - -

'

3 23092 Uranium-238 0,see 0 1E+1 1E+0 6E-10 - - -

Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6230W, see 0 - 8E-1 3E-10 IE-12 - -

230Y, see U - 4E-2 2E-11 6E-14 - -

f 92 Uranium-239 D, see U 7E+4 2E+5 8E-5 3E-7 9E-4 9E-3
2 2

2 t'

W, see U - 2E+5 7E-5 2E-7 - - '

20
|- Y, see 0 - 2E+5 6E-5 2E-7 - -

2392 Uranium-240 D,see U IE+3 4E+3 2E-6 SE-9 2E-5 2E-43W, see 0 - 3E+3 IE-6 4E-9 - - !230
Y, see U - 2E+3 1E-6 3E-9 - - ;

4

|

|
'

-- . -
- _ _ _ _
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Table 1 Table 2 Table 3 ,

Occupational Values Effluent Releases to
Concentrations Sewers

i Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

3 23092 Uranium-natural D, see 0 1E+1 1E+0 SE-10 - - - '

Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6230W, see 0 - 8E-1 3E-10 9E-13 - -

230Y, see U - SE-2 2E-11 9E-14 - -

293 Neptunium-232 W, all compounds 1E+5 2E+3 7E-7 - 2E-3 2E-2
Bone surf

- (5E+2) - 6E-9 - -

293 Neptunium-233 W, all compounds 8E+5 3E+6 1E-3 4E-6 1E-2 1E-1

93 Neptunium-234 W, all. compounds 2E+3 3E+3 IE-6 4E-9 3E-5 3E-4

93 Neptunium-235 W, all compounds 2E+4 8E+2 3E-7 - - -

LLI wall Bone surf
(2E+4) (1E+3) - 2E-9 3E-4 3E-3

93 Neptunium-236 W, all compounds 3E+0 2E-2 9E-12 - - -

{1.15E+5 y) Bone surf Bone surf
(6E+0) (5E-2) - 8E-14 9E-8 9E-7

93 Neptunium-236 W, all compounds 3E+3 3E+1 1E-8 - - -

(22.5 h) Bone surf Bone surf
(4E+3) (7E+1) - IE-10 SE-5 SE-4

93 Neptunium-237 W, all compounds SE-1 4E-3 2E-12 - - -

Bone surf Bone surf
(IE+0) (IE-2) - IE-14 2E-8 2E-7
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i Table 1 Table 2 Table 3

Occupational Values . Effluent Releases to i
*

[- Concentrations Sewers !

I
i Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 [

Oral Monthly t

Ingestion Inhalation Average :
Atomic Radionuclide: Class ALI ALI . DAC Air Water Conc 2ntration !,

No.- (gui) (pCi) (pCi/ml). (pCi/ml) (pCi/ml) (pCi/ml) !

!
2~ 93 Neptunium-238 W, all compounds IE+3 6E+1 3E-8 - 2E-5 ' 2E-4 !

. Bone surf -(
- (2E+2) -- 2E-10 - -

|

93 Neptunium-239 W, all compounds 2E+3 2E+3 9E-7 3E-9 - - |

LLI wall |
(2E+3) - - - 2E-5 2E-4 :

i r

293 Neptunium-240 W, all compounds 2E+4 8E+4 3E-5 - 1E-7 3E-4 3E-3 f
'

;
94 Plutonium-234 W, all compounds !

except Pu02 8E+3 2E+2 9E-8 3E-10- 1E-4- 1E-3
- -

;Y, Pu02 - 2E+2 8E-8 3E-10 "

'

i

2 2

3E+6 IE-3 3E-6 - -
|

94 Plutonium-235 W, see Pu 9E+5 3E+6 1E-3 4E-6 IE-2 1E-1
Y, see Pu --

*,

234 i
94- Plutonium-236 W, see Pu 2E+0 2E-2 8E-12 - -- - !

t- ' Bone surf Bone surf !

(4E+0) (4E-2) - SE-14 6E-8 6E-7 i234Y, see Pu - 4E-2 2E-11 6E-14 - - i

! 94 Plutonium-237 W, see Pu 1E+4 3E+3 IE-6 SE-9 2E-4 - 2E-3
i Y,-see Pu - 3E+3 -1E-6 4E-9 - -

*

;

i- i

5 .

<
t

!" f
i
:
i

>,

,

,

i .

i i
$' !__ _
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Table 1 Table 2 Table 3
Occupationii Values Effluent Releases to

Concentrations Sewers,

Col. 1 Col. 2 Col. 3 Col. 1 Col, 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class ALI All DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

23494 Plutonium-238 W, see Pu 9E-1 7E-3 3E-12 - - -

Bone surf Bone surf
(2E+0) (IE-2) - 2E-14 2E-8 2E-7

Y, see Pu - 2E-2 8E-12 2E-14 - -

23494 Plutonium-239 W, see Pu 8E-1 6E-3 3E-12 - - -

Bone surf Bone surf,

(1E+0) (IE-2) - 2E-14 2E-8 2E-7
Y, see Pu - 2E-2 7E-12 - - -

Bone a rf
- (2E-2) - 2E-14 - -

23494 Plutonium-240 W, see Pu 8E-1 6E-3 3E-12 - - -

i Bone surf Bone surf
234 (IE+0) (1E-2) - 2E-14 2E-8 2E-7

'

Y, see Pu - 2E-2 7E-12 - - -

Bone surf i
- (2E-2) - 2E-14 - -

2494 Plutonium-241 W, see Pu 4E+1 3E-1 1E-10 - - -

Bone surf Bone surf
234 (7E+1) (6E-1) - 8E-13 1E-6 1E-5 -

; Y, see Pu - 8E-1 3E-10 - - -

Bone surf
- (1E+0) - IE-12 - -

1

T

4
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Table 1 Table 2 Table 3
' Occupational Values Effluent Releases to .

Concentrations Sewers :|
;'

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !

Oral Monthly ;

Ingestion Inhalation Average '!
Atomic Radionuclide Class ALI ALI DAC Air Water Concentration. I

No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml). '

i 23494 Pluton'.um 242 W, see Pu 8E-1 7E-3 3E-12 -
-

-

Bone surf Bone surf i

(IE+0) (IE-2) - 2E-14 2E-8 2E-7234Y, see Pu - 2E-2 7E-12 - - -

Bone surf
- (2E-2) - 2E-14 - -

!
;

23494 Plutonium-243 W, see Pu 2E+4 (E+4 2E-5 SE-8 .2E-4 2E-3 '!234
!Y, see Pu - 4E+4 2E-5- SE-8 - -

1

23494 Plutonium-244 W, see Pu 8E-1 7E-3 -3E-12 - - - !
,Bos . surf Bone surf '!

(2E+0) (IE-2) .- -2E-14 2E-8 ' 2E-7 -iY, see,234Pu - 2E-2 7E-12 - - -

Bone surf
-- (2E-2) - 2E-14 - - !

94 Plutonium-245 W, see Pu 2E+3 SE+3 . 2E-6 6E-9 ' 3 E-5 - 3E-4 [
Y, see Pu - 4E+3 2E-6 - 6E-9 - - ,'

23494 Plutonium-246 W, see Pu -4E+2 3E+2 1E-7 ~ 4E-10 - - !

LLI wall i

6E-6 6E-5 !(4E+2) - - -

Y, zee Pu 3E+2 1E-7 4E-10- - --

.

295 Americiuni-237 W, all compounds 8E+4 3E+5 'E-4 4E-7 IE-3 '1E-2 !1

295 ' Americium-238 y,.all compounds 4E44 3E+3 1E-6 SE-4 SE-3
-

-

Bone surf--
- (6E+3) - 9E-9 - -

.

4

__ . _ _ _ _ _ _ _ _ ___
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Table 1 Table 2 Table 3
Dccupational Values Effluent Releases to

Concentrations- Sewers

Col. 1 Col. 2 Cei. 3 Col. 1 -Col. 2
MonthlyOral

. Inhalation AverageIngestion
Atomic Radionuclide Class- ALI ALI DAC Air- Water Concentration

No. (pCi) (pCi) (pCi/mi) (pCi/mi) (pCi/ml) (pCi/ml)

95 Americium-239 W, all compounds SE+3 1E44 SE-6 2E-8 7E-5 7E-4

95 Americium-240 W, all compounds 2E+3 1E+3 1E-6 4E-9 3E-5 3E-4

6E-3 3E-12 - - -

95 Americium-241 W, all compounds 8E-1 .

Bone surfBone surf
'(1E+0) (IE-2) - 2E-14 2E-8 2E-7

95 Americium-242m W, all compounds 8E-1 6E-3 . 3E-12 - - -

Bone surf Bone surf
(1E+0) (IE-2) - 2E-14- 2E-8 2E-7

95 Americium-242 W,'all. compounds 4E+3 8E+1
.

4E-8 ' - SE-5 SE-4
Bone surf

- (9E+1) - 1E-10 - -

-

95 Americium-243 W, all compounds 8E-1 . 2-3 3E-12 - - -

Bone surf Bone surf
(IE+0) .(1E-2) - 2E-14 2E-8 2E-7

2
95 Americium-244m W, all compounds 6E+4 4 E+3

_

2E-6 - - -

St. wall Bone surf
(8E+4) (7E+3) - IE-8 1E-3- 1E-2-

95 Americium-244 W, all compounds 3E+3 2E -? 8E-8 - 4E-5 4E-4
both' Surf

- (3E+2)- - 4E-10 - -

95 Americium-245 W, all compounds' 3E+4 SE+4 3E-5 IE-7 4E-4 4E-3

I

. _

. .

.
. . . . , . . . . . . . . . , ,

.i . g . . . . . . . .. .



,.
. - _ _ _ _ - - _ _ - _ _ . _ - _ . . _ _ .-

_

;
-f,

.

i b
F b

f-

. Table 1 Table 2 Table.3 !

Occupational Values Effluent Releases to- :

Concentrations Sewers j,.

! J
Col. 1 Col; 2 ~.ol. 3 . Col. 1- Col. 2' :!

' "Oral Monthly,
Ingestion Inhalation Average"

* Atomic Radionuclide Class ALI ALI .DAC _ Air- Water- Concentration ' .

No. (pCi) (pCi) (pCi/ml) (pCi/ml)- (pCi/ml) -(pCi/ml) {

|. 95- Americium-246m W, all compounds SE+4~ 2 E+ 5 -- 8E-5 3E-7 - - i
2

|St.1we'l
.

<-

(6E+4) - - - 8E-4 8E-3 ' -t
,

:

2
k95 Americium-246 W, all compounds 3E+4 |1E+5 4E-5 1E-7 4E-4 4E-3-

: 96 Curium-238 'W, all compounds 2E+4 -1E+3- SE-7 2E-9 2E-4 2E-3L !
:

-!: 96 Curium-240 W, all compounds ~ 6E+1 6E-1- 2E-10 .

- --

| Bone' surf . Bone surf - t

j (8E+1)1 -(6E-1) - 9E-13 1E-6 1E-5. (
! '

i

i 96 Curium-241 W, all compounds- '1E+3 3E+1 1E-8 - 2E-5 2E-4'j' Bone surf.
- (4E+1)- 5E-11: - '. -

i

96 Curium 242 W, all compounds 3E+1- 3E-1 1E-10 - - -
!

Bone-surf Bone. surf '|
(5E+1) - (3E-1) . - 4E-13 7E-7- 7E-6

'I96' Curium-243 W, all compounds- LE+0 -- 9E-3 4E-12 - - ..

'ione surf Bone surf-.

( 2E+0) (2E-2) - 12E-14- '3E-8 3E-7: ,- |
. . l96 Curium-244 -W, all compounds 1Ed 0 .1E-2 . SE-12 - - - '!

Bone surf Bone surf J

(3E+0) (2E-2) - 3E-14 3E-8 3E-7 !<

.

96 Curium-245 W, ali compounds 7E-1 -6E-3- 3E-12 - - -

Bone surf Bone surf-
(1E+0) ;(IE-2)' :- 2E-14- 2E-8 2 E-7 ..

_ . - - - - - - - - - - - - - - - - _ _ . - - - - - - - - - -
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Table 1 Table 2 Table 3 -

| Occupational Values Effluent Releases to |
| Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 !

. Oral Monthly .;
Ingestion Inhalation Avvage '

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration '

No. (pCi) .(uCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml) |

96 Curium-246 W, all compounds 7E-1 6E-3 3E-12 - - -

'

. Bone surf Bone surf
,.

(1E+0) (IE-2) - 2E-14 2E-8 2E-7:

96 Curium-247 W, all compounds- BE-l'- 6E-3 3E-12 - - -

Bone surf Bone surf
(1E+0) (IE-2) - 2E-14' 2E-8 2E-7 j

96 Curium-248 W, all compounds '2E-1 .2E-3 7E-13 - - - !

Bone surf Bone surf !
,

(4E-1) (3E-3)- - 4E-15 SE-9 .- SE-8
2

296 Cu.-ium-249 W, all, comp)unds SE+4 2E+4 7E-6. - 7E-4 ' 7E-3-
Bone surf |

- (3E+4) - 4E-8- - -

96 Curium-250 W, all compounds 4E-2 3E-4 1E-13 - - -

IBone surf Bone surf
(6E-2) -(SE-4) - 8E-16- 9E-10 9E-9

.,

s 97 Berkelium-245 W, all compounds 2E+3- IE+3 SE-7 2E-9 3E-5 3E-4 i.

97 Berkelium-246 W, all compounds '3E+3 3E+3 1E-6 40-9 4E *i 4E-4 !

| 97 ' Berkelium-247 W, all compounds SE-1 4 E-3 2E-12 [- - -

Bone surf Bone surf '
. (1E+0) (9E-3) IE-14 2E-8 2E-7.-

| 97 Berkelium-249- W, all compounds 2E+2 2E+0 7E-10 - - -

j- Bone surf Bone surf I

-(SE+2) (4E+0) SE-12 6E-6 6E-5'-

'

j ;

i -

4

L , , .
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Table 1 Table 2 Table 3..
,

Occupational Values Effluent Releases' to [
Concentratiens. Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 ;
'Oral Monthly

. .
Ingestion Inhalation Average

Atomic Radionuclide Class ALI- ALI DAC Air Water , Concentration i
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

.

- !

97- Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3
Bone surf |

- (7E+2) - 1E-9 - -

298 Californium-244 W, all compounds except
those given-for Y '3E+4 6E+2- 2E-7 8E-10 - - -

St. wall
,

(3E+4) - - - 4E-4 4E-3 ;

Y, oxides and hydroxides - 6E+2 2E-7 8E-10 - -

t

98 Californium-246 W, see Cf 4E+2: 9E+0 4E-9 IE-11 SE-6 SE-5' l4
Y, see Cf - 9E+0 4 E-9 1E-11 - -

,

:
244

: 98 Californium-248 W, see Cf 8E+0 6E-2 3E-11 - - -

'.
Bone surf Bone surf

(2E+1) (IE-1) - 2E-13 2E-7 2E-6244Y, see Cf - 1E-1 4E-11 1E-13 - -

! 98 Californium-249 W, see Cf SE-1 4E-3 2E-12 - - -
244

'

Bone surf -Bone surf
,

(1E+0) (9E-3) - 1E-14 2E-8 2E-7244Y,~see Cf - 1E .2 4E-12 - - -
3

$
i

Bone surf jj - (IE-2)- - 2E-14 - -
t

24498 Californium-250 W, see Cf- 1E+0' 9E-3 4E-12 - - -

Bone surf Bone surf..

''

(2E*0) (2E-2)- -- 3E-14 3E-8 - 3E-7244Y, see Cf - 3E-2 IE-11 4E-14 - -

t
2

- !

! '

t
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concertrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average

Atomic Radionuclide Class. ALI ALI DAC Air Water Concentration
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

24498 Californium-251 W, see Cf SE-1 4E-3 2E-12 - - -

Bone surf Bone surf
(1E40) (9E-3) - 1E-14 2E-8 2E-7244

Y, see L - 1E-2 4E-12 - - -

Bone surf
- (IE-2) - 2E-14 - -

24498 Californium-252 W, see Cf 2E+0 2E-2 8E-12 - - -

Bone surf Bone surf
(5E+0) (4E-2) - SE-14 7E-8 7E-7244Y, me Cf - 3E-2 1E-11 5E-14 - -

24498 Californium-253 W, see Cf 2E+2 2E+0 8F-10 3E-12 - -

Bone surf
244 (4E+2) - - - SE-6 SE-5Y, see Cf - 2E+0 7E-10 2E-12 - -

98 Californium-254 W, see Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7
Y, see Cf - 2E-2 7E-12 2E-14 - -

99 Einsteinium-250 W, all compounds 4E+4 SE+2 2E-7 - 6E-4 6E-3'
Bone surf

- (IE+3) - 2E-9 - -

99 Einsteinium-251 W, all compounds 7E+3 9E+2 4E-7 - 1E-4 1E-3
Bone surf

- (1E+3) - 2E-9 - -

99 Einsteinium-253 W, all compounds 2E+2 1E+0 6E-10 2E-12 2E-6 2E-5
4

t
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Table 1 Table 2- Table 3
Occupational Values Effluent Releases to~

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2-

Oral Monthly-
Ingestion Inhalatico Average

Atomic Radionuclide- Class ALI ALI OAC Air Water Concentration-
No. (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

99 Einsteinium-254m W, all compounds 3E+2 1E+1 4 E-9 1E-11 - -

LLI wall
(3E+2) - - - 4E-6 4E-5

99 Einsteinium-254 W, all compounds 8E+0 7E-2 3E-11 - - -

Bone surf Bone surf
'(2E+1) (IE-1) - 2E-13 2E-7 2E-6

100 Fermium-252 W, all compounds SE+2 1E+1 ~5E-9 2E-11 6E-6 6E-5

100 Fenni um-253 - W, all compounds IE+3 1E+1 4E-9 1E-11 1E-5 1E-4

100 Fermiur 14 W, all compounds 3E+3 9E+1 4E-8 1E-10 4 E-5 4E-4

100 , Fermium-?SS F, all compounds SE+2 2E+1 9E-9 3E-11 7E-6 7E-5.

100 Fermium-257 W, v.li compounds ,2E+1 2E-1 7E-11 - - -

Bone surf Bone surf I
'

(4E+1) (2E-1) - 3E-13 SE-7 SE-6

101 Mendelevium-257 W, all compounds 7E+3 '8E+1 4E-8 1E-4' 1E-3-

Bone surt
- (9E+1) - 1E-10 -

-

101 Mendelevium-258 W, all compounds 33+1 2E-1 1E-10 - - -

Bone surf Bone surf
(SE+1) (3E-1) - SE-33 6E-7 6E-6

|

|
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Table 1 Table 2 Table 3 !
Occupational Values Effluent Releases to

Concentrations Sewers,

; Col. 1 Col. 2 Col. 3 Col. 1 Col. 2 s

Oral
!

Monthly I
:ngestion Inhalation Average

'

Atomic Radionuclide Class ALI ALI DAC Air Water Concentration i
;

| . No. -(pCi) (pC1) (pCi/ml) (pCi/ml) -(pCi/ml) (pCi/ml)
,

- Any cingle radionuclide not listed
above with deccy mode other than
alpha emission or spontaneous-fis-
sion and with radioactive half- ;

'

i life'less than 2 hours Submersic..I - 2E+2 1E-7 1E-9
'

- -

- Any single radionuclide not listed
; above with decay mode other than

alpha emission or spontaneous fis- ;'

i sion and with radioactive half- !
'

life greater than 2 hours - 2E-1 IE-10 1E-12 1E-8 1F-7....

- Any single radionuclide not listed I
1 above that decays by alpha emission
+ or spontaneous fission, or any mt.s-i ture for which either the identity ,

'

or the concentration of any radio-,

; -nuclide in the mixture is not-
i known ~4E-4 2E-13 IE-15 2E-9 2E-8

-
....

|
2

i !
i .t

!
s .

A l
i |

3 h

,

t
'
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.\ _ . _ _ _ _ - _ _ _ _ - _ _ _ _ _ - _ - - -
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FOOTNOTES:

1" Submersion" means that values given are for submersion in a hemispherical semi-infinite cloud of airborne
material.

2These radionuclides have radiological half-lives of less than 2 hours. The total effective dose equivalent
received during operations with these radionuclides might include a significant contribution from external expo-
sure. The DAC values for all radionuclides, other than those designated Class " Submersion," are based upon the
committed effective dose equivalent % to the intake of the radionuclide into the body and do NOT include poten-
tially significant contributions tc '- equivalent from external exposures. The licensee may substitute IE-7
pCi/ml for the listed DAC to accouns '1. the submersion dose prospectively, but should use individual monitoring
devices or other radiation measuring instruments that meas; - 2xternal exposure to demonstrate compliance with
the' limits. (See S 20.203.)

3
For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see
S 20.201(e)). If the percent by weight (enrichment) of U-235 is not greater than 5, the concentration value for
e 40-hour workweek is 0.2 milligrams uranium per cubic r'eter of air average. '- Tny enrichment, the product of
the average concentration and time of exposure during a 40-hour workweek shal ' exceed 8E-3 (SA) pCi-br/ml,
wnere SA is the specific activity of the uranium inhaled. The specific activ .or natural uranium is 6.77E-7
curies per gram U. The specific activity for other mixtures of U-238, U-235, and U-234, if not known, shall be:,

SA = 3.6E-7 curies / gram U U-depleted

SA = [0.4 + 0.38 (enrichment) + 0.0034 (enrichment)2] E-6 , enrichment > 0.72
,

where enrichment is the percentage by weight of U-235, expressed as percent.



NOTE:
1. If the identity of each radionuclide in a mixture is known but the concentration of one or more of the

radionuclides in the mixture is not known, the DAC for the mixture shall be the most restrictive DAC of any
radionuclide in the mixture.

2. If the identity of each radionuclide in the mixture is not knewn, but it is known that certain radionuclides
specified in this appendix are not present in the mixture, the inhalation ALI, DAC, and effluent and sewage
concentrations for the mixture are the lowest values specified in this appendix for any radionuclide that is
not known to be absent from the mixture; or

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly'
Ingestion Inhalation Average

I ALI ALI DAC Air Water Concentration
Radionuclide (pCi) (pCi) (pC1/ml) (pCi/ml) (pCi/ml) (pCi/ml)

I
If it is known that Ac-227-D-and Cm-250-W are
not present - 7E-4 3E-13 - - -

If, in addition, it is.known that Ac-227-W,Y,
Th-229-W,Y, Th-230-W. Th-232-W,Y, Pa-231-W,Y,
Np-237-W, Pu-239-W, Pu-240-W, Pu-242-W, Am-241-W,
Am-242m-W, At-243-W, Cm-245-W, Cm-246-W, Cm-247-W,
Co-248-W, Sk-247-W, Cf-249-W, and Cf-251-W
are not present - 7E-3 3E-12 - - -

If, in addition, it is known that Sm-146-W,
Sa-147-W, Gd-148-D,W, Gd-152-D,W, Th-228-W,Y,
Th-230-Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, Np-236-W, Pu-236-W,Y,
Pu-238-W,Y, Pu-239-Y, Pu-240-Y, Pu-242-Y,
Pu-244-W,Y, Cm-243-W, Cm-244-W, Cf-248-W,
Cf-249-Y, Cf-250-W,Y, Of-251-Y, Cf-252-W,Y,
and Cf-254-W,Y are not present - 7E-2 3E-11 - - -

If, in addition, it is known'that Pb-210-D,
Bi-210m-W, Po-210-D,W, Ra-223-W, Ra-225-W,
Ra-226-W, Ac-225-D,W,Y, Th-227-W,Y, U-230-0,W,Y,
U-232-0,W, Pu-241-W, Cm-240-W, Cm-242-W,
Cf-248-Y, Es-254-W, Fm-257-W, and Md-258-W
are not present - 7E-1 3E-10 - - -

_. ._
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Table 1 Table 2 Table 3

Occupational Values Effluent Releases to
Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral Monthly
Ingestion Inhalation Average
ALI ALI DAC Air Water Concentration

Radionuclide (pCi) (uCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

If, in addition, it is knoten that Si-32-Y,
Ti-44-Y, Fe-60-0, Sr-90-Y, Zr-93-0,
Cd-113m-D, Cd-113-D, In-116-D,W, La-138-D,
Lu-176-W, Hf-178m-D,W, Hf-182-D,W, Bi-210m-D,
Ra-224-W, Ra-228-W, Ac-226-D,W,Y, Pa-23D-W,Y,
U-233-D,W, U-234-D,W, U-235-0,W, U-236-0,W,
U-238-D,W, Pu-241-Y, Bk-249-W, Cf-253-W,Y,

7E+0 3E-9 - - -

and Es-253-W are riot present -

If it is known that Ac-227-D,W,Y, Th-229-W,Y,
lh-232-W,Y, Pa-231-W,Y, Cm-248-W, and
Cm-250-W are not present - - - 1E-14 - -

If, in adclition, it is known that Sm-146-W,
Gd-148-D,W, Gd-152-0, Th-228-W,Y, Th-230-W,Y,
U-232-Y, U-233-Y, U-234-Y, U-235-Y, U-236-Y,

t[QU-238-Y , U-Nat-Y, Np-236-W, Np-237-W, Pu-236-W,Y ,
Pu-238-W,Y, Pu-239-W,Y, Pu-240-W,Y, Pu-242-W,Y, g!
Pu-244-W,Y, Am-241-W, Am-242m-W, Am-243-W,

1-
,; Cm-243-W, Cm-244-W, Cm-245-W, Cc-246-W,

Cm-247-W, Bk _47-W, Cf-249-W,Y, Cf-250-W,Y,
, ' Cf-251-W,Y, Cf-252-W,Y, and Cf-254-W,Y

,

re not present - - 1E-13 - -

si - . in addition, it is known that Sm-147-W,
? -152-W, Pb-210-0, Bi-210m-W, Po-210-0,W,

h- -223-W, Ro-225-W, Ra-226-W, Ac-225-D,W,Y,

g~- ' i-227-W,Y , U-230-D,W,Y , U-232-D ,W, U-Nat-W,

%j> J
u-241-W, Crc 240-W, Cm-242-W, Cf-248-W,Y,

Cs-254-W, Far257-W, and Md-258-W are notg.
- - - IE-12g oresent - -

y ,73
%:

. _ _ _ _ _
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Table 1 ' Table 2 Table 3
Occupational Values Effluent Releases to

Concentrations- Sewers

C s1. 1 Col. 2 Col. 3 . Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average-
ALI ALI DAC Air Water Concentration.

Radionuclida (pCi) (pCi) (pCi/ml) (pCi/ml) (pCi/ml) (pCi/ml)

If, in addition it is known that Fe-60,
Sr-90, Cd-113m, Cd-113, in-115, -I-129,

( Cs-134 Sm-145, Sm-147, Gd-148, Gd-152,
| Hg-194 (organic), Bi-210m, Ra-223, Ra-224,

Ra-225, Ac-225, Th-228,-Th-230, U-233, U-234,
U-215, U-23G, U-238, U-Nat, Cm-242, Cf-248,
Es-2CO, fm-257, and Md-258 are not present - - - - 1E-6 ' 1E-5'

__

3. If a mixture of-radionuclides consists of uranium and its daughters in ore cust (10 pm AP.AD particle
distribution assumed) prior to chemical separation of the oraniura from the ore, the following values may be
used for the DAC of the mixture: 6E-11 pCi of gross alpha activity from uranium-238, uranium-234, thorium-230,
and radium-226 per milliliter of air; 3E-11 pCi of natural uranium per milliliter of air; or 45 micrograms of;

_

natural uranium per cubic meter of air.

1

4. If the. identity and concentration of each radionuclide. ir, a mixture are known, the limiting values should be
derived as follows: deterr.ine, for each radionuclide .in t.K mixture, the ratio between the concentration
.present in the mixture and the concentration otherwise established in Appendix B for the specific radionuclide
when not in a mixture. _The sum of such ratios for all of the radionuclides in the mixture may not _ exceed "1"
(i.e.," unity"). '

__ _ _a
__
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Example: If radionuclides "A," "B," and "C" are present in concentrations C , C , and C , and if the
A B C

app 1*- e OACs are DAC , DAC , nd DAC , respectively, then the concentrations shall be limited so that the
A B C

fois ..ng relationship exists:

C C C3 B C
DW * DAC W SA*

A B C

1

:

!

<

f

i

i

I

i
.
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APPENDIX C

QUANTITIES * OF LICENSED MATERIAL REQUIRING LABELING

Radionuclide Quantity (pCi) Radionuclide Quantity (pCi)
-

Hydrogen-3 1,000 Chrcmium-48 1,000
Bery111um-7 1,000 Chromium-40 1,000.
Beryllium-10 1 Chromium-51 1,000
Carbon-11 1,000 Manganese-51 1,000
Carbon-14 1,000 Manganese-52m 1,000
Fluorine-18 1,000 Manganese-52 100
Sodium-22 10 Manganese-53 1,000 '

Sodius-24 100 Manganese-54 100
Magnsuium-28 100 Manganese-56 1,000
Aluminum-26 10 Iron-52 100Silicon-31 1,000 1ron-55 100Silicon-32 1 Iron-59 10
Phosphorus-32 10 Iron-60 1-Phosphorus-33 390 Cobalt-55 100
Sul f ur-35 100 Cobalt-56 10Chlorine-36 0 Cobalt-57 100Chlorine-38 3,000" Cobalt-58m 1,000
Chlorine-39 1,000 Cobalt-58 100Argon-39 1,000 Cobalt-60m 1,000
Argon-41 1,00C Cobalt-60 1
Potassium-40 100 Cobalt-61 1,000
Potassium-42 1,000 Cobalt-62m 1,000
Potassium-43 1,000 Nickel-56 100
Potassium-44 1,000 Nickel-57 100
Potassium-45 1,000 Nickel-59- 100Calcium-41 100 Nickel-63 100
Calcium-45 100 Nickel-65 1,000
Calcium-47 100 Nickel-66 10
Scandium-43 1,000 Copper-60 r,000
Scandium-44m 100 Copper-61 1,000-
Scandium-44 100 Copper-64 1,000
Scandium-46 10 Copper-67 1,000
Scandium-47 100 Zinc-62 -100

-Scandium-48- 100 Zinc-63 1,000
Scandium-49 1,000 Zinc-65 10

' Titanium-44
'

1 Zinc-69m 100
Titanium-45 1,000 Zinc-69 1,000
Vanadium-47 1,000 Zinc-71m 1,000
Vanadium-48 100 Zinc-72 100
Vanadium-49 1,000 Gallium-65 1,000

s
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APPENDIX C (Continued)

Radionuclide Quantity (pCi) Radionuclide. Quantity (pCi)

Gallium-66 100 Krypton-85 1,000
Gallium-67 1,000 Krypton-87 1,000
Gallium-68 1,000 Krypton-88- 1,000
Gallium-70 1,000 Rubidium-79 1,000
Callium-72 100 Rubidiuc-81m 1,000
Gallium-73 1,000 Rubidium-81 1,000
Germanium-66 1,000 Rubidium-82m 1,000
Germanium-67 1,000 Rubidium-83 100
Germanium-68 10 Rubidium-84 100
Germanium-69 1,000 Rubidium-86 100
Germanium-71 1,000 Rubidium-87 100
Germanium-75 1,000 Rubidium-88 1,000
Germanium-77 1,000 Rubidium-89 1,000
Germanium-78 1,000 Strontium-80 100
Arsenic-69 1,000 Strontium-81 1,000
Arsenic-70 1,000 Strontium-83 100
Arsenic-71 100 Strontium-85m 1,000
Arsenic-72 100 Strontium-85 100
Arsenic-73 100 Strontium-87m 1,000 -

Arsenic-74 100 Strontium-89 10
Arsenic-76 100 Strontium-90 0.1
Arsenic-77 100 Strontium-91 -100
Arsenic-78 1,000 Strontium-92 -100
Selenium-7G 1,000 Yttrium-86m 1,000
Selenium-73m 1,000. Yttrium-86 100
Selenium-73 100 Yttrium-87 100
Selenium-75 100 Yttrium-88 10

-Scisium-79 100 Yttrium-90m 1,000
Selenh m-81m 1,000 Yttrium-90 - '10
5eleniu n-81 1,000 Yttrium-91m 1,000-
Seleni'.m-83 -1,000 Yttrium-91 '10
Bromi.ie-74m 1,000 Yttrium-92 '100-

-Bronine-74 1,000 Yttrium-93 100
Bromine-75 1,000 Yttrium-94- 1,000
Bromine-76 100 Yttrium-95 1,000
Bromine-77 1,000 . Zirconium-86 100
Bromine-80m 1,000 Zirconium-88 10
Bromine-80 1,000 Zirconium-89 100
Brouine-82 100 Zirconium-93 1
Bromine-83 1,000 Zirconium-95 10
Bromine-84 1,000 'irconium-97 100.

Krypton-74 1,000 Niobium-88 '1,000
Krypton-76 1,000 Niobium-89
Krypton-77 '1,000 (66 min) 1,000
Krypton-79 1,000 Hiobium-89,

Krypton-81 1,000 (122 min) 1,000
Krypton-83m 1,000 Niobium-90 100
Krypton-85m 1,000 Niobium-93m 10

290
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APPENDIX.C (Continued).

Radionuclide Quantity (pCi) Radionuclide Quantity (pCi)

Niobium-94 1 Silver-104 1,000
Niobium-95m 100 Silver-105 100
Niobium-85 100 Silver-106m 100
Niobium-96 100 Silver-106 1,000
Niobium-97' 1,000 Silyer-108m 1
Niobium-98 1,000 Silver-110m 10
Molybdenum-90 100 Silver-111 100
Molybdenum-93m 100 Silver-112 100
Molybdenum-93 10 Silver-115 1,000
Molybdenum-99 100 Cadmium-104 1,000
Molybdenum-101 1,000 Cadmium-107 1,000
Technetium-93m 1,000' Cadmium-109 1
Technetium-93 1,000 Cadmium-113m 0.1
Technetium-94m 1,000 Cadmium-113 100
Technetium-94 1,000 Cadmium-115m 10
Technetium-96m 1,000 Cadmium-115 100
Technetium-96' 100 Cadmium-117m 1,000
Technetium-97m 100 Cadmium-117 1,000
Technetium-97 1,000 Indium-109 1,000
Technetium-98 10 Indium-110m
Technetium-99m 1,000 (69.1m) 1,000
Technatium-99- 100 Indium-110m
Technetium-101 1,000 (4.9h) 1,000
Technetium-104 1,000 Indium-111 100
Ruthenium-94 1,000 Indium-112 1,000
Ruthenium-97 1,000 Indium-113m 1,000
Rut..sni um-103 100 Indium-114m 10
Ruthenium-105 1,000 Indium-115m 1,000
Ruthenium-106 1 Indium-115 100
Rhodium-99m 1,000 Indium-116m 1,000
Rhodium-99 100 Indium-117m 1,000
Rhodium-100 100 Indium-117 1,000'

Rhodium-101m 1,000 Indium-119m 1,000
Rhodium-101 10 Tin-110 100
Rhoutum-102m 10 Tin-111 1,000
Rhodium-102 10 Tin-113 100
Rhodium-103m 1,000 Tin-117m 100
Rhodium-105 100 Tin-119m 100
Rhodium-106m 1,000 Tin-121m 100
Rhodium-107'- 1,000 Tin-121 1.000
Palladium-100 100 Tin-123m 1,000

4

Palladium-101 1,000 Tin-123 10
Pa11adium-103 100 Tin-125 10
Palladium-107 10 Tin-126 10

- Palladium-109 100 Tin-127 1,000''
Silyer-102 1,000 Tin-128 1,000
Silver-103 1,000 Antimony-115 1,000
Silver-104m 1,000 Antimony-116m 1,000
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APPENDIX C (Continued)

Radionuclide Quantity (pCi) Radionuclide Quantity (pCi)
Antimony-116 1,000 Iodine-131 1
Antimony-117 1,000 Iodine-132m .100
Antimony-118m 1,000 Iodine-132 100
Antimony-119 1,000 Iodine-133 10
Antimony-120 lodine-134 1,000

(16m) 1,000 Iodine-135- 100
Antimony-120 Xenon-120 -1,000

(5.76d) 100 Xenon-121 1,000
Antimony-122 100 Xenon-1 k 1,000 '

Antimony-124m 1,000 Xenon-123 1,000
Antimony-124 10 Xenon-125 1,000
Antimony-125 100 Xenon-127 1,000-
Antimony-126m -1,000 Xenon-129m 1,000
Antimony-126 100 Xenon-131m 1,000
Antimony-127 100 Kenon-133m 1,000
Antimony-128 Xenon-133 1,000

(10.4m) 1,000 Xenon-135m 1,000
Antimony-128 Xenon-135 1,000

(9.01h) 100 Xenon-138 1,000
Antimony-129 100 Cesium-125 1,000Antimony-130 1,000 Cesium-127 1,000
Antimony-131 1,000 Cesium-129 1,000
Tellurium-116 1,000 Cesium-130 1,000
Tellurium-121m 10 Cesium-131- 1,000 -

Tellurium-121 100 Cesium-132 100Tellurium-123m 19 Cesium-134m 1,000
Tellurium-123 100 Cesium-134 10-Tellurium-125m 10 Cesium-135m 1,000
Tellurium-127m 10 Cesium-135 100Tellurium-127 1,000 Cesium-136 10
Tellurium-129m 10 Cesium-137 10Tellurium-129 1,000- Cesium-138 1,000
Tellurium-131m 10 Barium-126 1,000
Te11urium-131 100 Barium-128 100Tellurium-132 10 Barium-131m _1,000
Tellurium-133m 100 Barium-131 100Tellurium-133 1,000 Barium-133m 100Tellurium-134 1,000 -Barium-133 100Iodine-120m 1,000 Barium-135m 100Iodine-120 100 Barium-139 1,000
lodine-121 1,000 Barium-140 100Iodine-123 100 Barium-141 1,000
Iodine-124 10 Barium-142

. 1,000
Iodine-125 1 Lanthanum-131 1,000-
Iodine-126 1 Lanthanum-132 100Iodine-128 1,000 Lanthanum-135 1,000
Iodine-129 1 Lanthanum-137 10lodine-130 10 Lanthanum-138 100
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APPENDIX C (Continued)

Radionuclide Quantity (pci) .Radionuclide Quantity (pCi)
'

Lanthanum-140 100 Samarium-153 100
Lanthanum-141 100 Samarium-155 1,000
Lanthanum-142 1,000 Samarium-156 1,000
Lanthanum-143 1,000 Europium-145 100
Cerium-134 100 Europium-146 100
Cerium-135 100 Europium-147 100
Cerium-137m 100 Europium-148 10 .

Cerium-137 1,000 Europium-149 100
Cerium-139 100 Europium-150
Cerium-141 100 (12.62h) 100
Cerium-143 100 -Europium-150
Cerium-144 1 (34.2y) 1
Praseodymium-136 1,000 Europium-152m 100
Praseodymium-137 1,000 Europium-152 1
Praseodymium-138m 1,000 Europium-154 1
Praseodymium-139 1,000 Europium-155 10
Praseodymium-142m 1,000 Europium-156 100
Praseodymium-142 100 Europium-157 100
Praseodymium-143 100 Europium-158 1,000
Praseodymium-144 1,000 Gadolinium-145 1,000
Praseodymium-145 100 Gadolinium-146 10
Praseodymium-147 1,000 Gadolinium-147 100
Neodymium-136 1,000 Gadolinium-148 0.001
Neodymium-138 100 Gadolinium-149 100
Neodymium-139m 1,000 Gadolinium-151 10
Neodymium-139 1,000 Gadolinium-152 100
Neodymium-141 1,000 Gadolinium-153 10
Heodymium-147 100 Gadolinium-159 100
Neodymium-149 1,000 Terbium-147 000
Neodymium-151 1,000 Terbium-149 100
Promethium-141 1,000 Terbium-150 1,000
Promethium-143 100 Terbium-151 100
Promethium-144 10 Terbium-153 1,000
Promethium-145 10 Terbium-154 100
Promethium-146 1 Terbium-155 1,000
Promethium-147 10 Terbium-156m
Promethium-148m 10 (5.0h) 1,000
Promethium-148 10 Terbium-156m
Promethium-149 100 (24.4h) 1,000
Promethium-150 1,000 Terbium-156 100
Promethium-151 100 Terbium-157 10
Samarium-141m 1,000 Terbium-158 1
Samarium-141 1,000 .Te rbi um-160, 10
Samarium-142 1,000 Terbium-161 100 |

Samarium-145 100 Dysprosium-155 1,000
Samarium-146 1 Dysprosium-157 1,000'
Samarlum-147 100 Dysprosium-159 100
Samarium-151 10 Dysprosium-165 1,000

l
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492

000, m881-muinehR 1 271-muinfaH000,11 781-muinehR 001 071-muinfaH
001 681-muinehR 000,,1 971-muitetuL
01 m681-muinehR 000 1

m'871-muitetuL001 481-muinehR 000,1 871-muitetuL
01 m481-muinehR 001 771-muitetuL ,

001 )h0 46( 01 m771-muitetuL
281-muinehR 001 671-muitetuL000,1 )h7 21( 000,1 m671-muitetuL i

281-muinehR 01 471-muitetuL000,1 181-muinehR 01 m471-muitetuL i

000,1 871-muinehR 01 371-muitetuL |000,1 771-muinehR 001 271-muitetuL :

01 881-netsgnuT 001 171-muitetuL
001 781 netsgnuT 001 071-muitetuL
001 581-netsgnuT 001 961-muitetuL000,1 181-netsgnuT 000,1 871-muibrettY000,1 971-netsgnuT 000,1 771-muibrettY
000,,1 871-netsgnuT 001 571-muibrettY
000,1

771-netsgnuT 001 961-muibrettY1
671-netsgnuT 000,1 761-muibrettY000,1000 681-mulat, rat 001 661-muibrettY t000,1 58]-mulatnaT 000,1 261-muibrettY |

001 481-mulatnaT 000,1 571-muiluhT [

001 381-mulatnaT 001 371-muiluhT
01 281-mulatnaT 001 271-muiluhT000,1 m281-mulatnaT 01 171-muiluhT
001 081-mulatnaT 01 071-muiluhT000,1 m081-mulatnaT 001 761-muiluhT
001 971-mulatnaT 001 661-muiluhT
000,1 871-mulatnaT 000,1 261-muiluhT
000,1 771-mulatnaT 001 271-muibrE
001 671-mulatnaT 001 171-muibrE
000,1 571-mulatnaT 001 961-muibrE
000,1 471-mulatnaT 000,1 561-muibrE
000,1 371-mulatnaT 000,1 161-muibrE
000,1 271-mulatnaT 000,1 761-muimloH
001 481-muinfaH 001 661-muimloH
000,1 381-muinfaH 1 m661-muimloH

10 281-muinfaH 000,,1 461-niu imloH
000,1 m281-muinfaH 000 1 m461-muimioH
01 181-muinfaH 000,1 261-muim 4h
000,1 m081-muinfaH 000,1 m261-muimloH
01 m971-muinfaH 000,1 161-muimloH

10 m871 ruinfaH 000,1 951-muimloH
000,1 m771-muinfaH 000,1 751-muimloH
001 571-muinfaH 000,1 551-muimloH
000,1 371-muinfaH 001 661-muisorpsyD

|)iCp( ytitnauQ edilcunoidaR )iCp( ytitnauQ edilcunoidaR t

)deunitnoC( C XIDNEPPA

|
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APPENDIX C (Continued)

Radionuclide Quantity (pCi) Radionuclide Quantity (pCi)

Rhenium-188 100 Mercu7y-194 1
Rhenium-189 100 Mercury-195m 100
Osmium-180 1,000 Mercury-195 1,000
Osmium-181 1,000 Mercury-197m 100
Osmium-182 100 Mercury-197 1,000
Osmium-185 100 Hercury-199r.i 1,000
Osmium-189m 1,000 Mercury-203 100
Osmium-191m 1,000 Thallium-194m 1,000
Osmium-191 100 Thallium-194 1,000
Osmium-193 100 Tha111um-195 1,000
Osmium-194 Thallium-197 1,000
Iridium-182 1,000 Thallium-198m 1,000
Iridium-184 1,000 Thallium-198 1,000
Iridium-185 1,000 Thallium-193 1,000
Iridium-186 100 1ha11i c-200 1,000
Irioium-187 1,000 Thallium-201 1,000
Iridium-188 100 Thallium-202 100
Iridium-189 100 Thallium-204 100
Iridium-190m 1,000 Lead-195m 1,000
Iridium-130 100 Lead-198 1,000
Iridium-192m 1 Lead-199 1,000
Iridium-192 10 Lead-200 100
Iridium-194m 10 Lead-201 1,000
Iridium-194 100 Lead-202m 1,000
Iridium-195m 1,000 Lead-202 10
Iridium-195 1,000 Lead-203 1,000
Platinum-186 1,000 Lead-205 100Platinum-188 100 Lead-209 1,000
Platinum-189 1,000 Lead-210 0.01
Platinum-191 100 Lead-211 100
Platinum-193m 100 Lead-212 1

i Platinum-193 1,000 Lead-214 100
Platinum-195m 100 Bismuth-200 1,000
Platinum-197m 1,000 Bismuth-201 1,000
Platinum-197 100 Bismuth-202 1,000
Platinum-199 1,000 Bismuth-203 100
Platinurr-200 100 Bismuth-205 100
Gold-193 1,000 Bismuth-206 100
Gold-194 100 Bismuth-207 10
Gold-195 10 Bismuth-210m 0.1
Gold-198m 100 Bismuth-210 1
Gold-198 100 Bismuth-212 10
Gold-199 100 Bismuth-213 10
Gold-200m 100 Bismuth-214 100
Gold-200 1,000 Polonium-203 1,000
Gold-201 1,000 Polonium-205 1,000
Mercury-193m 100 Polonium-207 1,000

.Mercury-193 1,000 Polonium-210 0.1
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APPENDIX C (Continued)

Radionuclide Quantity (pCi) Radionuclide Quantity (pCi)

Astatine-207 100 Neptunium-234 100
Astatine-211 10 Neptunium-235 100
Radon-220 1 Neptunium-236
Radon-222 1 (1.15x10 y) 0.0015

Francium-222 100 Neptunium-236
Francium-223 100 (22.5h) 1
Radium-223 0.1 Neptunium-237 1.001
Radium-224 0.1 Neptunium-238 10
Radium-225 0.1 Neptunium-239 100
Radium-226 0.1 Neptunium-240 1,000
Radium-227 1,000 Plutonium-234 10
Rad'um-228 0.1 Plutonium-235 1,000
Ac.inium-224 1 Plutonium-236 0.001
Ac.inium-225 0.01 Plutonium-237 100
A',ti ni um-226 0.1 Plutonium-238 0.001
Actinium-227 0.001 Plutonium-239 0.001
Actinium-228 1 Plutonium-240 0.001
Thorium-226 lu Plutonium-241 0.01
Thorium-227 0.01 Plutonium-242 0.001
Thorium-228 0.001 Plutonium-243 1,000
Thorium-229 0.001 Plutonium-244 0.001
Thorium-230 0.001 Plutonium-245 100
Thorium-231 100 Americium-237 1,000
Thorium-232 100 Americium-238 100
Thorium-234 10 Americium-239 . , ,00
Thorium natural 100 Americium-240 100
Protactinium-227 10 Americium-241 0.001
Protactinium-228 1 Americium-242m 0.001
Protactinium-230 0.1 Americium-242 10
Protactinium-231 0.001 Americium-243 0.001
Prr: actinium-232 1 Americium-244m 1s 3
Prr , actinium-233 100 Americium-244 10
Protactinium-234 100 Americium-245 1,000
Uranium-230 0.01 Americium-246m 1,000
Uranium-231 100 An.ericium-246 1,000
Uranium-232 0.001 rurium-238 100
Uranium-233 0.001 Curium-240 0.1

| Uranium-234 0.001 Curium-241 1
'

! Uranium-235 0.001 Curium-242 0.01
Uranium-236 0.00' Curium-243 0.001 i,

| Uranium-237 100 Curium-244 0.001
Uranium-238 100 Curium-245 0.001

i Uranium-239 1,000 Curium-246 0.001
Uranium-240 100 Curium-247 0.001 ;

Uranium natural 100 Curium-248 0.001
| Neptunium-232 100 Curium-249 1,000

Neptunium-233 1,000 Berkelium-245 100
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APPENDIX C (Continued)

Radionuclide Quantity (pCi) Radionuclide Quantity (pCi)

Berkelium-246 100 Einsteinium-250 100
Berkelium-247 0.001 Einsteinium-251 100
Berkelium-249 0.1 Einsteinium-253 0.1
Berkelium-250 10 Einsteinium-254m 1
Californium-244 100 Einsteinium-254 0.01
Californium-246 1 Fermium-252 1
Californium-248 0.01 Fermium-253 1
Californium-249 0.001 Fermium-254 10
Californium-250 0.001 Fermium-255 1
Californium-251 0.001 Fermium-257 0.01
Californium-252 0.001 Mendelevium-257 10
Californiuin-253 0.1 Mendelevium-258 0.01
Californium-254 0.001

Any alp *ia emitting Any radionuc11de
radionut.lide not other than alpha
listed above or emitting radionuclides
mixtures of alpha not listed above, or
emitters of unknown ' mixtures of beta
composition 0.001 emiiters of unknown

composition 0.01

NOTE: For purposes of SS 20.902(e), 20.905(a), and 20.1201(a) where there
is involved a combination of radionuclides in known amounts, the limit for the
combination should be derived as follows: determine, for each radionuclide in
the combination, the ratio between the quantity present in the combination and
the limit otherwise established for the specific radionuclide when not in
combination. -The sum of such ratios for all radionuclides in the combinationmay not exceed "1" (i.e., " unity").

$The quantities listed above were derived by taking 1/10th of the most
restrictive All listed in Table 1, Columns 1 and 2, of Appendix B of this
part, rounding to the nearest factor of 10, and arbitrarily constraining
the values listed between 0.001 and 1,000 pC1. Values of 100 pCi have'

been assigned for radionuclides having a radioactive half-life in excess
of 10' years (except rhenium,1000 pC1) to take .into account their low
specific activity.
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APPENDIX D |

UNITED STATES NUCLEAR REGULATORY COMMISSIDH REGI0f;' "CFICES i

.

Address Telephone
(24 hours)

Region I: Connecticut, Deleware, USNRC, Region I -(215)337-5000,
District of Columbia, Maine, !!aryland, 475 Allendale Road (FTSJ 346-5000.
Massachusetts, New ilampshire, New Jersey, King of Pruss.4, PA 19406-
New York, Pennsylvania, Rhode Island, and - !

Vermont.

Region II: Alabama, Florida, Georgia, USNRC, Region II (404)331-4503, '

Kentucky, ffississippi, North Carolina, 101 Marietta Street, Pud (FTS)'841-4503.
Puerto Rico, South Carolina, Tennessee, -Suite 2900
Virginia, Virgin' Islands, and Atlanta, GA 30323
West Virginia.

Region III: Illinois, Indiana, Iowa, USNRC, Region III (708) 790-5500,
!!ichigan, Minnesota, Missouri, Ohio, 799 Roosevelt Road (FTS) 388-5500.
and Wiscpnsin. Glen Ellyn, IL 60137'

Region IV: Arkansas -Colorado,-Idaho, USNRC, Region IV (817)860-8100
Kansas, Louisiana, Montana, Nc?raska, 611 Psyan Plaza Drive (FTS) 728-E100.. t

New Mexico, North Dakota, Oklahoma, . Suite 1000 i
*

South Dakota, Texas, Utah, and Arlington, TX 76011 ;

rWyoming.

Region IV: Field Office USNRC, Region IV (303)236-2805, -

Uranium Recovery Field Office (FTS) 776-2805.'
'

730,Simms Street, Suite 100a-
Golden,:C0 80401
Mail:'P.O. Box 25325
Denver, CO 80225

Region V: Alaska, Arizona, California, USNRC, Region V (415) 943-3700,
| Hawaii, Nevada, Oregon, Washington, and 1450 Maria Lane (FTS) 463-3700.

U.S. territories and possessions in<the Suite 210
."

.

; Pacific. Walnut Creek, CA 94596 .

i

h

;
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APPENDIX E [ RESERVED)

APPENDIX F

REQUIREMENTS FOR LOW-LEVEL-WASTE. TRANSFER FOR

. DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS
<

I. MANIFEST

,

The shipment manifest shall contain the name, address, and telephone
number of the person generating the waste. The manifest shall also include the
namt, address, and telephone number or tae name and EPA hazardous waste

identification number of the person _ transporting the waste to the land disposal
facility. The manifest must also indicate as completely as practicable: a

; physical description of the waste, the volume, radionuclide identity and
quantity, the total radioactivity,.and the principal chemical form. The
solidification agent must be specified. Waste containing more than 0.1%
chelating agents by weight must be identified and the weight percentage of the
chelating agent estimated. Wastes classified as Class A, Class B, or Class C
in S 61.55 of this chapter must be clearly identified as such in the manifest.

| The total quantity of the radionuclides 3H, i''C, **Tc,'andaisel must be shown.
The manifest required by this paragraph may be shipping papers used to meet
Department of Transportation or Environmental Protection Agency regulations or
requirements of the receiver, provided all the required information is included.
Copies o' nifests required by this section may be legible carbon copfes ora

|

legible ,,notocopies.

|

11. CERTIFICATION

;

|- The waste generator shall include in the shipment manifest a certification
that the transported materials are properly classified, described, packaged, |
marked, and labeled and are in proper condition for transportation according to
the applicable regulations of. the Department of Transportation and the
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Commission. An authorized representative of th) waste generator shall sign and
date the manifest.

III. CONTROL AND TRACKING-
.

A. Any generating licensee who transfers radioactive waste to a land

disposal facility or c licensed waste _ collector shall comply with the require-
ments in paragraphs A.1 through 8 of this section. Any generating licensee who
transfers waste to a licensed waste processor who treats or repackages waste
shall comply with the requirements of paragraphs A.4 through 8 of this 'section.
A licensee shall:

1. Prepare all wastes so that the waste is classified according.to
S 61.55 of this chapter and meets the waste characteristics requirements in
6 61.56 of this chapter;

2. Label each package of waste to identify whether it is Class A waste,
Class B waste, or Class C waste, in accordance with S 61.55 of this chapter;

3. Conduct a quality control program to ensure compliance with 66 61.55
and 61.56 of this chapteri the program must include management evaluation of
audits;

4; Prepare shipping manifests to meet the requirements of sections I and
II of this appendix;

5. Forward a copy of'the manifest to the intended recipient, at the time
1 of shipment, or deliver to a collector at the time the waste is collected,
) obtaining acknowledgment of receipt in the-form of a signed copy of the

manifest or equivalent documentation from the collector;
6. -Include one copy of the manifest with the shipment;
7. Retain a copy of the manifest and documentation of acknowledgment of

receipt as the record of transfer of licensed material as required by Parts 30,
40, and 70 of this chapter; and

8. For any shipments.or any:part of a shipment for which acknowledgment
of receipt has not been received within the times set forth in this section,
conduct an investigation in accordance with paragraph E of'this appendix.

.

!

I

i
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B. Any waste collector licensee who handles only prepackaged waste
shill:

1. $cknowledge receipt of the waste from the generator within 1 week
of receipt by returning a signed copy of the manifest or equivalent
documentation.,

2. Prepare a new manifest to reflect consolidated shipments; the new
manifest shall serve as a listing or index for the detailed generator
manifests. Copies of the generator manifests shall be a part of the new
manifest. The waste collector may prepare a new manifest without attaching the
generator manifests, provided the new manifest contains for each package the
information specified in section I of this appendix. The collector licensee
shall certify that nothing has been done to the watte that would invalidate
the generator's certification;

3. Forward a copy of the new manifest to the land disposal facility
operator at the time of shipment;

4. Include the new manifest with the shipment to the disposal site;
5. Retain a copy of the manifest and documentation of acknowledgment of

. receipt as the record o' c mnsfer of licensed material as required by Parts 30,
40, and 70 of this chapter, and retain information from generator manifest
until dispositicn is authorized by the Commission; and

6. For any r.hipments or any part of a shipment for which acknowledgment
of receipt is not received within the times set forth in this section, conduct
an investigation in accordance with paragraph E of this section.

C. Any licensed waste processor who treats or repackages wastes shall:
1. Acknowledge receipt of the waste from the generator within 1 week

of receipt by returning a signed copy of the manifest or equivalent
documentation;

2. Prepare a new manifest that meets the' requirements of sections I and
II of this appendix. Preparation of the new manifest reflects that the
processor is responsible for the waste;

3. _ Prepare all wastes so that the waste is classified according to
6 61.55 of this chapter and meets the waste characteristics requirements in
S 61.56 of this chapter;

4. Label each package of waste to identify whether it is Class A waste,
Class B waste, or Class C waste, in accordance with SS 61.55 and 61.57 of this
chapter;

301



. . . . - - - . - - _ . ---. -. -

5. Conduct a quality control program to ensure compliance with SS 61.55
and 61.56 of this chapter. The program shall include management evaluation of
audits;

6. Forward a copy of the new manifest to the disposal site operator or
waste collector at the time of shipment, or deliver to a collector at the time
the waste is collected, obtaining acknowledgment of raceipt in the form of a
signed copy of the manifest or equivalent documentatior, by the collector;

7. Include the new manifest with the shipment;
8. Retain copies of original manifests and new manifests and

documentation of acknowledgment of receipt as the record of transfer of
licensed material required by Parts 30, 40, and 70 of this chapter; and

9. For any shipment or part of a shipment for which acknowledgment is
not received within the times set forth in this section, conduct an
investigation in accordance with paragraph E of this section.

D. The land disposal facility operator shall:
1. Acknowledge receipt of the waste within I week of receipt by

returning a signed copy of the manifest or equivalent documentation to the
shipper. The shipper to be notified is tne licensee who last possessed the
waste and transferred the waste to thr. operator. The returned copy of the
manifest or eqai alent documentation shall indicate any discrepancies between
materials listed on the manifest and materials received.

2. Maintain copies of all completed manifests or equivalent
documentation until the Commission authorizes their disposition; and

3. Notify the shipper (i.e., the generator, the collector, or processor)
and the Administrator of the nearest Commission Regional Office listed in
Appendix 0 to this part when any shipment or part of a shipment has not arrived
within 60 days after the advance manifest was received.

E. Any shipment or part of a shipment for which acknowledgment is not
received within the times set forth in this section must:

1. Be investigated by the shipper if the= shipper has not received
notification or receipt within 20 days after transfer; and

2. Be traced and reported. The investigation shall include tracing the
shipment and filing a report with the nearest' Commission Regional Office listed

l'

302

1

I. _, ,
- - . - - -.



- . - - - - . - . - . _ . - . . . - . . . - . - . - - - - . - . - - - . - - . - - . - - --

i in Appendix 0 to this part. Each licensee who conducts a. trace investigation
shall file a written-report with the appropriate NRC Regional Office within 2

'

weeks of completion of the investigation.

c0NFORMING AMENDMENTS
,

The following amendments to other parts of Chapter I of Title 10 generally--
update citations to 10 CFR Part 20 that are found in these other parts of the
NRC regulations. Two amendments are particularly important as they go beyond
updating cross-reference citations. The amendment to 10 CFR Part 2 Appendix C

'

updates _and modifies the examples of the severity levels associated with
violations of 10 CFR Part 20. Because Appendix C relates to administrative
policy of the Commission and because the listed violations are used as examples
of different severity levels and are not all-inclusive, the Commission is
issuing these Part 2 amendments in final form without public comment. The.other
important change in the' conforming amendments-is the deletion of "upon request"
from S 19.13(b). This has the effect of requiring annual dose reports to all
workers rather than only upon a request by the worker. This change conforms to
the 1987 Federal Radiation Guidance from the-President.

PART 2- RVLES OF PRACTICE

2. The authority citation for Part 2 continues to read in part as
! follows: *

Authority: Sec. 161, 68 Stat. 948,-_a, amended (42 U.S.C. 2201); sec. 201,
88 Stat.1242, as amended (42 U.S.C.5M1).

3. - _ Supplement IV -- Severity Categories of Appendix C to 10 CFR Part= 2
is amended to read as follows:

Appendix C--General Statement of Policy and Procedures for NRC

Enforcement Actions

* * * * *
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,

Health Physics 10 CFR Part 2015

A. Severity-I -- Violations involving for example: I

* 1. Single radiation exposure of a worker in excess of 25 rems total
effective dose equivalent, 75 rems to the lens of the eye, or 250 rads-to the
skin of the whole body,' or to the feet, ankles, hands or forearms, or to-any
other organ or tissue;

2. Single radiation exposure of the embryo / fetus of a declared pregnant
woman in excess of 2.5 rems total effective-dose equivalent;

3. Single radiation exposure of a minor in excess of 2.5 rems total
effective dose equivalent,'.7.5 rems to the lens of the eye, or 25 rems to the;

skin of the whole body, or to the feet, ankles, hands or forearms, or-to any
other organ or tissue;

4. Annual exposure of a member of the public in excess of 2.5 rems total
effective dose equivalent;

5. Release of radioactive material to an-unrestricted area' at concentra-
tions in excess of 50 times the limits for members of the public in Appendix B.
Table 2, of 10 CFR Part 20; or

6. Disposal of licensed material ~ in quantities or concentrations in
excess of 10-times the limits of 10 CFR 20.1003.

B. Severity II -- Violations involving for example:

1. Single radiation exposure of- a-worker in excess of 10 rems total
effective dose equivalent, 30 rems to the lens of the eye, or 100 rems to the
-skin of the whole body, or to the _ feet, ankles, hands or forearms, or to any
other organ or tissue;

" Personnel overexposures and associated violations, incurred during a life-
saving effort,.will-be treated on a case-by case basis..
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1
i

-2. Singleradiation'exposureoftheembryo/ fetus _of-a'declaredpregnantL3

woman in excess of 1.0 rem total effective dose equivalent;:
*

; ,

3. Single radiation exposure of _ a. minor in excess of I rem total
effective dose equivalent; 3.0 rems to the lens of the eye, or 10 rems to the

! skin of the whole body, or to the feet, ankles, hands or forearms, or .to.any
other organ or tissue;

,

4. Annual exposure of a member of the public in excess of 0.5. rem-total.
effective dose equivalent;

5. Release of radioactive material to an unrestricted area at concentra-
tions in excess of 10 times the limits for members of the public in Appendix B,

; Table 2, of 10 CFR Part 20;
.

6. Disposal of licensed material in quantities or concentrations in
excess of five times the limits of 10 CFR 20.1003; or

7. Failure to make an 'immediate notification _ as required by 10 CFR
4

20.1202(a)(1) or (a)(2).
;

1

C. Severity III -- Violations involving for-example:
4

) i

; 1. Single radiation exposure of a_ worker in excess of 5 rems total
effective dose equivalent, 15 rems to the lens-of the eye, or 501 rems to the-
skin of the whole body or~to-the feet, ankles,1 hands or forearms,.or to any!

other organ or tissue;
:

!'

2. Single radiation exposure of the embryo / fetus of a declared pregnant
~

. oman in excess of 0.5 rem total effective dose equivalent;w

.

3. ' Single radiation exposure'of a minor in excess of 0.5 rem total
effective dose equivalent; 1.5 rems to the' lens of the eye, or 5 rems to the

-

skin of the whole body, or to the feet, ankles, hands or forearms, or to_ any
other organ or tissue;-

;

J

4
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I

4. Worker exposure above regulatory limits when such exposure reflects a
,

programmatic (rather than an isolated) weakness in the radiation control '

,

program;

5. Annual exposure of a member of the public in excess of 0.1 rem-total
effective dose equivalent (except when operation up to 0.5 rem a year has been

,

approved by the Commission under 6 20.301(c));

,

6. Release of radioactive material to an unrestricted area at concentra-
tions in excess of two times the limits for members of the public in Appendix B
to 10 CFR Part 20 (except when operation up to 0.5 rem a year has been
approved by the Commission under S 20.301(c));

7. Failure to make a 24-hour notification required by 10 CFR 20.1202(b)
or an immediate notification required by 10 CFR 20.1201(a)(1)(i);

8. Substantial potential for exposures or releases in excess of the
applicable limits in 10 CFR Part 20 whether or not such exposure or release
occurs (e.g. , operation of a radiation facility with a nonfunctioning interlock

I

system or entry into high radiation areas, such as under reactor vessels or in
the vicinity of exposed radiographic sources, without having performed an ado-
quate survey);

9. Improper disposal of licensed material not covered in Severity Levels
I or II,

10. Release for unrestricted use of contaminated or radioactive material
or equipment that poses a realistic . potential for exposure of the public to
levels or doses exceeding the annual dose-limit's for member of the public, or;

that reflects a programmatic (rather than an isolated) weakness in the,

radiation control program;
L

|
'

11. Conduct of licensee activities by a technically unqualified person;-
or

12. Significant failure to control licensed mater.ial.

|
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D. Severity IV|- . Violations involving.fer example:

1. Exposures in excess of the limits of 10 CFR 20.201, 20,207, or 20.208
not constituting Severity Level I, II, or III violations;.

2. -Release of radioactive material ~to an unrestricted area at concentra-
tions in excess of the limits for members of the public in Appendix B to =10 CFR
Part 20 (except when operation up to 0.5. rem a year has been. approved by the
Commission under S 20.301(c));

3. A radiation dose rate in an unrestricted or controlled area.in excess-
of 0.002 rem-in any 1 hour (2 millirem / hour) or 50 millirems in a year;

.

4. Failure to maintain and implement radiation programs to keep
radiation exposures as low as is reasonably achievable;

,

5. Doses to a member of the public in excess of any EPA generally
applicable environmental radiation standards, such as 40 CFR Part 190;

'

6. Failure to make the 30-day notification requirec by 10 CFR
20.1201(a)(1)(ii) or 20.1200(a);

,

7. Failure to make a timely written report as required by 10 CFR.
20.1201(b), 20.1204, or 20.1206; or

8. Any other matter that has more than a minor safety, health, or
environmental significance.

E. Severity V -- Violations that|are of' a minor. safety health, or
environmental significance.

__

k
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PART 19 - NOTICES, INSTRUCTIONS, AND REPORTS T0-WORKERS; INSPECTIONS
|

4. The authority citation for Part'19 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201); sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

5. Section 19.3 is amended by revising paragraph (e) to read as follows:

6 19.3 Definitions.
*. * * * *

(e) " Restricted area" means an area, access to which is limited by the
licensee for the purpose of protecting individuals against undue risks from
exposure to radiation and radioactive materials. Restricted area does not
include areas used as residential quarters, but separate rooms in a residential
building may be set apart as a restricted area.

'
6. In S 19.13, paragraph (d) is amended by changing.the reference to

"S20.405 and S 20.408" to read "$S20.1202, 20.1203, 20.1204, or 20.1206" and by
revising paragraphs (b), (c), and (e) to read as follows:

| S 19.13 Notifications ano raports to individuals.
i w * a a *
|

|

(b) Each licensee shall advise each worker annually'of the worker's dose
as shown in records maintained by the-licensee pursuant to S 20.1106.

(c) At the-request cf a worker formerly engaged in licensed activities
controlled by the licensee, each licensee shall furnish to the worker a report
of the worker's exposure to radiatMn oi radioactive material for each year the
worker was required to be monitored unoer S 20.502. Such. report shall be fur-
nished within 30 days from the time the request is made, or within 30 days
af ter the exposure of the individual has been determined.by the licensee,
whichever is later.- This report shall cover the period of time that the
worker's activities involved exposure to radiation from radioactive materials
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4

licensed by the Commission and sha'el . include the dates and-locations of-

licensed activities in which the worker participated during this period,

a * * * =
t

(e) At the request of a worker who.is terminating employment with the

licensee that involved exposure to radiation or radioactive materials', during
the current year, each licensee shall provide'at termination to each such
worker, or to the worker's designee, a written report regarding the radiation
dose received by that worker from operations of the licensee during the current
year or fraction-thereof. If the most recent individual monitoring results are
not available at that time, a written estimate of the dose.shall be-provided

~

together with a clear indication that this is an estimate.

PART 30 - ROLLS OF GENERAL APPLICABILITY TO DOMESTIC LICENSING OF
BYPRODUCT MATERIAL

7. The authority citation for Part 30 continues to read in part as
follows:

Authority:
Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201); sec. 201,-

88 Stat. 1242, as amended (42 U.S.C.5841).

S 30.51 [ Amended).

B. In S 30.51(c)(4), the reference to "S 20.401(c)" is changed to read
"6 20.1108."

PART 31 - GENERAL DOMESTIC LICENSES FOR BYPRODUCT MATERIAL-

9. The authority citation for Part'31 continues to read in part as
follows:
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|- Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201),'sec. 201,
| 88 Stat. 1242, as amended (42 U.S.C.5841).

|
S 31.5 [ Amended).

10. In S 31.5(c)(10), the reference to "SS 20.402 and 20.403" is changed
to read "S$ 20.1201 and 20.1202."

6 31.7 [ Amended),

11. In S 31.7(b), the reference to "$S 20.402 and 20.403" is changed to
read "66 20.1201 and 20.1202."

6 31.10 [ Amended].
12. In S 31.10(b)(1) the reference to "S 20.301" is changed to read

"S 20.1001."

13. In 6 31.10(b)(3) the reference to "66 20.301, 20.402, and 20.403" is
changed to read "SS 20.1001, 20.1201, and 20.1202."

6 31.11 [ Amended]
14. In 6 31.11(c)(5), the reference to "6 20.301" is changed to read

"S 20.1001."

15. In S 31.11(f), the reference to "S6 20.301, 20.402, and 20.403" is
changed to read "6S 20.1001, 20.1201, and 20.1202."

|

PART 32 - SPECIFIC DOMESTIC LICENSES TO MANUFACTURE OR TRANSFER

! CERTAIN ITEMS CONTAINING BYPRODUCT MATERIAL

16. The authority citation for Part 32 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841),
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k
17. Section 32.51 is amended by revising paragraphs (a)(2)(ii) and (c) to

read as follow:

6 32.51 Byproduct material contained in devices for use under 6 31.5;-
requirements for license ~to manufacture or initially-transfer.

(a) * * *
i

(2) ***

(ii) Under ordinary conditions of handling, storage, and use of the device,-
the byproduct material contained in the device will not be released or
inadvertently removed from the device,-and it is unlikely that any person will
receive in any period of 1 year a dose in excess of 10 percent of the annual'
limits specified in 6 20.-201(a) of-this chapter; and

nnnwn

(c) In the event the applicant desires that the general licensee under
6 31.5 of this chapter, or under equivalent regulations of an Agreement State,
be authorized to install the device, collect the sample to be analyzed by a-
specific licensee for leakage of radioactive material, service the device, test
the on-off mechanism and indicator,.or remove the device from instal _lation, the
applicant shall include in the application written instructions to be followed
by the general licensee, estimated calendar quarter doses associated with such

3activity or activities, and the bases for these estimates. The submitted infor-
mation must demonstrate that performance of this activity or activities by=an
individual untrained in radiological protection, in addition to other handling,-
storage, and use of-devices under the general = license, is unlikely to cause
that individual to receive in a year a dose in excess of 10 percent of the
annual limits specified in 6 20.201(a) of this chapter.

6 32.61 [ Amended].
18. In 6 32.61(d), the reference to "6 2'.203(a)" is changed to read0

"6.20.901(a)."

6 32.71 [ Amended].
19. In 6 32.71(c)(2), the reference to "6 20.203(a)(1)" is changed to

read "6 20.901(a)."
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i

!-

20. In S 32.71(e),-the reference to "S|20.301" is changed to read
"S 20.1001."

PART 34 - LICENSES FOR RADIOGRAPHY AND RADIATION SAFETY

REQUIREMENTS FOR RADIOGRAPHIC OPERATIONS
'l

21.- The authority. citation for Part 34 tontinues to read in part as
'

follows:

-Authority : Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201); Sec. 201,
88 Stat. 1242, as amended.(42 U.S.C.5841).

6 34.29 [ Amended]
'22. In 6 34.29(a), the reference to "S 20.203(c)(2)(ii), (2)(iii), or

(4)" is chs.nged to read "S 20.601(a)(2), -(a)(3), or -(b)."

S 34.41 [ Amended).

23. . In S 34.41(a),.the reference to."S 20.203(c)(2)" is changed to read
"S 20.601(a)(1), (a)(2), or (a)(3)."

$ 34.42 [ Amended), !

24. In S 34.42, the reference to "S 20.204(c)" is changed to' read
"S 20.903" and the reference to "S 20,203(b)-and (c)(1)" is changed to read--
"S 20.902(a) and (b)."

.

PART 35 - MEDICAL USE OF BYPRODUCT MATERIAL--

25. The authority citation for Part 35 continues to read as follows:
.

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C,5841).

.

312

_ . _ - - _ _ _ . _ _ . . ..,.... . _._.- _ ., ._~....- -... _ -..,,.. _ .._.-_ _. _ -



!

S 35.92(a).
26. Change reference to "S 20.301" to "S 20.1001."

6 35.315(a)(8)
j

27. Change reference to "S 20.401(c)(1)" to "6 20.1106(a)."
;

i

9 35.415,
f
'28. Change reference to "S 20.105(b)" to "S 20.301(a)."

S 35.630(a)(1).
29. Change reference to " National Bureau of Standards" to " National

Institute of Standards and Technology "

6 35.630(a)(2).
Il

30. Change reference to " National Bureau of Standards" to " National

Institute of Standards and Technology."

S 35.641(a)(2)(i),
|

31. Change reference to "S 20.101" to "6 20,201."
!

S 35.641(a)(2)(ii).
32. Change reference to "S 20.105(b)" to "S 20.301."

6 35.641(b)(2).
33. Change reference to "6 20.501" to "6 20.1301,"

S 35.643 (a).
34. Change reference to "S 20.105(b)" to "S 20.301."

; 6 35.643(a)(1).
35. Change reference to "S 20.105(b)" to."S 20.301."

6 35.630(a)(2).
36. Change reference to "S 20.105(a)" to "S 20.301(c)."
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37. Change reference to "S 20.105(b)" to "6 20.301(a)."

PART 39 - LICENSES AND RADIATION SAFETY REQUIREMENTS FOR WELL-LOGGING

38. The authority citation for Part 39 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C 5841).

39. In S 39.15(a)(5)(iii)(B), the reference to "S 20.203" is changed to
read ""S 20.901(a)."

40. In S 39.31(a)(1), the reference to "6 20.203" is changed to read
"S 20.901(a).

41. In S 39.31(a)(2), the reference to "S 20.203" is changed to read
"S 20.901(a)."

42. In S 39.77(b), the reference to "SS 20.402, 20.403, and 20.405" is
changed to read "66 20.1201 and 20.1205."

:

PART 40 - DOMESTIC LICENSING OF SOURCE MATERIAL

43. The authority citation for Part 40 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948 as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C. 5841).

44. Section 6 40.34 is amended by revising paragraph (a)(2) to read as
follows:
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$ 40.34 Special requirements for issuance of specific licenses.
(a) ***

(2) The applicant submits sufficient information relating to the design,
manufacture, prototype testing, quality control procedures, labeling or
marking, proposed uses, and potential hazards of the industrial product or
device to provide reasonable' assurance that possession, use, or transfer of the
depleted uranium in the product or device is not likely to cause any individual
to receive in any period of 1 year a' radiation dose in excess of 10 percent !

of the annual limits specified in S 20.201(a) of this chapter; and

n n n n n

S 40.61 [ Amended).
45. In S 40.61(c)(4), the reference to "6 20.401(c)" is changed to read

"S 20.1108."

Appendix A to Part 40.

46. In the Introduction to Appendix A, the reference to "S 20.1(c)"'is
changed to read "S 20.3."-

PART 50 - DOMESTIC LICENSING OF PRODUCTION AND

UTILIZATION FACILITIES

47. The authority citation _for Part 50 continues to read in part as
follows:

Authority: Sec. 161, 68-Stat. 948, as amended (42 U.S.C. 2201); Sec.--201,
88_ Stat. 1242, as amended (42 U.S.C.5841).

48. Section 50.34 is amended by revising paragraph (f)(2)(viii) to read
as follows:-
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S 50.34 Contents of applications; technical information.

* * * * *

(f) ***

(2) ***

(viii) Provide a capability to promptly obtain and analyze samples from the
reactor coolant system and containment that may contain TID-14844 source term

radioactive materials without radiation exposures to any individual exceeding
5 rems to the whole body or 50 rems to the extremities. Materials to-be ans-
lyzed and quantified include certain radionuclides that are indicators of the

,

degree of core damage (e.g.,' noble gases, iodines and cesiums, and nonvolatile
isotopes), hydrogen in the containment atmosphere, dissolved gases, chloride,
and boron concentrations. (II.B.3)

* * * * *

|

49. In S 50.36a(a), the reference to "S 20.106" is changed to read-
"S 20.301" and paragraph (b) is revised to read as follows:

S 50.36a Technical specifications on effluents from nuclear power reactors.
* * * *

,

,

(b) In establishing and implementing the operating procedures described
in paragraph (a) of this section, the licensee shall be guided by the following
considerations: Experience with the design, construction, and operation of

.

nuclear power reactors indicates that-compliance with the technical specifica-
tions described in this section will keep average annual releases of radioactive
material 11n effluents and their resultant committed effective _ dose equivalents
at small percentages of the values specified in S 20.301 of this chapter and
in the operating license. At the same time,.the licensee is permitted-the
flexibility of operation, compatible with considerations of health and safety,
to assure that the public is provided a dependable source of power even under
unusual operating conditions which may temporarily result in releases higher
than such small percentages, but still within the dose values specified in
S 20.301 of this chapter and in the operating license. It is expected that.
in using this operational flexibility under unusual operating conditions, the '

licensee will exert its best efforts to keep levels of radioactive material in '

Y
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effluents as low as is reasonably achievable.. The guides set out in Appendix I
provide numerical guidance on limiting conditions for operation for light-water-
cooled nuclear power reactors to meet the requirement that radioactive materials
in effluents released to unrestricted areas be kept as low as is reasonably
achievable.

50. In-S 50.72 in paragraph (a), Footnote 1, the-reference to "S 20,205,
S 20.403" is changed to read "S 20.906, S 20.1202," and paragraphs (b)(2)(iv).
(A) and (B)'are revised to read as follows:

L
|

| 6 50.72 Immediate notification requirements for operating nuclear power
reactors.

* * * * *

(b) * * *
(2) ***

(iv) (A) Any airborne radioactive release that results in concentrations
| in unrestricted areas that exceed 20 times the applicable concentration

specified in Appendix B, Table 2, Column 1, of Part 20.of_ this chapter, when
averaged over a time period of 1 hour.

(B) Any liquid effluent release that exceeds.20 times the applicable
concentration specified in Appendix B,-Table 2, Column 2, of Part 20 of this
chapter at the point of entry into the receiving waters (i.e.,' unrestricted
area) for all radionuclides except tritium and dissolved noole gases,'when
averaged.over a time period of 1 h6ar. -(Immediate notifications-made lnder-
this paragraph also satisfy the requirements of paragraphs:(a)(2) and S )(2) of

3

S 20.1202 of this chapter.)-

51. Section 50.73 is amended by revising' paragraphs (a)(2)(viii)(A) and
(B) and (ix) to read as follows:

| 6 50.73 : Licensee- event report system.

(a) ***

(2) ***

(viii)(A) Any airborne radioactivity release that exceeded 20 times the
applicable ;oncentrations specified in Appendix B, Table 2, Column 1, of. Part
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20 of this chapter in unrestricted areas, when averaged over a time period of
I hour.

(B) Any liquid effluent release that exceeded 20 times the applicable
concentrations specified in Appendix B Table 2, Column 2, of Part 20 of this
chapter at the point of entry into the receiving water (i.e. , unrestricted
area) for all radionuclides except tritium and dissolved noble gases, when
averaged over a time period of I hour.

(ix) Reports submitted to the Commission in accordance with paragraph
(a)(2)(viii) of this section also meet the effluent release reporting
requirements of S 20.1203(a)(3) of this chapter.

* w w * *

PART 61 - LICENSING REQUIREMENTS FOR LAND DISPOSAL OF

RADI0 ACTIVE WASTE

52, The authority citation for Part 61 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201); Sec, 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

S 61.52 [ Amended].
53. In S 61.52(a)(6), the reference to "S 20.105" is changed to read

"SS 20.301 and 20.302."

PART 70 - DOMESTIC LICENSING OF SPECIAL NUCLEAR MATERIAL

54. The authority citation for Pr.rt 70 continues to read in part as
follows:

1

l
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Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

S 70.51 [ Amended).
55. In S 70.51(b)(6), the reference to "S 20.401(c)" is changed to read

"S 20.1108."

Dated at Rockville, Maryland, this day of __ 1990.

For the Nuclear Regulatory Commission.

Samuel J. Chilk,
Secretary of the Commission.

i

I
!

{

1

|

|

|

319 |
|
1

|
_ _ _ _ _ _ . _ _ _ _

_ _- . _ - .. . . - - - - - - --



-aA I- - =o A x.,--A + W,

ENCLOSURE D

MARKED COPIES OF THE SRM

|

|
1

!

Enc 10sure B,

_ -. __



_ _ _ _ _ _ _ - -

KEY TO CHANGES TO TEXT OF REVISED
PART 20 FEDERAL REGISTER NOT::E

(REFLECTS CHANGES FROM THE TEXT
FROM APPENDICES 3, 4, AND 5 0F SECY-88-315)

KEY: = Addition;[ = Deletion
Vi~rlical lines in ma] gin = large; insertion or replacement of texttr = same wording but transposed orderr

Margin
Code Reference for Change

267 p.6 SECY-89-267, Enclosure 3, page 6

237 f 2 SECY-90-237, Enclosure A, item 2

SRM f 4 Staff Requirements Memorandum, July 30, 1990, item # 4
KCVS p.3 Chairman Carr's Votesheet page 3
KCMU p.45 Chairman Carr's Mark-up, p, age 45

RoVS p. 3 Comissioner Rogers' Votesheet page 2
RoMU p. 2 Comissioner Rogers' Mark-Up page 2
REVS p. 3 Comissioner Remick's Votesheet page 2ReMU p 2 Comissioner Remick's Mark-up page 2
JCVS p. 3. Comissioner Curtiss's Votesheet p. 3
JCAC

Comissioner Curtiss's Additional Comments
RuR

Change recommended by Division of Rules and Records
CGC

Change recomended by the Office of General-Counsel
IRM

Change recomended by the Office of Information Resource
Management

EDC Editorial Change to improve clarity
EDS Editorial change to improve style and gramar

Cross-Indices to Documents Used for Quality Assurance:

1. NUREG/BR-0095, " Checklist for Preparation and Review of . Federal RegisterRulemaking Documents"

2. Staff Requirements Memorandum of July 30, 1990 on SECY-89-247/SECY-88-315/SECY-90-237

3. Markups Accompanying the Votesheets of Chairman Carr, Commission Rogers,
and Comissioner Reinick, and Comissioner Curtiss's additional coments.

4. Enclosure 6 of SECY-88-315, " Changes from Proposed Rule" per SRM # 7.
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ACTION - Seckjord, RES

/' o"icw''c UNITED $T AT ES ,

- ['n NUCLE AR REGULATORY COMMISSION Cyr. : Taylor 1
*
.

bhIC20k3-' i W ASHINGT ON. O C. 20555 I

g},, f
Thompson

,

July 30, 1990 Blaha '

%..../ Murley, NRR
Bernero, NMSS

orries or ist dordan, AE00SECRETARY
Scroggins. OC

VHPeterson, RES

}O ORANDUM TOR: James M. Taylor DMeyer, ADM
Dcecutive Director for Operations BShelton, IRM

William C. Parler
General Counsel

1104: J. Chilk, Secretary

SUBJDCT: SECY-89-267/SECY-88-315/SECY-90-237 - REVISICN OF
10 CFR PART 20 - STANDARDS FOR Pf0TECTION
AGAINST RADIATION

'Ihis is to advise you that the Omnission (with QEirman Carr aM
wi"ioners Rogers, Curtiss, aM Emick agreeing except as noted below) has
approved the proposed revisions of 10 cm Part 20 as presented in SECY-88-315,
revised in SECY-89-267 and SECY-90-237, and subject to the modifications
listed belw.

Following staff cxzpletion of the follwing itms the rule should be returned
for final W" ion review, affirmation and publication in the Faleral
Register. Publication of the new Part 20 should be accmpanied by appropriate
efforts to disseminate information about the rule to licensees, other Federal
agencies, States, the Congress and the public.

-(h/CGC)I (SECY Suspense: 9/90)

(RES)
1. 'Ihe Comission (with Chairran Carr and emmi"ioners Rogers and Remick

approving) has agreed that publication of the rule changes can be
supported under the backfit rule as described below.

0'Ibe Federal Register Notice should incorporate the staff's summary of the / AHyer
revised backfit analysis based on a finiing that the revisions to Part 20 4
provide for a substantial ircrease in safety. 'Ihe analysis should N.J~~

concitrie with the following paragraph:',

cmmimion is adopting the final rule based on the conclusion j/or
09"'Ihe

of this analysis that the rule provides for a substantial increase
in the overall protection of the public health and safety and that Ag
the direct and indirect costs of its inplementation are iustified in
tertns of the gaantitative and qualitative benefits associated with

TOTE: 'IHIS SRM, 'IHE SUBIECT SECY PAPER, AND 'IHE VCTTE SHEEIS OF CCtEISSIOtERS
CURTISS, RD4ICK, AND RCGERS WIIL BE MADE EUBLICLY AVAILABIE WHEN 'IHE
FEDERAL RD3ISTER trJTICE IS RIBLISHED. m, . ..,s.- ..

9*3/ LTU. :e..

Ties 8.6 e A- _
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1

Se comission would note, however, that, even had thethe rule.
analysis not corcitded that revised Part 20 provides a substantialincrease in the overall protcetion of the public health and safety, /* /Ar*

'

it could have gone forward with the rule to::ause the changes mde to y"p
1

|

Part 20 also anount to a redefinition of the IcVel of adequate
protection ard the backfit rule's cost justification stardard does
not apply to a redefinition of adequate r.otection."

iitwimioner Curtiss believes tL; this rulemaking constitutes a redefin t on
of adequate protection. He bellem that the Statement of Consideration ard
the backfit th't= ion should be nr.dified as r-ary to reflect this
determination; he does not believe that the N4= ion should attenpt to
justify the revision as a substantial increase in the overall protection ofHis v.muits an this are included in his vote fpthe public health ard safety. /g,,,
sheet and are attached hereto.

Se revision of Part 20 should W effective on January 1,1992 and3 the staff should cmplete, to the 1 4== extent practicable, developnent
of the nmory regulatory guidance dments by January 1,1991. Early
capletion of the guidance, at least in draft form, should provide time
for licensees to review ard mmment on the guidance and to develop ard
inplement the measures r-en to cmply with the nek Part 20 by the /dOf d

In preparing regulatory guidance, the staff should 6ttp*/*p7effective date.
ensure that it provides for the same flexibilities that have been
incorporated into the rule, particularly in the areas of (1) determining N r@/"tev Wcmpliance with the rvv,ptional dose limits involving internally
deposited radionuclides ard (2) eshh14ahing site-specific effluent
limits in air ard water considering physical and envia.u ntal

_

characteristics that influence potential chaa to members of the public. _ ~
2 e language in the Statement of Consideration, the rule, and the
guidance documents should clearly emphasize that these flexibilities

/gf-
* ply only within an envelope of equivalent safety ard protection (i.e.,( gyA,,

| Part 20 provides flexibility in hcw the dose calculations are performed,4 veA%
ap

,

but in all cases, unless specifically exenpted, the dose limits in'Ihe language in Enclosure 3, pages 2,gfy A 3fdSections 20.201 and 20.301 apply).
4, ard 8 of SECY-89-267 should also be revised to ensure that flexibility -- '

fo h t h r/is clearly and mrrectly reflected. SJ/ A =
M * Y ='/' W W W / p 8 (rw /t *~~ 1%Wo'$Y /W *%;y

i cSe discussion in the Statement of Consideration (pg.13 of Encl
3 to SECY-88-315) allows licensees to make pen and ink changes to their 4*p%fj,

I 3.

licenses to reflect these revisions to Part 20. I.anguage should be added E.p7 ' -
to the rule itself in 10 CFR 20.8 to authorize the pen ard ink changesg g

-

We Statement of Consideration should be exparded to clarify the inpact,
if any, of the change in dose limits for members of the public frm 500 c.,,/, y /f-

4. e

to 100 millirenvyr when conforming the general license design stardards
'

in Parts 32 ard 40 (see conforming amerdment in Enclosure 5 to'Ihe staff should ensure that the----g Mm
-

SECY-88-315 on pages 144 ard 147) .
conforming revisions are consistent with the current intent.

'WS e Federal Register Notice shculd be updated as appropriate to refl e

the Ctatission's recent decision on the Below Regulatory Concern Policy A!Hrgatog5.

M )$~'"$9Q) P fl WStatemant.
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3
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'

Staff should clarify the purpcse of the rule ard the definition of gfc J 2.
natural backgreurd radiation in the Statement of Consideration ard the 4pf.bA1%6.

i

rule, in regard to consideration of sources of radiation expcsure that fy //7
fall cittside of the scope of Part 20 (e.g., fallout, IUJM, X-rays) (pagesGM tWf ,

6 ard 13 of Erclosure 4 of SECY-88-315) .

The attached redifications rhould be consideltd for incorporation into
-

7.
the Federal Register Notice. Ccuments not ircorporated should be
identified within the final rulemakirg package. In.sddition to the !

inserts provided in SECY-90-237, the rot. ice should bn reviewed to assure i

that no further charges am needed to reflect the nadonal ard
international radiatier. protection developments that have occurred sirce -

the text was prepared (i.e. BEIR IV ard V, UNSCEAR 1988, ICRP's 1990 jfM b/f f
'

I->dations, ard NCRP's Report No.106) . Finally, the Noti should f y tr
have a final quality control check, ircludirg use of.' Erclosure 6 of bQ gj
SECY-88-315, to be sure that issues raised in the St.atement of ceffr/aN

_

Consideration are answered ard that all significant charges between theJoc +/fwQ/
preposed and final rules are di m_ic W .

The Commission understands that the rationale for the staff's preferred [p/2. k8.
risk ocefficient of SE-4 is that while 4E-4 remains a good workiry
coefficient for occupational exposures, the greater menttibility of gg ,

fetuses andgehildren rakes SE-4 a better number for this population as a
whole. This should be made plain in the Statement aummmyiry the rule.

t

1

On p. 5 of Erclosure A to SECY-90-237, the dimmaion rotes that the jo /C
-

g grarce of fatal cancer risk frun lower dec in UNSCEAR-88 (.7E-4 to
3.5E-4) is .6 to 5 tires higher than the 1977 ICRP risk value of 3.25E-4. :6 "Y |

St f !The correct relationship of 3.5 to 1.25 is about 3 times, rot 5. ,

"d>r N I

|
Finally the second paragraph of the dimmaien of the 1990 ICRP f /gg 8'

#
,1:ex- ardations should be revised to state the follcuirg: ,

,

"Until the final ICRP re? wrdations are published, ard the need
for further revisions in NRC stardards established, the Nimion /#
believes it would be advisable to prM with pru:ulgation of the f {

preposed dese limits, rather than deferrirq a reduction of the
existirg limits to a future rul~emakirg. The n=4mion plans to S h ';

review the u.m nts of the professional car: unity and others on the +

ICRP ra>- wrdations ard ICRP's regarsse to them. In addition, the-

Ccomission will review the ran = andations of other expert bodies,
such as the National Courcil on Radiation Protection and
Measurements, ard participate in the deliberations of the Ctr:mittee
for Interagercy Radiation Research and Policy coordination on the
need for further revision of the mytional radiation protectj.on
standards after the ICRP rsude.rdations are published."

The rule ard the Statement of Consideration should be revised to
incorporate the additional charges described in Erclosure A to
SECY-90-237, as redified in the attached markirgs. (These charges

partially inplement items 3 and 7 listed above.)

_ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _
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PART 20_ R E V I S I O N

SECTIONBYSECTIONSUMMARYOFCHANGESFROMPROPOSEDRyLE

kNWd;b4-b'dd (6 Wk & *VC 54 JJe #1 /)) d ' h' & y
NOTE: * denotes major change from proposed rule.

General Provisions

S 20.1 Purpose - sentence added to instruct licensees to.take necessary*

actions in an emergency to protect life and property regardless of
Part 20 requirements. This sentence conveys the essence of proposed
S 20.9 which would have dispens3d licensee from all of Part 20 in an

g y /[-/Yemergency.

$ 20.2 Scope - essentially unchanged. g ./ 9
6 20.3 Definitions - extensively rewritten and twganized. Put into

pure siphabetical order rather than being grouped (e.g." monitoring
terms"). See Statement for lists of new, modified and deleted defini-
tions, fqs /4 - 2.)

* S 20.101 Description of ICRP Dose Limitation System and linear, non- -

threshcid dose-effect assumption moved to Statement of Considerations,
proposed S 20.102 moved to S 20.101 and emphasis changed from ALARA
programs to ALARA within the context of an overall Radiation Protec-
tion Program. Position on ALARA somewhat less rigid and prescriptive
than proposed rule, but more of a requirement than the hortatory
" licensees should" in the present rule,

f4f 3R A Y c2 $

|

.

CHANGES FROM.PROBOSED. RULE 1 ENCLOSURE 6
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PART 20 REVISION
l

SECTION BY SECTION SUMMARY OF CHANGES FROM PROPOSED RULE

Occupational Protection

S 20.201 New terms introduced for " total effective dose equivalent,"
" eye dose equivalent" and " shallow dose equivalent" to distinguish k ru/(

Conditions of measuretent (e.g. tissue depth) movedtypes of doses.
ihto definitions of terms. Uranium chemical toxicity limit moved into
S 20.201 from S 20.204.

Quarterly dose limit of 3 rem deleted. gy A 9*

6 20.202 Clarified to set forth when summation of internal and externalbut numerical mo,itoring thresholds are now only
doses is required, M J 57 -f /in S 20.502. f

S 20.203 (Submersion Dose) is greatly reduced and advisory, non-
regulatory text is deleted. /Y W"~

S 20.204 Ability of licensee to modify DACs and ALIs based upon local '

exposure conditions (particle sge, solubility, etc.) now requires
prior NRC approval. /vy

* S 20.205 Deleted as it is philosophically contrary to existing and past
Commission procedures and practices for controlling exposures.pp d7-f/

* S 20.206 Changed to permit use of internal dose in Planned Special /T YA.
Exposures in order to keep the total effective dose equivalent ALARA.

S 20.207 Extends use of 10 % of adult dose limit for minors from deep-
dose equivalent to eye dose and shallow dose for skin and [y M
extremities.

S 20.208 Made requirement to keep dose to embryo / fetus uniform into a A9 %
separate paragraph (provides consistency with NCRP 0.05 rem / month).
Deleted advsiory information on Class Y compop:.ds which will be put
into Regulatory Guide.

|

1

|
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PART 20 REVISION

SECTION BY SECTION SUMMARY OF CHANGES FROM PROPOSED RULE

Public Protection

* G 20.301 and S 20.303 have been combir.ed. Proposed " Reference Level" of
0.1 rem per year has been made the primary limit for members of the

d~/
public. (Many commenters felt that the " reference level" was ade facto limit as it had the.same recorokeeping and reporting p o- g / p
visions as a limit). This change reflects the 1985 clarificaticn by
the ICRP regarding the status of the public dese limits.

The 2 millirem per hour limit for doses in unrestricted areas has*

been reinstated. (Useful for compliance evaluations.) % g
A 0.5-rem annual limit is available upon NRC approval if the need can
be justified. (Primarily intended to provide for teletherapy and
similar facilities whose shielding was designed to meet a 0.5-rem
annual dose limit for unrestricted areas.) y J~J /d
Revision also. clarifies that EPA generally-applicable environmental
radiation standards are " limits" not " reference levels." p fL

S 20.302 is a new section that includes 3nformation on methods for
complying with 6 2f.301 limif.s. hv.u&es some Jnaterial,from formera<W n & [ U.361

d

S 20.303. ANcnuef <W v

6 20.303 [ Deleted - see discussion on S 20.301 and S 20.302).- W

Euetu4% m cr-cQa

!
l

!
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! PART 20 REVISION
I

SECTION BY SECTION SUMMARY OF CHANGES FROM PROPOSED RULE

Surveys & Monitoring

9 20.501 Modified to incorporate provisions of final oosimeter
processor accreditation rule (adopted by NRC after publication |

j of proposed Part 20 rule. gy(7
* 6 20.502 Monitoring threshold for internal doses reduced from 30% of |

dose limit to 10% of limit. (Many commenters thought that
monitoring should begin before a 1.5-rem dose could reached, e.g.; would have exceeded dose limit for protection of the embryo-fetus |
The 10% level was set in consideration that DAC-hours could be
used to determine compliance rather than bionssay, g g 4 4~8 " 4 0i

Removed counterproductive requirement that bioassay was required
for any individual wearing a respirator. (It is required if th>"

individual would be exposed to concentrations exceeding 10% of the ,

Derived Air Concentrations and as part of a respiratory protection'

7 p $c-f/
~

9program.)

Radiation Areas, High Radiation Areas and Very-High Radiation Areas'

S 20.601 (High Radiation Areas) added clarification that dose measure- Pud
ment applies at the " external surface of any package."

e

* S 20.602 rewritten to provide a general requirement for all licensees
to restrict access to "very high radiation areas." (Nuclear power
reactors have a technical specification (license condition) that

| differs from the wording of the proposed rule. This change defer
7to this technical specification for power reactors.) p

* S 20.603 Detailed requirements for large irradiators reinstated * rem' /
~~~

S 20.203g of present Pact 20 but rewritten to improve clarity and
organization. New $ 20.3103 recordkeeping requirement added to
conform with requirement to prodi.ce record.

:

!
|

|

!

CHANGES FROM PROPOSED, RULE 4 ENCLOSURE 6
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PART 20 REVIS10N

SECTION BY SECTION SUMMARY OF CHANGES FROM PROPOSED RULE
:

Respiratory Protection
;

$ 20.701 Not significantly changed. .

|

* $ 20.702 Modifies protection goal to limit intakes consistent with
maintaining total effective dose equivalent ALARA rather than justj
minihiizing internal exposure. (The previous text was noted in several
comments as an example of unequal treatment of internal and external
doses under old rule.) g y 5 (T " ggt r "

* S 20.703 Requirement for having a respiratory protection program is now
linked to use of respiratory protection equipment to protect workers
rather than use of numerical protection factors from Appendix A. y &

andWrittenproceduresarenowrequiredformonitoring,airsampling/trwbioassay analysen. .

As su'ggested by comments, revision now permits ch'anges in estimates*

intakes and dose in either direction (upwards or downwards) based
/4f (d/4upon bioassay results. (Proposed rule only permitted upward

revisions.)
,

* $ 20.703(c) Requirement reirstated from present rule that emergency
.

| breathing apparatus be NIOSH/MSHA certified.

* S 20,704(a) Requires that licensees subject to OSHA requirements comply SekMMWwith OSHA requirements for respiratory protection _(Many of which are /
t

! already incorporated in Appendix A). This does not constitute a new Cern,W
i requirement as the licensee is already required (under OSHA regala y

tions) to conform. However, it saves the NRC staff the effort to 44,j
conduct rulemaking to place similar conditions in Part 20 (such as gg
conditions for the use of respirators) and also gives the NRC the

; capability to cite against noncompliance with the OSHA requirements.
I'#F A'O

:

|

|

|
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PART 20 REVISION

SECTION BY SECTION SUMMARY.OF CHANGES FROM PROPOSED RULE
*

$ 20.801, $ 20.802 Minor word changes to clarify meaning of " secure."
, "

!

! Posting Requirements

$20.901 (Unchanged)

$20.902 Removed use of " DANGER" from signs denoting " Radiation Areas."
It was. felt that this would induce complacency and detract from
importance of warning for "high" and "very-high" radiation areas.

t

Very-high radiation arcas (greater than 500 rads / hour) warrant
" GRAVE DANGER." [ p 6 7 - g (

$ 20.903 Present exemption from area posting for packages prepared for
shipment and labeled in accord with DOT rules gas deleted in proposed0 /tegrule and continues to be deleted gy

$ 20.905 Exemption irom package labeling for packages labeltd in accord
with00Trequir6mentswasreinstaJedfrompresentrule.(Deletedin
Proposed Rule.) ppgc 7/ co f,No

* $ 20.906 (Picking up and receiving packages) Significantly changed to ,

conform with revised DOT regulations and to conform with revised
10 CFR Part 71. / $ 72-77

~ ~ ~ ~

Requirements for monitoring incoming packages now restricted to:*
(1) packeges expressly labeled externally as containing radio-

'

active materials; or
(2) packages showing obvious damage or that are leaking.

/ p 7L-

.

,

| t

f

CHANGES FROM FROPOSED RULE 6 ENCLOSURE 6
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PART 20 R E V I $ I O__N_
|

SECTION BY SECTION SUWARY OF CHANGES FROM PROPOSE 0 RULE

Waste Disposal Requirements
! S 20.1001 Minor change requires licensing of persons receiving wastes< '

from others for decay in storage. g p *")s 40 M , y
1 $ 20.1002 No major changes.

$ 20.1003 Capability to dispose of "readily dispersible biological
material" is restored to allow research laboratories that dispose of
test animals by grinding them up followed by disposal into sanitary
sewer systems. Proposed rule restricted sewer disposal to soluble
materials; present rule permits both " soluble and readily-dispersible
materials" to be disposed of in sewers. Restriction was imposed to
eliminate contamination of sewage treatment plants by metallic radio-
nuclides (e.g., americium-241). /y 7|t''- 7 (.
Higher concentration limits for sewer disposal than for other liquid /
effluents are based upon anticipated dilution by other users of the
sewer system (non-radioactive effluents). There has been a long-stand- F k
ing NRC staff position that such disposal does not consitute
" disposal into a sanitary sewer system" because disposal .into a m 7c

j
sanitary sewer system operated for the sole use of the licensee does

.

not provide such dilution. The new definition of a "6anitary sewer j

_i system" does not encompass such. licensee-owned systems and also W /d
excludes " septic tanks."

|
| S 20.1004, S 20.1005, and S 20.1006 are relatively unchanged from

proposed rule, p p 7p 7p

CHANGES JROM PROPOSED RULE 7 ENCLOSURE 6
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PART 20 REVI510N

SECTION BY SECTION SUMMARY OF CHANGES FROM PROPOSED RULE

Recordkeeping

General change to a record re intion period of 3 years to conform to
NRC record retention policy.

* 5 20.1101 Requires licensee to use "special units" (rad, rem, and
curies). fe.e-K 79
Licensee must also clearly designate what type of dose is being uswd,
e.g., effective dose quivalent, organ dose equivalent, shallow dose
equivalent.

Major change to reflect emphasis on Radiation Protection* 6 20.1102 Place ALARA recordkeeping in perspective andPrograms in 6 20.101.
greatly reduces paperwork burden that would heva resulted from the

.

proposed rule. /p 29 / o 444
S 20.1103 no major changes.

UEliminated'proposedrulerequirementformaintainingdosimetr[6 20.1104
processor accreditation certificate (except for in-houce processing).V4 /dj
Comments requested change and it conforms to final accreditation

rule.

S 20.1105 no major changes.
#

S'20.1106 Split out format of records from requirement to keep record.

Clarified use of mother's% f.frecordsJnd 5o9 41 p(ecurity account number
1

for embryo / fetus. /8 M N/

Expanded recordkeeping requirement from " effluents" to include6 20.1107all data related to assessment of doses to members of the public
f/W

9 20.1108 no major changes.

S 20.1109 New section contains requirements for records of entry
gy fpinterlock tests required by 6 20.603.

New section contains requirements on the form of records.* $ 20.1110
Now permits use of " electronic media" providing that the method
used is capable of producing a clear legible record and that means
are provided for prevention of loss or alteration. [ p g

CHANGES FROM PRO. POSED.. RULE
8 ENCLOSURE 6
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PART 20 REVIS10N

SECTION BY SECTION SUMMARY OF CHANGES FROM PROPOSED RULE

:

: Reporting Requirements ,

,

30 days after telephone
Clarified 30-daywritt[enreporti W6 20.1201
gp Ff p..,, .A (,

report.

,

6 20.1202 Reinstated monetary loss and lost time criteria for incident

]
notification (in present rule; removed in proposed rule).

Changed NRC organization to be notified from Regional Office to
NRC Operations Center, gy 99 de/fsra fp /pg

6 20.1203 Separated criteria for reportable events from requirements
for contents of reports.

,

$ 20.1204 Extended reporting period of a planned special exposure from
15 to 30 days, gg F/ ;6/

' b
,

$ 20.1205 [ Reserved] (Was on reports of exceeding the " Reference Level
-

for members of the public. A requi'rement for. reports of exceepin M
e

dose limits for members of the public is in 6 20.1203.) #4

Eliminatesterminatiotandannualw r/ 4rp
.

* $ 20.1206 (combined'with 6 20.1207):

statistical reports in favor of individual dose reports from those
i licensees that were required (old 6 20.408) to submit the termination

and statistical reports, g y 77 de //p 7yg
|
,

Exceptions $$ 20.1301, 20.1302 No major changes.

Enforcement 6 20.1401 Minor editorial changes.

L

CHANGES FROM PROPOSED RULE - - 9 ENCLOSURE 6. .
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NUCLEAR REGULATORY COMMISSION

10 CFR PART 20

and 10 CFR Parts 2, 19, 31, 32, 34, 35, 39,_40, 50, and 61;

1

RIN 3150 - AA38 to

Standards for Protection Against Radiation

1
'

AGENCY: Nuclear Regulatory Commission.

t

ACTION: Final rule.

SUMMARY: The Nuclear Regulatory Commission (NRC) is revising its standards for
protection against ionizing radiation. This action is necessary to incorporate
updated scientific information and to reflect changes in the basic philosophy

-

of radiation protection. The revision conforms the Commission's regulations to
the Presidential Radiation Protection Guidance to Federal Agencies for
Occupational Exposure and to recomendations of national and international

radiation protection organizations. [ ]

EFFECTIVE DATE: This regulation becomes effective January 2, 1991. However.
M'

licensees may delay implementation of this rule until Januarv 1.1993. Mee

S 20.8 of the rule and Part V., " Implementation."''of the preamble.)

ADDRESS: Co ies of documents relating to the January 9,1986 proposed rule
(51 FR 1092) or this document may be examined and copied for a fee in the
Commission's Public Document Room at 2120 L~ Street NW (Lower-Level),

Washington,DC20555.[,] O(rC,

FOR FURTHER INFORMATION CONTACT: Harold T. Peterson, Jr., Division of Regula-
tory Applications, Office of Nuclear Regulatory Research, U.S. Nuclear Regula-
tory Comission, Washington, D.C. 20555. Telephone (301)492-3640.

,

1
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|
t

SUPPLEMENTARY INFOPAATION:

'
:

I. Introduction

! A. Purpose of the Revision
'

The purpose of this revision of 10 CFR Part 20.is to modify the NRC's '

radiation protection standards to reflect developmenti in the principles and '

scientific knowledge underlying radiation protection that have occurred since
Part 20 was originally issued more than 30 years ago. These developments not
only include updated scientific information on radisnuclide uptake and metabo-

i lism, but also reflect changes in the basic philosophy of radiation protection. *

; Incorporation of these changes will ensure that Part 20 continues to provide
adequate protection of public health and safety.

It is also the purpose of this revision to implement the 1987 Presidential
,

guidance on occupational radiation exposure (see Section 11.0). The Atomic kA
Energy Commission (AEC) and the NRC have followed past Federal radiation [

,
'

.

protection guidance, and conformance with the guidance is viewed by the i

Commission as being necessary to ensure that NRC lice *nsees are using levels of
protection comparable to those used by Federal agencies.1

The AEC and the NRC have generally followed the basic radiation protection
recommendations of the International Commission on Radiological Protection '

(ICRP) and its U.S. counterpart, the National Council on Radiation Protection
and Measurements (NCRP), in formulating basic radiation protection standard;.
In 1977, ICRP issued revised recommendations for a system of radiation dose
limitation. This system, which was described in ICRP Publication 26,1 intro-

. duced a numbec of significant modifications to c"iding concepts and recommen- !
dations of the ICRP and the NCRP that are now being incorporated in the NRC
regulations. In particular, this revision of Part 20 puts into practice recom2

,

!

| 1 Recommendations of the International Commission on Radiological
4

t Protection, January 13, 1977, ICRP Publication No. 26,(1977). (Available
for sale from Pergamon Press.-Elmsford. NY 10523.)

+

i

2 i

:
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:
:

! mendations from ICRP Publication 26 and subsequent ICRP publications. The

Federal radiation protection guidance signed by the President on January 20,4

| 1987, is also based upon the ICRP 1977 recommendations in ICRP Publication 26

In adopting the basic tenets of the ICRP system of dose limitation, the
Nuclear Regulatory Commission recognizes that, when application of the dose h !

ilimits is combined with the principle of keeping all radiation exposures "as f
low as is reasonably achievable," the degree of protection could be significant-

,

ly greater than from relying upon the dose limits alone,

i

B. Fundamental Radiation Protection Principles

The radiation protection standards in this part are based upon the assump-i

tions that--
(1) Within the range of exposure conditions usually encountered in,

radiation work, there is a linear relationship, without threshold, between dose
and probability of stochastic health effects (such as latent cancer and genetic
effects) occurring;

(2) The severity of each type of stochastic health effect is independent
of dose; and

,

'

(3)Nonstochastic(nonrandom) radiation-inducedhealtheffectscanbe
preven %d by limiting exposures so that doses are below the thresholds for
their induction.

| Tha first assumption, the linear nonthreshold dose-effect relationship,
implies that the potential health risk is proportional to the dose received and
that there is an incremental health risk associated with even very small doses,
even radiation doses much smaller than doses received from naturally occurringi

radiation sources. These health risks, such as cancer, are termed stochasticj
'

because they at. statistical in nature; i.e., for a given level of dose, not
every person exposed would exhibit the effect. The second assumption means

that when a stochastic effect is induced, the severity of the effect is noti

related to the radiation dose received. The third assumption implies that
there are effects, termed nonstochastic effects, for which there is an apparent
threshold;-i.e., a dose level below which the effect is unlikely to occur. An

|
,

3
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i

! example of a nonstochastic effect is the formation of radiation-induced cata-
|

| racts of the eyes. i

The above assumptions are necessary because it is generally impossible to h.6-f
i

g
determine whether or not there are any increases in the incidence of disease p

: at very 1cw doses and low dose rates, particularly in the range of doses to k
; merbers of the general public resulting from NRC-licensed activities. _It is (

firmly established, both from animal studies and human epidemiological studies
(such as those of the radium dial painters, radiologists, and the atomic bomb '

survivors) that there is an increased incidence of certain cancers associated
1 with radiation exposure at high doses and high dose rates. However, whether *

these effects occur at very low doses and, if they occur, whether their occur-
rence is linearly proportional to dose are not firmly established. This creates $60
considerable uncertainty in the maanitude of the risk at low doses and low b u #N

'
I dth There is no clear human evidence of radiation-indaced genetic damage to |

N(A,#the children of irradiated parents. Such effects are inferred from studies of A
nice and nonmamalian species (e.g. , fruit flies).

In the absence of convincing evidence that there is a dose threshold or
that low levels of radiation are beneficial, the Comm'ission believes that the
assumptions regarding a linear non threshold dose-effect model for cancers and

genetic effects and the existence of thresholds only for certain nonstochastic
effects remain appropriate for formulating radiation protection standards and

! planning radiation protection programs.

C. Background

Standards for radiation protection were originally issued by the former {ghy
AEC in the late 1950s (22 FR 548, January 29,1957) and republished in 1960.
These standards have been modified since that time by a series.of amendments _[g

.

relating to specific issues., however, no complete revision of Part 20 has been
made since the original standards were issued.

*

,w

The NRC issued an Advance Notice of Proposed Rulemaking (ANPRM) in the QyJ
Federal Register of March 20,1980(45FR18023). This ANPRM requested g(

,

4 |

-
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i

comments on possible topics that should be revised in a proposed revision of
Part 20. The responses received to this announcement were considered in the

,

formulation of the proposed revision.

During the development of this rule, early coments from licensees, labor
unions, public interest groups, other Federal agencies, and scientific organi-
zations were solicited, discussed, and considered in formulating the proposed1

1 rule. In addition, the NRC staff has benefited from its participation in
several public meetings held by the Environmental Protection Agency (EPA) in
connection with the guidance for occupational radiation exposure. The revised,

Part 20 and the Federal guidance on occupational exposure were developed in,

parallel and are both based primarily on the ICRP recomendations. The

comments made in these EPA-sponsored meetings and those received by EPA on the

draf t guidance published by EPA in the January 22., 1981 Federal Register (46 FR
j 7836) were reviewed by the NRC staff and considered in preparing the proposed

Part 20.

ThepCpublishedtheproposedrevpionofthe10CFRPart20ruleinthe,'

January 9,1986 Federal Register (51 FR 1092). More than 800 sets of public
comments were received on the proposed revision. The'public comments on the
proposed revision were categorized, analyzed, and taken into account in develo-,

ping the final rule. The principal public coments and the NRC staff responses
to them are discussed in Section VI.,

.

II. Developments Since the Proposed Revision Was Issued

A. ICRP 1985 Paris Meeting

.

In March 1985, the International Commission on Radiological Protection
(ICRP) held a meeting in Paris, France, to review the work of the various ICRP
task groups and committees. One of the outcomes of this meeting was an ICRP

|

: 1

I

i

1 5
||

1
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I 2statement that the ICRP intended the principal dose limit for members of
the general public to be 1 mil 11 sievert (100 millirems) in a year, rather than

; 5millisieverts(500 millirems). This clarification has been taken into
i account for the limits adopted for members of the public in the final rule and

is discussed more fully in the discussion on i 20.301,;

i
:i

i A second recommendation of the ICRP made at that time concerned the appro- >

; priate quality factor for converting the absorbed dose from neetrons (in rads
or grays) to a dose equivalent (in rems or sieverts). The ICRP_ statement,

recommended increasing the quality factor for high-energy neutrons by a factor,

of 2. The quality factor for fast neutrons, for example, would be increased
from 10 to 20. This change has the effect of doubling the apparent biological

i effectiveness of high energy neutrons. For reasons explained in the discussion
of quality factors (see the discussion of 6 20.4), the NRC has not adopted this
recommendation in this revision of Part 20.

!

8. ICRP 1987 Washington Meeting
i

The primary focus of the statement issued by the ICRP following the 1987
3meeting in Washington was ICRP Publication No. 48.4 *That publication discussed

higher transfer factors for transport of certain transuranic elements across
the intestinal walls. These higher fractional absorption factors have been
incorporated in revisions to the annual limits on intake (ALIs) and derived air.

&[M! concentrations (OACs) in Appendix B of the final rule. The changes resulting
from the use of these hvised factors would not change either the ingestion or
inhalation ALIs for pluto 11um.in the oxide or nitrate forms, but would lower

! 2 International Commission on Radiological Protection, " Statement from the

1985 Paris Meeting of the (ICRP)Ics,ritish Journal of Radiology, Vol. 58,"B
page 910: 1985, also Health Phys 48(6): 828-829 (June 1985)

3 International Commission on Radiological Protection, "ICRP Statement from

| 1987 Washington Meeting," Health Physics 53(3): 335-342 (1987).
4 International Commission on Radiological Protection, "The Metabolism of

Plutonium and Related Elements," ICRP Publication No. 48, (Available for
sale from Peraamon Press, Elmsford, NY 10523.) (1986).

.

6
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the ALIs for other compounds or mixtures by a factor of 10. The transfer fac-
tor for the gut transfer of aeptunium was found to be an order of magnitude
lower than the value used in ICRP-30 and, consequently, the ingestion ALI can
be increased by almost an order of magnitude. The transfer factors for ameri-
cium, curium, and californium were found to be a factor of 2 higher than the
ICRP-30 value so the ingestion ALIs are reduced by a factor of 2. Parameters
applicable to inhalation ALIs and DACs are less affected than the ingestion ALIs MNs(
asthetransferfromthegaskrointestinal(GI)tracttothebloodforthese g7
radionuclides generally is less significant than transfer from the lung to the
blood.

C. ICRP 1987 Como Meeting

following its 1987 meeting in Como, Italy, the ICRP issued a statement 5

that reviewed the existing estimates of the biological risks of ionizing radi-
ation and, in particular, the preliminary data from the reanalysis of the Hiro-
shima-Nagasaki atomic bomb followup studies. Reanalysis of these data indicated
that the risks from gamma radiation are approximately a factor of 2 h'gher than
previous estimates for the general population and sce also higher, but by a
smaller factor, for workers. The ICRP concluded in l'987 that this information
alone was "not considered sufficient at that time to warrant a change in the
dose limits for occupational exposure and, for the general population, the
increase in risk indicated by the new data is not considered to require an im-
mediate change in the recommended dose limits, following the reduction by the

. ICRP (in 1985) in the principal limit from 5 to 1 mSv in a year (from sources
other than medical and natural background radiation)." The ICRP also noted that
the potential higher risks indicated by the reanalysis of the atomic bomb data
should not be a major consideration as the dose limits should not be of primary
importance in controlling doses if the principle of keepir? radiation exposures
"as low as is reasonably achievable" is being practiced. This position has
since been modified by the ICRP 1990 Statement (see Section I below).

|

5 International Commission on Radiological Protection, " Statement from the
| 1987 Como Meeting of the [ICRP]," Health Physics, 54(1): 125-132(1988).
I

i

I |
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D. Federal Radiation Protection Guidance on Occupational Exposure

On January 20, 1987, President Reagan approved revised guidance to Federal
| agencies for occupational radiation protection. Thisyuidaye,whichwaspub-

itshedintheFederalRegister(52FR[822; January 27,1987), generally adopts
the philosophy and methodology of ICRP Publications 26 and 30. The Part 20 re-

I vision was developed in parallel witt the development of the guidance. Because
of this parallel development, the protosed Part 20 rule conformed with the
draft Federal guidance available at the time the proposed Part 20 rule was
written. However, because of changes made to both the draft guidance and the!

draf t Part 20 revision, there were a few differences between the guidance in
its final published form and the proposed Part 20 revision. As discussed in
the respective sections below, changes to the proposed rule have been made in
order to implement the final version of the Federal guidance.

E. NCRP Report No. 91

On June 1,1987, the National Council on Radiation Protection and Measure-
6

ments (NCRP) issued a report containing updated NCRP' recommendations for radi-
ation protection limits. These recommendations replace recommendations
published in 1971. The majority of these recommendations are in accord with

the 1977 recommendations of the ICRP and, consequently, were already reflected
in the proposed Part 20 rule. There are, however, several NCRP recommendations

that were not in the ICRP-26 recommendations. These NCRP recommendations are:,

i

(1) A general " guideline" that the cumulative effective
dose equivalent to a worker should not exceed 1 times the
worker's age in years; i.e., 1 x N instead of the former
5(N - 18) formula;

6 National Council on Radiation Protection and Measurements (NCRP),
'' Recommendations on Limits for Exposure to Ionizing Radiation,"
NCRP Report No. 91 (June 1, 1987). (Available for sale from the NCRP,
7910 Woodmont Avenue, Suite 800, Bethesda, MD 20814-3095.)

8

|
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|

(2) Use of committed effective dose equivalent for plan-
| ning purposes and the use of annual (rather than committed)

doses for post-(internal) exposure control;

(3) A monthly dose limit as well as a limit on total
gestation dose to the embryo / fetus;

(4) Adoption of a 0.1-rem (1 mSv) effective dose equivalent
limit for exposure of the general public with the condition

| that the " site operator" assess the total exposure to the most
exposed individual if estimated or measured exposures exceed 25

'

percent of this limit (2f millirems or 0.25 mSv per year);

(5) The use of "refere sce levels" set up by the radiation user below
; the regulatory limits;

(6) A Negligible Individual Risk Level of 1 millirem
(0.01 mSv) per year. This level is the "... average annual.

excess risk of fatal health effects attributable to irradi-
ation, below which further effort to reduce' radiation expo-
sure to the individual is unwarranted" (NCRP No.91, p. 43).

These NCRP recommendations were issued after publication of the proposed

Part 20 rule and, consequently, there has not been an opportunity for public
comment on them. For this reason, these NCRP recommendations are not being
adopted in the revised Part 20 rule at this time.

!

F. The 1988 Report of the United Nations Scientific Committee on the Effects ') 7 7-

of Atomic Radiation (UNSCEAR-88). M
$$ $The United Nations Scientific Committee on the Effects of Atomic Radiation

7has analyzed data on the sources and effects of atomic radiation and published
'

a series of reports containing summaries of the sources of radiation, the doses
received by workers and members of the general public from these sources, and
an analysis of the potential health risks from exposure to ionizing radiation.

9
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7' The latest report in this series is the 1988 report. The 1988 report contains
more recent information on the health risks of ionizing radiation determined
from a reevaluation of tha data on the survivors of the Hiroshima-Nagasaki #f
atomic bombings. Cased upon these data, the radiation risk at high doses and
high dose rates is estimated to be 7.1 x 10'4 fatal health effects per rad .7.
(0.071 effects per gray). For estimating the risk from radiation doses below h100 rads, the UNSCEAR report recommended that a dose rate reduction factor be
applied to account for the reduced effectiveness of lower doses and lower dose
rates. This would lead to an estimated risk of fatality of between (0.7 to
3.5) x 10'4 health effects per rad for low doses such as those encountered in

routine occupational exposure and the even lower doses that might be receivedi

by members of the general public from NRC- (or Agreement State) licensed activ-

ities. The fatal cancer risk value associated with the 1977 ICRP recommenda-
tions,1 is 1.25 x ION (the proposed Part 20 rule, 51 FR 1102, January 9, 1986)
so that the risks as estimated by the 1988 UNSCEAR report for low doses are
between 0.6 to 2.8 times higher than the earlier ICRP estimate. The implica- NM
tions of the increased risk are discussed in Section II.I. M8

*

G. The 1988 Report of the National Academy of Sciences' Committee on the Bio-
logical Effects of Ionizing Radiation (8EIR-IV)O

The 1988 BEIR-IV report supplements the 1980 BEIR-III report by providing
a more detailed analysis of the risks from internal alpha-emitting radionu-
clides to complement the emphasis of the BEIR-III report on gamma and beta
radiation. Revised risk estimates are given for intakes of radon, radium,
polonium, thorium, uranium, and higher transuranic elements (e.g., plutonium).

7 United Nations Scientific Committee on the Effects of Ionizing Radiation
(UNSCEAR), " Sources, Effects and Risks of Ionizing Radiation, 1988 Report
to the General Assembly, Sales Section, United Nations, NY 10017 (1988)

8 National Academy of Sciences-National Research Council, Committee on the,

Biological Effects of Ionizing Radiation " Health Risks of Radon and Other'

Internally Deposited Alpha-Emitters, (BEIR-IV)," National Research.

! Council, National Academy Press, Washington, DC 20418 (1988).

10
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The radionuclide given the greatest emphasis in the BEIR-IV report is "

radon (radon-222), the gaseous decay product of radium-2''6. The radon dose
| conversion factor in the BEIR-IV report for exposure conditions representative

of those of the general public is consistent with the value used to derive the
airborne effluent concentration limit for radon-222 in Appendix B, Table 2 of
the revisert 10 CFR Part 20.

N
H. The 1990 Report of the National Academy of Sciences' Committee on the

Biological Effects of Ionizing Radiation (BEIR-V)9

b
The BEIR-V report is another comprehensive reevaluation of the health risk!

of radiation exposure based upon the revised dose estimates for the survivors 01
the atomic bombings of Hiroshima and Nagasaki. The BEIR-V report gives risk

estimates for leukemia and non-leukemia (solid cancers) that are about two to
five times higher than the estimates in the 1980 BEIR-III report. The BEIR-V
report gives the following factors as the principal reasons for this increase:
(1) use of different dose-response and risk projection models, (2) revised esti"
mates of the doses to the individual survivors of the atomic bombings in Japan,

| and (3) improved epidemiological data from additional years of followup studies
,

since the BEIR-III was completed in 1980.

The BEIR-V Committee uses the linear dose response model and the relative

| risk projection model to extrapolate the fatal tumor risk to future periods.
'

The relative risk projection model assumes the risk to be proportional to the
, natural cancer incidence, which generally increases with age. Because of this

dependence on age, the relative risk model generally predicts higher futvoe
(lifetime) risks than the absolute risk model which employs a constant added
risk per year with increasing age. Estimates are given of the risk as a func-

9 National Academy of Sciences-National Research Council, Committee on the
| Biological Effects of Ionizing Radiation, " Health Effects of Exposure to

Low Levels of Ionizing Radiation, (BEIR-V)," National Research Council,
National Academy Press, Washington, DC 20418(1990).

11
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,

tion of the time since the exposure occurred and the age and sex of the
exposed person. The BEIR-V report, like the UNSCEAR-88 report, indicates that
a reduction factor should be applied to the risk estimates derived from nigh
doses and dose rates in order to apply them to low dose ard low dose-rate

g[situations. Although neither the BEIR-V report nor the UNSCEAR-88 report
recommends a specific value for this factor, both reports indicate that this /

factor should be greater than 2, (larger reduction factors would give a lower
risk per unit dose). Assuming a factor of 2 reduction in the risk estimates
derived from high doses and high dose rates, BEIR-V would give a lifetime risk
of a radiation-induced cancer fatality of about 4 x 10'4 fatal cancers / rem
(0.04 per sievert) for workers and 5 x 10'4 per tem (0.05 per sievert) for the
general population, the higher value for the public being associated with the 'pg
higher sensitivity and the longer period of elevated risl absociated with the g
younger ages present in the general population. The value of 5 x 10 is three
times as large as the recommended value in the 1980 BEIR-III report and four
times as large as the estimate in the 1977 ICRP-261 report (see Section II.F).

The BEIR-V report also summarized the data on the frequency of severe
mental retardation found in the children of Hiroshima and Nagasaki atomic bomb
survivors. These children were exposed in utero at g'estational ages of 8-15
weeks and the risk of severe mental retardation during this period is about 4 x coy,.,4-3
10 per rem with less of a risk at other gestational ages. N

<say-9
The estimates of genetic effects to the offspring of irradiated 9

individuals remained similar to these in the 1972 BEIR-I and 1980 BEIR-III
reports. As radiation-induced inherited abnormalities,have not been observed
directly in humans, estimates of genetic effects have been based primarily upon
experimental studies with mice. These studies suggest that it would take a
dose of about 100 rads to double the natural frequency of genetically transmit-;

ted diseases.

'I. ICRP 1990 Recommendations

M7M
On June 22, 1990, the International Commission on Radiological Protection 68gg

issued a press release indicating that it would issue revised recommendations j;6 7

12
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! for radiation protection based upon the newer studies of radiation risks (such 7'

as those described in Sections F, G, and H above). The press release indicated I

that the ICRP would recommend a reduction in the occupational dose limit from g
an equivalent of 5 rems p + year to an average o'. rems per year with some

*

; allowance for year-to year flexibility. The ICRP sose limit for long-term
exposure of members of the general public would remain equivalent to the level

i adopted in this revision of Part 20, 0.1 rem per year.
!

! The Nuclear Regulatory Commission does not believe that additional reduc- 8
tions in the dose limits are urgently required by the latest radiation risk hd,

estimates. Few individuals in either the work force or in the general public
are exposed at or near the limits, and most of these will not be exposed at

i such levels over long periods of time. Due to the practice of ALARA ("as low
as is reasonably achievable"), the average radiation dose to occupationally
exposed individuals is well below the limits in either the existing or revised
Part 20 and also below the changes being considered by the ICRP. For example,
in 1987 about 97 per cent of the workers in nuclear power plants, industrial,

radiography, reactor fuel fabrication, and radioisotope manufacturing, four of
the industries having the highest potential for occupational radiation expo-
sures, were below an annual dose of 2 rems so that an' immediate reduction in

the occupational dose limits would result in only a small reduction in the,

population dose and in the potential health impact._ Although the risk per
unit dose is higher than previously thought, individual annual exposures
averaged over a lifetime in the highest exposed groups in the working popula-

| tion appear to be about 2-3 rems per year (50-60 % of the 5-rem annual limit).
Therefore, a factor of 2 increase in the risk per unit dose would result in

l estimated potential risks associated with actual lifetime exposures that are

| comparable to the previous risk estimate applied to an assumed lifetime exposure
I of 5 rems per year.

As a result of the application of the ALARA philosophy to effluent release
2.3 )

standards in Appendix I to 10 CFR Part 50 for nuclear power reactors and EPA's .pp p
40 CFR Part 190 for the uranium fuel cycle, doses from radioactive effluents gg
from fuel cycle facilities are already much less than the 0.1 rem per year gg
standard in the revised Part 20. The 0.1 rem per year remains as the level
recommended by the ICRP for protection of the general public.

13
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Until the final ICRP recommendations are published, and the need for cf g
further revisions in NRC standards established, the Commission believes it g

; would be advisable to proceed with the promulgation of the proposed dose limits,
rather than deferring the dose reductions that are already associated with the

j revised Part 20 rule. The Commission will carefully review the final recommen-
dations of the International Commission on Radiological Protection, the comments
of the scientific community and others on these recommendations, and the ICRP
response to these comments. In addition, the Commission staff will review
the recommendations of other expert bodies, such as the National Council on
Radiation Protection and Measurements, and participate in the deliberations of
the U.S. Committee on Radiation Research and Policy Coordination and any inter-
agency task force convened by the Environmental Protection Agency to consider
revised Federal radiation guidance. Any future reductions in the dose limits by

; theCommissionwouldbethesubjectofafuturerulemakingproceeding.
1

,

III. Issues Being Resolved Separately

As noted in the above discussion, there are several areas where the !2.J7
Commission believes a better scientific consensus is'needed before adopting ,gt

values different from those in the present Part 20. There are also several;

areas where issues raised in the public comments (see Section V) are being
resolved in other NRC rulemaking proceedings because of either their scope,
complexity, or timing. The following issues are being or will be resolved in
other NRC rulemaking proceedings:

(1) Establishment of "Below Regulatory Concern (BRC)" levels (related
to de minimis levels and a negligible level of risk). On June 27, 1990,
the Commission announced the issuance of a policy statement on Below
Regulatory Concern, which was subsequently published in the Federal

Register on July 3, 1990 (55 FR 27522). This policy statement establishes
the framework for-the Commission to formulate rules and licensing decisions
to exempt certain practices involving small quantities of radioactive
materials from some or all regulatory controls. The BRC policy statement
sets forth criteria for protection of both individuals (individual dose
criteria) and population groups (a collective dose criterion).

14

. . _ _ _ . . _ , _ . . . ._ .. _ _ _ . _ ._. __ _ . _ _ _ _ _ _ .. _ _ _ .. _ _ . ~.__ _ . _ .



_ _ _ _ _ _ _ _ - - _ -

[7590-01)

(2) Limits for decommissioning of nuclear facilities and for residual q
radioactive contamination. This is being actively pursued by both the NRC g
staff, which is developing criteria for residual contamination of soils and
structures, wl.ich is one aspect of the implementation of the Below Regulatory
Concern Policy, and by NRC staff participation on an EPA Interagency 'ask
Force on b sidual Radioactivity.

(3) Limits and calculational procedures for dealing with the "het
particle" is',ue (small particles found in nuclear reactors that, becaust
of their high activity and small size, produce high localized doses to sk'n).
The NRC notes that the National Council on Radiation Protection and Measurt-
ments (NCRP) has recently issued new recommendations regarding " hot particles"
in NCRP Report No.106, " Limit for Exposure to ' Hot Particles' On the Skin,"
December 31, 1989. A modified NRC enforcement policy statement with regard
to the " hot particle issue" was published in the July 11, 1990 Federal
Register (55FR31113). The NCRP report, together with a forthcoming ICRP
report on the biological effects of skin irradiation and other technical
analyses will be considered in a future rulemaking to set limits for skin
irradiation.

.

(4) Modification of NRC incident notification requirements. A modi-
fication of the incident notification requirements was issued for public
comment on May 14,1990(55FR19890). If this proposal is adopted as e
final rule, it would modify both the existing Part 20 and this revision.

(5)Publicatio a separate rule for large irradiators. A new Part 36
is being proposed ,.ublic comment. The detailed requirements for irradia-
tors presently in the revised Part 20($20.603) will eventually be deleted
and replaced by the provisions incorporated in the new Part 36.

There are also additional areas where the scientific. basis is not yet resolved
i.suff ciently to justify a change from current practice. These two areas

require better scientific consensus on the appropriate position: (1) The need
for and impact of a lifetime cumulative dose limit of 1 rem per year of age and
(2) quality factors, especially for neutrons, low-energy beta-emitters, and

15
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high-energy gamma photons. These issues will be reconsidered as consensus posi-
tions are reached by the scientific community.

IV. Need for Additional Regulatory Guidance
I

The Commission recognizes that the incorporation of many new concepts into
Part 20 will require additional guidance and explanation on their application
to practical problems in radiation protection. The Commission also notes the
desirability of having such additional guidance available at the same time that
the final rule is issued in effective form. However, it was impractical, both
for reasons of scheduling and availability of resources, for these guides to be
developed concurrently with Part 20. Some of the regulatory guides being de-
veloped or revised to assist in the implementation of the revised Part 20 are:

' N |p-
(1) Content of Radiation Protection Programs at Nuclear Power Plants; pq
(2) Interpretation of Bioassay Measurements (Draft Regulatory Guide [1

8.9, Revision 1),
.

(3) Criteria and Procedures for Summation of Internal and External k
Occupational Doses,

(4) Acceptable Criteria for Planned Special Exposures and for
Satisfying Documentation Requirements;

(5) Methods and Parameters for Calculating the Dose to the
Embryo / Fetus;

(6) Instructions for Recording and Reporting Occupational Radiation
Exposures (includes NRC Forms 4 and 5).

The Commission has instructed the staff to have these and other draft
guides published for public comment early in 1991 so that there will be ample
time to incorporate public comments. into the final guides prior to the effec-
tive date of the revised Part 20 rule which is January 1, 1993,

16
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V. Implementation and Existing License Conditions

Section 20.8 of the rule provides that NRC licensees must implement the
Part 20 rule on or before January 1,1993. -Licensees that adopt the provisions
of this rule prior to the required implementation date are required to notify Jgh;
the NRC. Early implementation may benefit applicants for new licenses or
license renewals as they could avoid having to adopt and implement one version

. of Part 20 for only a short period of time prior to the required implementation
date of this revision. Licensees choosing early implementation must adopt the
entire revised Part 20. Compliance will be required with the version of 10 CFR
Part 20 codified in the Code of federal Regulations on January 1, 1991 until
Janu6ry 1,1993 or until the licensee notifies the Commission of early imple-
mentation of the revised Part 20.

License conditions and reactor technical specifications may contain
'

citations to portions of the existing 10 CFR Part 20. After adoption of the
revised Part 20 by the licensee or after January 1,1993, the applicable section
of the revised Part 20 that corresponds te the same topic should be used in
lieu of any section of the Part 20 in effect on or before January 1,1991 thati

! is cited in the technical specifications or license conditions. When there is
i

no corresponding section in the revised Part 20 to these cited provisions, the
current license condition based on the Part 20 in effect prior to January 2,
1992 shall remain in force until there is a technical specification change or
license amendment or renewal. If a license condition or technical specification
exempted a licensee from a provision of Part 20, it will be assumed to also
exempt the licensee from the applicable provision of the revised Part 20. If

| the license condition or technical specification is more restrictive than the
revised Part 20, it shall remain in force until it is modified by a technical
specificetion change or license amendment or renewal.

|

| The NRC will issue a regulatory guide that provides the section and para-
graph identifiers in the revised Part 20 and the corresponding sections or;

! paragraphs in the earlier Part 20. This document will issued shortly after
the publication of this rule and will enable licensees to locate sections of
the revised Part 20 that correspond to sections of the earlier Part 20 cited '

in license conditions and technical specifications.

17
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VI. Summary of Public Comments and Changes from Proposed Rule

!

! The purpose of this section is to respond to comments raised on the pro-
.

| posed rule and to explain and highlight the changes made to the proposed rule.
: This section presents, for each paragraph or section of the rule, the principal

public comments on the proposed rule, an NRC staff response to the coments-4

; (where appropriate), and a summary of the principal changes that were made to
.

j the proposed rule. This section has been arranged so that it corresponds to

| the structure of the rule. Although it follows the format of the final rule,
'

the following text is not intended to create any additional requirement not

] already in the regulatory text. [ ] 'fk
.

!

Subpart A -- General Provisions
,

<

Section 20.1 Purpose.<

Final Rule. A new sentence was added to convey the intent of the former
6 20.9 in the proposed rule (which has been removed) that the regulations-in,

i Part 20 should not hinder a licensee's actions to pro'tect health and safety in
the event of an emergency. It is the Comission's intent that the regulations
be observed to the extent practicable during ; emergencies, but that conformance

_

withtheregulationsshouldnothinderanygefionsthatarenecessarytoprotect g
public health and safety such as lifesaving or maintaining confinement of radio-
active materials.

.

In this regard, the Cnmmission notes that the Federal guidance on occupa-
tional radiation protection states that those dose standards only apply to nor-
mal operating conditions. The Commission believes that the dose limits for
normal operation should remain the primary guidelines in emergencies. However,

1

the Commission also recognizes that, in an emergency, operations that do not '

conform to the regulations may have to be carried out to achieve the high-prior-
ity tasks of worker, public, and facility protection. The purpose of the addi-
tion to this section is to assure licensees that their first priority should be!

to carry out those actions that are necessary to protect workers and the public

18
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from radiation exposure, to perform lifesaving activities, gprevent or limit f
the spread of radioactive contamination or the release of radioactive matetials
to the environment, and to preserve an adequate margin of safety.bn evaluating A'u ifr
any ensuing violations and their severity, the Commission will consider on a p
case-by-case basis any extenuating circumstances. Q

4/e
4r

Section 20.2 Scope. *

Final Rule. The statement of scope remains essentially the same as in the
proposed rule except that " background radiation" has replaced " natural back-
ground." This change was made to include residual global fallout and ambient
radon levels within the definition of " background."

Section 20.3 Definitions.

General. Because of the large number of comments that dealt primarily with
wording changes or that questioned the need for or the ese of a particular

,

definition, the individual comments will not be discussed separately. However,

these comments did result in substantial revisions to many of the definitions
that appeared in the proposed rule. Those definitions that were added, modified,
or deleted as a result of the public comments are listed below.

Comment: Differentiation among different kinds of dose equivalents. The

potential for confusion among different dose equivalents was noted. Commenters

noted that effective dose equivalents, committed effective dose equivalents, and
doses to the lens of eye, skin, or extremities were all expressed in units of
rems or sieverts and may be difficult to distinguish from one another.

|
Response: In the final rule the NRC staff has applied unique names

for these previously undesignated quantities including: eye dose equivclent,
shallow-dose equivalent (skin), shallow-dose equivalent (extremities), and
total effective dose equivalent. The ICRP did not give these quantities
specific names. The use of characteristic names is intended to reduce confusion

19
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{ in using these units. In this regard, it should be noted that the licensee is
required to designate, in a clear and unambiguous manner, the quantities that<

! are being recorded (see paragraph 20.1101(b)).

i

Final Rule. All the important definitions in the revised rule have been
collected into one section, f20.3 Definitions. Unlike the proposed rule, which
employed groups of related terms (" Area Terms," " Dose Terms," " Monitoring
Terms," etc.), all the definitions in the final rule are listed in strict alpha-
betical order. This organization also avoids the presence of " local definitions"

{ that appear only in a specific section of the regulation.
!

1. New Teres. The following definitions have been added to the final
rule. These definitions have been added to clarify the meaning of the terms:

. a. " Activity"
b. " Background radiation"

c. " Derived air concentration-hours" ("DAC-hours")
| d. " Dosimetry processor"

e. " Entrance or access point"
f. " Generally applicable environmental s"tandard"
g. " Individual monitoring device"
h. " Quality factor"
i. " Sanitary sewerage"
j. " Total effective dose equivalent (TEDE)."

[] td C#1H}* Ob
2. Revised Definitions. The following definitions have been revised or

modified from the oefinition used in the proposed rule:

a. " Absorbed dose"

b. - " Annual limit on intake"
c. " Class"

| d. " Committed dose equivalent"

e. " Committed effective dose equivalent"
f. " Derived air concentration"
g. " Dose equivalent"

1

20
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|

| h. " Effective dose e vivalent"
! i. " Embryo / fetus"

j. "Cye dose equivalent"
" Member of the public" Mf 6/98 1.

| "Nonstochastic" #7.

m. " Person"
,

! n. " Planned special exposure"
o. " Quarter"
p. " Survey"

j q. " Weighting factor"
r. " Working level",

s. " Year"

| 3. Definitions and terms deleted. Two definitions were deleted because
the terms no longer appear in the rule: " Collective effective dose equivalent"

,

and " Roentgen." " Natural background" has been replaced by " Background radiation." Tdh.7
\ #8
1

Section 20.4 Units of Radiation Dose. i

\
*

i

Comment: Choice of the system of units. Several commenters expressed a,

preference for retaining the older "special" units (the curie, rad, and rem)
rather than allowing the use of the newer SI unite Reasons cited for retain-
ing the 4r system included: present widespread uw and licensee familiarity,
potential for misunderstandings with the newer units, the need for worker re--
training (particularly while learning the new ICRP system of dose limitation),
and the costs associated with changing recordkeeping systems. A smaller number
of comments favored changing over to the SI units: becquerels, grays,-and sie-,

.

verts,
4

Response: Although both the "special units" and the SI units appear in the
text of Part 20 (to increase the familiarity of licensees with the SI units),
the Commission has decided that adoption of the SI units at this time is not
necessary. The Commission recognizes that the new terms and methodological
approaches in the revised Part 20 are complex and that imposition of the SI

.

21
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4

i system of units on top of this complexity would further increase the potential
| for confusion. Consequently, at the present time, the recordkeeping, reporting,
| and notification requirements require the use of the "special units," the rad,

the rem, and the curie. However, as the national move to metrication continues,
as anticipated in Section 5164 of the Omnibus Trade and Competitiveness Act of!

1988 (P.L. 100-418), at some later time there may be amendments to Part 20'

that would require the use of SI units only (becquerels, grays, and sieverts).

Final Rule. The final Part 20 rule includes the International System of
Units (S! units) for distance, area, and volume. The older "special units" are
retained for activity (curie), absorbed dose (rad), and dose equivalent (rem'.

Comment: Quality factors for neutrons. The quality factor is the con-
version factor between the absorbed dose (rads) and the dose equivalent (rems).
Several publications ,3,4,7,8 have recommended changes in neutron quality fac-2

tors that are a factor of 2 higher than those in proposed Part 20. These

changes would raise the quality factor for fast neutrons from 10 to 20.

Response: Increases in the quality factor for n'eutrons are suggested byi

some animal experimental data on the relative biological effectiveness (RBE)
of neutrons. However, there appears to be considerable uncertainty as to
whether the data actually demonstrate an increase in the hazard of neutrons.

Because the RBE is defined as a ratio of doses to produce equivalent biological
effects, it is not clear whether the apparent increase in the neutron ABE is
due to the increased effectiveness of neutrons or whether it actually results

| from the decreased effectiveness of the reference gamma radiation at low doses,

l
7 International Commission on Radiological Units and Measurements, "The

Quality F e tor in Radiation Protection " ICRU Report No. 40 (1986).,

| (Available for sale from ICRU Publications, 7910 Woodmont Avenue,
Suite 800, Bethesda, MD 20814-3095.)'

8 International Commission on Radiological Protection, " Data for Use in
Protection Against External Radiation," ICRP Publication No. 51
(Januar10523.)y 1988). (Available for sale from Pergamon Press, Elmsford, NY

22
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i

final Rule. The NRC has decided not to revise the neutron quality factor >

at this time but to defer any change until there is greater scientific consensus
on the most appropriate value. A major consideration underlying this decision
is that neutron exposures at most NRC-licensed facilities are currently small
and the potential increase of a factor of 2 would not have a major hvaith or
regulatory impact.

/f
The decision to defer any change is consistent with recommendations of the h

Committee on Interagency Radiation Research and Policy Coordination (CIRRPC) of ,/,y,

the Office of Science and Technology Policy that there should not be a revision g r-

of the value of the neutron quality factor at this time without more study. M
This position is also reflected in papers from the United Kingdom National
Radiological Protection Board (UKNRPB)9 and c statement on the neutron quality

factor from the British Committee on Radiation Units and Measurements.10

Comment: Table of neutron quality factor;. Several commenters questioned
the accuracy and timeliness of the table of neutron quality factors and fluence
rates (to give dose equivalents of I rem) that appeared in the proposed rule.
Some commenters suggested that there were more appropriate tables published by

,

the NCRP or ICRP.

Response: The tables in the proposed and revised rules were taken from
11NCRP Report No 38 and are appropriate for the neutron do.e equivalent at a

soft tissue depth of I centimeter (which is the depth specified for the deter-

9 J.A. Dennis, "The Relative Biological Effectiveness of Neutron Radiation
and Its Implications for Quality Factor and Dose Limitation," Nuclear
Energy 20(2). 133-149 (1987).

10 British Committee on Radiation Units and Measurements (BCRV), " Memorandum
from the BCRU: Effective Quality Factor for Neutrons," Physics in Medicine

l and Biology 31 (7):797-799 (1986).
11 National Council on Radiation Protection and Measurements, " Protection

| Against Neutron Radiation," NCRP Report No. 38 (January 1971). (Available
for sale from the NCRP, 7910 Woodmont Avenue, Suite 800, Bethesda, MD
20814-3095.)
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mination of the deep dose equivalent). There are newer tables from the ICRP,
but these tables incorporate the factor of 2 increase in the neutron quality
factor. (See the preceding discussion of the neutron quality factor.)

Subpart B -- Radiation Protection Programs

Section 20.101 Radiation Protection Programs ["As Low As Is Reasonably
Achievable" (ALARA)) (f 20.102 of the Proposed Rule).

Comment: The concept of ALARA is a philosophical principle of radiation
protection and, as such, it should not be made into a regulatory requirement.
A primary objection to changing the status of ALARA from the hortatory sugges-
tion in the current Part 20 (" licensees should") to a mandatory requirement
(" licensees shall") is that there are no guidelines (except for light-water-
reactor (LWR) effluents) as to what constitutes ALARA. Because of the sub-
jective nature of an "ALARA level," there are problems in the retrospective
evaluation of licenste performance by NRC inspectors and, at least in one case,
interpretations by the courts concerning whether the levels achieved were
truly "as low as is reasonably achievable."

Response: There were a number of comments that expressed similar

concerns regarding the proposed implementation of "ALARA." The emphasic on
ALARA actions has been revised from detailed requirements to document all

ALARA actions to a requirement to have a radiation protection program that
includes measures to keep doses and intakes "as low as is reasonably
achievable." This shift is to emphasize that the ALARA concept is inten-
ded to be an operating principle rather than an absolute minimization of
exposures.

Comment: Any requirement for ALARA should include a lower bound. Many
| commenters felt that there should be a " floor" for ALARA necessary.

Response: The Commission agrees that there would be advantages to estab-
lishing such a " floor," below which efforts to further reduce doses would not

1
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be necessary. An NRC policy statement on "Below Regulatory Concern" was an-

nounced on June 27, 1990, and published in the Federal Register on July 3,1_990

(55 FR 27522). The "Below Regulatory Concern" levels in that policy statement g
d,elineate criteria below which additional licensee actions to further reduce

_ doses would not be required. Specific rulemaking actions will be carried out
to define operational thresholds for particular classes of activities such as ycWlt
disposal of very low-level contaminated materials. The BRC policy statement g//4M
provides a framework for evaluating-these case-specific actions. (See also 24p
discussion on 6 20.304.)

,

Comment: Compliance with "ALARA-based" standards should constitute being
ALARA. Several commenters supported the statement in the proposed Part 20
($ 20.102(b)) that compliance with EPA's 40 CFR Part 190 and with Appendix I
to 10 CFR Part 50 should constitute de facto compliance with the requirement
to keep LWR effluents ALARA. Environmental Protection Agency (EPA) comments
did not support this view.

; Response: Appendix I to 10 CFR Part 50 defines ALARA levels of radioactive
materials in LWR effluents. If the design objectives of Appendix I are met,

,

it constitutes a demonstration that the effluents are ALARA and no additional
effort is required to reduce the effluent levels. Although the EPA interprets

j 40 CFR Part 190 as an "ALARA-based" standard, it also believes that 40 CFR
Part 190 constitutes an upper bound, not a lower bound, to ALARA efforts.12,

Consequently, compliance with 40 CFR Part 190 is not in itself sufficient to
'

, demonstrate that releases and doses are ALARA.
>

J

I
As Appendix I to Part 50 defines ALARA design objectives that constitute

ALARA effluent levels, meeting these levels is sufficient to demonstrate ALARA

I

! 12 Letter of Janury 7,1986, from Sheldon Meyers, Director, Office of Radia-
tion Programs, Office of Air and Radiation, U.S. Environmental Protection
Agency, to Robert B. Minogue, Director, Office of Nuclear Regulatory4

Research, U.S. Nuclear Regulatory Commission. (This letter is reproduced
as Enclosure B to the comments of the Environmental Protection Agency on
the 10 CFR Part 20 revision (Docket PR-19, 20, 30 et al., 50 FR 51992,
Comment # 769). )

J
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effluent releases. In order for light-water reactors to demonstrate that doses
from both effluents and direct radiation are ALARA, it is.necessary to demon-

'

stratethateffluentsmeetthedesignobjectivesofAppendixIto10CFRPart50,
that direct radiation from onsite sources (gamma radiation from external. rad-
waste tanks and turbine generators (" turbine shine")) is also ALARA, and that '

the total dose to any member of the public is within the numerical standards in
40 CFR Part 190. Meeting these conditions will constitute sufficient evidence
that offsite doses from LWRs are ALARA and in conformance with both Appendix I
and 40 CFR Part 190.

t

Comment: The NRC should establish " reference levels" in its rules. One

commenter thought that the NRC should have " reference levels" for licensee
action in Part 20.

.

Response: The Commission recognizes that licensees generally establish
their own lower " reference levels" in order to keep from reaching and exceed-
ing the Commission's formal dose limits. Based upon the public comments on

; the reference level for exposure of members of the public, which was in the
| proposed S 20.303, this approach would not be favored by a majority of

licensees. Several commenters viewed the reference level for the dose to
members of the public as being applied exactly as if it were a limit. Conse-

| quently, if _the NRC were to specify generic reference levels fer licensee
I action, the impact might be similar to lowering the magnitude of the dose

limits. The Commission believes that the use of the ALARA philosophy is a
preferable means to keep exposures well below the limits established by the
Commission.

Final Rule. The final rule establishes a requirement for all licensees
to have a radiation protection program that includes provisions for keeping
radiation doses ALARA. It is expressly intended that the level of this pro-

.

gram and efforts to document it are commensurate with the size of the licensed
facility and the potential hazards from radiation exposure and the intake of
radioactive materials.

26
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The requirement for a radiation protection program is not new; it was

discussed in the proposeprule (uperALARp and is consist y with require-

mentsiparty(SS 33.13,33.14,ap)33.15),Part34(S34.11),Part35 |

(SS35.20-35.31), and Part 40/640.32 of the NRC regupions, with the infor-
|mation requested in Chapter *12 of Regulatory Guide 1.70, " Standard Format i

and Content of Safety Analysis Reports for Nuclear Power Plants," and with the i

conditions in most licenses issued by the Commission. The extent of this pro- '

gram and requirements for written records and procedures for operating the
program are intended to be commensurate with the scope and potential hazards '

associated with the licensee's activities. The Commission recognizes the need
to provide guidance on the scopes of radiation protection programs and such
guidance will be prepared in the form of Regulatory Guides.

The Commission continues to emphasize the importance of the ALARA concept
to an adequate radiation protection program. In order to strengthen this con-
cept, the Commission has adopted a requirement that all licensees include pro-
visions for maintaining radiation doses and intakes of radioactive materials
as low as is reasonably achievable as part of their radiation protection pro-
grams. Compliance with this requirement will be judged on whether the
licensee has incorporated measures to track and, if n'ecessary, to reduce expo-
sures and not whether exposures and doses represent an absolute minimum or

whethcr the licensee has used all possible methods to reduce exposures. This
shift in emphasis should reduce potential problems of retrospective evaluation
of licensee performance under admittedly subjective criteria. However, the
licensee should be able to demonstrate that periodic reviews of performance

I

have been made and that efforts have been made to achieve ALARA. As noted above,
the level of effort expended on the radiation protection programs should re-
flect the magnitude of the potential exposures, both the magnitude of average
and maximum individual doses and, in facilities with large numbers of employees,
collective (population) doses. A nuclear power reactor licensee would be ex-

pected to have a considerably larger program than a licensee with only small
sealed sources.

The Commission has not adopted a requirement that a numerical cost-benefit
analysis (optimization analysis) be used to demonstrate ALARA. The quantitative

27



_ _ _ _ _ _ . _ . _ _ , _ . _ _ _ _ . _. _ _ _ . _. __ . _ _ _ --. . . _ . . _.

(7590-01)

approach is useful for those situations where both costs and benefits (dose
reduction) can be quantitated, such as in shielding design or analysis of de-
contamination methods. The Comission. encourages licensees to employ quantified
analyses to define ALARA, but their use is not required. One reason for this is
that many ALARA procedures simply reflect sound operating practice and do not
lend themselves to a numerical analysis. Another reason is that cost-benefit
analyses could have a cost associated with obtaining the necessary information
and carrying out the analysis that may exceed the monetary v'alue of the dose
reduction. Thus the quantitative optimization analysis would be expected to
be used primarily in situations where both the costs of control and the resul-
tant benefits were not only quantifiable, but also appreciable compared to the
cost of performing the analysis.

Subpart C--Occupational Dose Limits

Section 20.201 Occupational Dose Limits for Adults.

Comment: Elimination of the 5(N - 18) age prorated cumulative dose limit
and the adoption of the 5-ret annual effective dose limit. Most comenters
favored this change noting that licensees have generally succeeded in keeping
doses below 5 rems per year for the past few years and, therefore, are already
meeting the new limit.

Comment; Lifetime dose limits. A few comenters believe that there should
-be a limit on the cumulative total dose that can be received by any individual

' in a lifetime.
1

!
; Response: The Comission considered the use of a lifetime dose limit but |

! rejected it. The EPA had proposed s h a limit (100 rems in its propo
7836, Januar/ sedFep/al GuidKnce ofi Occupational Ra lation Exposure (46

J /1
y 23,

1981) but withdrew it.

! If the magnitude of the annual dose is limited, there is a de facto limita-
tion of the lifetime dose that can be received. The Commission believes that,

j 28
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;

such a de facto lifetime limit is preferable to an actual cumulative lifetime-
dose limit because the cumulative limit could act to limit employability. This,-

'

,

) .in turn, raises questions concerning the right of an individual to pursue em-
! ployment in a chosen profession. .If an individual were to deplete the " dose

bank" provided by a lifetime dose' limit, it might be difficult to;obtsin future-
employment-using ionizing radiation.

Comment: Quarterly dose limit.- A number of commenters noted that the ICRP

system of dose limitation does not have quarterly or other limits covering -
periods less than a year. The public comments also noted the possibility of
giving rise to two violations for the same event (i.e., the possibility of ex-
ceeding both the quarterly and annual dose limits .in one event)', thereby' incur-
ring two penalties.

Response: The quarterly limit (only for deep-dose equivalent) had been
,

retained in the proposed rule'as a. result of suggestions received from'several
groups during the development of the rule. The primary protection function of
retaining a quarterly limit was to reduce-the potentia 1 -for receiving several-

,

high doses within a relatively short period of time. However, there is not
much of a radiobiological significance between 10 rems _(two 5-rem doses) and
6 rems (two 3-rem doses) received in a short time period. One consideration

<

-is the employability of a worker who has-exceeded the dose limit.RA worker who

exceeded the 5-rem annual dose limit might have to work in a job not involv-
ing radiation for a year (or take pert in a planned special' exposure) instead
of only-a calendar quarter if a quarterly dose was used.

Final Rule. . In order to maintain compatibility with the ICRP and to
| eliminate the. possibility of double violations, the quarterly limit has not
! been kept and only annual limits:are stated.

Comment: Eye dose limit. Some commenters questioned the 15-rem (0.15-
_

sievert) eye limit used in the proposed rule noting that-ICRP Publication No.
p 26 contains a recommended value of 0.3 sieverts (30 rems).

29
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Response: The ICRP recommended a reduction in T,he limit for the eye to
0.15 sieverts (15 rems) at their Brighton, England, meeting in 1980.13 This
was done because the ICRP concluded inat, for a lifetime of occupational expo-
sure at th( former 0.3-sievert (30 rem) limit, some opacities in the lense of
the eye mi,ht be produced that could develop to the point of causing deteriora-t
tion of vision (even without further radiation exposure). In most situations,
the limits for the deep-dose equivalent and the shallow-dose equivalent to the
skin shotid ensure that the eye dose limit is also met. Consequently, the re-
duction f *om 30 rems to 15 rems is not expected to have a significant impact
on either health protection or control cost.

Comment: Parameters defining the shallow-dose equivalent (" skin dose").
The proposed rule would have established a dose limit for the skin of 50 rems
averaged over 10 square centimeters (10 cm ). There were several comments cen-2

cerning the scientific basis for this area. Some commenters suggested other
surface areas, such as 15 cm2 as being better suited to measurement conditions.
Proponents of the larger areas generally favored these areas because of their
compatibility with either contamination survey practices or with the physical

,

size of survey instrument detector probes.

One set of comments prepared by the developer of the NRC's VARSKIN computer
program for skin dose calculation (comment letter No. 262 in the NRC Public Doc-

umentRoom)containsawell-documenteddiscussionoftheselectionofanappro-
priate area over which to average the skin dose. These comments conclude that
1 cm2 is a more appropriate area than either 10 cm2 or 100 cm .2

Response: ICRP Publication 26 contains two recommendations for such areas:
2a 100-cm area and a 1-cm2 area, the larger area being associated with routine

monitoring for skin contamination and the smaller area being associated with
accident dose evaluation. After reviewing these comments and various recommen

13 International Commission on Radiological Protection, " Statement and Recom-
mendations of the 1980 Brighton Meeting," Annuals of the ICRP 4(3/4)
Oxford, England: Pergamon Press (1980).(,Available for sal.e frolii.Pergamon
Press,Elmsford,NY10523.)

-
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dations regarding skin dose measurements, the Commission has decided to use
the smaller area of I cm2 for routine skin dose evaluations. The 1-cm2 area
is consistent with the prior recommendations in NCRP Report No. 3914 and ICRP

15Publication No. 9 as well as the smaller area recommended in ICRP Publication
No. 26.

Within the past several years, there have been instances where very small
(5-250 pm) " hot" particles of fuel or activated corrosion products have been NcMpi

discovered in reactor facilities, on workers or their clothing, and, in a few
isolated cases, in worker's vehicles or homes. These particles are generally
too large to pose a significant risk from inhalation, but are capable pro-
ducing intense beta-radiation doses over very small areas of the skin. The cq
principal hazard appears to be skin ulceration if the particles remain localized %/
on the skin surface. The primary uncertainty associated with evaluating the fct' '

hazard of these small particles is determining the skin area or tissue volume b

to which the dose is to be computed (or even whether " dose" is the most appro- 4 :

,

-

, priate indicator of the hazard). The NRC requested the National Council on "d6%
Radiation Protection and Measurements (NCRP) to look into the hot particle issue Y
and make recommendations. The NRCP's recommendations have been published in

16NCRP Report No. 106 and use a criterion based upon'the number of radioactive N ff
disintegrations that have occurred (pCi-hours) rather than dose. The NRC staff 'g
is reviewing these recommendations and has issued an Information Notice on a
modified enforcement policy for hot particles.

e

Final Rule. This revision of Part 20 specifies an area of I cm2 for skin
dose evaluations. '

<

14 National Council on Radiation Protection and Measurements, " Basic Radiation
Protection Criteria," NCRP Report No. 39 (January 15, 1971), page 79, para-
graph 207. (Available for sale from the NCRP, Bethesda, MD 20814.)

15 International Commission on Radiological Protection, " Recommendations of ,

the International Commission on Radiological Protection (adopted September
17,1965)," ICRP Publication No. 9 (1966), page 6, paragraph 28. (Avail- -

able for sale from Pergamon Press, Inc., Elmsford, NY 10523.) !
* 16 National Council on Radiation Protection and Measurements, " Limit for JMI -

Exposure to ' Hot Particles' on the Skin," NCRP Report No. 106 (December g--)
31,1989). (Available for sale from the NCRP, Bethesda, MD 20814.)

:
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| Comment: Effective dose equivalent for external exposure. The most preva-

| lent comment concerning the effective dose equivalent is the restriction in the

| proposed rule of the risk weighted organ dose " effective dose" concept to in-
I ternal doses without permitting a similar approach to be employed for external

doses. There were several comments that noted the desirability of using organ
weighting factors for external doses.I

Response: The ICRP and NCRP recommendations and the 1987 Federal guidance

on occupational radiation exposure in principle permit the use of external
weighting factors. However, none of the principal standard-setting organiza-
tions has included specific recommendations for the.use of weighting factorst

for external dose.
|

The application of weighting factors also entails calculation of organ doses
instead of whole-body doses from external radiation. One component of this cal-

culation is estimation of the attenuation of the radiation as'a function of the
depth of the organ in the body. There are practical problems in the determina-
tion of the type and energies of the radiation involved and of the orientation,

! of the individual with respect to the source of the radiation that have to be
| considered in making such calculations. Therefore, a'pplication of weighting
, factors for external exposures will be evaluated on a case-by-case basis until
! more guidance and additional weighting factors (such as for the head and the

extremities) are recommended.

Final Rule. External doses to the head, trunk (including male gonads),
arms above the elbow, or legs above the knee are to be treated'as whole-body
doses. For the purpose of weighting the external whole-bcdy dose (for adding,

it_ to the internal dose), a single weighting factor, wT = 1.0, hes been speci-
fled. The use of other weighting factors for external exposure may be approved
on a case-by-case basis upon request to the NRC.

.

Comment: Allowance for exposure after limits are exceeded. Commenters

noted that allowance of an additional I rem per quarter dose limit for a worker,

who had already exceeded the 5-rem annual limit might be counterproductive.2

32
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Workers who remain under the annual limit, and whose dose was X rems, would be
constrained to receive (5 - X) rems, whereas workers who received more than

5 rems in the first quarter could be allowed an additional 4 rems (1 rem in each
of the four cuarters). One commenter suggested that this could provide an in-
centive for individuals who are approaching the dose limit to deliberately ex-
ceed the limit and thereby protect their_ employability by taking advantage of
the extra dose allowance available to those who have exceeded the limits. An-

other commenter believed that such a blanket authorization to exceed the limits
was inappropriate and preferred prior NRC review of the use of these extra
doses on a case-by-case basis.

Response: The purpose of the dose allowance was to protect the worker's
employability after having received a dose above the dose limits. Altnough |

intentionally getting additional exposure might be in the worker's interest
for employability reasons, such an action would not be in the worker's
interest with respect to health protection. Licensees having workers with
critical skills who are approaching the dose limits early in the year or
workers who have received an accidental overexposure should consider use of

the planned special exposure (6 20,206) to permit con,tinued employment.

Final Rule. The allowance of an additional 1 rem per quarter following
an exposure in excess of the limits has been deleted.

Section 20.202 Compliance with Requirements for Summation of Internal and
External Doses.

Comment: Implementation burden. Many commenters felt that the burden of
adding external and internal doses was substantial, particularly as most li-
censees would be faced with either external exposure situations or internal dose
situations, but not both.,

Response: The NRC staff disagrees that there will be a substantial record-
keeping burden because this summation will be required only if both the internal
dose and the external dose are each likely to exceed 10 percent of the dose

33
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limit. Thus, in-most situations, as noted in the comments, only one component
will be required to be measured and, consequently, summation of internal and
external doses will not be required.

!

Final Rule. The requirement remains that the committed effective dose
equivalent and the deep-dose equivalent should be summed to give the total
effective dose equivalent. However, this summation need only be performed if
both components are required to be monitored (i.e., exceed 10% of an applicable
dose limit), If the summation o' doses is not required, then the limit applies
to the component (internal or external) that is measured. The NRC is planning
to issue additional guidance in the form of a regulatory guide before the
effective date of the revised Part 20. This guide will be on procedures to be
used in estimating committed effective dose equivalents and deep-dose equivalents
and guidance on when internal and external doses have to be summed.

Commenti Use of individual metabolic or dosimetric data. Several commen-
ters thought that the proposed rule required the use of specific metabolic and
dosimetric parameters for the exposed individual. On,e commenter also thought
that the use of such parameters would " invalidate the stochastic approach of the
regulation, which presumes that the effects of radiation exposure at these
levels are statistical in nature."

Response: It was not intended that licensees would be required to collect
and use specific metabolic or dosimetric information on exposed individuals
for use in dose assessments. The intent was to permit the use of personal
data for dose assessment when such data were available. The use of parameters
that are more appropriate for a particular exposed individual than those assumed
for the " Reference Man" should improve the accuracy of the dose estimate for
that individual. This is unrelated to the concept of stochastic health effects.

The statistical nature of the potential stochastic effects of low doses of
ioniziag radiation does not require that the associated dose estimates be based
on Reference Man doses. However, it is necessary to resort to population-
averaged dose-to risk conversion factors as there are no health risk coefficients
available for specific individuals.

34

.

...-:~.. - '

^^



_ . . . _ . . _ _ _ . _ . _ . , _ .- _ . . _ _ _ . _ _._.._ _ _ _ . _ . . .- _ ._ __. . _.__.-_ . _ . _ _

,
'

(7590-01)

(Monitoring thresholds and thresholds for summation of internal and exter-

nal dose -- see discussion under 6 20.502]

Note: Section 20.202(c) states that: "The assigned deep-dose equivalent and 167-
shallow-dose equivalent must be for the part of the body receiving the highest '

exposure." This requirement-is intended to apply primarily to situations .
-

where there are steep gradients in the radiation dose rate, depending upon loca- '

tion within the facility and spatial orientation of the worker's body. For
example, good practice for a worker in a nuclear power plant who is reaching
up into a radioactive steam generator would be to wear at least two personnel
dosimeters: one to monitor the extremity dose (worn on the finger or_ wrist) and
one to monitor the whole-body dose (worn on the upper arm). For routine moni-
toring in relatively homogeneous radiation fields, special consideration to
identify the actual " highest" exposed area would not be required.

Section 20.203 Determination of External Dose from Airborne Radioactive
Material. -

Comment: This could be read to require that the air concentration be
measured at two locations. This section appears to require that the air concen- |

tration be measured at the location of the individual.and at the point of maxi-
:

num concentration in the cloud. The regulation should emphasize the reliance
on personnel dosimeters or other monitoring devices.

Response and Final Rule. Section 20.203 has been shortened considerably.
;

The revised section emphasizes the use of survey instruments and personnel moni-
toring devices to evaluate the external dose. The remaining technical guidance
from this section in the proposed rule will be incorporated into a regulatory
guide.,

'

|
' i

i

i

|
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i

Section 20.204 Determin' ation of Internal Exposure. -
<

Comment: Interim dose calculation factors and parameters. Because the
existing Part 20 is based on ICRP-217 dosimetry and metabolic models and the
revised Part 20 employs the ICRP-3018 dose parameters, there was concern regard--
ing whether the more recent ICRP-30 parameters should be used, particularly-
when the value is to be compared with the intake limits in the present Part 20.

Response: The NRC is planning to issue a regulatory guide that will'ad-- M M
dress the use of bioassay measurements for determining compliance with Part 20. N
Appropriate parameters for calculating organ doses from radionuclide intakes-
can be found in ICRP-30 and its supplements. Dose factors in Federal Guidance19 g' Report #11 are also acceptable for use in calculating occupational exposures.
However, the effective' dose equivalent factors in Federal. Guidance Report #11
do not employ a rounding method suggested in ICRP-30. For this reason, the
dose factors in . Report #11 may be be slightly higher (10-20 percent).than che
effective dose factors which correspond to the ALIs and DACs in both tne revised

Part 20 and Report #11. These dose factors would be more restrictive (give
slightly higher doses for the same intake) than dose factors comruted using
the ICRP-30 roundoff procedure, but they can be used'for evaluating compliance
with Part 20.

[ feo}ra ed $/* W U gh O 'Y
Section20.205[ deleted) Further Provisions -- Internal Exposure

Involving Radionuclides with_ Very Long Effective Half-Lives. .

Comment: Exemption for long-lived radionuclides and the use of the commit-
ted dose equivalent concept. The use of the concept of a " committed. dose equi-

17 International Commission on Radiological Protection, " Report of Committee
II on Permissible Dose for Internal Radiation," ICRP Publication No. 2
(1959). (Available for sale-from Pergamon Press, Elmsford, N;Y. 10523.)

18 International Commission on Radiological Protection, " Limits for Intakes
of Radionuclides by Workers," ICRP Publication No. 30. (Available for sale
from Pergamon Press, Elmsford, N.Y. 10523.)-

19 Environmental Protection Agency, Federal Guidance Re
Values of Radionuclide Intake and Air Concentration, port No II, " Limitingand Dose Conversion
Factors for Inhalation, Submersion and Ingestion." USEPA Report EPA-520/.
1-88-020-(September 1988). (Available from the USEPA, Office of Radiation
Programs, 401 M Street, S.W., Washington, DC 20460.)
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valent" drew numerous comments. This approach entails assigning to the year
of intake the future internal dose (the " committed dose equivalent" over 50

| years) from radionuclides taken into the body during that year. The proposed

rule (in 6 20,205) allowed an exemption from the use of committed dose equiva-
lents for several long-lived radionuclides.l

Many of the commenters objected to having to assign the future 50 year dose
to a single year. Others suggested that variable integration periods be allowed
instead of one fixed 50 year value. One argument offered in support of either
of these positions is that many adult workers would not normally be expected to
live long enough to accrue the full 50 year committed dose equivalent.

Commenters pointed out that while pre-exposure controls (such as the annual
limits on intake and the derived air concentrations) should be based upon the
committed dose equivalent concept for planning and control, the use of controls
based upon limiting the annual effective dose equivalent rate (rather than using
the committed dose equivalent) might be preferable for post-exposure management
following actual radionuclide intakes.

~

It was also noted that there were several additional nuclides that had
similar half-lives and retention characteristics but were not included in the
proposed exception. Among these were cobalt, strontium, and americium. The

approach in the proposed rule was characterized as appearing to place almost
complete emphasis on the control of the work environment rather than on the

| assessment and control of the individual worker.
1

Response: The concept of dose commitment is not new; this concept has
been used as the basis for controlling internal doses since the late 1950s I

17when ICRP Publication No. 2 and the present 10 CFR Part 20 were published.,

! However, the term " committed dose equivalent" applied to future doses from
internal emitters initially appeared in 1977 in ICRP Publication No. 26.1

|

The concentration limits for air and water in Appendix B to the existing
Part 20 were based upon concentrations which, if continually inhaled (for air)
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or ingested (for water) over a 50 year period, would produce a dose rate in
I

the " critical organ" in the 50th year that was numerically equal to the annual
organ dose limit. For certain radionuclides that slowly approached a constant
body burden, primarily those radionuclides that have both long radiological
half-lives and long biological clearance half-times, the limiting organ dose
rate is not reached by the 50th year. For shorter-lived radionuclides and
those that are rapidly removed from the body, equilibrium may be attained
more rapidly and the limiting annual organ dose rate could persist over many
years.

The limiting dose rate in the 50th year from a constant intake of a radio-
nuclide each year over a 50 year period is numerically equal to the total dose
integrated over the 50 year period f om a single year's intake of the same
magnitude. Therefore, controlling the integrated future (" committed") dose
for each year's radionuclide intake also controls the annual dose rate in the
50th year to be within the dose limit.

It was noted that use of limits to annual doses in some cases would not
ensure that doses in future years would be within limits. The example of the

,

ingrowth of americium-241 from plutonium-241 was cited in which, even if the
initial annual dose from plutonium-241 were within the limit, the ingrowth of
the radiologically more significant americium-241 would lead to doses higher

<

than the limits in subsequent years.

There are only a few radionuclides that would not attain an equilibrium
level (and a constant annual organ dose rate) within time periods of less
than 50 years. The use of the committed dose equivalent, rather than control-
ling internal dose on the basis of annual dose, substantially overestimates I

annual doses only for those radionuclides that do not reach an equilibrium level i

lin the body early in the working lifetime. These radionuclides are primarily
the long-lived radionuclides for which-the exemptions of S 20.205 in the pro-
posed rule were intended. Radionuclides (such as cobalt-60, strontium-90,
and americium-241) that were easily measured at airborne concentrations or body
burdens below the DAC and ALI value me not included in the list of exempted
radionuclides because an exemption was not believed to be necessary for them.
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The annual limits on intake and derived air concentrations are used mainly
for pre-exposure control rather than post-exposure dose assessment so that fine-
tuning these values to specific ages or adjusting them for factors such as the
length of the period over which the committed dose is evaluated or to dif- [1
ferences in individual organ sizes (as were suggested) is not warranted for
occupational dose assessment. The use of age-dependent committed dose factors
as suggested by some commenters would add needless complexity to the assessment

of internal doses and cannot be justified on the basis of the availability of
information on either age-dependent metabolic parameters or age-dependent radio-
biological risk information.

The use of an annual dose limitation system, even with a reduction in the
allowable dose limit from 5 rems to 3 rems such as in the proposed 6 20.205,
does not provide a limitation on the lifetime radiation dose or risk equivalent
to that provided by the committed dose limitation system of this final rule for
all classes of workers. Although long-term workers would be protected to the
same degree under either the annual or committed dose system:,, short-term or
temporary workers could get somewhat higher lifetime doses under a dose limita-
tion system based on limiting only individual annual dose. Furthermore, it is

'

neither reasonable nor practical to expect future employers to take special
measures to control radiation dose to workers who transfer because a previous
employer, working under annual organ dose limits, permitted intakes that would
result in future dose rates that are appreciable fractions of the allowable
dose limits. Such a practice would not be fair to workers whose future employ-
ability may be limited because of the additional restrictions a new employer
would have to put on their exposure, or to future employers of these workers

| who may have to assess internal doses from residual body burdens of internal
,

radionuclides in order to show compliance. The annual dose system also requires g
.a complex bookkeepina effort because the annual dose limit for each worker /gp
_ depends upon the worker's pre-existing body burden of radioactive materials.

Final Rule. For the reasons discussed above, the Commission has decided

not to adopt proposed S 20.205 and the exemptions for certain long-lived radio- |

nuclides for the final rule. The use of the committed dose equivalent will be l

applied uniformly to all radionuclides, regardless of half-life. The Commission

I
'

| 1
!
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recognizes that the removal of this exemption, combined with the lowering of
the airborne concentration limits for-several radionuclides (notably thorium
and uranium), could impact on the current and future. facilities that use these
materials. Licensees that are affected by these changes may request an exten-
sion of the implementation time in order to make the necessary modifications
to comply with the revised limits as they relate to long-lived radionuclides
identified in the proposed S 20.205. In addition, licensees should note the
flexibility provided in the revised rule for more accurate dose assessments gg
t_o be made that might show that additional controls were not required in order
to meet the dose limits. Specifically, S 20.204 allows the use of actual +
particle-size distributions and physiochemical characteristics of airborne [
particulates to define a site-specific derived air concentration to be used
in lieu of the generic values in Appendix B. Such adjustments result in the
use of more precise dose estimates because of a better characterization of tiie

actual exposure conditions. Although these adjustments might permit higher -
Airborne radionuclide concentration limits to be used, the same degree of
health protection would exist because the radiation dose (and risk) would
remain the same. This section also allows for whole-body counting or bioassay ,

measurements to determine the behavior of radioactive materials in the individ- M
ual and the use of these data to calculate internal doses. A 7-montn celay _ / 2S
between_a bioassay or retention measurement and recording of the associated dose
is also permitted in order to make confirmatory measurements.

The Commission recognizes that alternative methods may be identified in the
future that might achieve the same degree'of lifetime risk limitation for both
short-term and long-term workers as the dose system recommended by the ICRP, the
Radiation Protection Guidance to Federal Agencies-for Occupational Exposure, and
adopted in the current and revised 10 CFR Part 20. The Commission further
believes that, to be acceptable, such alternatives should not result in an ad-
verse impact on worker employability or result in undue recordkeeping or exces-
sive monitoring requirements for the future empicyers of transferring workers.

40

,

__ _ . _ _ _ - _ _ - -



_ _ __ ._ _ _ _ _ _ _ _ _ _ . __ ___ __ _

[7590-01]

Section 20.206 Planned Special Exposures.

Comment: The use of planned special exposures could result in lifetime
cumulative doses greater than those doses formerly permitted under the 5(N - 18)
formula. One comenter noted that the new regulatory scheme, including planned
special exposures, allowed a higher total lifetime dose than was permitted using
the 5(N - 18) formula. The calculation presumes a working lifetime of 47 years
(starting at age 18 and ending at age 65). Under the revised Part 20, the life-
time limiting dose would be 260 rems (5 rems per year)(47 years) + 5(5 rems)
(planned special exposures) = 235 + 25 = 260 rems). Under the 5(N - 18) formu-
_la, at age 65 (N = 65), the cumulative dose would be 5(47) = 235 rems. ~The com-
ment further noted that the NCRP recomended [in NCRP Report No. 91) a cumula-
tive dose limit of 1 rem x age; the Department of Energy has proposed a 100-rem
lifetime dose limit, and the ICRP at its 1984 Stockholm meeting inferred a goal
of 1 rem per year. Other comenters noted that, because of the potential life-
time dose including the planned special exposure, the claim on page 51, FR 1121
(Table 5), of the proposed rule that " Individuals receiving highest exposure
will be reduced" is unjustified and incorrect.

Response: The analysis of maximum doses discussed above is overly simpli-
fied because it assumes that there are individuals who will be exposed at the
allowable dose limit every year of their working lifetime. Under the old

.

5(N - 18) formula, the unused portion of the dose limit (the difference between
the actual dose received and 5 rems) became part of a " dose bank" that could

be drawn on in later years (at a rate up to 3 rems per quarter or 12 rems per
year). This " dose bank," which is inherent in the age prorated formula of,

5(N - 18), does not exist with the straight annual dose limit. If the worker's
exposure is under the 5 rem annual dose limit, there is no way to recapture
the difference for use in future years. Consequently, the average annual dose
(for the more highly exposed workers) associated with new part 20 is expected
to be less than under the former *ule.

As noted above (see Response under S 20.201 Occupational Dose Limits), the
Comission considered the use of a lifetime dose limit but rejected it.

|

<
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Comment: Planned special exposures should not be limited to external
exposures but should also be permitted for internal exposures. Several commen-

ters noted that it was inconsistent to treat internal and external doses as
equivalent by summing them and then restricting planned special exposures to
only external doses. Commenters also pointed out that the total effective dose
equivalent (TEDE) could be minimized in some cases if some external doses were
reduced at the expense of incurring some internal doses.

Response: The Commission agrees that restricting the use of planned
special exposures to only external doses would be inconsistent with the ALARA -

principle and the presumed equivalence of internal and external doses inherent
in the revised Part 20. Consequently, the requirements have been modified so

I internal doses may be included in planned special exposures in order that the
total dose (TEDE) can be controlled in keeping with ALARA.

,

Comment,: The annual dose allowed in a planned special exposure does not,

agree with the recommendations of the ICRP. A few commenters thought that the
allowable annual dose from planned special exposures should be 10 rems as stated

;

in the ICRP recommendations. Other commenters agreed with the NRC's modifica-
i tion to reduce the annt.a1 dose for planned special exposures to 5 rems.

,

Response: The NRC has intentionally reduced the dose allowed in any year
from a planned special exposure from the 10-rem value proposed by the ICRP to
5 rems. The lifetime total limit from planned special exposures of 25 rems

remains the same as the ICRP recommendation. The Commission believes that it
would be better to distribute the dose over the lifetime more evenly than to
permit a large portion of the cumulative dose to be received within a small
period of time. In this sense it should be recalled that the planned special
exposure is in addition to the normal dose limits. Under the Part 20 condition,
it would be theoretically possible to get a 10-rem dose in 1 year, 5 rems from
a planned special exposure and 5 rems from routine operation. This is roughly
equivalent to the 12 rems (3 rems / quarter) that could be received under the pre-
sent Part 20 limitations using the 5(N - 18) formula. The initial ICRP proposal
would have permitted a 15-rem dose in 1 year,10 rems from planned special expo-
sures and 5 rems from routine operation.

i
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Comment: Subtraction of emergency doses. Some commenters suggested that

doses received under emergency conditions, up to a lifetime total of 25 rems,
not be subtracted from the lifetime allowance for planned special exposures.
It was also suggasted that the employability of the individual might be jeopar-
dized if the dose " bank" were depleted.

Response: The NRC has not officially sanctioned the 25-rem " forgivable"
errergency dose that has been recommended by some organizations. for a once-in-a-
lifetime dose that would not be counted against an individual's lifetime dose.
Consequently, all doses received as a result of occupational exposure must be
recorded in an individual worker's record.

The Commission believes that planned special exposures will be used infre-
quently so that the lack of a dose bank for some individuals would not be a
majordrawbacktotheiremployability.

_ Comment: The time period for notifying exposed individuals of their dose
is too short. A number of commenters thought that the 15-day period for notify-
ing exposed individuals of their exposure from a plan'ned special exposure was
too short. Some commenters noted that most NRC reporting requirements provide

a 30-day, not a 15-day, period. Other commenters suggested that the 15-day
period could give the impression [to the worker] that an inordinate _ risk was
involved when that was not the case.

Response: The 15-oay period for notification was intended to be unique
and to further emphasize that " planned special exposures" were indeed "special."
However, the Commission has extended the time period for notification of the
individual from 15 days to 30 days to allow licensees additional time to esti-
mate internal exposures that are now permitted in the revised rule to'be part
of a planned special exposure. The requirement to notify the NRC (see
$ 20.1204) that a planned special exposure has taken place is also 30 days.
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Comment:. Doses received during a planned special exposure that do not
exceed the dose limits for normal operation should not have to be recorded as
planned special exposures or be subtracted from the lifetime planned special
exposure limit. A few commenters expressed concern that exposures during plan-
ned special exposures that did not result in doses to an individual in excess
of the occupational annual dose limits would nevertheless have to be repurted
separately and subtracted from the individual's lifetime allotment for planned
special exposures.

Response: The intent of the planned special exposure was that it would be
used infrequently in circumstances where the elimination of the 5(N - 18) life-
time cumulative limit might create a severe handicap to the licensee's opera-
tions. Being able to switch doses between planned special exposures and routine
dose limits would tend to encourage the use of planned special exposures as the
licensee would have nothing to lose by using the planned special exposure. This
is contrary to the Commission's intent that the planned special exposures be
restricted to "special" situations. Once a licensee decides to conduct a plan-
ned special exposure, all of the unique limitations, reporting, and recordkeep-
ing requirements are to apply, even if the doses actually received fall within
the dose limits for routine operations.

Final Rule. The prr, visions of planned special exposures have been extended
to include internal exnosures, and the reporting time to the individuals in-
volved has been changed to 30 days to allow sufficient time for analysis of //CNyinternal dose,

g/

Section 20.207 Occupational Dose Limits for Minors.

Comment- Exposure of Minors. One commenter stated that minors should not
be exposed to radiation because they do not meet the criteria for occupational
radiation exposure. The commenter argued that minors are not trained regarding
radiation protection, do not derive a benefit from employment, and would require
the preparation of an NRC Form 4 if they were workers.
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Response: Allowing minors to be occupationally exposed to radiation was
permitted in the present Part 20 ($ 20.104). All individuals, including minors,
who enter a restricted area are required (10 CFR 19.12) to be instructed as to
the risks involved. Minors who are employed receive salaries and other associ-
ated benefits of employment so that there does not appear to be a major dif-
ference in this respect from other workers. Furthermore, licensees are required
under the existing and revised Part 20 rules to maintain the same exposure re-
cords for minors as for adults.

An alternative to this procedure would be to exclude minors completely from
radiation related work. This does not appear to be desirable as the monetary,
experience, and educational benefits that may accrue'to the minor appear to out-
weigh the small incremental risk involved (particularly considering the nduced
dose limits applied to minors). Consequently, no change has been made from the
proposed rule.

Section 20.208 Dose to am Embryo / Fetus.

Comment:. Biological basis for lower dose limits for pregnant women.

There were comments that cited older studies and recommendations for dose limits
for the embryo / fetus that are considerably higher than 0.5 rem. These comments

questioned the biological basis for the 0.5 rem dose limit for the embryo / fetus
in the proposed rule.

Response: The biological effects of ionizing radiation upon the embryo /
fetus are summarized in Regulatory Guide 8.1320 More dete.iled information can

:

I
20 U.S. Nuclear Regulatory Commission, " Instructions Concerning Prenatal

Radiation Exposure," Regulatory Guide 8.13, Rev. 2, December 1987.

.

f
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be found in publications of the NCRP,21 ICRP,22 UNSCEAR,23 and the OECD/NEA.24

The limit of 0.5 rem during the entire gestation period is based upon a recom-
mendation by the NCRP in 1977 (see Reference 21). The International Commission
on Radiological Protection (ICRP-26) recommended 0.3 times the annual dose limit

or 15 mSv (1.5 rems) over the full gestation period and 5 mSv (0.5 rem) in the
i

first 2 months of pregnancy.

Final Rule. The limit for the embryo / fetus of a declared pregnant woman is
0.5 rem over the entire gestation period. There is also an admonition that the
licensee avoid substantial variation above the average monthly exposure rate that
would comply with the 0.5-rem limit. These conditions are consistent with the
Federal guidance on occupational radiation exposure and with the recommendations
of the NCRP in NCRP Report No. 91.6

Comment: Licensee's Responsibilities to Protect the Embryo / Fetus of an
Undeclared Pregnant Woman. Several commenters raised the question of whether
the licensee had any responsibility for protecting the embryo / fetus of an
obviously pregnant female employee who had not formally declared her pregnancy
to the employer.

Response: It is the fundamental responsibility of the pregnant worker to
decide when or whether she.will formally declare her condition to her employer.
This position is derived from court rulings concerning a pregnant woman's rights
regarding termination of the pregnancy. Having a woman formally declaring her

21 National Council on Radiation Protection and Measurements, ." Review of -
Radiation Dose Limit for Embryo and Fetus in Occupationally Exposed Women,"
NCRP Report No. 53-(1971). (Available for sale from the NCRP, 7910 Wood-
mont Avenue, Suite 800, Bethesda, MD 20814-3095.)

22 International Commission on Radiological Protection, " Developmental Effects
of Irradiation on tia Brain of the Embryo and Fetus," Annals of the ICRP
16 4) (1986). (Available for sale from Pergamon Press, Elmsford, NY 10523.)

23 United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), Genetic anc Somatic Effects of Ionizing Radiation Sales
Section, United Natiors, NY 1986, particularly Chapter III, Biological
Effects of Pre-natal Irradiation."

24 Organization for Economic Cooperation and Development / Nuclear Energy.

iAgency, "The Biological Basis for the Control of Prenatal Irradiation," '

OECD/NEA, Paris, France (1988).
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pregnancy to her employer derives from l'egal, _ not health protection,- considera- '

tions. If she chooses 1not to declare-her pregnancy,.the licensee will not be
required under the Commission's regulations to limit her dose' to-the 0.5-rem - !

limit.
>

Undeclared pregnant women are protected under the NRC regu1'ations for-
'all workers. The normali occupational dose limits would still' be'in effect-
and would have to be complied with,'and the dose would also have to be

kept "as low'as is~ reasonably achievable." In addition, as'part of her
L initial employment, the womanLshould have. received instructions in radi-

ationprotection(10CFR19.12),and_sheshouldhavebeen'providedwitha
copy of Regulatory Guide 8.13.

l

It might be prudent for a licensee to remind a pregnant,. but undeclared,
worker of the special limit for protection of the embryo / fetus of a declared-
pregnant woman and to provide another copy of Regulatory Guide 8.13 to her.
However, if the licensee has previously provided this information to the

1

employee, it is not a Commission requirement that it'be done'again. .If the
requirements referred to in the previous paragraph have been' fulfilled, the'-
licensee will-not be cited foria violation of the Commission's regulations if
-the estimated dosa to.thelembryo/ fetus of an undeclared pregnant woman-exceeds

| the 0.5-rem limit, even=if the worker's pregnant state seems obvious.

Comment:- Requirements on the worker to declare. pregnancy information-on-
L child-bearing capacity. Some commenters called for a' requirement that the-

employee declare i.ne pregnancy to the employer as soon as it _is known to the
L pregnant woman. Another commenter suggested that two classes ;of women,

" fertile" and "nonfertile," be established with separate dose limits for each
class.

L Response: 'Section 161c. of the Atomic Energy Act gives NRC the authority
! to require such information.to be provided by the worker. However, such a re-

quirement could be considered to be' discriminatory and an' invasion of personal
privacy. It.would also-be unenforceable because the woman and her physician -

know when she knew of the pregnancy and patient-doctor communications are pri-
vileged.. -Infringement on personal privacy is also a drawback that applies to
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requiring the. female worker to supply information concerning her " fertility"
or " infertility."

|

Comment: Estimation of Dose to the Embryo / Fetus. The assignment to thej

j embryo / fetus of a dose equal to the dose to the declared pregnant woman was
questioned. For example, would it be reasonable to assign to the embryo / fetus

i a dose based upon the dose received by the woman's shoulder or head?

|

Commenters also indicated that licensees should be permitted to employ
factors other than a factor of 2 and take into account shielding of the embryo /
fetus by maternal organs and the placenta in evaluating the external dose com-
ponent of the embryo / fetus.

Response: The concept used in the proposed rule of relating the dose to 24 7
the embryo / fetus to the dose received by the mother has been modified. The 73final rule permits direct calculation of the cose to the embryo / fetus. This was

j done so that the use of more accurate dose assessments would not be precluded
by the rule. The internal dose to the embryo / fetus may or may not be directly
proportional to the dose received by the mother.

A forthcuaing regulatory guide will provide guidance on methods for calcu- -

lating the dose to the embryo / fetus. For interim assessments of the dose to
the embryo / fetus, it may be assumed that the dose to the embryo / fetus from

external radiation and from radionuclides in the body that are relatively uni-
formly distributed, such as cesium-137 and compounds of . tritium and carbon-14

| thatarenotorganicallybound,isthesameasthedosetothemothe]since
under these circumstances the same energy would be deposited per gram of tissue
ii both the mother and the fetus. For external gamma irradiation, the assump-

tion d.et the dose to the fetus is the same as to the mother should be conser-
vative (yield calculated doses that are somewhat higher than the actual doses
determined by more precise evaluations).

| Permitting calculations of the embryo / fetal dose using reduction factors
for attenuation within the body of the mother would entail knowledge of the
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energy spectra of the incident radiation. As noted previously (Response for.
$ 20.201), photon spectral measurements, although technically feasible, are
not currently required by the Commission and are considered to be beyond the
scope of routine radiation protection survey measurements. The small amount
of reduction in the calculated dose afforded by such attenuation corrections
would be secondary in importance compared to uncertainties due to body orien-
tation, partial-body exposure from collimated beams of radiation, and the radio-
biological sensitivity of the embryo / fetus.

In situations where the use of a single dose measurement would be inappro-
priate for both the woman and the embryo / fetus, a solution would be to monitor
the two doses separately.

Comment: Additional Dose Increment Allowed to Pregnant Women Beyond the

Dose Limits. The rationale was requested by a few commenters for permitting
an extra 0.05 rem (0.5 mil 11 sievert) beyond the 0.5-rem (5 millisieverts) dose
limit to an embryo / fetus.-

Response: The small additional dose is intended to apply in situations-
where the embryo / fetus has accumulated a substantial fraction of the dose limit
or has already exceeded the limit before the woman formally declares herself

I to be a " declared pregnant woman." If the incremental 0.05-rem dose were not
available, a woman having already received a dose in excess of the 0.5-rem limit'
might not be able to be further employed in a radiation-related~ job. The

licensee could be in " instant noncompliance" as the embryo / fetus dose limit
could have been exceeded before the licensee was aware that it was applicable
(i.e., before the woman declared her pregnancy). Thus, the small incremental
0.05-rem dose provides a means of ensuring continued employment for the woman

and also removes the threat of inadvertent noncompliance on the part of the
licensee. The additional risk posed by this incremental dose to the embryo /
fetus is small compared to the potential risk from the overall 0.5-rem dose
limit.,
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Final Rul.e. The final rule corrects an anomaly in the proposed rule
regarding the application of the additional 0.05-rem incremental dose. In
the proposed rule, the additional 0.05-rem dose was available if the embryo /
fetal dose limit had been exceeded prior to the woman's &claration of pregnancy
(even if the dose were 0.501 rem). However, the-additional 0.05-rem dose incre-
ment would not have been available if the embryo / fetal dose were less than the

0.5-rem limit (even if the dose were as much as 0.499 rem). There .is no signif-
icant difference in risk between 0.551 (0.501 + 0.05) rem and 0.549 (0.499 +-
0.05) rem. This provision would have resulted in unnecessary penalties to both '

the licensee and the declared pregnant woman. In the final rule, the 0.05-rem
dose increment is available as an additional dose if the embryo / fetal dose at
the time of declaration is greater than 0.45 rem (0.45 = 0.5 - 0.05).

Subpart D--Radiation Dose Limits for Individual

Members of the Public

2

Section 20.301 Dose Limits for Individual Members of the Public.

Comment: NRC should defer changes to limits for the general public until
the EPA issues revised Federal guidance. The EPA suggested that NRC not modify
its radiation limits for protection of the general public until EPA prepares
revised Federal guidance on dose limits applicable to the general public-(the
recently issued Federal guidance applied only to occupational radiation protec-

| tion).

O NM Vsp| Response: Although it would be oesirable to use Federal guidance as a
| basis for the revision of the limits for the public, the Crwission believes
!

that Part 20 needs to be based on a consistent set of principles and concepts
rather than having its standards for workers using one dose limitation system

| and its standards for the general public using an entirely different (and out-
moded) system. The latest Federal guidance does not address radiation exposure
of the general public and, althouoh the NRC staff is represented on an EPA _ Task,
Group which is developina draft Federal guidance on doses to members of the Y
seneral public, the Commission has chosen not to defer these limits until this ' g

MS
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i

| Task Group has completed draf ting the guidance and EPA .4akes recommendations to the
; President for its issuance. The Commission's intent to address these limits was
. noted explictly in the statement of considerations that accompanied the proposed

rule (51 FR 1118, Section U VIII).

4

Comment: Facilities that are subject to other lower standetds should not
I have to d2monstrate compliance with the 0.1-rem limit (" reference level").

Several commenters expressed concern that additional efforts would be required,

. to demonstrate compliance with the proposed 0.1-rem " reference level." for
i licensees that were already subject to the 0.025-rem (25-n1111 rem) limits of EPA's

] 40 CFR Part 190, this appeared to be an unnecessary burden.

{ Response: The concept that 0.1 rem represents a " Reference Level" has been

eliminated. The 0.1-rem value in the final rule represents the primary dose
limit for protection of the public. This change from the propoaed rule reflects
the clarifications by the ICRP (see Section II.A.) regarding the usage of the
0.1-rem and 0.~-rem recommended dose levels. This change does not represent a
majorchangefromtheproposedrule. Many commenters had indicated a belief
that, because of the reporting and control requirements associated with the
0.1 rem reference level, it already represented a de facto limit.

Demonstration of compliance with the limits in 40 CFR Part 190 or with the,

design objectives of Appendix ! to 10 CFR Part 50 will be deemed to defronstrate g
compliance with the 0.1-rem dose limit for most licensed facilities,O ower 'gP

reactor licensees that comply with Appendix I may also
they are within the 0.025-rem limit in 40 CFR Part 190. gag to demonstrate thatUemonstration of comp 11-

; ance with the limits of 40 CFR Part 190 will be considered to demonstrate com-
pliance with the 0.1-rem limit. For uranium mills, it will be necessary to show
that the dose from radon and its daughters, when added to the dose calculated
for 40 CFR Part 190 compliance, does not exceed 0.1 rem.

i

The dose rate limit of 2 millirems in any 1 hour from $ 20.105(b)(1) of the M7t
i

present Part 20 was omitted in the proposed rule but has been reinstated in the y
revised rule. The reason for this is that this limit provides a more readily

51
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:

] measurable quantity than the 100 millirem per year value and can be more easily
| verified by short-term measurements.

.

Coment: Inclusion of doses from other licenseu or unlicensed radiation
sources. Many commenters expressed an opinion that the dose shoulo~not be all-

inclusive and should not include fallout from nuclear weapons tests, transporta-
tion of radioactive material, or other sources of radiation not under the con-

i trol of the licensee.
4

; Response: The new lower dose limit for members of the general public
(which was described as a " reference level" in the proposed rule) appliesi

only to doses from radiation and radioactive materials under the licensee's
a control. The EPA's generally applicable environmental radiation limit for

nuclear power operations (40 CFR Part 190) does apply to the total dose from
all sources within the uranium fuel cycle. However, in its practical implemen-
tation, the sources would have to be located within a few miles of each other
for the combined dose contributions to be significantly different from the dose
from either facility alone.

'\
The definition of " natural background" has been replaced by " background IMN1 >

radiation," which includes natural background, global fallout, and radon not Mf
associated with licensed material. This clarifies sources of radiation and

|
radionuclides that can be excluded from evaluations of the dose from licensed
activities.

Comment: Differentiation of limits for long-term operation and for shorter-
term transient operation. A number of commenters noted that ICRP-26 described the
0.1 rem (1 mSv) per year value was intended to be an average goal for long-term
operation _but that 0.5 rem (5 mSv) was intended as the primary annual dose limit
for members of the public. Some commenters suggested that a lifetime dose limit
be ercaMisped for members of the public.

52
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;

Response: AsnotedaboveinSection113,theICRPhasmodifiedits
; interpretation in the ICRP statement issued following their 1985 Paris meeting,
i so that the primary standard is 1 mSv (0.1 rem) per year. This clarification

of ICRP philosophy is reflected in Part 20 by the change of the 0.1 rem per year :
' value from a " reference level" in the proposed rule to a primary limit in the

final rule.
i

| Final Rule. It should be emphasized that the 0.1 rem per year limit in
;

; Part 20 is not intended to be applied as a long-term average goal: it is an
; annual limit. As a matter of practicality, long-term (or lifetime) dose limits
3 for members of the public cannot be implemented unless each year's dose is kept
'

within the long-term goal. Doses to individuals in the general public are not

| usually monitored directly (locations rather than individuals in the offsite
environment are monitored). As individuals may change residency and there is

; no reporting or tracking system, lifetime doses to specific individuals in the
j general population are very difficult to determine.

The 0.5 rem per yo.-limit is available only upon specific application to'

and approval by the Commission (see $ 20.301(c)). A 0.5-rem value has been re-
tained in order to apply to transient situations and to alleviate the immediate ;

need to redesign or reshield existing facilities that were designed to meet the,

.
former 0.5 res limit. The 0.5-rem limit is intended to.be applied primarily
totemporarysituationswhereoparationofafacilityt[ortheperson'sexposure' b7|

!

to radiation and radioactive emission is not expected to result in doses N'

above 0.1 rem over long periods of time. For design of new installations, the
.

0.1-rem limit should be used. However, existing facilities may apply for NRC
approval to use the 0.5-rem limit while more complete evaluation of the need f
for any additional modifications is performed. '

-

The Commission is aware that some estegories of licensees, such a; uranium ' 2f 7
mills and ,i,n situ uranium mining facilities, may experience difficulties in ,g |

| determining compliance with the revised values in Appendix B, Table 2, for j
'

'

radionuclides such as radon-222. Provision has been made for licensees to us'.s
air and water concentration limits for protection of members of the general )
public that are different from those in Appendix B, Table 2, if the licensee

,
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can demonstrate that the physicochemical properties of the effluent justify L/,7
| such modification and the revised value is approved by the NRC. For example,
; uranium mill licensees c0uld, under this provision, adjust the Table 2 value
l for radon (with daugnters) to take into account the actual degree of equilibrium

present in the environment. This provision permits (upon NRC approval) the
use of concentration limits for members of the general public that better repre-
sent actual exposure conditions. This is similar to the allowance for use of
modified derived air concentrations (with Commission approval) in
S20.204(c)(3). In both situations, licensees would be permitted to propose
radionuclide concentration limits for their facility that reflect actual proper-
ties of the effluents rather than using the generic concentration-to-dose as-
sumptions associated with Appendix B values. These adjustments tailor the con-
centration limits to specific conditions, provide the same limitation of dose, g
and do not permit any areater risk even though the adjusted concentration limits
(for members of the general public or for workers) may be hiaher than the Ap < k
pendix B_ generic values, b

Use of this provision, applied to the percentage of radionuclide equilib-
rium existing in radioactive decay chains, could provide a factor of 2 or 3 up-
ward change in the appropriate air concentration limit. In addition, the li-
censee can demonstrate compliance by calculating the dose to the nearest resi-
dent rather than meeting the air concentration limit at the site boundary.
This should provide an additional factor of 2 or 3 allowance. Lastly, if the
0.1-rem effective dose limit still cannot be met, the licensee can apply to NRC
under 6 20.301(c) for permission to use a temporary 0.5 rem per year limit
rather than the 0.1 rem per year limit. Section 20.301(c) of the revised rule
requires that, in order to receive permission for use of this higher dose limit,
the licensee has to specify (1) the need for and expected duration of the higher
value, (2) their program to assess and control doses, and (3) procedures to
control doses to be ALARA. These options used singularly or in combination
coupled with process or operational modifications of these facilities is expec-
ted to provide sufficient flexibility to enable most uranium recovery facilities
to comply with the provisions of the revised 10 CFR Part 20.

|
,
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Section20.303(Reserved).

The former 0.1-rem " Reference Level" and the EPA Standard for Nuclear
.

Power Operations that were in this section in the proposed rule are included
as primary limits for members of the public in $ 20.301 of the final rule.1

.

Section 20.304 (Deleted) De Minimis Level and Collective Dosc Evaluations.

Comment: Adoption of a threshold for calculating collective (population)
doses. The proposed S 20.304 would have allowed licensees to disregard doses
to individuals that were less than 1 millirem per year when evaluating col-
1ective (population or " person rem") doses. Amajorcriticismofthissection
was the narrowness of its scope. The section pertained onip to a change in
the calculational methodology for estimating collective doses and would not
have permitted unrestricted release of any materials or equipment.

Most comments from people and organizations within the nuclear power and
radiation applications . industry favored this measure as an initial step toward

| developing more general "below regulatory concern" (BRC) levels. Several
commenters thought that NRC acknowledgment of the concept of a "BRC" level was
more important than the specific proposal to truncate collective dose
calculations. Many commenters thought that a generic BRC level would limit

unnecessary expenditure of resources that would otherwise have to be spent to
control inconsequential risks.

There were also a number of comments that were not in favor of either the
proposed collective dose cutoff or the more general application of the concept
of "below regulatory concern." A few commenters expressed opinions that it did
not appear feasible to arrive at a universal de minimis level, because the level -

that would appear to be truly insignificant to most people would be too low to '

result in any appreciable saving to the industry. There also were comments
that noted that the proposed collective dose cutoff could cause large numbers

e

of potential adverse health effects to be overlooked if they resulted from '

small radiation doses delivered to very large numbers of people. Many commen-

.
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ters, both pro and con regarding the adoption of a BRC level, thought that a
threshold value for collective dose should also be developed. A few cow enters
noted that the focus of the more generic BRC concept tended to be for s'ngle
licensees and that it might be necessary to consider the impacts from .cultiple
licensees.

Many of the commenters who supported a generic BRC concept did not agree

with the numerical value (0.001 rem per year) proposed for the cutoff, believing
it to be too low. An explanation for this opinion was that if 0.001 rem repre-

. sented an insignificant level of risk, then all larger doses might be perceived
| as representing "significant" levels of risk. A value of 0.010 rem was noted by

several commenters as being a more suitable value and still represented an in-
consequential risk.

Response: The Commission agrees that "Below Regulatory Concern" levels J/fql
would be useful and has issued policy statements on the application of the con- g
cept of "below regulatory concern" with regard to waste disposal (" Radioactive
Waste Below Regulatory Concern," Federal Register of August 29,1986(51FR
30839)) and a general policy statement on "Below Regulatory Concern" was an-

nounced on June 27, 1990, and was subsequently published in the Federal Register
on July 3, 1990 (55 FR 27522). The general policy statement establishes the
framework for the Commission to formulate rules and licensing decisions to ex-
empt certain practices involving small quantities of radioactive materials
from some or all regulatory controls. The BRC policy statement sets forth
criteria for protection of both individuals (individual dose criteria) and pop-
ulation groups (a collective dose criterion).

In order to ensure that any computational changes reflect the policy that
evolves from the effort to develop generic BRC policy, the Commission removed
the threshold for truncating collective doses (S 20.304) from Part 20 and has
included such a threshold in the generic BRC policy statement. This deletion

is also consistent with comments that noted that this section described a
method for calculating a quantity (collective dose) that was not required to be
calculated by Part 20 and comments that such details of calculations would be
better in a regulatory guide rather than in a regulation.

|

56



l

[7590-01)

Comment: The accreditation requirement requires the use of a commercial
dosimetry service.

Response: This is an incorrect interpretation of the dosimetry accredita-
tion rule (52 FR 4601). That rule, which is incorporated into the revised Part
20, states that the dosimetry processor must be accredited. It is possible for
licensees that provide their own dosimetry services to be accredited.

Comment: Lack of specificity in monitoring requirements. Commenters noted

that the monitoring requirements, both in the present Part 20 and in the pro-
posed rule, were general and imprecise.

Response: Many portions of Part 20 are not very specific and detailed
because Part 20 contains the NRC's general radiation protection requirements
and applies to all classes of licensees, including large power reactors, uni-
versities, and medical institutions as well as small radionuclide and sealed
source users. Because of this breadth of application, the requirements in
Part 20 cannot be very detailed for any one type of facility. However, the
requirements in Part 20 are designed to provide the framework for all
licensees and to establish provisions that the NRC considers to be fundamental,

} to basic radiation protection.
i

Section 20.502 Conditions Requiring Individual Monitoring of
External and Internal Occupational Dose.

Comment: Monitoring Thresholds. A number of commenters questioned the
rationale for the lack of agreement of the thresholds in the proposed rule for
monitoring external doses (10 percent of the annual limits) and for requiring
monitoring of internal doses (30 percent of the annual limit). It was frequent-
ly mentioned that starting to require monitoring at 30 percent of the dose limit
could result in overlooking doses of 1.5 rems (30 percent of 5 rems). The 1.5-
rem value would have been above the limits for minors and for the embryo / fetus
(0.5 rem) and was characterized as being a rather substantial fraction of the
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deep-dose equivalent limit. In this connection, it was also noted that the
possibility existed, when large external doses were expected, of exceeding a
total effective dose equivalent limit of 5 rems because the licensee was not
aware of the internal dose contribution.

Some commenters thought that the monitoring thresholds would be understood

more easily if they were expressed as doses instead of percentages.
|

Response: The unequal thresholds for requiring monitoring of internal doses
(30 percent of the dose limit) and external doses (10 percent of the dose limit)
were originally set because of the difficulties in performing low-level bioassay
analyses of alpha-emitting radionuclides at fuel fabrication and other facili-
ties where actinides may be prevalent. (Bioassays for the radionuclides most
commonly found at nuclear power reactors were viewed as generally being able
to meet the 10 percent threshold set for external doses.) In situations such as
bioassay for alpha-emitting radionuclides, it may be difficult to detect 10
percent of the ALI or 10 percent of the dose limit by bioassay measurements
on excreta. -

The monitoring threshold is a predetermined level of anticipated dose for
carrying out bioassay procedures and does not represent a required level of
detection sensitivity. If, by a reasonable analysis of the working environment,
it appears that a worker is likely to inhale radioactive materials at concentra-
tions that could produce an annual committed effective dose equivalent of 0.5
rem (10 percent of the 5-rem limit) or more, then that worker's intake should
be monitored using measurements of exposure (e.g., estimates of DAC-hours basea

upon measured air concentrations) or intake (such as by whole-body counting or
other bioassay technique) or by measurements of both exposure and intake.
Whether the actual doses received were in excess of 10 percent of the limits
could only be determined from these subsequent measurements.

The monitoring thresholds are specified as percentages of the dose limits
rather than as doses because the thresholds apply to several different dose
limits: the total effective dose equivalent, the eye dose equivalent, and the
shallow-dose equivalent.
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Final Nie. The threshold for monitoring internal doses has been dropped
from 30 percent of the dose limit to 10 percent of the limit. This provides
consistency in the internal and external monitoring requirements. The Commis-
sion acknowledges that, in some cases, particularly bioassay measurements of
transuranic elements, it may not be feasible to actually confirm such levels
by bioassay. However, the monitoring threshold is not a requirement on the
capability of the measurement. Average airborne radionuclide concentrations
and the expected time of exposure can be used to estimate radionuclide intakes
and the need for bioassay or other monitoring methods.

The Commission intends.to issue a regulatory guide on the procedures to be
used in estimating committed effective dose equivalents and deep-dose equiva-

!
lents and guidance on when they have to be summed.

!Comment: Evaluationofradigelideintakesforrespiratorwearers. A> |
thternal dose monitoring, such as bioassays, gSeveral commentus men ned tha

should not be reouirer olely because respiratory protection devices were used. gry

The rationale givan by the commenters was that the requirement provides a nega-
tive incentive for using respirators and is, therefore, counter to ALARA opera-
ting practices.

Response: The requirement (in l 20.502(b)(3)of the proposed rule) for bio-
assays for. anyone using respiratory protection has been dropped. The Commission
agrees that such a requirement might be a disincentive for using respirators
as part of an ALARA effort. There is, however, a requirement (in S 20,703)
for bioassays to be conducted, as appropriate, as part of a respiratory protec-
tion program. Whether bioassays are necessary for a particular individual will depend t
whether that individual could have exceeded 10 percent of the annual limit on
intake (ALI) or was exposed to airborne radionuclide concentrations in excess
of the monitoring threshold. An evaluation of-internal dose would be required
if there were a potential for exceeding 10 percent of an annual limit on intake
(0.1 ALI), whether or not a respirator is worn.
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[ Note: Because the requirement for performing Lioassays for a particular 8 4 tf
individual has been separated from the wearing of a respirator, the concentra- ; /7 I

-

#
i tions to be used for evaluating monitoring thresholds are those of the ambient

atmosphere before credit is taken for respiratory protective factors. One of -

.I
the purposes of such bioassays is to confirm the effectiveness of the respira-
tory protection being provided. If bioassay were made dependent upon the cor-

t

,

*

rected air concentration (after dividing by the protection factor), it would be !
equivalent to assuming that the intended protection factor was correct without-

furtherverification.]
f

|

Subpart G -Control of Exposure from External Sources |
j

! in Restricted Areas -

'
.

W

,

!; Sections 20.601, 20,602, and 20.603 Control of Access to High and Very High |

Radiation Areas. !

!-

Comment: Inapplicability of requirements to nuclear power reacto.s. Many
,

commenters indicated that the proposed requirements for control of entry into
very high radiation areas could not be applied to nuclear power reactors because
of the number and size of potential "very high radiation areas" and the physical i'

inability to restrict access to these areas. Sisiilarly, interlocks that can
result in the withdrawal or cessation of the radiation source may be unworkable ,

in nuclear power reactors. Several comenters proposed incorporating require- |,

! ments for power reactors that are similar to reactor license conditions in i

reactor technical specifications. !,

Q ~ Response: The Commission recognizes that the detailed requirements
plic M ult 4 !~

able to large irradiators that were formerly in 6 20.203(c)(6) should b a
'
>

/gspecific regulation dealing with these facilities rather than in Part 20. For -

this reason, these detailed requirements will be placed in a future Part 36 of
Title 10 which _is being issued for public comment and applies specifically to !

irradiators. At the time that that rule is made effective, the Commission
will transfer these requirements from Part 20 to Part 36. In the meantime, the
NRC staff will issue a regulatory guide that provides more specific detailed {
guidance ar nuclear power reactors on high and very high radiation areas.

V d C M k |-0 G'
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Content: Choice of Dose Rate Defining a "Very High Radiation Area."
| Several commenters believed that the 500 rads per hour dose rate that defines

a "very high radiation area" was too high, noting the proximity of this value
to the median lethal dose (LD for acute radiation exposures. Alternative

50
values, such as 1 rem per hour at 30 centimeters, were proposed.

!

Response: The seriousness of this dose rate was a factor in its adoption, i

The 500 rads per hour value appears in the previous 10 CFR 20.203(c)(6) as a
criterion for additional access controls for irradiators (similar in scope to
the requirements of 6 20.603 in the final rule). However, the previous Part 20
did not use a unique designation such as the "very high radiation area" desig-
nation used in the proposed and revised Part 20 rules. The difference between
the 1 rem per hour definition of a "very-high" radiation area used in reactor
technical specifications and the 500 . ads per hour definition used in the
revised Part 20 is discussed in a regulatory guide currently being prepared.

Comment: Meaning of." direct surveillance." Several commenters thought that
the tei;:: "Mmt :,urveillance" used in the proposed 6 20.601 could be interpre-
ted to require stationing an observer at the entrance to the "high" or "very
high" radiation areas.

Response: The final rule permits "... continuous direct or electronic sur-
veillance over a high radiation area that it, capable of preventing unauthoriz-
ed entry..." This removes the burden of having to station a person in or near
a " radiation area," but requires interlocks or electronic locks so that the
remotely located observer may prevent entry into the area when necessary.

Final Rule. The section on very high radiation areas has been divided into
two sections. Section 20,602 provides a general requirement for restricting
access to such areas. This general requirement applies to all very high radia-
tion areas, regardless of the type of licensed operation, including those at
nuclear power reactors. A second, more detailed, set of requirements applies
only to large gamma irradiators. This section, 6 20.603, restates requirements
for irradiators that are in 6 20.203(c)(6) of the present 10 CFR Part 20.
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Subpart H -- Respiratory Frotection and Controls Restrict
Internal Exposure in Restricted Areas

Sections 20.701 and 20.702 Use of Process or Other Engineering Controls and;

j Use of Other Controls.

Comment:_ "Use of other controls." Comenters suggested that, if workers
could be exposed to concentrations of radioactive materials greater than 1
derived air concentration, ALARA should be applied to the total of internal
and external doses (to the total effective dose equivalent). It was noted that
this condition was included in the Federal Guidance on Occupational Radiation
Exposure,

Response: Modifications have been made in the final rule to permit ALARA,

considerations to apply to the total effective dose equivalent rather than just;

the internal dose portion.

.

Coment: Some commenters indicated that the use of respirators should be
permitted even if their use would not be able to reduce-airborne concentrations
below 1 DAC. They noted that this would be consistent with the ALARA philo-

'

sophy.

Response: Section 20.702 has been rewritten to clarify the intent that
j the concentration of 1 DAC is not a cutoff on the voluntary use of respirators
'

but is intended to be the point where some corrective action (including, but
not limited to, the use of respirators) by the licensee would be required when
the use of ventilation and process controls cannot further reduce the airborne
concentrations of radioactive materials.

Section 20.703 Use of Individual Respiratory Protection Equipment.
,

fomment: The proposed rule permits low estimates but not high estimates
of intake to be corrected. Commenters noted that the the proposed rule
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(S20.703(a)(1))wasnotbalancedascorrectionofintake(stimatesbasedupon
dividing OAC-hours by the respirator protection factor and was only permitted
if the initial estimate was later shown (by bioassay results) to have been low.

Response: The rule has been modified so that corrected estimates of actual

intake can be used in records in place of earlier estimated intakes, regardless
of whether the change would result in an increase or in a decrease in the intake
estimate, j

. Comment,: NRC should provide a recommended minimum acceptable standard fort

determining an individual's physical fitness for respirator use. Part 20
requires that a physician determine that an individual worker is physically
able to wear a respirator. NRC should, therefore, provide guidance to the
physician on minimum standards for wearing respirators.

Response: The NRC policy is that the decision as to medical fitness has
been, and continues to be, left to the physician; i.e., the medical doctor
should decide what constitutes minimum health standards for respirator wearers.
Furthermore, the requirements may vary, depending on the respirator used and
physical situations, such as the type of work to be performed, which are out-
side the scope of Part 20. Licensees desiring more guidance should obtain
ANSI Standard Z88.6(1984), "For Respiratory Protection -- Respirator Use -
Physical Qualifications For Personnel," which was developed as an industry
consensus standard that provides definitive guidance to " identify the respon-

| sibilities of the physician, the employee, and management in determining the
t

employee's ability to use a respirator."

Comment: NRC should permit a health professional to certify physical,

; capability to use' a respirator rather than requiring a physician to perform
each required certification. The proposed rule requires that a physician
annually certify a worker's physical suitability for using a respirator. This
should be broadened to permit any qualified health professional, acting under
a physician's orders, to perform the actual certification rather than requiring
a doctor to do this.

64

__ - . - _ . . _ . _ . _ _ . _. _ __ __ _ _ _. _ . _ __ _ . _ _ .



- . _ _ _ _ . . _ _ _ . _ . . _ _ _ _ _ _ . _ . _ _ _ _ _ . . _ _ _ _ _ _ . - . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

[7590-01]

Response: As noted in the previous response, the decision on the physical
ability of an individual to wear a respirator is a subjective judgment that,
in the Comission's opinion, requires the decisionmaker to have a medical
degree. The Commission notes that this annual certification could easily be
included in an annual physical checkup.

,

Comment: The selection of respirator protection factors based upon " aver-
age concentrations" and not " peak airborne concentrations" is an improvement.
The proposed rule, unlike the previous Part 20, permitted protection factors to
be applied to the time-averaged air concentration rather than the peak air con-

l centrGion.

Response: Despite some favorable comments on this change, the Commission

has determined that the use of the average airborne concentration may not pro-
vide an adequate margin for health protection and, in the final rule, has re-
verted to the use of the anticipated peak concentration.

.

| Final Rule. The proposed rule has been modifled to require a respiratory
protection program when respiratory protection devices are be'ng used to limit
intakes, whether or not credit is taken for respiratcry protei: tion factors.i

Allowance has been made for use of respirators that do not prcvide protection J,.g')
factors that would keep exposures brlow the derived air concentrations if (and g
only if) such use would keep the tatal effective dose equ| valent ALARA.

i

Sectic.i <0.704 Further Restrictions on the Use of Respiratory
Protection Equipment.

Comment: Section 20.704 should be deleted. This section, which states
that the Commission may impose additional conditions on respirator use, is not
necessary because S 20.1302 permits the NRC to place additional requirements
on a licensee.
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:

Response:. Although the comments are correct that S 20.1302 gives the Com-
mission general authority to impose additional requirements on licensees, the

j Commission believes that the restatement of this pnlicy in a section pertaining
specifically to respiratory protection is desirable. As noted by the comments,<

this section does not create any additional requirement not otherwise contained

in the regulations. ( ] g
Final Rule. The requirements contained in the proposed rule are retained,

i

Subpart I--Storage and Control of Licensed Haterial<

Sections 20.801 and 20.802 Security of Stored Material and Control of Materiel
not in Storage.

Comment: Definition of " secure." Several commenters requested a definition
of the term " secure," which they felt was vague and did not provide an indication
of the required licensee action.

Response: The phrase has been rearranged and now reads " secure from un-

authorized removal or access" similar to the wording in the previous Part 20.
This should provide sufficient clarification of what was intended by " secure."

|

t comment: Unnecessary restrictions on research. One commenter thought that

the requirement to secure small quantities of radioactive materials when they
are not in use would interfere with university research.

' Response: The Commission believes that locking radiotracer laboratories
when they are not being used is a small nuisance compared to the consequences

) of unauthorized access to or theft of the radioactive materials, which could
result in contamination of unrestricted areas or exposure of individuals, as
well as having to report a loss of licensed material to the NRC.

'

1
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|

Subpart J--Precautionary Procedures

|

Section 20.901 Caution Signs.

Coment: Black should be permitted as an acceptable color f0r the radia- %Jj
tion warning symbol. Several commenters requested that the color black should g
also be allowed to be used on signs and for stenciling on packages. The fading
of magenta inks in sunlight and the use of black for marking international ship-

ments were cited as supporting this position. "

Response: The Commission believes that, although the ' magenta-on yellow"
color scheme has provided a unique warning of possible radiation hazards,
black-on yellow would also be acceptable. The fading of the magenta color as
cited abovt may reduce the visibility of the sign with time. Because of the
cost impacts if existing warning signs had to be replaced, the Commission is
permitting the use of black in addition to continued approval of magenta and
purple, rather tnan as a required replacement.

.

Final Rule. This section has been modified to add black as an acceptable
color for the radiation warning symbol.

Section 20.902 Posting Requirements.

Coment: The terms " Caution" and " Danger" are not used consistently.
Commenters noted that " Caution" or " Danger" could be used on signs for "Radia-

tion Areas " "High Radiation Areas," and "Very High Radiation Areas" despite
the considerable variation in the hazards that might exist in these different
areas.

Response and Final Rule: The Commission agrees that the terms " Caution" /[CM&i
and " Danger" s'hould be used in a more consistent manner. The final rule permits /W
only the term " Caution" to be used in " Radiation Areas." " Caution" or " Danger"

'

may be used in "High Radiation Areas," since it covers a considerable range from
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0.1 rem per hour to over 500 rads per hour. Only " Grave Danger" may be used
in "Very High Radiation Areas." This should provide more emphasis on the use of

" Danger," the importance of which might have been diminished by its prior appli-
cability to the lower hazard " Radiation Area." " Caution" is inappropriate for
use in "very high radiation areas" because of the potential hazard.

Comment: There should be a requirement to post all " restricted areas"
whether or not it is a radiation or an airborne radioactivity area.

Response: The objective of posting is to warn personnel of a potential
hazard. A " restricted area," per se, does not warrant such a warning. There is
nothing to prevent a licensee from posting a notice designating a " restricted
area," but such action is not required.

Comment: The definition of " airborne radioactivity area" would require
tracking of employee " stay times" (time spent in the area). The second option
to the definition of " airborne radioactivity area" would require performing
surveys of airborne activity and tracking the time spent by workers in the area.
The present rule would have only necessitated the survey.

Response:
There are two alternative definitions of an " airborne radio-

activity areo"; only the second one would require consideration of stay times.
This secono Rotion does not require posting in areas that have low occupancy
times and airborne radioactivity concentrations between 0.3 and 1.0 times the
applicable OACs.

Comment: Areas containing only noble gases should not require posting as
" airborne radioactivity areas." The hazard associated with such areas is pri-
marily from external radiation.

Response: The OACs in Appendix B that apply to noble gases (and define

an " airborne radioactivity area") are based upon submersion doses; therefore,

t
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the relationship remains valid. It should be noted that, because some short-
lived noble gases have particulate daughters (such as 88Rb and issCs), the
warning denoted by posting as an " airborne radioactivity area" may still be required.

!

Comment: There is no evident need to post all rooms containing 10 times4

the Appendix C levels. The requirement to post a caution sign in rooms that
store ten times the Appendix C concentrations is unwarranted. There was some

concern noted that such posting could deter firefighters or other emergency
workers from entering an otherwise safe area, and increased damages could
result.

4

Response: Complete dispersion of ten times the Appendix C activitiesi

could produce air concentrations for some radionuclides in excess of the occu-
pational DACs. For example, if ten times the Appendix C quantities were dis-
persed in a 1,000 cubic foot (10 ft. x 10 ft. x 10 ft.) room, the resulting
concentrations would be 35 times the DAC for organic carbon-14, 58 times the
DAC for cesium-137, about 18 times the DACs for iodine-131 and tritium (water,

vapor), and approximately 6 times the OAC for technetium-99m. These appear to
be sufficiently large to-justify a posting requirement, particularly to caution4

firefighters in case of a fire.

Comment: The posting requirement should not be applied to sealed sources,
such as gauges. Posting the entrances to areas having radioisotopic gauges
could require multiple postings in large buildings.

Response: Posting is only required at entrances to the room containing
the source and only when the dose rate at 30 centimeters would exceed 0.005 res
(0.05 mSv) in any hour ($ 20.903(c)) unless areas outside the room warrant
posting as " radiation areas" and are already posted.

>
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Section 20.903 Exceptions to Posting Requirements.

Comment: The proposed rule omits the past exemption for posting rooms
containing only packages prepared for transportation.

Response and Final Rule: The Commission believes that there should be

posting of these areas because there is no restriction on the length of time
that packages may remain in a room. If the packages contain only small quanti-
ties of radioactive materials, then posting of the room would still be exempted
under the remaining exemptions. The term " prepared for transportation" does
include packages that are intended to be carried in a " sole use" vehicle. Such

packages are permitted to have higher allowable dose rates than those specified
in DOT (or NRC) limits for general shipment.

Final Rule. The exception for posting areas containing packages prepared
for transportation has not been reinstated.

.

Comment: The requirement for a person in attendance would be unworkable
in a hospital. The requirement (in lieu of posting the room containing a radio-
therapy patient) for a person in attendance in order to prevent entry was inter-
preted as requiring a 24-hour escort for each radiotherapy patient.

Response: The intent was to generally require posting of therapy patients'
(As noted in one of the comments, the dose rate from patients even withrooms.

diagnostic nuclear medicine treatments might exceed dose rates of 0.002 rem per
hour.) The intent of "in attendance" would be satisfied by a duty nurse at a
nursing station, providing that the station was in sight of the entrance to
the patient's room.

Section 20.904 Labeling Containers.

Comment: There is no way to meet the requirement to label containers in
some nuclear power plants or in hot cells. It is difficult to mark the detail-

| ed information on a container in some areas of a plant or in hot cells.
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;

,

Response: Section 20.905 contains exceptions to the labeling requirements
I that take care of the problem noted by the commenter.

[ Note: For the purpose of this section, " Mixed Fission Products" and
" Fission and Activation Products" may be regarded as radionuclides,;

provided that the total activity is also specified. Designations as
to the process stream or location sampled or type' of sample (e.g. ,
" primary coolant") may also be helpful as an additional designation

,

of the potential hazard.)

,

Section 20.905 Exemptions to Labeling Requirements.
,

Comment! The proposed rule omits existing exemptions-for packages contain-
ing only exempt quantities and those containing less than 10 mci or less of
tritium, iodine-125, carbon-14, and sulfur-35.

Response: While these sources pose little external hazard from gamma
radiation, the quantities could be a potential internal hazard if the package
were ruptured and the contents were released. Consequently, some warning
remains appropriate.

Comment: The proposed rule omitted the existing exemption from labeling
for packages labeled for shipment in accordance with DCT requirements. (Cha

Response and Final Rule: The exemption for DOT-labeled packages has been
'

restored because the Commission agrees that the DOT labeling is sufficient to
,

denote the presence of radioactive materials and provide an indication of any.
potential. hazard. Quantities and concentrations not requiring 00T labels would
not warrant an NRC labeling requirement. (See $ 20.905(d).)

,

.
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I
!

Section 20.906 Procedures for Handling Packages.

Comment: The requirement to monitor all packages is unnecessary. The

requirement to monitor all incoming packages containing radioactive materials
is unnecessary and in large installations creates a substantial monitoring
burden.

Response: This requirement has been reevaluated and modified in order to
reduce the burden.4

; Final Rule. Section 20.906 in the final rule requires incoming packages
to be monitored when: (1)theyarelabeledascontainingradioactivematerials
according to 00T regulations, or (2) when a package is damaged or leaking. The

first provision would reinstate.the exemption from monitoring for shipments of
small quantities of radioactive materials that would not require 00T labiling.

Comment: The requirement to survey external surfaces of packages is .in-
necessary. Several commenters with extensive experience in monitoring packages,

noted that external contamination was rarely if ever pressat and that wipe. tests
are time-consuming both to make the smears and to count them.

Response: Experience in the shipment of thousands of packages each year
has been very good. However, potential problems with leaking packages during
transit warrant continued monitoring upon receipt to ensure that. leaking packages
are found and reported. Appropriate action can then be taken to determine the
extent of contamination in transport vehicles and storare areas in order to
limit the consequences and avoid recurrence. However, an exemption from the
contamination survey requirement has been provided fo< special form (sealed)

bsources that are being moved to and from work sites in licensee owned or
operated vehicles. This partially restores an exemption from the package survey
requirements in the existing Part 20 ($ 20.205(b)(iii)) for all special form
sources.
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i

The Commission believes that restoring this exemption will not result in
any additional hazard. An external radiation survey of the package is still

j required. The primary purpose of this external survey of sealed sources is to
ensure that the source is still properly secured and shielded after transpor-

! ting it.

! Final Rule: The requirement to monitor external surfaces of packages has p 7j
49th

been retained and applies to the two classes of packages for which surveys are
required (labeled " radioactive" and damaged or leaking). A partial exemption!

to sealed sources transported for field use has been reinstated because of the 277
difficulty in making field measurements of surface contamination and because #f
the transporting vehicle is not in general commerce.

Comment: The requirement to monitor packages within 3 hours is unwarranted.
This requirement would be difficult to meet for several types of licensees, some
of which do not have a full-time health physics staff person.

.

Response: Licensees receiving labeled packages of radioactive materials
to which this requirement applies are expected to have available persons who;

'

are qualified to perform such monitoring. However, the person monitoring the
package need not be a board-certified health physicist.

,

Final Rule. the 3-hour period in the current Part 20 (S 20.205(b)(1)(5))
has been retained except if the package is received after normal working hours.

Subpart K--Waste Disposal-

Section 20.1001 General Requirements.

_ Comment: Decay in storage as a disposal option. Many commenters noted
i

favorably the addition of " decay in storage" as an allowed waste disposal |

| option. Several commenters, however, did not believe that the option, as
expressed in the proposed rule, was particularly helpful. i

1

i
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,

Response: Technically, the " decay in storage" option has always been
i available to a licensee since the license permitted possession of the radio- '

active eterials and these materials naturally underwent radioactive decay.
The option was formally included in the proposed and final rules because the;

list of disposal options is exclusive and there have been questions as to
whether this was allowed under the previous Part ?0. It should be noted that
this option does not allow material that has "de".ayed in storage" to be released .

to unrestricted areas unless it meets the requirements of one of the other
'

allowed forms of waste disposal in Part 20, or the requirements of 6 35.92,
" Decay in-Storage," of 10 CFR Part 35, or the specific requirements given in -

any NRC or Agreement State license conditions.

The NRC staff considered adding a separate " Disposal by Decay in Storage"
option with specific criteria for unrestricted release of material after decay.
These criteria are commonly included in source and byproduct material licenses.

,

However, the provisions included in 10 CFR 35.92 and certain specific license VFYM
conditions pertain to relatively short-lived radionuclides and are neither N
appropriate nor applicable to other classes of licenses, such as those issued h
under Part 50. Also, when evaluated for a specific licensed activity, it is .

possible to consider existing pathways of exposure and to establish specific
criteria for decay.

General criteria in a rule would need to be sufficiently conservative to
take into account all reasonably conceivable pathways, thereby reducing the-
applicable level from what would be permitted in a case-by-case evaluation. ECMH ,

4 / 7 2-
Final Rule. The Final Rule has been modified to explicitly list " decay-

'

in-storage" as an authorized form of disposal. Section 20.1001 has been modi-
1

fied to incorporate the requirements that were in S 20.1002(b) of the proposed
rule. These provisions require NRC licenses for persons who receive wastes
containing licensed radioactive materials for treatment, for treatment or dis- 8
posal by incineration, decay-in-storage, or disposal in facilities licensed

i under Part 60 or Part 61,
|- ;

.
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,

I Section 20.1003 Disposal by Release into Sanitary Sewerage.

Comment: Removal of allowance for dispusal of "dispersible wastes." A
|

;

number of commenters felt that the restriction of wastes released to sanitary
sewers to soluble wastes would have an adverse impact on certain licensees that,
under the previous rule, had disposed of "dispersible" but insoluble radioactive
materials. In particular, the practice was mentioned cf pinding up animal
carcasses with subsequent sewer disposal of the ground residue. This practice
is permitted by the previous Part 20 but would not have been permitted under,

I the proposed rule.

'

Response: In the final rule, the Commission has modified the conditions h
in the proposed rule for disposal of radioactive wastes into sanitary sewer

'

systems so that "dispersible biological materials" may continue to be disposed
of by release to sanitary sewers. This means of disposal is advantageous com-
pared with other alternatives for disposal of this type of biological material.

The prohibition on disposal of insoluble materials via the sanitary sewer M7
was intended to prevent disposal via sanitary sewers of material in which the p[
radioactive material is primarily in an insoluble form. Such materials may
accumulate in the sewer system, in the sewer treatment plants, and in the sewer
sludge. i

'

Final Rule: The final rule permits disposal into sanitary sewers of:
(1) radionuclides in soluble form or (2) radionuclides in readily dispersible

g
biological material, provided that the limits in Appendix B, Table 3, on the W7
average monthly concentrations and the limits in S 20.1003(a)(4) on the total
activity released annually are met. The revised rule no longer permits the
disposal of nonbiological insoluble materials because of potential reconcen-
tration of these materials in the sanitary sewer system, sewage treatment
plants, and sewage sludge. This prohibition for insoluble materials is the
reason why there are no values listed in Table-3 of Appendix B for insoluble
materials.

i
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|

Comment: The rationale for the reduction in the limits for sewer disposal
i- is not explained. The concentration limits for radionuclides released to sani-

tary sewer systems b the proposed rule have been reduced by a factor of 10 from
the former rule. This reduction did not appear to take into account the di*iu-
tion afforded from multiple users of the sewer system. Commenters indicated

| that they thought that this reduction would increase the amount of material that
would have to be disposed of via a low-level radioactive waste burial site and
could result in increased radiation doses to workers having to package this
material.

Response: Tne assumption noted by many commenters that radionuclides dis- g f7g
!

charged into sanitary sewer systems are not ingested is not necessarily true g 77
because water in large lake or river systems may be recycled. The dilution af-
forded by having multiple users of a sewer system can be offset in part because
there can also be sc<eral users that discharge radioactive wastes into the same
sewer system. The revised Part 20 rule permits a higher concentration limit.

for discharges into sanitary sewers than for other liquid effluent releases of.

radioactive materials, but has lower concentration limits than were formerly
allowed for sewage. In view of past contamination incidents (involving cobalt-
60 and americium-241) and the reduction in the dose limit for members of the

.

public, the Commission believes that continuation of the higher-limits is no
longer desirable.

The NRC has under way a study of the dose pathways associated with disposal;

of radioactive materials via sanitary sewers. This study will help clarify the,

potential for human exposure.

Comment- The exemption on disposal of human excreta should be removed.

Hospitals should have to comply with the same regulations as other licensees.

Response: Disposal into a sanitary sewer system (which was designed
specifically to handle this type of waste) is _the preferred method of disposal
because of the other health considerations in handling human excreta in addi-
tion to radiation protection. This exemption is in the current Part 20. !

'
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|

Section 20.1004 Treatment or Disposal by Incineration. '

Comment: Relaxation of specific NRC authorization for incineration.
A number of comments questfor,ed the need for the existing requirement that
incineration of radioactive materials requires specific prior NRC approval
(except for small quantities of tritium and carbon-14, which are specifically
exempted). These commenters noted that the source of the released material
(from an incinerator stack or from a fume hood vent) should not be the basis of
requiring specific prior NRC approval of incineration while permitting general
effluent releases.

Response: Relaxation of the prior approval requirement for incineration
was considered in connection with the revision of Part 20. The requirement for

prior NRC approval of incineration remains in the revised Part 20 because tg g
acceptability of incineration as a disposal option, except for exempted _ quanti-
ties of radioactive materials, must be determined on a site-specific basis b
considering: (1) incinerator design to safely dispose of hazardous materials,
(2) the variable nature of the material to be burned both in terms of isotopic
composition and activity, and (3) because many of these incinerators can be
located in urban areas, special calculational methods may be required to #

,

.

assess doses to people located near these facilities. [
'

,

b
ncJrx*/!gFinal Rule: Disposal by incineration still requires specific approval by dof

the Commission (or Agreement State) whether done only for wastes from the
licensed facility or whether done for wastes received from other licensees.

I

| Section 20.1005 Disposal of Specific Wastes.
:

Comment: There should be a definition of ALARA for solid wastes. Many

commenters suggested the need for ALARA or exempt quantities of radioactive

material in solid wastes so that very low-level solid wastes could be disposed
of without regard to their radioactivity.

77
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>
Response: The Commission agrees that such levels would be useful and has

developed a policy statement regarding levels of dose and risk that can be used te
'

to determine that specific practices involve radiation hazards that are Below g

Regulatory Concern (BRC). This policy statement was published in the Federal )
Register on July 3,1990(55FR27522). The BRC Policy Statement provides a (3

comprehensive policy that will establish a disciplined and consistent framework '

f[tdj for all future Commission exemption decisions. This includes potential appli-
cation to rulemaking or licensing actions for disposal of slightly contaminated
solid radioactive wastes. The Commission is developing a program for implemen-
ting the BRC policy separate from this Part 20 rulemaking.

Section 20.1006 Transfer for disposal and manifests. >

Comment: This section should not be in Part 20..

4

Response and Final Rule: This section is in Part 20 because it relates
to the radiation protection aspects of low-level waste shipments.;

Section 20.1007 Compliance with Environmental and Health Protection
Regulations.

l

Final Rule. This section has a counterpart in the present Part 20 and in
theproposedrule(S 20.1005) stating that meetir.g Part 20 requirements do'es
not remove the responsibility of licensees, when disposing of licensed rac'io-
active materials, from meeting the requirements of _other applicable Federal, A't#4H
State, and local regulations applicable to toxic or hazardous wastes. C / 7fc.&fW

| GW F'

The advisory statement in the final rule has been expanded to cover all y @
methods of waste disposal. This section of the rule is advisory and is not

intendedtoimplythatNRCwigtgenforcother environmental protection regulaho$s' gem gt action for violations ofi~sstred under statutes other than
^the Atomic Energy Act.
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,

1

Subpart L--Records

Standardizatfor, of Record Retention Requirements.

W',
Final Rule. Records directly pertaining to effluents released to the '

general environment, waste di ensal, and doses received by individuals are to b
be kept until the " Commission terminates each pertinent license requiring the 8D
record." Other record retention requirements in this subpart generally have been,

modified to be for 3 years after the record is made. This change is in confor-,

mance with the final rule published in the Federal Register of May 27, 1988i

(53 FR 19240) on record retention requirements for other parts of the NRC
regulations. This change provides for consistent record retention requirements
throughout the NRC regulations in Title 10 of the Code of Federal Regulations.

4

Section 20.1101 General Requirements.

Comment: The units used in records should be limited to those commonly
in use: the rad, the rem, and the curie. Some commenters thought that the
use of SI units (gray, sievert, and becquerel) should not be allowed.

j Response and Final Rule: The Commission agrees that 'he use of "special
, units " the rad, the rem, and the curie, is preferable is time. This will
avoid any difficulties arising from trying to implement both a new regulation '

and new units. This will reduce potential problemi, in records and reports that g
could result from some licensees using the "SI units" and some using the j
older "special units." The final rule requires the use of the "special units" /
instead of the "SI units." See the discussion of this tooic under E 20.4 Units.

|

Section 20.1102 Records of Radiation Protection Programs.

Comment: Added implementation burden associated with requirements for
formal radiation programs. A number of commenters thought that the require-
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menttohaveaforma'ALARAprogrmwouldresultin'subst tial increased costs
b4 |due to additional recorokeepin ,^ procedural requirements, dnd quality assurance

! requirements. b
!

Response: As discussed under 6 20.101 these provisions have been modified g
to require _ALARA es one part of a licensee's radiation protection program. The 4
adoption of requirements for licensees to have a formal radiation protection g. '

program was not intended to cause large implementation costs. Much'of the cost N e a u
associated with \the recordkeepino reouiremgntLin the proposed rule was a result /*
of the ALARA documentation requirements. These recordkeeping requirements have "f M
been reduced in the final rule by deleting specific reference-to documenting
ALARA actions. Specific types of records will be developed by each licensee as
part of their radiation protection program. Therefore, this section contains
general recordkeeping requirements associated with the radiation protection pro-
gram.

Comment: The recordkeeping burden for small licensees requires a commit-
ment of resources that is not comtensurate with the risk. (In Section XXXVI of
the proposed rule (51 FR 1121-1122), NRC specifically requested comments on the
magnitude of the impact of the proposed rule on small licensees and requested
suggestions on how these impacts could be reduced.) Quite a few comment::rs
expressed their belief that the proposed rule will require more extensive moni-
toring and recordkeeping efforts than were required by the existing Part.20.
Several commfnters suggested that the NRC explore possible exemptions or exclu-
siens for acedemic licensees and other users of small quantities of licensed

i material. Other commenters expressed the view that the protection of public
health for both the worker and the general public should be the same regardless
of the size or economic resources of the licensee.|

Response: Because of the changes .tA reduce thg, recordkeeping burden dis- kctsg
cussed in response to the preceding comment and because the basic requirement /877
in S 20.101 calls for effort "... commensurate with the scope and extent of
licensed activities ...," the Commission has not made further exemptions or
exclusions from the recordkeeping requirements in this section for certain A/CAft/
types of licensees. / 77
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Section 20.1104 Determination of Prior Occupational Dose.

Comment:- Medical and academic licensees would have difficulty in complying
with the requirement to determine prior exposures. The transitory nature of-
personnel in these facilities would make meeting these requirements very costly.
Doses to employees are small fractions of the limits so that such costs would
be difficult to justify.

Response: The requirement to determine dose received in the current year
implements the annual dose limits. The requirement to attempt to obtain records
of lifetime cumulative doses follows one of the provisions of the guidance to
Federci agencies on occupational radiation protection. EffortstoobtainpriorMr
exposure histories are only required for workers who are required to be moni- /t CMC 1

#

tored under S 20.502. Determination of prior doses received during planned /t "J8i

special exposures or doses in excess of the annual limits are required only
for workers who will be used in planned special exposures.

q

,

.

Comment: The recording of " fictitious" radiation doses should be avoided.
The present and proposed rules state that, when information is not available
regarding the dose received for a specific period, the licensee should assume
that the dose received was at the dose limit. Several commenters thought that
this was inappropriate. Some commenters mentioned that this practice might be
nonconservative as it would tend to overestimate the dose used in any epidemio-
logical studies of radiation effects, thereby resulting in an underestimate of
the risk associated with a unit radiation dose.

Response and Final Rule: The final rule has been modified so that it does
not require any assumed dose value to be recorded in case of incomplete prior-
dose histories. Only the lack of data must be recorded for periods where there
is no information. However, for the current year, where there are mis:,ing data,
an assumption is to be made for establishing administrative controls: the
portion of the dose limit remaining for the current year is reduced by 1.25
rems for each calendar quarter for which information is missing. (The values
for other limits, such as the shallow dose equivalent or eye dose equivalent

81



_ . . ._ ._. _ _ . _ _ _ _ _ __ _

[7590-01]

should be reduced by a one quarter of their annual limit for each unreported
quarter.) The licensee must note the absence of this information on the em-
ployee's record but should not enter the assumed dose value as part of the
employee's permanent dose record. For example, an employee who had prior radi-
ation working experience joins Company X on July 1st but does not have the prior
radiation records. This employee's dose should be limited to 2.5 rems (5 rems -
2(1.25) = 2.5 rems) until such time as the records are obtained.

,

-Comment: There should be a quarterly dose limit to cover workers whose g'
records have not been received from a former employer. A 0.5-rem dose might be g
appropriate for this purpose.

g,

Response: If data were missing for all four quarters (employment commen-
ced late in the fourth calendar quarter),-then the employee could not be exposed
to radiation above the level for a member of the general public. However, this '

limit is 0.1 rem per year not 0.5 rem.
.

Section 20.1105 Records of Planned Special Exposures.

See discussion under 6 20.1204.

Section 10.1106 Records of Individual Monitoring Results,

l
Comment: NRC should not require reporting or recording of cumulative dose.

A number of commenters noted that the ICRP system of dose limitation is based '

[as one of the principles] on controlling annual doses. Consequently, they
questioned the need for recording cumulative doses, i

.

Response: Although the commenters are correct that there is no longer a
[

cumulative dose restriction in Part 20 (such as the former 5(N - 18) formula),|
+

the Federal Guidance on Occupational. Exposure (see Section II.D.) contains a
'

I recommendation that cumulative dose records be maintained and provided to the
worker. b) NM

/# 89 :
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1

Comment: The proposed rule does not require recording annual doses as
listed in the 1987 Federal occupational guidance.

:

Response: " Annual dose" is specified in the guidance and is the same as "

the annual deep dose equivalent for external doses. However, " annual dose" is
not required to be recorded by the revised Part 20 for internal doses. This is
consistent with an exception noted in footnote 5 to the Federal guidance /
(Federal Register of January 27, 1977; 52 FR 2832):

"When these conditions on intake of radioactive materials
havebeensatisfied[i.e.,meetingthecommitteddose
limits), it is not necessary to assess contributions from
such intakes to annual doses in future years, and, as an
operational procedure, such doses may be assigned to the.
year of intake for the purpose of assessing compliance."

1

Paragraph 20.1106(b) -- See discussion under S 20.1204,

Comment: The recordkeeping requirement in the proposed S 20.1106(d)(2)
would require that all records begin at the beginning of a calendar year. This
would create ar. unnecessary hardship on dosimeter processors since they could
not stagger the dosimeter changeover schedules to provide a more uniform work-
load distribution.

;

Response and Final Rule: The term " year" replaces the term " calendar year"
| in S 20.3 and permits the licensee to. define the year to begin anytime in
| January. A licensee may change the starting date, provided that the change is

made at the beginning of the year and provided that no day is omitted and no
day is included twice in consecutive years.

Comment: -The requirement in S 20.1106(e) for each licensee to keep a copy
of the dosimeter processor's accreditation certificate creates an undue burden
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on commercial processors. Commercial dosimeter processors would have to print
and distribute thousands of their certificates so that each user had a copy.

Response: The proposed rule contained a requirement for the licensee to
maintain a copy of the dosimetry processing accreditation certificate issued
to the processor providing dosimetry services to the licensee. This requirement,
which was in the proposed dosimetry accreditation rule, was considered unneces-
sary and was dropped as a requirement in the final version of that rule. Conse-
quently, it has been deleted from revised Part 20. Licensees who provide their
own dosimeter processing services do have to maintain a copy of their NVLAP
accreditation certificate for inspection.

fomment: The NRC should consider a " traveling dose history" that can move
with the worker. This was suggested, particularly for transient workers and
for workers employed concurrently by two employers. The master record will
reside with the current employer and would have to be transmitted by the worker
to a new employer. .

Response: Because the NRC can only regulate its licensees and has no
I authority over individual workers, the recordkeeping and transmittal require-

ments for dose histories are placed on the licensee and not on the worker.
The concept of a " passport" incorporating security and dosimetry data has been
used successfully in Japan and elsewhere. The requirements for determination
of prior exposures that are in S 20.1104 provide a similar record to a " moving
history," but this would have to be updated by each new employer.

1

Concurrent employment with two (or more) employers requires special atten-
tion so that the combined doses from both employers would not exceed the dose

limits. When two employers are aware of such concurrent employment, the simpl-
est expedient to achieve this goal is for them to agree that the dose limit they
will use for this employee in the individual programs is less than one-half of
the NRC dose limits (the fraction of the dose limit allocated to each employer
might also be determined on the basis of the relative amount of time worked at
each location).
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The problem of dual employment is more of a problem when the employee has
not confided in the employer. The licensee is required to ascertain the employ- ;
ment and dose record for the current year for new employees ($ 20.1104). If the '

employee deliberately falsifies this information, the licensee would not know
of concurrent employment and the licensee would not be penalized for combined
doses from both employers that exceeded the dose limits. If a current employee
takes on additional outside radiation work without informing the employer, the
employer should not be penalized. It should be noted that, under the new repor-
ting requirements in S 20.1206, individual dose records will be required to be
submitted to the NRC for all workers for those categories of licensees formerly

subject to S 20.407, including nuclear power reactor licevees.[] /* ^M4
/* ( E

,

Final Rule. Section 20.1106 has been modified in order to separate the '

requirement for keeping a record from the format of the record. A clarification
has been added that the dose information on an embryo / fetus be kept with the

mother's dose record. { ] f 4r .thgy
ePLj

.

Section 20.1107 Records of Dose to Individual Members of the Public.

Comment: Reporting requirements for exceeding " reference levels." The pro-
posed rule contained requirements for reporting exposures in excess of the
" reference levels" for doses to members of the general public. Many commen-

ters thought that this was excessive because this was not an actual regulatory
limit.

Response: The 100 millirems per year " reference level" for doses to mem-
bers of the general public in the proposed rule has been incorporated as the dose
limit in the final rule for members of the general public so that the associated
recording and reporting requir- .nts now pertain to a regulatory limit..

Final Rule. Section 20.1107 has been broadened in scope from " effluents"
to pertain to ecords of all estimates of doses received by individual members
of the public, oses to members of the public are calculated from measurements O
of direct radiation, and radionuclides in effluents, and the environment rather

rh|kt4 '
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1

( than as measurements certaining to a a particular individual. This difference g%-|
in method of dose assessment from the more direct measurements used for occupa-. /gj
tional exposure does not imply any lessening of requirements for keeping ade- !

| quate records of effluents released to unrestricted areas.

| Section 20.1108 Records of Waste Disposal.

Final Rule. Section 20.1108 is unchanged from the proposed rule.
.

Section 20.1109 Records of Testing Entry Control Devices for Very High
| Radiation Areas.

Final Rule. Section 20.1109 contains an addition to the proposed rule
for keeping records of tests of entry control devices for very high radiation

This addition is based upon a requirement in S 20.203(c)(6) of the pre-areas.

sent Part 20. -

|

Section 20.1110 Form of Records.
l

Comment: NRC should allow computerized recordkeeping systems to handle
records. A few licensees suggested that NRC allow " electronic" recordkeeping<

systems and provide guidance for their use.

Response: The Commission agrees that.there is great value in the use of
" electronic media." There are a growing number of licensees that are using com-
puter information networks for retaining and transmitting radiation dose
histories and other worker related information among different facilities.

Final Rule. The final Part 20 expands the definition of " record" to in-,

clude " electronic media." The use of electronic media requires authentication
and the prevention of alteration or loss of the records. As with existing
requirements for' paper records, the electronic media must be capable of pro-
ducing a legible copy of the record.
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Subpart M--Reports

Section 20.1201 Reports of Theft or Loss of Licensed Haterial.

Comment: The term " substantial exposure" in S 20.1201(a) should be defined.

The requirement to report the loss of radiation sources capable of producing
" substantial exposure" needs to be more precise.

Response: The term " substantial exposure" has been replaced by a specific
designation of the activity of lost source that requires immediate reporting
to the Commission. This quantity is 1,000 times the Appendix C activity levels.
For sealed sources of cobalt-60, cesium-137, or iridium-192, this activity would
produce a dose of around 25 rems at 1 foot over a 30-day period (25 rems is the
worker dose that requires immediate Commission notification). Although somewhat
similar doses may be projected from inhalation of dispersible material, the
exact exposure conditions would have to be known in order to make a valid ac-
tivity-to-dose relationship.

.

Final Rule. The final rule now contains specific activity criteria for
immediate reporting rather than the vague term, " substantial exposure."

Comment: The quantity for reporting the loss of a source is too low (too
high). The reportable quantity of ten times the Appendix C activity values
appeared to some commenters to be overly restrictive; others thought that all

| lost or missing radiation sources should be reported.
|

Response: The specified 30-day reporting level is a compromise be6 ween
; having higher reporting levels and having a requirement that all lost or miss-

ing sources be reported. Further, the report permits review of the circum-
stances involved including any lack of security of materials or weakness in the
licensee's control program that may be unrelated to the sources being stolen
or lost, but may be pertinent in avoiding recurrent theft or loss.
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Final Rule. The activity levels in Appendix C for some long-lived radio-
nuclides have been increased from those specified in the proposed rule. This
increase means that the loss of milligram quantities of natural uranium will
no longer have to be reported.

4

i
Comment: A 30-day telephone report should not be required concomitant with

a written report. Sections 20.1201(a)(1)(ii) and 20.1201(b) both call for a-
30-day report; the first requires a telephone report and the latter section
requires a written report. t

Response and Final Rule. The rule has been revised to clarify that the
written reports required by 6 20.1201(b) are to be submitted within 30 days of
the' telephone notification required by S 20.1201(a), rather than both being
within 30. days of learning of the theft or loss.

Comment: The rule should provide for a " grace period" before having to
report a lost source to NRC. Commenters noted that, in many instances, a source
" lost" in trar, sit eventually turns up. Some specified period, such as 7 days,
should be permitted before a " lost" source would have to be reported to the NRC.

Response: The rule contains two. notification requirements: the one for
immediate notification only pertains to those sources that exceed 1,000 times
the Appendix C activity levels. The second notification requirement pertains
to sources that exceed ten times the-activity levels in Appendix C and that
are still missing after 30 days. This provides a grace period of 30 days for
reporting the loss of most sources.

-

Section 20.1202 Notification of incidents.

Comment: The requirements for immediate notification of NRC are too low.
Some commenters thought that the doses associated with the requirements for
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i

immediate reporting to NRC (five times the respective' annual limits) would not ^

produce any discernible harmful effects to the individual to warrant immediate
;

reporting.

Response: Doses of the order of 25 rems (5 times the 5-rem annual dose
limit) can produce discernible biological effects in the body in the form of

,

chromosome aberrations and changes in the white blood cell populations.
Although the majority of these effects are temporary, they could be-discerned.
However, irrespective of the potential for discernible effects, doses at these (

'

levels represent a major breakdown in the licensee's control over the radic- /3 di
active material, and the Commission believes that it is important that NRC be
promptly notified so that it can take actions, if necessary, to limit further
consequences.

.

Final Rule. The final rule _ retains the previous reporting requirement. @
$*%

Comment: Immediate reporting should be required if there is any potential
for dose reduction. The Environmental Protection Agency (EPA) suggested that !
incidents always be reported if there is the potential for significantly reduc- ;

ing public doses through protective actions. It is believed by the EPA that '

this would occur at doses significantly less than those of the proposed repor-
ting criteria.

,

Response: The incident reporting levels and response times have been
j selected to limit attention to the more potentially serious events without the

.
;

i entire NRC emergency response network being activated unduly for events involv-
ing only small quantities of radioactive materials. For most cases, it is ex-
pected that the licensee would have initiated any necessary remedial measures.

,

Comment: Immedit te and 24-hour notification requirements should be suspen- '

ded in the case of a tjeclared emergency at a nuclear power plant. Commenters

felt that any emergen:y at a nuclear power plant will involve onsite NRC staff
and that stopping emergency activities to make the Part 20 incident reports
could be a burden on the licensee.

89

, _ _ _ _



_

[7590-01)

-

Response.and Final Rule. These reports are particularly easy to make for
nuclear power reactors (the reactor o'srator merely has to pick up the dedicated
NRC telephoni line to get the NRC Operations Center). There are certain func-
tions of the NRC (such as activating the NRC Incident Response Plan) that re-
quire that NRC be notified; therefore,.this notification requirement has been
retained.

(

Section 20.1203 Reports of Exposures, Radiation Levels, and Concentrations.

Comment: There is no reqairement for reporting doses that exceed the limit
for protection of the embryo /fetas in S 20,208.

Response and Final Rule: A requirement has been added to the final rule.in
Q 20.1203(a)(2)(iii).C.3 Ncng

Pk
Comment: The identiefiers required in S 20.1203(b)(2) for the embryo / fetus

should be those of the mother. As the fetus has no date of birth and no Social
Security-account number, those of the mother should be used.

Response and Final Rule. A footnote to this effect has been added to
S 20.1203.

Comment: Reports of exceeding the 0.1-rem reference level should not
be required.

A number of commenters noted that the 0.1 rem " reference -level"-
was not a-limit and, therefore, exceeding it should not necessitate a report
to the'NRC.

Response: As a result of changes in the ICRP interpretation of the 0.1 rem
level and the former 0.5-rem dose limit, the 0.1-rem level is now the recommend-
ed limit. Consequently, 0.1 rem is the primary limit applicable to members of
the general public and reports are justified when it is exceeded.

,

90
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Comment: Smaller licensees, such as nuclear medicine facilities, should
be exempted from the reporting reqJirements of S 20.1203. Licensees are re-
quired to report concentrations in_ unrestricted areas that exceed ten times
any applicable limit in the license. Because some nuclear medicine units use
the room air volume for dilution, calculated concentrations exceeding ten
times the Appendix B limits might frequently occur. This would require either
more frequent reportir.g to NRC or use of more sophisticated atmospheric dis-
persion models.

Response: The reporting requirements are very similar to those in the
previous Part 20. Part 35 of the Commission's 'egulations, which deals with
medical applications, covers the medical use of noble gases and in S 35.205(a)
limits airborne concentrations to the 10 CFR Part 20 Appendix B concentrations.

Experience has not indicated large numbers of reports of such limits being
exceeded.

Section 20.1204 Reports of Planned Special Exposures.

Comment: The NRC should have to pre-approve planned special exposures. Me rch

|Response and Final Rule: The Commission has decided not-to require pre- #1).
approval of planned special exposures. This is, in the Commission's view, con /W
sistent with the 1987 Federal Radiation Guidance for Occupational Exposures M M 8(
because detailed requirements are prescribed in Part 20 for the use of planned p flt

! special exposures.

_ Comment; The licensee should not have to file a separate report to NRC
for planned special exposures. Several commenters objected to having to file
these separate reports each time a planned special expcsure is carried out.
This was viewed as representing a reporting requirement for operating within
the NRC regulations. It was suggested that this information be included in
the employee's records without reporting to NRC.
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Response:. Because of the newness of the concept, the NRC wishes to monitor
carefully the use of the planned special exposures. Further, while the planned
special exposures are included in the final rule, the u.;e of this concept does
represent a situation in which the-licensee is operating m" side the normal dose
limits and of which the Comission should be aware.

Coment: Period for reporting planned special exposures. Several comen-
ters noted that the 15-day period for reporting planned special exposures is
shorter than the 30-day period usually allowed for similar reports.

Response: The reporting period of a planned special exposure has been
increased from 15 days to 30 days to be more consistent with other reporting
requirements.

Section 20.1206 Reports of Individual Monitoring.
.

Coment: Could the requirement fer the reporting of individual exposures
be construed as an invasion of privacy? Some commenters believed that requiring
the reporting of-individual doses rather than a statistical summary might con-
stitute an invasion of personal privacy.

Response: The Commission does not believe that submission of individual
dose data constitutes an invasion of privacy. Such data have been reported to
the NRC routinely in the termination reports for some. time. Such information
will be protected in accordance with the Privacy Act and will be restricted, My
as it has been in the past, to use by NRC officials, NRC contractors, or quali- go
fied scientific invest 4 gators. Instructions on protecting this information

'

appear in S 20.1106(d).

|

| Coment: If the radiatier, exposure data cre collected into a central
repository, would tha EC be the proper place for :t? One commenter felt that
the radiation expc.ure data might be better maintained by an agency whose
charter encompasses the analysis of the data for estimates of risk.
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Response: Arguments might be made for other agencies having the lead role
in the storage and analysis of those data; however, it is the NRC that has the
statutory authority to require that these data be collectid. Although the Part
20 recordkeeping requirements are intended primarily to fulfill NRC's infor-
mation needs for regulation, the NRC has continuing contacts with agencies
that have expertise in conducting epidemiological studies (such as the National

Cancer Institute of the National Institutes of Health and the Office of Health
and Safety of the Department of Energy) to ensure that the Part 20 reporting
and recordkeeping requirements do not lose information that would be vital to
carrying out studies of this type.

Comment: The total collective (person-rem) dose should be reported. It

was felt by one commenter that NRC should require the total collective dose to
be reported so that the numbers used in NUREG-0473 (NRC's annual summary of

occupational radiation doses) will be the same as those calculated by the
licensee.

.

Response: The reason for a possible discrepancy between a licensee's esti-
mate of the collective dose to workers and the estimate published by the NRC

,

has been that the licensee may sum the actual individual doses and the NRC esti-
1

mate is based upon the statistical summary rather than the actual individual
dose reports. Such differences should be reduced in the futcre because NRC
will be also be using dose information for individuals. The final rule receires
licensees who previously submitted the dose summaries to report the individual

;

dose data to NRC. Both collective dose calculations should then be using the
same data base.

Comment: The termination report required in S 20.1207 should (cr should
not) be replaced with an annual report for all personnel monitored. Some com-

menters felt that an annual report just to the NRC should replace the present
requirement for a termination report. Other commenters felt that annual reports
to the NRC of doses to individuals constituted a considerably larger burden than.

did a statistical summary. Some commenters, who disagree with filing an annual
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report to the NRC, were in f avor of giving such an annual dose summary to the
worker. Other commenters suggested that all licensees be required to submit
an annual report to NRC on each monitored individual.

Response: The reporting of individual monitoring data will help track
doses to individuals who are exposed at several facilities during any given
year and whose total dose would be underreported by statistical reports prepared
at each work site. Such information is shown at the present time only by analy-
sis of the termination reports.

Licensees who were previously required to file both annual statistical sum-
maries and termination reports with the NRC will, instead, submit annual dose
reports to NRC for all workers for whom monitoring was required under S 20.502.
A copy of the annual report to NRC could also be given to the individual worker
in order to satisfy the revised reporting requirement in S 19.13 of 10 CFR
Part 19. Although this may entail some additional burden to licensees, the use
of " electronic media" for recordkeeping might in fact reduce overall costs. It

is intended that large employers (such as nuclear power reactor licensees)i

would submit an electronic copy of their dose reports in a prescribed format
to the NRC in lieu of paper copies of individual records.

Section 20.1301 Applications for Exemptions.

Comment: NRC should make the issuance of exemptions a matter of public
record. Several commenters felt that the issuance of any exemptions under this section
should require public notice and comment. The EPA stated that exemptions could
adversely affect its ability to control radionuclides under the Safe Drinking,

Water Act.

Response: The NRC has issued few exemptions under this longstanding pro-
vision and has not exempted anyone from the dose limits for a worker or for a gg
member of the public. The Safe Drinkina Water Act was not intended to control-
cffluents and. althouah radionuclide concentrations at downstream water supplies
are routinely calculated as part of licensing evaluations, the licensee must

4
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meet the Part 20 concentration limits at the effluent release point, not at the
drinking water intake after dilution occurs.

Appendix A

Comment: The protection factor for air purifying respirators with partic-
ulate elements is toa low. The listed protection factor for air purifying res-
pirators with particulate filters is 50, whereas both ANSI Z88.2 and the OSHA
regulations in 29 CFR 134 use 100.

Response: The NRC never endorsed ANSI Z88.2-1980, whereas the OSHA regu-
lations generally follow ANSI standards. The current NRC-allowed protection
factors (PFs) are based upon research conducted by the Los Alamos National
Laboratory (LANL). These recommendations included a PF of 50 for full face
respirators, based on .perimental data on actual testing of personnel using
respirators under carefully controlled conditions. In actual use, there is
essentially no difference'between a PF of 50 versus a PF of 100,.so that there,

should be little or no real impact on field use of respirators or on operationsi

at nuclear facilities that would result from using the higher protection factor,

i Comment: Several respiratory equipment specifications in Appendix A should
be applicable only for areas that are "immediately dangerous to life and health."
Footnotes "h" and "1" contain specifications for air flow rates and flow cali-
bration and a requirement for standby rescuers to be available when using sup-
plied-air suits. These were felt to be unneeded considering that if the air
flow failed, the person could withstand a small exposure to the airborne radio-
nuclides while exiting the area after removing the protective hood.

Response: The supposition that conditions "immediately dangerous to life
and health"-do not exist is not always correct. Failure of an airline in sup-
plied-air suits may be considered as "immediately dangerous to life and health"
because there is an acute danger of suffocation if the air supply is interrupted
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and the hood cannot be removed'by the wearer. Rapid recovery of and assistance
to the individual in the supplied-air suit necessitates the presence of a pre-
equipped rescuer.

<

Aopendix B

General comments. Most of the comments from radiation protection profes- I

sionals favored the adoption of the ICRP-26/ICRP-30 annual limits'on intake and
the derived air concentrations. Comments from private citizens were against'
adoption of the ICRP values because the majority of the values would increase
(as stated in Section XXIX of the proposed rule, 51 FR 1120).

Response: From an occupational protection standpoint, the changes that,

result from adoption of the ICRP risk-based approach lead to higher limiting
intake values than in the previous Part 20. These increases result from the
increase in the allowable ceiling for organ doses. The values that served as
the basis for calculating the concentration limits used in the former Part 20
were organ dose limits of 5, 15, and 30 rems. The new concentration limits are
based upon the effective (weighted) organ dose _or upon the nonstochastic limit

that forms an organ dose ceiling when the stochastic risk is not limiting.
These changes increase the limiting annual organ doses (when only one organ
is irradiated) for those doses that are limited by the stochastic (effective
dose) limit from 5 rems to 20 rems for the gonads, from 15 rems to 32 rems

per year for the breast, and from 15 rems to 42 rems for the lung. Limiting
doses to other organs increase from the former 15- and 30-rem values to the
50-rem nonstochastic limit.

The former ICRP-2 " critical organ" concept based the limiting intake upon
controlling the dose rate to the organ receiving the highest dose rate (the
" critical organ"). The doses to organs other than the critical organ did not
have to be evaluated, even if these doses were close to the estimated dose to

the critical organ. The new ICRP-26/30 system evaluates the doses to the major
organs and the six remaining organs that receive the next highest doses. These
doses are then multiplied by the appropriate weighting factors (w ) and are sum-

T
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med to give a risk-weighted " effective dose." The concentration limits that are.
based upon this newer ICRP approach reflect the doses to all principal organs
that are irradiated, not just the one organ that receives the highest dose as
was done in the former Part 20.

Many of the comments from private citizens do not appear to reflect the
proposed rule because many of the comments objected to raising the limits for
radionuclide concentrations applicable to the general public. As noted in the-
discussion of Appendix B in the notice of proposed rulemaking (Section XXIX,
51 FR 1119-1120), the concentration limits for members of the public were based
upon a " reference' level" dose (now the dose limit for members of the general-
public) of 0.1 rem per year and _ incorporated an additional factor of 2 reduction
(Proposed Appendix B;' 51 FR 1145) for age-dependency and combined ' air and water

intakes. Thus the concentration limits for the public' reflect a reduction in-
their basis from a whole-body annual dose of 0.5 rem in the former Part 20 to.

0.05 rem in the proposed and final rules.

The concentration limits for individual radionuclides may be higher or
lower for members of the general public in unrestricted areas in the final
Appendix B than in the former tables because of changes that occurred in the_

intervening 25 years in the metabolic and-other parameters used to calculate
internal. doses. These changes are reflected in ICRP Publication 30 and its-
supplements and amendments. However, these changes are a result of changes
in the scientific techniques and. parameters used in calculating doses and do
not reflect an increase in the allowable dose limits, which, in reality, have
been decreased in the revised Part 20.

Comment: NRC should consider deleting Table 2 from Appendix B. The con-
centration limits in Appendix B do not provide adequate protection of children
and infants because they do not take into account age-dependency in a proper,

; manner. Compliance with the dose limits, rather than with these concentration
limits, should be required.

,
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Response: The use of the effective dose equivalent concept reduces the
importance of age-dependent intake-to-dose factors. Age-dependency _is of

| primary importance in calculating organ doses. Those organs for which age-
dependency is important, such as the thyroid gland, are of lesser importance

because_of lower w values (for the thyroid, for example, wT =_0.03) used toT

calculate the effective dose. A factor of 2 is included in the calculation of
concentration limits for release to air and water, which, in part,_ accounts for4

age-dependency. In addition, the Commission believes that there is a lack of
detailed age-dependent metabolic data for all but the most common radionuclides
that will inhibit such attempts to increase the precision of the dose estimates.

Many smaller licensees routinely use concentrations and the Appendix B
tables in order to demonstrate compliance. The use of concentration limits
for determining compliance is a well-established practice that is economical
for many of the smaller licensees. Despite the growing availability of sim-
plified dose assessment models, the Commission is continuing to accept the
use of concentrations to demonstrate compliance with the dose limits.

.

Comment: The Appendix B tables fail to account for the chemical toxicity
of natural and low-enriched uranium. This fails-to take into account the pos-
sible kidney (renal) damage associated with the chemical toxicity,

l
| Response: There is a separate limit for uranium intake that'_is: based upon

the chemical toxicity. This limit was expressed as footnote 3 to Appendix B,
page 1199 of the January 9, 1986 notice of. proposed rulemaking and also as
6 20.204(i) on page 1131. In the revised rule, it still appears as footnote 3
in Appendix B, but the limit also has been moved up in the text to the section
on dose limits and now appears as S 20.201(e).

Comment: The limits for occupational and nonoccupational exposure to
|_ radon-222 and its particulate daughters do not appear to be consistent with

the airborne concentration limits for other radionuclides in terms of risk.
i

|
|
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1

Response: The occupational concentration limits for radon-222 are based

on the existing Federal guidance, which is 4 WLM (4 Working-Level Months).per
year. 'The annual limit on intake (ALI) is stated as 100 pCi or 4 working-level
months. The derived air concentration (DAC) in Part 20 for occupational expo-
sure to radon-222 of 3 x 10 s is equivalent to 0.33 working levels (this equi-
valence is also given in the Appendix B table). The concentration limit for
members of the general public is a factor of 300 lower and, like the other air-
borne concentration limits, represents an effective dose of 0.05 rem per year.

Comment: Concentration limits for tritium omit chemical forms other than
for tritiated water vapor.

Response: As there is expected to be no occupational intake via oral
ingestion, and most of the commonly-used organic tritiated compounds are not

volatile, inhalation a' d transpiration through the skin are the principal path-n

ways of exposure. Different intake limits would apply to hydrogen gas (HT or
T ) and tritiated water vapor, HTO. The HT or T2 gas is rapidly converted to2

HTO by isotopic exchange and oxidation (both in air and in the body) so that
specifying a submersion dose limit for__ HT would understate the actual radio-
logical impact. Comparison with other derived limits for other chemical forms
shows that the use of the concentration limits for HTO provides an adequate
level of protection for most of the other chemical forms.

Comment: No concentration limits are listed for natural thorium. There
are limits for natural uranium, but corresponding concentration limits for
-natural thorium are not given. The isotopic composition of_ thorium can vary
somewhat with different ores and with different times after chemical separation.

Response: A licensee should use the thorium-232 value or if a more pre- N C/44
cise value is desired, use the procedure for mixtures in Appendix B applied to 8
the actual isotopic concentrations present.
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|

Comment: The derived air concentrations for the general public are not
always 0.1 times the occupational values.

Response: .The limits for the general'public'.are calculated solely from
the stochastic risks. This differs from ICRP, which would use a " capping" organ
dose limit of 5 rems (0.1 x the nonstochastic limit ot 50 rems) in deriving the
organ dose limit for organs that.are limited by the nonstochastic risk. If

there is a threshold for nonstochastic. effects for the worker at 50 rems, it
would also apply to a member of the public. .Rather'than applying a factor of.
10 reductiun to a nonstochastic value,:the limiting stochastic (effective)
dose'was used to calculate the concentration limits for the general public.
Values are not based on the nonstochastic risk for members of the public,
even if they were the basis for the calculation of the DACs and ALIs for the
worker. This difference in method of calculation accounts for the lack of a
consistent ratio between worker DACs and effluent limits for the public.

Appendix C -

f/
0)%e/

.

.. eo wComment: The reduction from 100 gCi to 0.001 pCi for thorium values will
require posting of areas where thoriated-nickel nachine parts are used.

Response: On the basis of specific activity-considerations, the existing
100gi limit has been retained for long-lived radionuclides .(half-lives longer
than 108 years) such as thorium-232, which would require several grams of-
material to produce the stated activity lerel. Because this is based on half-
life, two isotopes may be'. treated differer.tly, e.g., uranium-235 which does not

meet the half-life criterion has an Apperdix C value of 0.001 gCi, and uranium

-238whichdoesmeetthecriterionhasavalueof100fi.

Appendix D Contains the NRC Regional Office addresses and telephone numbers.
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Appendix E'[ Reserved]-

Final Rule. The calculational guidelines and equations that appeared in
'

Appendix E are being incorporated into a regulatory guide on summation of in-
ternal and external _ doses. This wili make it easier to revise'and clarify the
calculational methods without having to. resort to formal rulemaking. '(Note:
NRC routinely issues regulatory guides for public comment before making them

_

final.).

Appendix F

[ Note: Appendix F is derived directly from requirements inserted by
the Part 61 rulemaking proceeding on low-level radioactive waste
disposal sites. These requirements were in S 20.311 of the existing //CMM
10 CFR Part 20. LBecause these requirements are relatively recent, MDp
they were not modified in the Part 20 revision. The Commission is con-
sidering revisions to the manifest requirements in a rulemaking separate
from the Part 20 rulemaking.]

Appendix G

No comments on Appendix G were received.

VII. Conforming Amendments
+

Accompanying the revised rule are amendments to other parts of Chapter I
that update citations to 10 CFR Part 20 that are -found in these-other regula-
tions. Two amendments are particularly important.as they go beyond updating
cross-reference citations. One amendment to Appendix C of 10 CFR Part 2 up-
dates,and modifies the examples of the severity levels associated with viola-
tions of 10 CFR Part 20. Because Appendix C: relates to administrative policy

|
of the Commission and because the listed violations are used as examples of '

|
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different severity levels and are not all inclusive, the Commission does not i

believe that solicitation of public comment is required b6 fore these are issued
in final form.

Thesecondmajorchangetootherpartsistherequirementtoprovideall'
workers with information on their radiation doses. -This modification was made-
to conform to the 1987 Federal guidance on occupational radiation exposure.
Formerly, Part 19 required licensees to furnish such a report at least ' annually
upon the request of the worker. The change deletes the words "upon request."

.Public comment is not being solicited on this change as the comments were re-
quested in the proposed rule (Section XXVII, 51 FR.1118) on the option 'of re-

; quiring reports to individual workers. (These comments are discussed with
| regard to S 20.1106.) Part-19 has been revised to require licensees to advise

each worker at least annually of the' worker's dose recorded pursuant to
S 20.1106.

VIII. Finding of.No Significant Environmental Impact: Availability

The Commission has determined under the National Environmental Policy Act
of 1969, as amended and the Commission's regulations in Subpart A of 10 CFR

Part 51 that this rule is not a major Federal action significantly affecting
the quality of the human environment.and therefore an environmental lmpact-
statement is not required. The revised 10 CFR Part 20 changes the level for
protection of the general public .from an implicit limit of 0.5 rems per year..to an
explicit limit of 0.1 rem per year. There are also numerous changes in airborne
and water radionuclide concentration limits. These changes result from changes
in the models and parameters used to estimate the radiation dose associated
with intake of a radionuclide. Some of the concentration'. limits for the general
public in this revision are higher or lower than present concentration' limits;
and some are similar to the present limits.

Despite the changes in the dose and concentration limits, the Commission
believes that issuance of the final Part 20 rule wfl1-not have a major impact|

on the environment. The primary basis for this conclusion is that, in addition
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to 10 CFR Part 20, there are other regulations that govern allowable doses to
members of the public and that remain unchanged by the changes to Part 20. '

These other regulations include Appendix I to 10 CFR Part 50, 10 CFR Part 60,
and 10 CFR Part 61, the EPA's generally applicable environmental standards in-

40 CFR Part 190 and the National Emission Standards for Hazardous Air Pollutants
(NESHAP) in 40 CFR Part 61 Subpart I. These standards set limits or design
objectives (Appendix I) for releases of radioactive material to the general
environment that are generally more restrictive than the dose limits in Part
20. Consequently, since these more restrictive standards remained essentially
unchanged by the Part 20 revision, the level of public protection and the
associated environmental impact'are not changed appreciably from those associated
with the current rule and the aforenamed regulations.

The environmental assessment and finding of no significant impact on which
this determination is based are available for inspection at the NRC Public
Document Room 2120, L Street NW (Lower-Level), Washington, DC 20555. Single
copies of the environmental assessment and finding of no significant impact
are available.from Harold T. Peterson, Jr., Nuclear Regulatory Commission,
NL/S-139, Washington, DC 20555, Telephone: (301) 492-3640.

IX. Paperwork Reduction Act Statement

This final rule amends information collection requirements that are subject
to the Paperwork Reduction Act of 1980 (44 U.S.C. 3501, et seq.). These infor-
mation collection requirements have been submitted for approval by the Office of
Management and Budget (OMB). These information collection requirements will not
become effective until approved-by OMB. The OMB approval will be published in
the Federal Regis4.er.

Public reporting burden for this collection of information is estimated
to average 33 hours per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed,.and
completing and reviewing the collection of information. Send comments regarding
this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to the Information and Records
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Management Branch (MNBB-7714), U.S. Nuclear Regulatory Commission, Washington,

DC 20555, and to the Desk Officer, Office of Information and Regulatory Affairs,
NE08-3019 (3150-0014, 3150-0044, 3150-0005, and 3150-0006), Office of Management
and Budget, Washington, DC 20503.

X. F.evised Regulatory Analysis

The Commission has issued a' final regulatory analysis for this regulation.
.This revised. analysis was based on the draft regulatory analysis as modified to
account for the changes from the proposed rule resulting from public comments
on both the proposed rule and the staff's revised rule in-SECY-88-315 and
supplemental papers. Copies of both_ the draft and final regulatory analysis,

are available for inspection and copying for a fee in the NRC Public Document
Room. (See Address.)

I
;

l XI. Final Regulatory Flexibility Analysis

! in accordance with the Regulatory Flexibility Act of 1980, 5 U.S.C. 605(b),
the Commission has prepared a regulatory flexibility analysis that indicated
the revised rule will apply to all NRC licensees. The NRC has approximately

| 7,500 licensees, approximately one quarter of which are classified as small-
entities. (Note: Agreement Statas, which implement comparable regulations

! under Section 274 of the Atomic Energy Act of 1954, as amended, have about

| 16,000 licensees.of which a comparable number are assumed _to be small entities.)
: The types of small entities that would be affected by this rule include phy-
! sicians, small hospitals, small-laboratories, industrial applications in small

industries, radiographers, and well_ loggers.

Copies of the draft and final regulatory analysis are available for inspection.

} and copying, for a fee,.in the NRC Public Document Room. (See Address.)
1

4
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XII, Backfit Analysis

A final backfit analysis has been prepared for this rule and may be
examined and copied for a fee in the Commission's Public Document Room (see;

" Address"). For the reasons stated in this backfit analysis, the Commission

believes that the reductions in allowable dose limits that are embodied in
the' revised Part 20 constitute substantial increases in the protection of public
health and safety. Although current practice, including the philosophy of
keeping radiation exposures as low as is reasonably achievable (ALARA), ,g
generally has kept radiation exposures well below the existing limits, the
reductions in the allowable dose limits ensure that such doses will also
remain low in the future,

tgse

In addition to the quantifiable safety benefits accruing from dose reduc-
tions and other improvements in the revised Part 20, there are several quali-
tative factors that support issuing the Part 20 revision. One of the main a

qualitative factors is that it is necessary to revise the 30 year-old existing
Part 20 to ensure that the NRC regulations reflect the current state of radia- y#
tion protection science. Any future revisions in dose limits recommended by
ICRP or NCRP would undoubtedly be based upon the 1977 ICRP and 1987 NCRP recom-

mendations and, therefore, would ba more easily incorporated into the framework

of the revised Part 20 than in tne framework of the current Part 20. Other
qualitative factors include: maintaining consistency with international
radiation protection factors, keeping the radiation protection requirements
consistent with current risk assessment methodologies, and having the NRC's
standards conform to Federal radiation protection guidance.

Baset 'onclusions in the final backfit analysis, the revised Part
20 p- obstantial increase in public health and safety compared to cur-
ren' s, including a determination that, when the quantitative and quali-
tative benefits of the revision are considered, the costs of implemen-
ting the revised Part 20 are justified, the Commission finds that the require-
ments of the "Backfit Rule" (S 50.109) are satisfied and that the Part 20 re-
vision should be issued as final rule.

!
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|

) The Commission is adopting the final rule based on th6 conclusions of this g
'

analysis that the rule provides for a substantial increase in the overall pro- /i
tection of the public health and safety and that the direct and indirect costs (Arm; i

of its implementation are justified in terms of the quantitative and qualitative
benefits associated with the rule. The Commission would note, however, that, ,-p
even had-the analysis not concluded that the revised Part 20 provides a sub-

! stantial increase in the overall public health and safety, it could have gone

forwardwiththerulebecausethechangesmadetoPart20alsoagugoj g
redefinition of the level of adequate protection and the backfit rule' cost g
justification standard $does, not apply to a redefinition of adequate protection. 1

XIII. Additional Views of Commissioner Curtiss

I approve the revisions to 10 CFR Part 20 and related changes to other
regulations as outlined in SECY-88-315 and SECY-89-267, subject to the'modifi-
cations discussed below. I/i

4.

Backfit; I have examined the proposed Part 20 amendments from the stand- g.M
point of whether and, if so, how the backfit rule should apply to this parti-
cular rulemaking. The nature and effects of the proposed changes to Part 20
lead me to the conclusion that the proposed amendments, in essence, would re-

define what is necessary for adequate protection of the public health and safety
in the radiation protection area. Thus, while I believe that we'should apply
the backfit rule to this Part 20 rulemaking effort, I also believe that this
rulemaking constitutes a redefinition of adequate protection as described in
10 CFR S 50.109(a)(4)(iii) and that the usual backfit analysis and cost-benefit
balancing are therefore not required in this instance.

l

On the question of whether such an approach would require this rule to be
renoticed for further public comment, I have concluded that there was ample in-
dication in the notice of proposed rulemaking that the Commission is rethinking
its radiation protection standards across-the-board in this Part 20 rulemaking.
Moreover, this initiative was explained in a manner that could logically be
construed to encompass the approach to backfitting described abeve. Of partic-

,
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ular importance, the notice of proposed rulemaking itself seems to indicate that '
the Commission is contemplating an action that would redefine what is necessary g
for adequate protection in the radiation protection area.- For example, the4

notice states that:
fe#

i

[T]he Nuclear Regulatory Commission-(NhC) is proposing a
major tevision of its regulations in 10 CFR Part 20 which

.

provide the requirements for the protection of individuals
who are exposed . . . to ionizing radiation from routine
activities . . . which are licensed by the NRC. . . . The
intent of the revision is to improve NRC radiation protection
standards by reflecting developments in the principles that
underlie radiation protection and advances in related
sciences that have occurred since the promulgation of 10 CFR
part 20 nearly thirty years ago. . . . The expected result of
promulgating and implementing the proposed revised rule is an

improved rule that provides better assurance of protection;
establishes a clear health prctection basis for limits and
other regulatory actions taken to proteci. public health;
applies to all licensees in a consistent manner; and reflects
current information on health risk, dosimetr;', and radiation
protection practices and experiences.

51 Fed. Reg. 1092 (January 9, 1986).

With regard to existing Part 20 standards, the Commission noted that:

[i]n promulgating these standards,'the ACC emphasized "that
the standards are subject to change with the development-of

! new knowledge, with significant increase in the average
exposure of the whole population to radiation and with
further experience in the administration-of the Commis-

sion's regulatory program." Consistent with .this emphasis,
the proposed revision reflects new knowledge, increased
uses of radiation and generation of radiation sources,
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i ;

| and experience gained during the past twenty yea a. |

,

. . .

| (Earlier) revisions (to the existing Part 20] have not kept dd M
j the regulations in accord with more recent recommendations (c4(, '

| of scientific organizations . . to improve overall pro-
,

j tection and-establish a clear health risk rationale. . . .
'

[T]hecentralthrustoftherevision[is]toensurethat
| radiation protection is adequate and defendable when >

) judgedbygoodprotectionpracticesandcontemporary
} standards.
4

51 Eed. Rec. 1093, 1094 (citations omitted).
:

!

In discussing the benefits of the proposed rulemaking, the Commission:

indicated that:

[t]heproposedrevisiontoPart20includesnumerous,

1

changes required to bring the radiation protections

standards.intoaccordwithcurrentdefendable[ sic)
{ scientific knowledge, and to reflect contemporary

scientific and philosophical approaches to protection
' .against radiation. . . . The Comission anticipates

that promulgating and implementing the proposed rule
will result in a regulation that provides better assurance

: of prctection, establishes a clear health protection
; basis for limits, applies to all licensees, including

small entities, in a consistent manner, and reflects;

current information on health risk, dosimetry, and
radiation protection practices and experiences.

,

51 Fec. Reg. 1120, 1122.
;

Consistent with all of these statements on the nature of the proposed
changes to Part 20, a supplemental notice of proposed rulemaking that
requested comments on a proposed backfit analysis indicated that:

!
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'

[T]his is the first complete revision of these regula- - gg;y1 (Q
tions in over 25 years. This revision will bring the
Commission's radiation protection standards into accord ONb
with current recommendations of the International Commis-
siononRadiologicalProtection(ICRP). i

The proposed revision to 13 CFR Part 20 (is) intended to:

a.- Update the quarter century-old 10 CFR Part 20
to incorporate advances in science and new

concepts of radiation protection methodology
I and philosophy;

b. Implement pending Federal. radiation guidance
on occupational radiation protection;

Implement the principal current dose limitingc.

recommendations *of the ICRP;

d. Incorporate the ICRP " effective dose equivalent"
concept;

e. Update the limits on airborne radionuclide
,

intakes, effluent releases and doses from
inhaled or ingested radionuclides using
up to-date metabolic models and dose
factors; and

;

f. Require that licensees have programs for
keeping radiation exposures "as low as is
measonably achievable" (Al. ARA).

51 Fed. Reo. 3087b, 20871 (August 29,1986).
|
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| Overall, these various characteristics of the purpose, intent, and ,

nature of the proposed changes to Part 20 lead to the conclusion that the |

Commission is, in fact, rethinking its radiation protection standards. Forj'
these reasons, I believe that the notice adequately describes the nature

j

and substance of the proposed rule changes and that renoticing to further
i reflectaCommissionjudgmentthattheproposedchangesconstituteare- !

! definition of adequate protection is not necessary.
'

1

,

,
,

XIV. List of Subjects

.

Part 20 - Byproduct material, licensed material, nuclear materials,
j nuclear power plants and reactors, occupational safety and health, packaging
; and containers, penalty, radiation protection, reporting and recordkeeping
| requirements, special nuclear material, source material, waste treatment and
j disposal.
>

, '

4

; Parts 2, 19, 20, 31, 32, 34, 35, 39, 40, 50, and 61 - Radiation protection.
|

| Under the authority of the Atomic Energy Act of 1954, as amended, the
! Energy Reorganization Act of 1974, as amended, and 5 U.S.C. 552 and 553, the

following amendments to 10 CFR Parts 2,19, 20, 31, 32, 34, 35, 39, 40, 50, and
61arepublishedasadocumentsubjectto. codification.

kt
1. 10 CFR Part 20 is revised to read as follows: -|

PART 20 - STANDARDS FOR PROTECTION AGAINST RADIATION
,

SUBPART A--GENERAL PROVISIONS

Section

20.1 Purpose.

20.2 Scope.

20.3 Definitions.
20.4 Units of radiation dose.

110
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20.5 Units of radioactivity.
20.6 Interpretations.
20.7 Communications.

20.8 Impicmentation.
,

! 20.9 Reporting, recording, and application requirements: OMB approval

4

SUBPART B--RADIATION PROTECTION PROGRAMS,

20.101 Radiation protection programs.

SUBPART C--0CCUPATIONAL DOSE LIMITS

20.201 Occupational dose limits for adults.
20,202 Compliance with requirements for summation of external and

internal doses.
20 203 Determination of external dose from airborne radioactive

material.
20.204 Determination of internal exposure.>

20,205 [ Reserved)
20.206 Planned special exposures.
20.207 Occupational dose limits for minors.
20,208 Dose to an embryo / fetus.

SUBPART D--RADIATION DOSE LIMITS FOR

INDIVIDUAL MEMBERS OF THE PUBLIC

20.301 Dose limits for individual members of the public.
I 20.302 Compliance with dose limits for individual members of the

public.

SUBPART E--[ RESERVED)

111
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!

l

! SUBPART F--SVRVEYS AND MONITORING
!

! 20.501 Ceneral.

I 20.502 Conditions requiring individual monitoring of external and
internal occupational dose.

i.
[ SUBPART G--CONTROL OF EXPOSURE FROM EXTERNAL-SOURCES IN

| RESTRICTED AREAS

i

| 20.601 Control of-access to high radiation areas.
20.602 Control of access to very high radiation areas,;

i 20.603 Control of access to very high radiation areas - irradiators.
,

:

SUBPART H--RESPIRATORY PROTECTION AND CONTROLS TO RESTRICT
-

; INTERNAL EXPOSURE IN RESTRICTED AREAS
.

20.701 Use of process or other engineering controls.
20.702 Use of other controls.
20.703 Use of individual respiratory protection equipment.

! 20.704 Further restrictions on the use of respiratory protection
equipment.

SUBPART I--STORAGE AND CONTROL OF LICENSED MATERIAL

20.801 Security of stored material.
20.802 Control of material not in storage.

| SUBPART J--PRECAUTIONARY PROCEDURES

20.901 Caution signs.
20.902 Posting requirements.

112
s-

>

'

..ww.. * . + , ,, - , , - _ www e i - % c -.e.my tw- +--sr,w_ _ y9*+ww-+- -w-= ~..==m,v..--+.-%-a %--g w-----, -e e,,em,.w.--we,e.ww,.--..nm,w- ,,,m,. - - -



.

1

(7590-01)

20.903 Exceptions to posting requirements.
20.904 Labeling containers.
20.905 Exemptions to labeling requirements.
20.906 Procedures for receiving and opening packages.

SUBPART K--WASTE DISPOSAL

20.1001 General requirements.
20.1002 Method for obtaining approval of proposed disposal procedures.,

20.1003 Disposal by release into sanitary sewerage.
20.1004 Treatment or disposal by incineration.
20.1005 Disposal of specific wastes.
20.1006 Transfer for disposal and manifests.
20.1007 Compliance with environmental and health protection

regulations.

SUBPART L--RECORDS
-

20.1101 General provisions.
(

20.1102 Records of radiation protection programs.
20.1103 Records of surveys.
20.1104 Determination of prior occupational dose.
20.1105 Records of planned special exposures.
20.1106 Records of individual monitoring results.
20.1107 Records of dose to individual members of the public.
20.1108 Records of waste disposal.
20.1109 Records of testing entry control devices for very high

| radiation areas.
20.1110 Form of records,

i
|

| SUBPART M--REPORTS

20.1201 Reports of theft or loss of licensed material.
20.1202 Notification of incidents.
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20.1203 Reports of exposures, radiation levels, and concentrations
of radioactive material exceeding the limits.

20.1204 Reports of planned special exposures.

20.1205 [ Reserved)

20.1206 Reports of individual monitoring.

SUBPART ll--EXEMPTIONS AND ADDITIONAL REQUIREMENTS

20.130) Applications for excmptions.
20.1302 Additional requirements.

SUEPART 0--ENf0RCEMENT

20.1401 Violations.

APPENDICES

Appendix A protection factors for respirators.

Appendix B Annual limits on intake (Alls) and derived air concen-
trations (DACs) of radionuclides for occupational expo.

| sure; effluent concentrations; concentrations for release
to sewerage.

Appendix C Quantities of licensed material requiring labeling.

Appendix 0 United States Nuclear Regulatory Commission Regional
Offices,

i

| Appendix E [ Reserved)

!

Appendix F Requirements for Ice-level waste transfer for
disposal at land disposal facilities and manifests.

i
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i

AUTHORITY: Secs. 53, 63, 65, 81, 103, 104, 161, 182, 186, 68 Stat.
930, 933, 935, 936, 937, 948, 953, 955, as amended (42 U.S.C. 2073, 2093,
2095,2111,2133,2134,2201,2232,2236): secs. 201, as amended, 20?.
206, 88 Stat.1242, as amended, 1244, 1246 (42 U.S.C. 5841, 5842, 5546).
for the purposes of sec. 223, 68 Stat. 958, as arnended (42 U.S.C. 2273),
56 20.102, 20.201 - 20.204, 20.206, 20.207, 20,208, 20.301, 20.302, 20.501,
20.502,20.601(a)and(d),20.602,20.603,20.701,20.704,20.801,20.802,
20.901(a), 20.902, 20.904, 20.906, 20.1001, 20.1002, 20.1003, 20.2004,
20.1005(b) - (d), 20.1006, 20.1101 - 20.1110, 20.1201 - 20.1206, and 20.1301
are issued under sec. 161b., 68 Stat. 948 (42 U.S.C. 2201(b)) and
G 20.1106(d) is issued under the Privacy Act of 1974, pub.L. 93-579, 5 U.S.C.
552a: and 56 20.102(a)(2) and (4), 20.204(c), 20.206(g) and (h), 20.904(c)(4),

'l

20.905(c) and (d), 20.1005(c), 20.1006(b) - (d), 20.1101 - 20.1103, 20.1104(b) -
(d), 20.1105 - 20.1108, and 20.1201 - 20.1207 are issued under sec. 1610,
68 Stat. 950, as amended (42 U.S.C. 2201(o)).

i-

i

SUBPART A -GENERAL PROVISIONS

$ 20.1 Purpose.
1

(a) The regulations in this part establish standards for protection
against ionizing rediation resulting from activities conducted under licenses
issued by the Nuclear Regulatory Commission. These regulations are issued under
the Atomic Energy Act of 1954, as amended, and the Energy Reorganization Act of
1974, as amended.

(b) It is the purpose of the regulations in this part to control the re-
ceipt, possession, use, transfer, and disposal of licensed material by any
licensee in such a manner that the total dose to en individual (including doses
resulting from licensed and unlicensed radioactive material and from radiation

sources other than background radiation) does not exceed the standards for pro-
tection against radiation prescribed in the regulations in this part. However,
nothin0 in this part shall be construed as limiting actions that may be neces-
sary to protect Fctith and safety.
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i

5 20.2 Scope.

The regulations in this part apply to persons licensed by the Commission to
receive, possess, use, transfer, or dispose of byproduct, source, or special
nuclear material or to operate a production or utilization facility under Parts,

30 through 35, 39, 40, 50, 60, 61, 70, or 72 of this chapter. The limits in
i this part do not apply to doses due to background radiation, to exposbre of

patients to radiation for the purpose of medical diagnosis or therapy, or to
voluntary participation in medical research programs.

I 20.3 Definitions.

As used in this part:

" Absorbed dose" means the energy imparted by ionizing radiation per unit
mass of irradiated raterial. The units of absorbed dose are the rad and the
gray (Gy),

"Act" means the Atomic Energy Act of 1954 (42 U.S.C. 2011 et seq.), as
amended.

" Activity" is the rate of disintegration (transformation) or deccy of,

i radioactive material. The units of activity are the curie (Ci) and the
becquerel (Bq).

" Adult" means an individual 18 or more years of age.

" Airborne radioactive material" means radioactive material dispersed in
the air in the form of dusts, fumes, particulates, mists, vapors, or gases.

" Airborne radioactivity area" means a room, enclosure, or area in which
airborne radioactive materials, composed wholly or partly of licensed material,
exist in concentrations--

(1)Inexcessofthederivedairconcentrations(DACs)specifiedin
| Appendix B, or
1
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|
|
t (2) To such a degree that an individual present in the' area without
! respiratory protective equipment could exceed, during the hours an individual

] is present in a week, an ir.!,ake of 0.6 percent of the annual limit on intake
(ALI)or12DAC-hours.

!

" Annual limit on intake" (ALI) means the derived limit for the amount of
; radioactive material taken into the body of an adult worker by inhalation or

[ ingestion in a year,- ALI is the smaller value of intake of a given radionuclide
4 in a year by the reference man that would result in a committed effective dose

equivalent of 5 rems (0.05 Sv) or a committed dose equivalent of 50 rems
] (0.5 Sv) to any individual organ or tissue. (ALI values for intake by ingestion

and by inhalation of selected radionuclides are given in Table 1, Columns 1
[ and 2, of Appendix B.)

,

"ALARA"(acronym for "as low as is reasonably achievable") means making
j every reasonable effort to maintain exposures to radiation as far below the

dose limits in this part as is practical consistent with the purpose for which
the licensed activity is ' undertaken, taking into account the state of technology,
the economics of improvements in relation to state of technology, the economics
of improvements in relation to benefits to the public health and safety, and

i other societal and socioeconomic considerations, and in relation to utilization
of nuclear energy and licensed materials in the public interest.

" Background radiation" means radiation from cosmic sources; naturally JAM,

occurring radioactive materials, including radon in concentrations or levels #[p
commonly found in structures or the environment; and global fallout as it com-
monly exists in the environment from the testing of nuclear explosive devices.

*

" Background radiation" does not include radiation from source, byproduct, or
special nuclear materials regulated by the Cc:nmission.,

:

" Bioassay" (radiobioassay) means the determination-of kinds, quantities:

or concentrations, and, in some cases, the locations of radioactive material
in the human body, whether by direct measurement (in vivo counting) or by
analysis and evaluation of materials excreted or removed from the human body.

'
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" Byproduct material" means -

(1) Any radioactive material (except special nuclear material) yielded
in, or made radioactive by, exposure to the radiation incident to the process;

| of producing or utilizing special nuclear material; and
'

(2) The tailings or wastes produced by the extraction or concentration of |

uranium or thorium from ore processed primarily for its source material content,
including discrete surface wastes resulting from uranium solution extraction
processes. Underground ore bodies depleted by these solution extraction opera-
tions do not constitute " byproduct material" within this definition.

" Class" (or " lung class" or " inhalation class") means a classification'

scheme for inhaled material according to its rate of clearance from the pulmon-
ary region of the lung. Materials are classified as D, W, or Y, which applies
to a range of cicarance half-times: for Class D (Days) of less than 10 days,
for Class W (Weeks) from 10 to 100 days, and for Class Y (Years) of greater
than 100 days.

" Collective dose" is the um of the individual doses received in a given
period of time by a specified population from exposure to a specified source
of radiation.

" Commission" means the Nu? e0LERaula.tgry Commission or its duly authorizedl
representatives. M7

f
" Committed dose equivalent" (HT,50) means the dose equivalent to organs

or tissues of reference (T) that w be received from an intake of radioactive
material by an individual during the 50 year period following the intake.

" Committed effective dose equivalent" (HE,50) is the sum of the products
of the weighting factors applicable to each of the body organs or tissues that
are irradiated and the committed dose equivalent to these organs or tissues

(HE,50 * 1 "T T,50)*H

T
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" Controlled area" means an area, outside of a restricted area but inside
the site boundary, access to which can be limited by the licensee for any
reason.

" Declared pregnant woman" means a woman who has voluntarily informed her
'

employer, in writing, of her pregnancy and the estimated date of conception.

" Deep-dose equivalent" (H which applies to external whole-body exposure,
d

is the dose equivalent at a tissue depth of I cm (1000 mg/cm ),r

1

" Department" means the Department of Energy established by the Department

of Energy Organization Act (Pub. L. 95-91, 91 Stat. 565, 42 U.S.C. 7101 et seq.)
to the extent that the Department, or its duly authorized representatives,
exercises functions formerly vested-in the U.S. Atomic Energy Commission, its
Chairman, members, officers, and components and transferred to the U.S. Energy
Research and Development Administration and to the Administrator thereof pursu-
ant to sections 104 (b), (c), and (d) of the Energy Reorganization Act of 1974
(Pub. L. 93-438, 88 Stat. 1233 at 1237, 42 U.S.C. 5814) and retransferred to the
Secretary of Energy pursuant to section 301(a) of the Department of Energy
Organization Act (Pub. L. 95-91, 91 Stat. 565 at 577-578, 42 U.S.C. 7151).

" Derived air concentration" (DAC) means the concentration of a given radio-
nuclide in air which, if breathed by the reference man for a working year of
2,000 hours under conditions of light work (inhalation rate 1.2 cubic meters
of air per hour), results in an intake of one ALI. DAC values are given in
Table 1, Column 3, of Appendix B.

" Derived air concentration-hour" (DAC-hour) is the product of the concen-
i tration of radioactive material in air (expressed as a fraction or multiple of

the derived air concentration for each radionuclide) and the time of exposure
to that radionuclide, in hours. A licensee may take 2,000 DAC-hours to repre-
sent one ALI, equivalent to a committed effective dose equivalent of 5 rems
(0.05Sv).

|
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I

" Dose" or " radiation dose" is a generic term that means absorbed dose, |

dose equivalent, effective dose equivalent, committed dose equivalent, committed
effective dose equivalerit, or total effective dose equivalent, as defined in
other paragraphs of this section.

" Dose equivalent" (H ) means the product of the absorbed dose in tissue,T

quality factor, and all other necessary modifying factors at the location of
;

interest. The units of dose equivalent are the rem and sievert (SV). :

i
" Dosimetry processor" means an individual or an organization that

processes and evaluates individual monitoring eqJipment in Order to determine
the radiation dose delivered to the equipment.

" Effective dose equivalent" (H ) is the sum of the products of the dose
E

equivalent to the organ or tissue (H ) and the weighting factors (w ) applicable
T T

to each of the body organs or tissues that are irradiated (HE " 2.*T T)'N

1

" Embryo / fetus" means. the developing human organism from conception until
the time of birth.

" Entrance or access point" means any location through which an individual
could gain access to radiation areas or to radioactive materials. This includes
entry or exit portals of sufficient size to permit human entry, irt espective of
their intended use.

" Exposure" means being exposed to ionizing radiation or to radioactive,

material.

" External dose" means that portion of the dose equivalent received from
radiation sources outside the body.

" Extremities" means hand, elbow, arm below the elbow, foot, knee, and leg
below the knee.

_ " Eye dose equivalent" applies to the external exposure of the lens of the
eye and is taken as the dose equivalent at a tissue death of 0.3 centimeter

l (300 mg/cmz).

120
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|

" Generally applicable environmental radiation standards" means standards

issued by the Environmental Protection Agency (EPA) under the authority of the
Atomic Energy Act of 1954, as amended, that impose limits on radiation exposures

| or levels, or concentrations or quantities of radioactive material, in the
general environment outside the boundaries of locations under the control of
persons possessing or using radioactive material. [gg7 p g]

:|
1

1 " Government agency" means any executive department, commission, independent
establishment, corporation wholly or partly owned by the United States of
America, which is an instrumentality of the United States, or-any board, bureau, |
division, service, office, officer, authority, administration, or other estab-

I lishment in the executive branch of the Government.

" Gray" [See 9 20.4]

|"High radiation area" means an area, accessible to individuals, in which
|

radiation levels could result in an individual receiving a dose equivalent in I

excess of 0.1 rem (1 mSv)* in S hour at 30 cer.timeters from the radiation !

source or from any surface that the radiation penetrates.

" Individual" means any human being.
.

.

" Individual monitoring" means:
'

(1) The assessment of dose equivalent by the use of devices designed to
be worn by an individual;

(2) The assessment of committed effective dose equivalent by bioassay
(see Bioassay) or by determination of the time-weighted air concentrations to

4

which an individual has been exposed, i.e. , DAC-hours; or

(3) The assessment of dose equivalent by the use of survey data.
1

" Individual Monitoring Devices" (" individual monitoring equipment") means,

'

devices designed to be worn by a single individual for the assessment of dose

equivalent such as film badges, thermoluminescent dosimeters (TL0s), pocket'
ionization chambers, and personal (" lapel") air sampling devices.

; -
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" Internal dose" means that portion of the dose equivalent received from
radioactive material taken into the body.

" License" means a license issuec under the regulations in Parts 30 through
35, 39, 40, 50, 60, 61, 70, or 72 of this chapter,

i

" Licensee" means the holder of a license.

" Licensed material" means source material, special nuclear material, or -;
byproduct material received, possessed, used, transferred or. disposed of unde.-
a general or specific license issueri by the Commission.

" Limits" (doso limits) aeant the permissible upper bounds of radiation
doses.

" Lost or missing licensed material" means licensed material whose location
is unknown. It includes material that has been shipped but has not reached its
destination and whose location cannot be-readily traced in-the transportation
system.

" Member of the public" means an individual in a controlled or unrestricted ;
However, an individual is not a member of the public during any periodarea.

in which the individual receives an occupational dose.
" Minor" means an individual less than 18 years of age.

" Monitoring" (radiation _ monitoring, radiation protection'onitorirg) meansm

the measurement of radiation levels, concentrations, surface area conce trations
or quantities of radioactive material and the use of the results of thesa
measurements to evaluate potential exposures and doses.

"Nonstochastic ef fect" means health effects, the severity o_f which varies

with the dose and for which a threshold is believed to exist. Radiation-induced
cataract formation is an example of a nonstochastic effect.

"NRC" means the Nuclear Regulatory Commission or its duly authorized
representatives.

i
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" Occupational dose" means the dose received by an individual in a
| restricted area or in the course of employment in which the individual's

assigned duties involve exposure to radiation and to radioactive material

from licensed and unlicensed sources of radiation, whether in the posses-
sion of the licensee or other person. Occupational dose does not include

; dose received from background radiation, as a patient from medical practices,
i from voluntary participation in medical research programs, or as a member of

the general public.,

4

" Person" means:
. (1) Any individual, corporation, partnership, firm,-association, trust,

!

estate, public or private institution, group, Government agency other than
;

] the Commission or the Department of Energy (except that the Department shall

] be considered a person within the meaning of the regulations in 10 CFR Chapter
' to the extent that its facilities and activities are subject to the licensing.,

'

and related regulatory authority of the Commission under Section 202 of the !

Energy Reorganization Act of 1974 (88 Stat. 1244), the Uranium Mill Tailings
! Radiation Control Act of '1978 (92 Stat. 3021), the Nuclear Waste Policy Act of

1982 (96 Stat. 2201), and Section 3(b)(2) of the low-Level Radioactive Waste.

Policy Amendments Act of 1985 (99 Stat. 1842)), any State or any political sub-
division of or any political entity within a State, any foreign government or
nation or any political subdivision of any such government or nation, or other
entity; and

(2) Any legal successor, representative, agent, or agency of the foregoing.
'
,

; " Planned special exposure" means an infrequent exposure to radiation,
separate from and in addition to the annual dose limits.

L

"Public dose" means the dose received by a member of the public from
exposure to radiation and to radioactive material released by a licensee, or.to

; another source of radiation either within a licensee's controlled area or in
: unrestricted areas. It does not include occupational' dose or doses received
'

from background radiation, as a patient from medical practices, or from volun-
tary particiration in medical research programs.

|
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|

" Quality Factor" (Q) means the modifying factor (listed in Tables 1 and 2j

of $ 20.4) that is used to derive dose equivalent from absorbed dose.

j " Quarter" means a period of time equal to one-fourth of the year observed
by the licensee (approximately 13 consecutive weeks), providing that the begin-
ning of the first quarter in a year coincides with the starting date of the year

| and that no day'is omitted or duplicated in consecutive quarters.

" Rad"[See$20.43
;

i

] " Radiation" (ionizing radiation) means alpha particles, beta particles,
gamma rays, X-rays, neutrons, high-speed electrons, high-speed protons, an'd

; other particles capable ~of producing ions. Radiation, as used in this part,
does not include non ionizing radiation, such as radio- or microwaves, ora

j visible, infrared, or ultraviolet light.

" Radiation area" means an area, accessible to individuals, in which
; radiation levels could re'sult in an indiviM1 receiving a dose equivalent in

excess of 0.005 rem (0.05 mSv) in I hour at 30 centimeters from the radiation
source or from any surface that the radiation penetrates.a

" Reference man" means a hypothetical aggregation of human physical and,

!

physiological characteristics arrived at by international consensus. These
! characteristics may be used by researchers and public health workers to stan-

dardize results of experiments and to relate biological insult to a common base.

" Rem"(See620.4).
.

$ -

! " Respiratory protective device" means an ' apparatus, such as a respirator,
| used to reduce the individual's intake of airborne radioactive materials.

" Restricted area" means an area, access to which is limited by the licensee
for the purpose of protecting individuals against undue risks from exposure to
radiation and radioactive materials. Restricted area does not include areas

,

used as residential quarters, but separate roomt, ' ' r residMtial building may
be set apart as a restricted area.
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!

| " Sanitary sewerage" means a system of public sewers for carrying off waste
water and refuse, but excluding sewage treatment facilities, septic tanks, and

j leach fields owned or operated by the licensee.
|

" Shallow-dose equivalent" (H,), which applies to the external exposure of
j the skin or an extremity, is taken as the dose equivalent at a tissue depth of
! 0.007 centimeter (7 mg/cm ) averaged over an area of I square centimeter.r '

-i

i " Sievert"[See620.4).

" Site boundary" means that line beyond which the land or property is not
| owned, leased, or otherwise controlled by the licensee.

I

" Source material" means-

(1) Uranium or thorium or any combination of uranium and thorium in any,

; physical or chemical form; or

(2) Ores that contain, by weight, one-twentieth of 1 percent (0.05 per-
l cent), or more, of uranium, thorium, or any combination of uranium ard thorium.

Source material does not include special nuclear material.
"Special nuclear material" means- '

I (1) Plutonium, uranium-233, uranium enriched in the isotope 233 or in the
,

isotope 235, and any other material that the Commission, pursuant to the pro-
'

visions of section 51 of the Act, determines to be special nuclear material,
but does not include source material; or

(2) Any material artificially enriched by any of the foregoing but does not
include source material.

! " Stochastic effects" means health effects that occur randomly and for which
j the probability of the effect occurring, rather than its severity, is assumed
j to be a linear function of dose without threshold. Hereditary effects and-

cancer-incidence are examples of stochastic effects.

" Survey" means an evaluation of the radiological conditions and potential
hazards incident to the production, use, transfer, release, disposal, or pre-
sence of radioactive material or other sources of radiation. When appropriate,
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such an evaluation includes a physical survey of the location of radioactive
material and measurements or calculations of levels of radiation, or concentra-
tions or quantities of radioactive material present.

" Total Effective Dose Equivalent" (TEDE) means the sum of the deep-dose
equivalent (for external exposures) and the committed effective dose equivalent
(for internal exposures).

" Unrestricted area" means an area, access to which is neither limited nor !

controlled by the licensee.

" Uranium fuel cycle" means the operations of milling of uranium ore,
chemical conversion of uranium, isotopic enrichment of uranium, fabrication of
-uranium fuel, generation of electricity by a light-water-cooled nuclear power
plant using uranium fuel, and reprocessing of spent uranium fuel, to the
extent that these activities directly support the production of electrical
power for public use. Uranium fuel cycle does not include mining operations,
operations at waste disposal sites, transportation of radioactive material in
support of these operations,-and the reuse of recovered ncn-uranium special
nuclear and byproduct materials from the cycle.

"Very high radiation area" means an area, accessible to individuals, in
which radiation levels could result in an individual receiving an absorbed dose
in excess of 500 rads (5 grays) in I hour at 1 meter from a radiation source
or from any surface which the radiation penetrates. [ Note: At very high doses
received at high dose rates, units of absorbed dose (e.g., rads and grays) are
appropriate,ratherthanunitsofdoseequivalent(e.g.,remsandsieverts).]

" Week" means 7 consecutive days starting on-Sunday.

" Weighting f actor", w , for an organ or tissue (T) is the proportioni

of the risk of stochastic effects resulting from irradiation of that organ or
tissue to the total risk of stochastic effects when the whole body is irradiated
uniformly. For calculating the effective dose equivalent, the values .of w

T are:
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ORGAN DOSE WEIGHTING FACTORS
Organ or

Tissue W
T

Gonads 0.25 !
!

Breast 0.15

Red bone marrow 0.12

Lung 0.12

Thyroid. 0.03

Bone surfaces 0.03

aRemainder 0.30

DWhole Body 1.00

a
0.30 results from 0.06 for each of 5 " reminder"

organs (excluding the skin and the lens of the eye)
that receive the highest doses.
b

For-the purpose of weighting the' external whole
,

bod dose (for adding it to the-internal dose), a
sin le weighting factor, w, = 1.0., has been<

specified. The use of other weighting factors for
external exposure will be approved on a case-by-case
basis until such time as specific guidance is issued.

, "Whole body" means, for purposes of external exposure, head, trunk
'

(including male gonads), arms above the elbow, or legs above the knee.

!

" Working level" (WL) is any combination of short-lived radon dau0hters_

(for radon-222: polonium-218, lead-214, bismuth-214, and polonium-214; and for
radon-220: polonium-216, lead-212, bismuth-212,.and polonium-212) in 1 liter of
air that will result in the ultimate emission of 1.3 x 105 HeV of potential
alpha particle energy.

" Working level month" (WLM) means an exposure to 1 working level' for 170-
hours (2,000 working hours per year /12 months per year = approximately 170 hours
per month).
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" Year" means the period of +ime beginning in January used to determine
compliance with the provisions of chis part The lici.. m may change the
starting date of the year used to determine compliance by th0 '4censee provided
that the change is made at the beginnir g of the yur and that no da, is omitted
or duplicated in consecutive years.

S 20.4 Units of radiation dose.

(a) As used in this part, the units of radiation dose are:

" Gray" (Gy) is the SI unit of absorbed dose. One gray is equal to an
absorbed dose of 1 Joule / kilogram (100 rads).

" Rad" is the special unit of absorbed dose. One rad is equal to an
absorbed dose of 100 ergs / gram or 0.01 joule / kilogram (0.01 gray),

" Rem" 1s the special unit of any of the cuantities expressed as dose 2.f 7
equivalent. The dose equivalent in rems is equal to the absorbed dose in rads p[
multiplied by the quality factor (1 rem = 0.01 siever"t),

" Sievert" is the SI unit of any of the cuantities expressed as dose equi-
valent. The dose equivalent in sieverts is equal to the absorbed dose in grays 24 7

f multiplied by the quality factor (1 Sv = 100 rems). ['

(b) As used in tisis part, the quality factors for converting absorbed dose
to dose equivalent are shown in Table 1.

|

|

|
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TABLE 1

QUALITY FACTORS AND ABSORBED DOSE EQUIVALENCIES

Quality Factor Absorbed Dose
Equal to

TYPE OF RADIATION (Q) aUnitDosg-
Equivalent

X , gamma, or beta radiation 1 1

Alpha particles, multiple-charged
particles,' fission fragments and
heavy particles of unknown charge 20 0.05

Neutrons of: unknown energy 10' O.1

High energy protons 10- 0.1

* Absorbed dose in rad equal to I rem or the absorbed dose in gray equal
to I sievert.

(C) If it it more convenient to measure the neutron fluence rate than to
determine the neutron dose equivalent rate in tems pe'r hour or sieverts per
hour, as provided in paragraph (b) of this section, I rem (0.01 Sv) of neutron
radiation of unknown energies may, for purposes of the regulations in this
part, be assumed to result from a total fluence of 25 million neutrons per
square centimeter incident upon the body. If sufficient information exists to
estimate the approximate energy ~ distribution of the neutrons, the licensee may
use the fluence rate per unit dose equivalent or the appropriate Q value from
Table 2 to convert a measured tissue dose in rads to dose equivalent in rems.

s
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TABLE 2

MEAN QUALITY FACTORS, Q, AND FLUENCE PEP. UNIT DOSE
EQUIVALENT FOR MON 0 ENERGETIC NELT/RONS

Neutron Quality Fluence per Unit
a DEnergy Factor Dose Equivalent

(MeV) (Q) (neutrons em 2 rem 1)

(thermal) 2.5 x 10 8 2 980 x IOC
1 x 10 7 2 980 x 106
1 x 10 8 2 810 x 106
1 x 10 6 2 810 x 106
1 x 10 4 2 840 x 106
1 x 10 8 2 980 x 106
1 x 10 2 2.5 1010 x 106
1 x 10 2 7.5 170 x 106
5 x 10 1 11 39 x 106
1 11 27 x 106
2. 5 9 29 x 106
5 8 23 x IOC
7 7 24 x 106
10 6.5 24 x 106
14 7. 5 17 x 106
20 8 16 x 106
40 7 14 x IOC
60 5. 5 16 x 106
1 x 102 4 20 x 106
2 x 102 3.5 19'x 106

. 3 x 102 3. 5 16 x IOC'

4 x 102 3.5 14 x 106

"Value of quality factor (Q) at the point where
the dose equivalent is maximum in a 30-cm diameter
cylinder tissue-equivalent phantom,
b
Monoenergetic neutrons incident normally on a

30-cm diameter cylinder tissue equivalent phantom.

6 20.5 Units of radioactivity.

For the purposes of this part, activity is expressed in the special
unit of curies (C1) or in the SI unit of becquerels (Bq), or their
multiples, or disintegrations (transformations) per unit of time.

(a) One becquerel = 1 disintegration per second (s 1).
(b) One curie = 3.7 x 1016 disintegrations per second =
3.7 x 1010 becquerels = 2.22 x 1012 disintegrations per minute,

i
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6 20.0 Interpretations.

Except as specifically authorized by the Commission ir. writing, no
interpretation of the meaning of the regulations in this part by an officer or
employee of the Connission other than a written interpretation by the Generel
Counsel will be recognized to be binding upon the Counission.

$ 20.7 Conmunications.

Unless otherwise specified, communications or reports conctrning the
regulations in this part should be addressed to the Executive Director for
Operations, U.S. Nuclear Regulatory Commission, Washington, DC 20555.

A communication, report, or application may be delivered in person to the
Commission's offices at 2120 L Street, NW. (Lower Level), Washington, DC
20037, or 11555 Rockville Pile, Rockville, MD 20852.

$ 20.8 Jmplementation.

(a) Licensees shall implement the provisions of this part on or before
January 1,1993. If a licensee chooses to irrplement the provisions of this

fp#
,

part prior to January 1,1993, the licensee shall implement all provisions
of this part not otherwise exempted by paragraph (d) of this section, and shall e

provide written notification to either the Director of the Office of Nucitar
Materials Safety and Safeguards or the Director of the Office of ;uclear
Reactor Regulation, as appropriate, that the licensee is adopting early imple-
mentation of this part. Until January 1,1993, or until the licensee notifies
the Commission of early implementation cf the provisions of this part, compli-
ance will be requirtd with the version of 10 CFR Part 20 codified in the Code of
Federal Regulations on January 1,1991.

!

(b) Af ter to time the licensee implements this part, the cpplicable
section of this part shall be ustd in lieu of any section of this part in
effect on or before January 1,1991 that is cited in license conditions or
technical specifications, except as specified in paragraphs (c), (d) and (e)

) of this section. If the requirer.ents of this part are more restrictive than
the existing license condition, then the licensee shall comply with this
part unless exempted by paragraph (d) of this section.
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(c) Any existing license condition or technical specification that is '@
Lmore restrictive than this part remains in_ force until there is a technical

specification change, license amendment, or license renewal.
S8h

(d) If a license condition or technical specification exempts a licensee
from a provision of the version of Part 20 in effect on or before January 1,
1991, it also exempts the licensee from the corresponding provision of thit
part.

(e)IfnosectioninthispartcorrespondstotheprovisionsofPart20
in effect prior to Janvery 1,1991 cited in a license condition, a license con-
dition based on the version of Part 20 in effect on or before January 1,1991
remains in force until either there is a technical specification change, license
emendment, or license renewal that modifies or removes this condition.

$ 20.9 R_eporting, recording, and application requirements: Ot1B approva_1.

(a) The Nuclear Regulatory Commission will submit the information

collection requirements contained in this part to the Office of Management
and Budget for approval as required by the Paperwork Reduction Act of 1980
(44 U.S.C. 3501 et seq.). OMB clearance will be obtained prior to January 1.
1993.

(b) The approved information collection requirements contained in this
part appear in il 20.101, 20.202, 20.204, 20.206, 20.301, 20.501, 20.601,
20.603, 20.703, 20.901, 20.902, 20.904, 20.906, 20.1002, 20.1004,
20.2006, 20.1102, 20.1103, 20.1104, 20.1105, 20.1106, 20.1107, 20.1108,
20.1109, 20.1110, 20.1201, 20.1202, 20.1203, 20.1204, 20.1206, and Appen-
dix f.

.

SUBPART B--RADIATION PROTECTION PROGRAMS
,

i 20.101 _ Radiation protection programs.
,

(a) Each licensee shall develop, document, and irr lement a radiatione

protection program commensurate with the scope and extent of licensed activities

.
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and suf ficient to ensure compliance with the provisions of this part. (See
6 20.1102 for recordkeeping requirements relating to these programs.)

;

(b) The licensee shall use, to the extent practicable, procedures '

and engineering controls based upon sound radiation protection principles
to achieve occupational doses and doses to mecbers of the public that are
as low as is reasonably achievable (ALARA).

(c) The licensee shall periodically (at least annually) review the
radiatior, protection program content and implementation.

SUBPART C--0CCUPATIONAL DOSE LIMITS

S 20,201 Occupational dose limits for adults.

(a) The licensee shall control the occupational dose to individual
adults, except for planned special exposures under 6 20.206, to the
following dose limits.

(1) An annual limit, which is the more limiting of--
(i) The total effective dose equivalent being equal to 5 rems

(0.05 Sv); or ,

(ii) The sum of the deep-dose equivalent and the committed dose
equivalent to any individual organ or tissue other than the lens of the
eye being equal to 50 rems (0.5 Sv).

'

(2) The annual limits to the lens of the eye, to the skin, and to
the extremities which are:

(i) An eye dose equivalent of 15 rems (0.15 Sv), and
(ii) A shallow-dose equivalent of 50 rems (0.50 Sv) to the skin or

to each of the extremities.

(b) Doses received in excess of the annual limits, including doses
received during accider.ts, emergencies, and planned special exposurce,
must be subtracted from the limits for planned special exposure:; that the
individual may receive during the current year (see 620.206(e)(1))and
during the individual's lifetime (see S 20.206(e)(2)).
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(c) The assigned deep-dose equivalent and shallow-dose equivalent
must be for the part of the body receiving the highest exposure. The

deep-dose equivalent, eye dose equivalent and shallow-dose equivalent may
be assessed from surveys or other radiation measurements for the purpose
of demonstrating compliance with the occupational dose limits, if the
individual monitoring device was not in the region of highest potential
exposure, or the results of individual monitoring are unavailable.

(d) Derived air concentration (DAC) and annual limit on intake (ALI)
values are presented in Table 1 of Appendix B and may be used to

determine the individual's dose (see 6 20.1106) and to demonstrate
compliance with the occupational dose limits.

(e) In addition to the annual dose limits, the licensee shall limit
the soluble uranium intake by an individual to 10 milligrams in a week in
consideration of chemical toxicity (see footnote 3 of Appendix B).

(f) The licensee shall reduce the dose that an individual may be
allowed to receive in the current year by the amount of occupational dose
received while employed by any other person (see 6 20.1104(e)).

S 20.202 Compliance with requirements for summation'of external and
internal doses.

(a) If the licensee is required to monitor under both SS 20.502(a)
and (b), the licensee shall demonstrate compliance with the dose limits
by summing external and internal doses. If the licensee is required tot

monitor only under 6 20.502(a) or only under 6 20.502(b), then summation
is not required to demonstrate compliance with the dose limits. The

licensee may demonstrate compliance with the requirements for summation

of external and internal doses by meeting one of the conditions specified
in paragraph (b) of the section, and the conditions in paragraphs (c) and
(d) of this section.

(NOTE: The dose equivalents for the lens of the eye, the skin, and the
extremities are not included in the summation, but are subject to separate
limits.)
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!

j (b) Intake by inhalatir . If the only intake of radionuclides is
{

! by inhalation, the totc1 effective dose equivalent limit is not exceeded !
'

if the sum of the deep-dose equivalent divided by the total effective.
|'

dose equivalent limit, and one of the following, does not exceed unity:
(1) The sum of the fractions of the inhalation ALI for each radio-

| nuclide, or

(2) The total number of derived air concentration-hours (DAC-hours)
{for all radionuclides divided by 2,000, or ;

(3) The sum of the calculated committed effective dose equivalents f
:

1
! to all significantly irradiated organs or tissues (T) calculated from !
| bioassay data using appropriate biological models and expressed as.a f
; fraction of the annual limit. !
.

(c) Intake by oral ingestion. If the occupationally exposed (
1 individual also receives an intake of radionuclides by oral ingestion greater !
j than 10 percent of the applicable oral ALI, the licensee shall account for this I

t

) intake and include it in demonstrating compliance with the limits. i
! (d) Intake through wounds or absorption through skin. The licensee shall [

evaluate and, to the extent practical, account for intakes through wounds or I

skin absorption. (NOTE: The intake through intact skin has been included in;

the calculation of DAC for hydrogen-3 and does not ne'ed to be further
i

esaluated.)
[!

.

t

S 20.203 Determination of external dose from' airborne radioactive
material. '

t

?

Licensees shall, when determining the dose from airborne radioactive

material, include the contribution to the deep-dose equivalent, eye dose
equivalent, and shallow-dose equivalent from external exposure to the j

! radioactive cloud (see Appendix B, footnotes'1 and 2).
i !
l &

5

1 An organ or tissue is deemed to be significantly irradiated if, for~ that. !organ or tissue, the product of-the weighting factors, w , and the commit- 'rted dose equivalent, H
themaximumweightedvbu,eofHper unit intake is greater thah 10 percent of !

50 (I''' ' *T 50,T) per unit intake fot :H
any organ or tissue.

i

i
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NM. Airborne radioactivity measurements and DAC values should not be used

as the primary means to assess the deep-dose equivalent when the airborne

radioactive material includes radionuclides other than noble gases or if the
cloud of airborne radioactive material is not relatively uniform. The determin-
ation of the deep-dose equivalent to an individual should he_ based upon measure-
ments using instruments or individual monitoring devices.1

S 20.204 Determination of internal exposure .

(a) For purposes of assessing dose used to determine compliance.with
occupational dose equivalent limits, the licensee shall, when required under
S 20.502, take suitable and timely measurements of--

(1) Concentrations of radioactive materials in air in work areas; or
(2) Quantities of radionuclides in the body; or
(3) Quantities of, radionuclides excreted from the body; or
(4) Combinations of these measurements.

(b) Unless respiratory protective equipment is used, as provided in
S 20.703, or the assessment of intake is based in bioassays, the licensee shall

assume that an individual inhales radioactive materia'l at the airborne
concentration in which the individual is present.

(c) When specific information on the physical and biochemical properties
of the radionuclides taken into the body or the behavior or the material in an

|_ individual is known, the licensee may--

(1) Use that information to calculate the committed effective' dose
equivalent, and, if used, the licensee shall document that information in the

j individual's record; and
(2) Upon prior approval of the' Commission, adjust the DAC or ALI values

to reflect.the actual physical and chemical characteristics of airborne
radioactive material (e.g., aerosol size distribution or density); and

(3) Separately assess the contribution of fractional-intakes of Class D, j
| W, or Y compounds of given radionuclide (see Appendix B) to the committed

effective dose equivalent.

|

,

i
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(d) If the licensee chootes to assess; intakes of Class'Y material using
the measurements given in S 20,204(a)(2) or (3), the licensee may delay the I

recording and roporting of the assessments for periods up to 7 months, unless
otherwise required by SS 20.1202 or 20.1203, in order.to permit the licensee to
make additional measurements basic to the assessments.

(e) If the identity and concentration of each radionuclide in a mixture
are known, the fraction of the DAC applicable to the mixture for use in

| calculating DAC-hours must _ be either--

| (1) The sum of the ratios of the concentration to the appropriate DAC
value (e.g. , 0, W, Y) from Appendix B for each radionuclide in the mixture; or

(2) The ratio of the total concentration for all radionuclides in the
mixture ,t_o the most restrictive DAC value for any radionuclide in the mixture. D

(f) If the identity of each radionuclide in a mixture is known, but the /7
concentration of one or more of the radionuclides in the mixture is not known,
the DAC for the mixture must be the most restrictive DAC of any radionuclide in
the mixture.

(g) When a mixture of radionuclides in air exists, licensees may
disregard certain radionuclides in the mixture if--

(1) The licensee uses the total activity of the mixture in demonstrating
compliance with the dose limits in S 20.201 and in co'mplying with the
monitoring requirements in S 20.502(b), and

(2) The concentration of any radionuclide disregarded is less than 10
percent of its DAC, and

(3) The sum of these percentages for all of the radionuclides disregarded
in the mixture does not exceed 30 percent.

(h)(1) In order to calculate the committed effective dose equivalent, the

| licensee may assume that the inhalation of one ALI, or an exposure of 2,000
DAC-hours, results in a committed effective dose equivalent of 5 rems (0.05 Sv)

for radionuclides that have their ALIs or DACs based on the committed effective
dose equivalent.

(2) When the ALI (and the associated DAC) is determined by the nonsto-
chastic organ dose limit of 50 rems (0.5 Sv), the intake of radionuclides that,

L
L would result in a committed effective dose equivalent of 5 rems (0.05 Sv) (the

n ..hastic ALI) is listed in parentheses in Table 1 of Appendix B. In this-

,
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case, the. licensee may, as a simplifying assumption, use the stochastic ALIs
to determine committed effective dose equivalent. .However, if the licensee -
uses the stochastic ALIs, the-licensee must also demonstrate that the limit.
in S 20.201(a)(1)(ii) is met,

S 20.205 [ Reserved]

S 20.206 Planned special exposures.

A licensee may authorize an adult worker to receive doses in addition to_ 7A
and accounted for separately from the doses received under the limits specified
in S 20.201 provided that each of the following conditions is satisfied--

(a) The licensee authorizes a planned special exposure only in an
exceptional situation when alternatives that might avoid the higher exposure
are unavailable or impractical.

(b) The licensee (and employer if the employer is not the licensee)
specifically authorizes the planned special exposure, in writing, before the

,

e'uosure occurs.

(c) Before a planned special exposure, the licensee ensures that the
individuals involved ara--

(1) Informed of the purpose of the planned operation;
(2) Informed of the estimated doses and associated potential risks and

specific radiation levels or other conditions that might be involycd in perform-
ing the task; and

(3) Instructed in the measures to be taken to keep the dose ALARA consid-
ering other risks that may be present. '

(d) Prior to permitting an individual to participate in a planned special 247,.

L
exposure, the licensee ascertains prior doses as required by S 20.1104(b) dduring the lifetime of the individual for each individual involved.

(e) Subject to S 20,201(b), the licensee does not authorize a planned
special exposure that would cause an individual to receive a dose from all
planned special exposures and all doses in excess of the limits to exceed--

(1) The numerical values of any of the dose limits in S 20.201(a) in any
year; and
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(2) Five times the annual dose limits-in S 20.201(a) during the-
individual's lifetime.

| -(f) The licensee maintains records of the conduct of a planned special
exposure in accordance with 6 20.1105 and submits a written report in
accordance with S 20.1204.

(g) The licensee records the best estimate of the dose resulting from the
planned special exposure in the individua s record and informs the individual,
in writing, of the dose within 30 days from the date of the planned special
exposure. The dose from planned special exposures is not to be considered in
controlling future occupational dose of the individual under S 20.201(a) but is
to be included in evaluations required by S 20.206(d) and (e).

S 20.207 Occupational dose limits for minors.

The annual occupational dose limits for minors are 10 percent of the
annual dose limits specified for adult workers in S 20.201.

S 20.208 Dose to an embryo / fetus. '

(a) T5e licensee shall ensure that the dose to an embryo / fetus during the-

entire pregnancy, due to occupational exposure of a declared pregnant woman,
does not exceed 0.5 rem (5 mSv). (For recordkeeping requirements, see
6 20.1106.)

(b) The licensee shall make efforts to avoid substantial variation above
a uniform monthly exposure rate to a declared pregnant woman so as to satisfy
the limit in paragraph (a) of this section.

A47(c) The dose to an embryo / fetus shall be taken~as the sum of-- .

(1) The deep-dose equivalent to the declared pregnant woman; and [I
(2) The dose to the embryo / fetus from radionuclides in the--embryo / fetus

and redionuclides in the declared pregnant woman.

(d) If the dose to the embryo / fetus is found to have exceeded 0.5 rem (5
mSv), or is within 0.05 rem (0.5 mSv) of this dose, by the time the woman
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declares the pregnancy to the licensee, the licensee shall be deemed to be in
compliance with paragraph (a) of this section if the additional dose to the
embryo / fetus does not exceed 0.'J5 rem (0.5 mSv) during the remainder of the
pregnancy.

:
SUBPART D--RADIATION DOSE LIMITS FOR

'

INDIVIOVAL MEMBERS OF THE PUBLIC

S 20.301 Dcse limits for individual members of the public.

(a) Eact, licensee shall conduct operations so that--
(1) The total effective dose equivalent to individual members of the

public from the licensed operation does not exceed 0.1 rem (1 mSv) in a year,
exclusive of the dose contribution from the licensee's disposal of radioactive
material into sanitary sewerage in accordance with 6 20.1003, and

(2) The dose in any unrestricted' area from external sources does not M
exceed 0.002 rem (0.02 mSv) in any one hour. /

(b) If the licensee permits members of the public to have access to

controlled areas, the limits for members of the public continue to apply to
those individuals. ~

(c) A licensee or license applicant may apply for prior NRC authorization
to operate up to an annual dose limit for an individual member of the public of
0.5 rem (5 mSv). The licensee or license applicant shall include the following
information in this application:

(1) Demonstration of the need for and the expected duration of operations
in excess of the limit in paragraph (a) of this section.,

(2) The licensee's program to assess and control dose within the 0.5 rem
(5 mSv) annual limit.', and

(3) The procedures to be followed to maintain the dose as low as is
reasonably achievable.

(d) In addition to the requirements of this part, a licensee subject to
. the provisions of EPA's generally applicable environmental radiation standards

in 40 CFR Part 190 shall comply with those standards.
[(e) The Commission may impose additional restrictions on radiation levels

in unrestricted areas and on the total quantity of radionuclides that a licensee
may release in effluents in order to restrict the collective dose.
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S 20.302 Compliance with dose limits for individual members of the public.

(a) The licensee shall make or cause to be made, as appropriate, surveys

of radiation levels in unrestricted and controlled areas and radioactive
materials in effluents released to unrestricted and controlled areas to demon-
strate compliance with the dose limits for individual members of the public in

j $ 20.301.

(b) A licensee shall show compliance with the annual dose limit in
j S 20.301 by--

! (1) Demonstrating by measurement or calculation that the total effective
dose equivalent to the individual likely to receive the highest dose from_the,

licensed operation does not exceed the annual dose limit., or
(2) Demonstrating that-
(i) The annual average concentrations of radioactive material released

in gaseour and liquid effluents at the boundary of the unrestricted area do not,

i exceed the values specified in Table 2 of Appendix B; and

| (ii) If an individual were continually present in an unrestricted area,
'

the dose from external sources would not exceed _0.002 rem _(0.02 mSv) in an
hour and 0.05 rem (0.5 mSv) in a year.

,

(c) Upon approval from the Commission, the licen'see may adjust the 2_G7
I

effluent concentration values in Appendix B,. Table 2, for members of the public, gg
to take into account the actual physical and chemical characteristics of the

: effluents (e.g., aerosol size distribution, solubility, density, radioactive
decay equilibrium, chemical form). [ ]'

i.
,

SUBPART E--[ RESERVED),

F

:
*

SUBPART F--SURVEYS AND MONITORING

;

6 20.501 General.

(a) Each licensee shall make or cause to be made, surveys that--;

; (1) May be necessary for the licensee to comply with the regulations in
this part; and

,
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(2) Are reasonable under the circumstances to evaluate:
(i) The extent of radiation levels; and
(ii) Concentrations or quantities of radioactive material; and
(iii) The potential radiological hazards that could be present.
(b) The licensee shall ensure that instruments and equipment used for

quantitative radiation measurements (e.g., dose rate.and effluent monitoring)
are calibrated periodically for the radiation measured.

(c) All personnel dosimeters (except for direct and indirect reading
pocket ionization chambers and those dosimeters used to measure the dose to the
extremities) that require processing to determine the radiation dose and that.
are used by licensees ta comply with 6 20.201, with other applicable provisions
of this chapter, or with conditions specified in a license must be processed
and evaluated by a dosimetry processor--

(1) Holding current personnel dosimetry accreditation from the National

Voluntary Laboratory Accreditation Program (NVLAP) of the . National Institute of L(g 7
Standards and Technology; and /* 7

(2) Approved in this accreditation process for the type of radiation or
radiations included in the NVLAP program that most closely approximates the
type of radiation or radiations for which the individual wearing the dosimeter
is monitored. *

S 20.502 Conditions requiring individual monitoring of external and
internal occupational dose .

Each licensee shall monitor exposures to radiation and radioactive

material at levels sufficient to demonstrate compliance with the occupational
dose limits of this part. As a minimum--

(a) Each licensee shall monitor occupational exposure to radiation and
shall supply and require the use of individual monitoring devices by--

(1) Adults =likely to receive, in 1 year from sources external to the
body, a dose in excess of 10 percent of the limits in S 20.201(a),

(2) Minors and-declared pregnant women likely to receive, in 1 year from
sources-external to the body, a dose in excess of 10 percent of any of the
applicable _ limits in SS 20.207 or 20.208, and

,
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' (3) Individuals entering a high or very high radiation area.
3

(b) Each licensee shall monitor (see 6 20.204) the occupational intake
]

of radioactive material by and assess the committed effective dose
i

equivalent to--
(1) Adults likely.to receive, in 1 year, an intake in excess of 10

percent of the applicable ALI(s) in Table 1, Columns 1 and 2, of Appendix B;
and

'

(2) Minors and declared pregnant women likely to receive, in 1 year, a
committed effective dose equivalent in excess of 0.05 rem (0.5 mSv).

SUBPART G--CONTROL OF EXPOSURE FROM EXTERNAL SOURCES

IN RESTRICTED AREAS

S 20.601 Control of access to high radiation areas.

; (a) The licensee shall ensure that each entrance or access point to a
high radiation area has one or more of the following features--

(1) A control device which, upon entry into the area causes the level of
radiation to be reduced below that level at which an ' individual might receive'a
deep-dose eauivalent of_0.1 rem (1 mSv) in I hour at.30 centimeters from the 2.Og 7
radiation source or from any surface that the radiation penetrates;

(2) A control device that energizes a conspicuous visible or audible
alarm signal so that the individual entering the high radiation area and the
supervisor of the activity are made aware of the entry; or

(3) Entryways that are locked, except during periods when access to the
areas is required, with positive control over each-individual entry.

(b) In place of the controls required by paragraph (a) of this section
for a high radiation area, the licensee may substitute continuous direct or
electronic surveillance that is capable of preventing unauthorized entry.

(c) A licensee may apply to the Commission for approval of alternative
methods for controlling access to high radiation areas.

(d) The licensee shall establish the controls required by paragraphs (a)
and (c) of this section in a way that does not prevent individuals from leaving
a high radiation area.
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. (e) Control is not required for each entrance or access point to a room
or other area that is a high radiation area solely because of the presence of
radioactive materials prepared for transport and packaged and labeled in
accordance with the regulations of the Department of Transportation provided '

that--

(1) The packages do not remain in the area longer than 3 days; and
(2) The dose rate at 1 meter from the external surface of any package

does not exceed 0.01 rem (0.1 mSv) per hour.

(f) Control of entrance or access to rooms or other areas in hospitals is
not required solely because of the presence of patients containing radioactive
material, provided that there are personnel in attendance who will take the
necessary precautions to prevent the exposure of individuals to radiation or
radioactive material in excess of the limits established in this part and to
operate within the ALARA provisions of the licensee's radiation protection
program.

-

6 20.602 Control of access to very high radiation areas .

In addition to the requirements in S 20,601, the' licensee shall institute
additional measures to ensure that an individual is not able to gain

unauthorized or inadvertent access to areas in which radiation levels could be
encountered at 500 rads (5 grays) or more in 1 hour at 1 meter from a radiation
source or any surface through which the radiation penetrates.
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5~20.603 Control of access to very high radiation areas - irradiators.

(a) Each area in which there may exist radiation levels in excess of 500
~

'

2
-rads (5 grays) in 1. hour et 1 meter from a- sealed radioactive source 'that is-

used to irradiate materials must meet the following requirements.
(1) Each entrance or access point must be equipped with entry control

devices which--

(i) Function automatically to prevent any individual' from inadvertently
entering the area when very high' radiation levels exist,

(ii) Permit deliberate _ entry into the area only after a control, device. is
actuated that causes the radiation level within t_he area, from the sealed
source, to be reduced below that at which it wculd be possible for an g47
individual to receive a deep-dose eouivalent in. excess of 0.1-' rem (1 mSv) in 1 -

hour;1and

(iii) Prevent operation of the source if the source would produce
radiation levels in the area that could result in a' deep-dose equivalent to an
individual in excess of 0.1 rem (1 mSv) in 1 hour.

(2) Additional control devices must be provided so that, upon failure of
the entry control devices to function as required by paragraph (a)(1) of this
section--

-(i)Theradiatior,levelwithinthearea,fromthescaledsource,is
reduced below that.at which it would be possible for an individual to receive a
deep-dose equivalent in excess of 0.1 rem (1 mSv) in 1_ hour; and

-(ii) Conspicuous visible and audible alarm sigr.cis are generated to make
an individual attempting to enter-the area aware of the hazard and at least one
other authorized individual, who is physically present, familiar with the-

L
2 This section applies to radiation from byproduct, source, or_special'

nuclear materials that are used in sealed sources in-non-self-shielded,

i irradiators. This section does not apply to radioactive sources that
are used in teletherapy, in radiography, or in completely. self-shielded
irradiators in which the source is both stored and operated within
the same shielding radiation barrier and, in the. designed configuration-
of'the irradiator, is always physically inaccessible .to any individual
and cannot create high levels of radiation in an ar?a that is accessible
to any individual. This section also does not apply to sources from which
the radiation is incidental to some other use or to nuclear reactor-
generated radiation.

144.

_ _ . , _ . _ . . _ _ _ , _ , _ _ _ _ . _ . . _ _ _ . _ _ -



:

[7590-01]

activity, and prepared to render or. suninon assistance, aware of the failure
of the entry control devicea.

'(3) The licensee shall provide control devices so that, 'upon failure or
removal of physical radiation barriers other than the source's shielded storage
container--

(1) The radiation level from the source is reduced below that at which it
would be possible for an individual to receive a deep-dose equivalent in. 2h-

excess of 0.1 rem (1 mSv) in 1' hour; and Q(ii)Conspicuousvisibleandaudiblealarmsignalsaregeneratedtomake
potentially affected individuals aware of the hazard and the licensee or at
least one other individual, who is familiar with the activity and prepared to
render or summon assistance, aware of the failure or removal of the physical
barrier.

(4) When the shield for the stored source is a liquid, the licensee
shall provide mer.ns to monitor the integrity of the shield and to signal,
automatically, loss of adequate shielding.

(5) Physical radiation barriers.that comprise permanent structural
components, such as walls, that have no credible probability of failure
or removal in ordinary circumstances need not meet the requirements of
paragraphs (a)(3) and (4) of this section.

(6) Each area must be equipped with devices that will autc.aatically
generate conspicuous visible and audible alarm signals to alert personnel
in the area before the source can be put into operation and in sufficient
time for any individual in the area to operate a clearly identified
control device, which must be installed in the area and which can prevent
the source from being put into operation.

(7) Each area must be controlled by use of such administrative
procedures-and such devices as are necessary to ensure that the area is
cleared of personnel prior to each use of the source.

(B) Each area must be checked by--a radiation measurer:ent to ensure

that, prior to the first individual's-' entry into the area af ter any use
of the source, the radiation level from the source-in the aree is below
that at which it would be possible for an individual to receive a doen-dose y
enuivalent in excess of 0.1 rem (1 mSv) in 1 hour.

(9) The entry control devices required in paragraph (a)(1) of this
section must have been tested for proper functioning (see 5 20.1109 for
recordkeeping requirements).
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(i) Testing must be conducted prior to initial operation with the
source of radiation on any day (unless operations were continued
uninterrupted from the previous day), and

(ii) Testing must be conducted prior to resumption of operation of
the source of radiation after any unintended interruption; and

(iii) The licensee shall submit and adhere to a schedule for periodic
tests of the entry control and warning systems.

(10) The licensee may not conduct operations, other than those

necessary to place the source in safe condition or to effect repairs on
controls, unless control devices are functioning properly.

(11) Entry and exit portals that are used in transporting materials
to and from the irradiation area, and that are not intended for use by
individuals, must be controlled by such devices and administrative

procedures as are necessary to physically protect and warn against
inadvertent entry by any individual through these portals. Exit portals
for processed materials must be equipped to detect and signal the
presence of any loose radiation sources that are carried toward such an-

exit and to automatically prevent loose radiation sources from being
carried out of the area.

(b) Persons holding licenses or applicants for l'icenses for radiation
sources that are within the purview of paragraph (a) of this section and
that will be used in a variety of positions or in locations, such as open
fields or forests, that make it impracticable to comply with certain require-
ments of paragraph (a) of this section, such as those for the automatic con-
trol of radiation levels, may apply to the Director, Office of Nuclear
Material Safety and Safeguards, U.S. Nuclear Regulatory Commission, Washing-
ton, DC 20555, for approval of the use of alternative safety measures. Any

alternative safety measures must provide a degree of personnel protection
at least equivalent to those specified in paragraph (a) of this section. At
least one of the alternative measures must include an entry preventing inter-

lock control based on a measurement of the radiation that ensures the absence
of high radiation levels before an individual can gain access to the area
where such radiation sources are used.

(c) The entry control devices required by paragraphs (a) and (b) of this
section must be established in such a way that no individual will be prevented
from leaving the area.
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SUBPART H--RESPIRATORY PROTECTION AND CONTROLS TO RESTRICT

INTERNAL EXPOS'JRE IN RESTRICTED AREAS

S 20.701 Use of process or other engineering controls.

The licensee shall use, to the extent practicable, process or other
engineering controls (e.g., containment or ventilation).to control the
concentrations of radioactive material in air.

S 20.702 Use of other controls.-

When it is not practicable to apply process or other engineering
controls to control the concentrations of radioactive material in air to
values below-those'which define an airborne radioactivity area,-the
licensee shall, consistent with maintaining the total effective dose
equivalent ALARA, increase monitoring, and limit intakes' by one or more
of the following means:

(a) Control of access;
(b) Limitation of exposure times; '

(c) Use of respiratory protection equipment; or
(d) Other controls.

S 20.703 Use of individual respiratory protection equipment.

(a) If the licensee uses respiratory protection equipment to limit
intakes pursuant to S 20.702--

(1) The licensee shall use only respiratory protection equipment
that is tested and certified or had certification extended by the
National Institute for Occupational Safety and Health /Mine Safety and
Health Administration (NIOSH/MSHA).

(2) If the licensee wishes to use equipment that has not been

tested or certified by-NIOSH/MSHA, has not had certification extended by
NIOSH/MSHA, or for which there is no schedule for testing or
certification, the licensee shall submit an application for authorizedt

.
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use of that equipment, including a demonstration by testing, or a
demonstration on the basis of reliable test information, that the
material and performance characteristics of the equipment are capable of
providing the proposed degree of protection under anticipated conditions
of use,

(3) The licensee shall implement and maintain a . respiratory
protection program that includes--

(i) Air sampling sufficient to identify the potential hatard,
permit proper equipment selection, and estimate exposures;

(ii) Surveys and bioassays, as appropriate, to evaluate actual
intakes;

(iii) Testir.g of respirators for operability immediately prior to
each use;

(iv) Written procedures regarding selection,' fitting, issuance,
maintenance, and testing of respirators, including testing for
operability immediately prior to each use; supervision and training of
personnel; monitoring, including air sampling and bioassays; and

.

recordkeeping; and

(v) Determination by a physician prior to initial fitting of
respirators, and at least every 12 months thereaf ter,' that the individual
user is physically able to use.the respiratory protection equipment,

I (4) The licensee shall issue a written policy statement.on
respirator usage covering--

(i) The use of process-or other engineering controls, instead of
respirators;

(ii) The routine, nonroutine, and emergency use of respirators; and
(iii) The periods of respirator use and relief from respirator use.
(5) The licensee shall advise each respirator user that the user

! may leave the area at any time for relief from respirator use in the
| event of equipment malfunction, physical or psychological distress,

procedural or communication failure, significant deterioration of
operating conditions, or any other conditions that might require such

~

relief.
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(6) The licensee shall use equipment within limitations for type
and mode of use and shall provide proper visual, communication, and other
special capabilities (such as adequate skin protection) when needed.

(b) In estimating exposure of individuals to airborne radioactive
materials, the licensee may make allowance for respiratory protection
equipment used to limit intakes pursuant to 6 20.702, provided that the
following conditions, in addition to those in S 20.703(a), are satisfied:

(1) The licensee selects respiratory protection equipment that
provides a protection factor (see Appendix A) greater than the multiple
by which peak concentrations of airborne radioactive n.aterials in the

working area are expected to exceed the values specified in Appendix B,
Table 1, Column 3. If the selection of a respiratory protection device
with a protection factor greater than the peak concentration is
inconsistent with the goal specified in S 20.702 of keeping the total
effective dose equivalent ALARA, the licensee may select respiratory /
protection equipment with a lower protection factor only if such a
s, election would result in keeping the total effective dose equivalent
ALARA. The concentration of radioactive material in the air that is
inhaled when respirators are worn may be initially estimated by dividing
the average concentration in air, during each period "of uninterrupted N2
use, by the protection factor. If the exposure is later found to be /
greater than estimated, the corrected value must be used; if the exposere
is later found to be less than estimated, the corrected value may be
used.

(2) The licensee shall obtain authorization from the Commission
before assigning respiratory protection factors in excess of those
specified in Appendix A. The Commission may authorize a licensee to use
higher. protection factors en receipt of an application that--

(i) Describes the situation for which a need exists for higher
protection factors, and

(ii) Demonstrates that the respiratory protection equipment
provides these higher protection factors under the proposed conditions of
use.

(c) The licensee shall use as emergency devices only respiratory
protection equipment that has been specifically certified or had

.
certification extended for emergency use by NIOSH/MSHA.
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(d) The licensee shall notify, in writing, the Director of the
appropriate NRC Regional Office listed in Appendix 0 at -least 30 days
before the date that respiratory protection equipment is first used under

.

the provisions of either S 20.703(a) or (b).

:

$ 20,704 Further restrictions on the use of respiratory protection
equipment.

Ls] & ChC
hheCommissionmayimposerestrictionsinadditiontothosein 2. 3' 7 ff 2-'

SS 20,702, 20.703, and Appendix A to--

fC(g)Ensurethattherespiratoryprotectionprogramofthelicensee
is adequate to limit exposures of individuals to airborne radioactive
materials; and

[A](j Limit the extent to which a licensee may use respiratory
protection equipment instead of process or other engineering controls.

SUBPART.1--STORAGE AND CONTROL OF LICENSED MATERIAL
.

S 20.801 Security of stored material.

The licensee shall secure from unauthorized removal or access
-licensed materials that are stored in controlled or unrestricted areas.

S 20.802 Control of material not in storage.

The licensee-shall control and maintain' constant surveillance of
licensed material that is in-a controlled or unrestricted area and that
is not in storage.
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,

SUBPART J--PRECAUTIONARY PROCEDURES:
i

6 20.901 Caution signs.

(a) Standard radiation symbol. Unless otherwise authorized by the
Commission, the symbol prescribed by this part shall use the colors g-

-

magenta, or purple, or black on yellow background, The symbol prescribed
by this part is the three-bladed design:-

.

.

i

RADIATION SYMBOL'

(1) Cross-hatched area is to be magenta, or purple, _qt black. and 33j
(2) The background is to be yellow. -W

|
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; (b) Exception to color requirements for standard radiation symbol.
Notwithstanding the requirements of paragraph (a) of this section,
licensees are authorized to label sources, source holders, or device
components containing sources of licensed materials that are subjected to
high temperatures, with conspicuously etched or stamped radiation caution
symbols and without a color requirement.

(c) Additional information on signs and labels. In addition to the>

contents of signs and labels prescribed in this part, the licensee may,

provide, on or near the required signs and labels, additional information,
as appropriate, to make individuals aware of potential radiation exposures
and to minimize the exposures.

S 20.902 Posting requirements.

(a) Posting of radiation areas. The licensee shall post each
radiation area with a conspicuous sign or signs bearing the radiation
symbol and the words " CAUTION, RADIATION AREA."

(b) Posting of high radiation areas. The licensee shall post each
high radiation area with a conspicuous sign or signs bearing the
radiation symbol and the words "CAVTION, HIGH RADIATI'ON AREA" or " DANGER,
HIGH RADIATION AREA."

(c) Posting of very high radiation areas. The licensee shall post
each very high radiation area with a conspicuous sign or signs bearing

'

the radiation symbol and words " GRAVE DANGER, VERY HIGH RADIATION AREA."

(d) Posting of airborne radioactivity areas. The licensee shall
post each airborne radioactivity area with a conspicuous sign or signs
bearing the radiation symbol and the words " CAUTION, AIRBORNE
RADI0 ACTIVITY AREA" or " DANGER, AIRBORNE RADI0 ACTIVITY- AREA."

(e) Posting of areas or rooms in which licensed material is used
or stored. The licensee shall post each area or room in which there is
used or stored an amount of licensed material exceeding 10 times the
quantity of such material specified in Appendix C with a conspicuous sign
or signs bearing the radiation symbol and the words " CAUTION, RADI0 ACTIVE
MATERIAL (S)", or " DANGER, RADI0 ACTIVE MATERIAL (S)."
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$ 20.903 Exceptions to posting requirements.

(a) A licensee is not required to post caution signs in areas or
rooms containing radioactive materials for periods of less than 8 hours,
if each of the following conditions is met:

(1) The materials are constantly attended during these periods by
an individual who takes the precautions necessary to prevent the exposure-

of individuals to radiation or radioactive materials in excess of the
limits established in this part; and

(2) The area or room is subject -to the licensee's control.

(b) Rooms or-other areas in hospitals that are occupied by-patients
are not required to be posted with caution signs pursuant to S 20.902
provided that--

(1) The patient is being treated with sealed sources'or has been
treated with unsealed radioactive material in quantities less than 30 milli-
curies, or the measured dose rate at 1 meter from the patient is less than
0.005 rem (0.05 mSv) per hour; and

(2) There are personnel in attendance who will take the necessary
precautions to prevent the exposure of individuals to radiation or
radioactive material in excess of the limits establis'hed in this part-and
to operate within the ALARA provisions of the licensee's radiation
protection program.

(c) A room or area is not required to be posted with a caution sign
because of the presence of a sealed source provided the radiation level

at 30 centimeters from the surface of the source container or housing
does not exceed 0.005 rem-(0.05 mSv) per hour.

S 20.904 Labelino containers.

(a) The licensee shall ensure that each container of licensed
material bears a durable, clearly visible label bearing the radiation
symbol and the words " CAUTION, RADI0 ACTIVE MATERIAL" or " DANGER,

RADI0 ACTIVE MATERIAL." The label must also provide sufficient

information (such as the radionuclide(s) present, an estimate of the
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quantity of radioactivity, the date for which .the activity is estimated,
radiation levels, kinds of materials, and mass enrichment) to permit
individuals handling or using the containers, or working in .the vicinity
of the containers, to take precautions to avoid or minimize exposures.

(b) Each licensee shall, prior to removal-or disposal of empty
uncontaminated containers to unrestricted areas,- remove or deface the
radioactive material label or otherwise clearly indicate that the
container no longer contains radioactive materials.

6 20.905 Exemptions to labeling requirements.

A licensee is not required to label--
(a) Containers holding licensed material in quantities less than

the quantities listed in Appendix C; or
(b) Containers holding licensed material in concentrations less

than those specified in Table 3 of Appendix B; or
(c) Containers attended by an individual who takes the precautions

necessary to prevent the exposure of individuals in excess of the limits
established by this.part; or

(d) Containers when they are in transport and pa'ckaged and labeled
in accordance with the regulations of the Department of Transportation,3
or

(e) Containers that are accessible only to individuals authorized-
to handle or use them, or to work in the vicinity of the containers, if

| the contents are identified to these individuals by a readily available
written record (examples of containers of this type are containers in
locations such as water-filled canals, storage vaults, or hot cells). The
record must be retained as long as the containers are in use for the -
purpose indicated on the record; or

3 Labeling of packages containing radioactive materials is required by
the Department of Transportatior, (DOT) if the amount and type of
radioactive material exceeds the limits for an excepted quantity or
article as defined and limited by DOT regulations 49 CFR 173.403(m)
and (w), and 173.421-424.

|

|-
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(f) Installed manufacturing or process equipment, such as reactor
components, piping, and tanks.

$ 20.906 Procedures for receiving and opening packages.

(a) Each licensee who expects to' receive a package containing quantities
of radioactive material in excess of a Type A quantity, as defined in S 71.4
and Appendix A to Part 71 of this chapter, shall make arrangements to receive--

(1) The package when the carrier offers it for delivery; or
(2) Notification of the arrival of the' package at the carrier's terminal

and to take possession of the package expeditiously.
(b) Each-licensee shall monitor the external surfaces of a package known

to cont.in radioactive material'for radicactive contamination and radiation
levels if the package--

'(1) Is labeled as containing radioactive material; or
(2) Has evidence of potential contamination, such as packages that are

crushed, wet, or damaged.

(c) The licensee shall perform the monitoring required by paragraph (b)
of this section as soon as practicable after receipt f the package, but not
later than 3 hours af ter the package is received-at the licensee's facility if
it is received during the licensee's normal working hours, or not later than 3
hours from the beginning of the next working day if it is received after
working hours.

(d) The licensee shall immediately notify the final delivery carrier and,
by telephone and telegram, mailgram, or facsimile, the Administrator of the
appropriate NRC Regional Office listed in Appendix D when--

(1) Removable radioactive surface contamination exceeds the limits of
S 71.87(i) of this chapter; or

'(2) External radiation levels exceed the limits of 6 71.47 of this
chapter.

(e) Each licensee shall--

(1) Establish, maintain, and retain written procedures for' safely opening
packages in which radioactive material is received; and

(2) Ensure that the procedures are followed and that due consideration is
given to special instructions for the type of package being opened.
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(f) Licensees transferring special form sources in licensee-owned or-
277

licensee-operated vehicles to and from a work site are exempt frorethe con- py
tamination monitoring requirements of (b), but are not exempt from the survey
requirement in (b) for measuring radiation levels which is required to ensure
that the source is still properly lodged in its shield.

SUBPART K--WASTE DISPOSAL

S 20.1001 General requirements.

(a) A licensee shall dispose of licensed material only--
(1) By transfer to an authorized recipient as provided in S 20.1006 or in

the regulations in Parts 30, 40, 60, 61, 70, or 72 of this chapter; or
(2) By decay in storage; or

(3) By release in effluents within the limits in S 20,301; or
(4) As authorized under SS 20.1002, 20.1003, 00.1004, or 20.1005.

_

(b) A person must be specifically licensed to receive waste containing
licensed material from other persons for:

(1) Treatment prior to disposal; or
(2) Treatment or disposal by incineration; or
(3) Decay in storage; or

(4) Disposal at a land disposal facility licensed under Part 61 of this
chapter; or

(5) Disposal at a geologic repository under Part 60 of this chapter.

S 20.1002 Method for obtaining approval of proposed disposal procedures.

A licensee or applicant for-a license may apply to the Commission for

approval of proposed procedures, not otherwise authorized in the regulations in
this chapter, to dispose of licensed material generated in the licensee's
activities. Each application shall include:

(a) A description of the waste containing licensed material to be
disposed of, including the physical and checical properties important to risk
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evaluation, and the proposed manner and conditions of waste disposal; and
(b) An analysis and evaluation of pertinent information on the nature of

the environment; and

(c) The nature and location of other potentially affected licensed and
unlicensed facilities,, and

(d) Analyses and procedures to ensure that doses are maintained ALARA
and within the dose limits in this part.

S 20,1003 Disposal by release into sanitary sewerage,

(a) A licensee may discharge licensed material into sanitary sewerage if
each of the following conditions is satisfied:

(1) The material is readily soluble (or is readily dispersible biological
material) in water; and

(2) The quantity of licensed or other radioactive material that the
licensee releases into the sewer in 1 month divided by the average monthly
volume of water released into the sewer by the licensee does not exceed the
concentration listed in Table 3 of Appendix B; and

(3) If more than one radionuclide is released, t'he following conditions
must also be satisfied:

(i) The licensee shall determine the fraction of the limit in Table 3 of g
Appendix B represented by discharges into sanitary sewerage by dividing the g
actual monthly average concentration of each radionuclide released by the
licensee into the sewer by the concentration of that radionuclide listed in
Table 3 of Appendix B,, and

(ii) The sum of the fractions for each radionuclide required by paragraph
(a)(3)(i) of this section does not exceed unity; and

(4) The tot '.1 quantity sf licensed and other radioactive material that
the licensee releases into the sanitary sewerage system in a year does not
exceed 5 curies (185 GBq) of hydrogen-3, 1 curie (37 GBq) of carbon-14, and 1
curie (37 GBq) of all other radioactive materials combined.

(b) Excreta from individuals undergoing medical diagnosis or therapy with
radioactive material is not subject to the limitations contained in paragraph
(a) of this section,
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S 20.1004 Treatment or disposal by incineration.

|

A licensee may treat or dispose of licensed material by incineration only
in the amounts and forms specified in S 20,1005 or as_specifically approved by
the Commission pursuant'to S 20.1002.

S 20.1005 Disposal of specific wastes.

(a) A licensee may dispose of the following licensed material'as if it
were not radioactive:

(1) 0.05 microcurie (1.85 kBq),- or less, of hydrogen-3 or carbon-14 per
gram of medium used for liquid scintillation counting.

(2) 0.05 microcurie (1.85 kBq), or less, of hydrogen-3 or carbon-14 per
gram of animal tissue, averaged over the weight of the entire animal.

(b) A licensee may not dispose of tissue under paragraph (a)(2) of this
section in a manner that would permit its use either as food for humans or as.
animal feed.

(c) The licensee shall. maintain records in accordance with 6 20.1108.

S 20.1006 Transfer for disposal and manifests.

(a) The requirements of-this section and Appendix F are designed to
control transfers of low-level radioactive waste intended for disposal at a
land disposal facility (as defined in Part 61 of this chapter), establish a

| manifest tracking system, and supplement existing requirements concerning
transfers and recordkeeping for..those wastes.

(b) Each shipment of radioactive waste intended for disposal at a
licensed land disposal facility must be accomr.anied by a shipment manifest as
specified in Section I of Appendix -F.

(c) Each shipment manifest must include a certification by the waste
. generator as specified-in Section II of Appendix F.

(d) Each person involved in the transfer for disposal and disposal of
waste, including the waste generator, waste collector, waste processor, and
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'

disposal faci'iity operator, shall comply with the requirements specified in
Section III of Appendix F.

;

4

S 20.1007 Compliance with environmental and health protection regulations

Nothing in this subpart relieves the licensee from complying with other
applicable Federal, State, and local regulations governing any other toxic or
hazardous properties of materials that may be disposed of under this.subpart.

.

.

SUBPART L--RECORDS '

S 20.1101 General provisions.

(a) Each licensee shall use the units: curie, rad, rem, including
multiples and subdivisions, and shall clearly indicate the units of all
quantities on records required by this part.

(b) The licensee shall make a clear distinction'among the quantities
entered on the records required by this part (e.g., total effective dose
equivalent, shallow-dose equivalent, eye dose equivalent, deep-dose equivalent,
committed effective dose equivalent).

S 20.1102 Records of radiation protection programs.

(a) Each licensee shall maintain records of the' radiation protection
program, including:

(1) The provisions of-the program; and

(2) Audits and other reviews of program content and implementation.
(b) The licensee shall retain the records required by paragraph (a)(1) of

I this section until the Commission terminates each pertinent-license requiring
the record. The licensee shall retain the records required by paragraph (a)(2)
of this section for 3 years after the record is made.
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S 20.1103 Records of surveys.

(a) Each licensee shall maintain records showinj the results of surveys
and calibrations required by SS 20.501 and 20.906(b). The licensee shall
retain these records for 3 years after the record is made.

(b) The licensee shall retain each of the following records until the
Commission terminates each pertinent license requiring the record:

(1) Records of the results of surveys to determine the dose from external
sources and used, in the absence of or in combination with individual monitor-
ing data, in the assessment of individual dose equivalents; and

(2) Records of the results of measurements and calculations used to
determine individual intakes of radioactive material and used in the assessment
of internal dose; and

(3) Records showing the results of air sampling, surveys, and bioassays
required pursuant to S 20.703(a)(3)(i) and (ii); and

(4) Records of the results of measurements and calculations used to
evaluate the release of radioactive effluents to the environment.

S 20.1104 Determination of prior occupational dose.
.

(a) For each individual who may enter the licensee's restricted or
controlled area and is likely to receive, in a year, an occupational dose
requiring monitoring pursuant to S 20.502, the licensee shall--

(1) Determine the occupational radiation dose received during the current
year; and

(2) Attempt to obtain the records of lifetime cumulative occupational
radiation dose.

(b) Prior to permitting an individual to participate in a planned special
exposure, the licensee shall determine--

(1) The internal and external doses from all previous planned special
exposures; and

(2) All doses in excess of the mits (including doses received during
accidents and emergencies) received during the lifetime of the individual. I

(c) In complying with the requirements of paragraph (a) of this section, I
a licensee may--

|
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(1) Accept, as a record of the occupational. dose that the individual
received during the current year, a written signed statement from the

ir.dividual, or from the individual's most recent employer for wcrk involving
radiation exposure, that discloses the nature and the amount of any occupational
dose that the individual may have received during the current year;

(2) Accept, as the record of lifetime cumulative radiation dose, an
up-to-date NRC Form 4, or equivalent, signed by the individual and

countersigned by an appropriate official of the most recent employer for work-
involving radiation exposure, or the individual's current employer (if the
individual is not employed by the licensee); and

(3) Obtain reports of the individual's dose equivalent (s) from the most
recent employer for work involving radiation exposure, or the individual's
current employer (if the individual is not 'oyed by the licensee) by
telephone, telegram, electronic media, or ',r;tr.. The licensee shall request a.

written verification of the dose data if the athenticity of the transmitted
report cannot be established.

(d) The licensee shall record the exposure history, as required by
_

paragraph (a) of this section, on NRC Form 4, or other clear and legible
record, of all the information required on that form.4 The form or record must
show each period in which the individual received occ"upational exposure to
radiation or radioactive material and must be signed by the individual who
received the exposure. For each period for which the. licensee obtains reports,
the licensee shall use the dose shown in the report-in preparing NRC Form 4. '

For any period in which the licensee does not obtain a report, the licensee
shall place a notation on NRC Form 4 indicating the periods of time for which
data are not available.

4 Licensees are not required to reevaluate tha separate external dose.-
equivalents and internal committed dose equinients or. intakes of
radionuclides assessed under the regulations-in this part in effect
before January 1,1993. Further, occupational exposure histories
obtaineo and recorded on NRC Form 4 before January 1,1993, would
not have included effective dose equivalent, but may be used in the
absence of specific information on the intake of radionuclides bythe individual.
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|
|

| (e) If the licensee is unable to obtain a complete record of an indi-
vidual's current and previously accumulated occupational dose, the licensee
shall assume--

| (1) In establishing administrative controls under S 20.201(f) for the
j . current year, that the allowable dose limit for the individual is reduced by

1.25 rems (12.5 mSv) for each quarter for which records were unavailable and

the individual was engaged in activities that could have resulted in occupa-
tional radiation exposure; and

(2) That the individual is not available for r%nned special exposures.
(f) The licensee shall-retain the records on NRC Form 4 or equivalent

until the Commission terminates each pertinent license requiring this record.
The licensee shall retain records used.in preparing NRC. Form 4 for 3 years
after the record is made.

S 20.1105 Records of planned special exposures.

(a) For each use of the provisions of S 20.206 for planned special expo-
sures, the licensee shall maintain records that describe--

W The exceptional circumstances requiring the use of a planned special M7
exposure; and

7;) O
(2) The name of the management official who authorized the planned

special exposure and a copy of the-signed authorization, and
(3) What actions were necessary; and

(4) Why, the actions were necessary; and
(5) How doses were. maintained ALARA, and

(6) What individual and collective doses were expected to result, and
the doses actually received in the planned.special exposure.

(b) The licensee shall retain the records until the Commission terminates
each pertinent license requiring these records.

S 20.1106 Records of individual monitoring results.

(a) Recordkeeping requirement. Each licensee shall maintain records of
doses received by all individuals for whom monitoring was required pursuant to
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S 20.502, and records of doses received during planned special-exposures,4

baccidents, and emergency conditions. These records must include, when

| applicable-

| (1) The deep-dose equivalent to the whole body, eye use equivalent, '

j shallow-dose equivalent to the skin, and shallow-dose equivalent to the
; extremities, and

(2) The estimated intake or body burden of radionuclides (see 6 20.202),4
<

j and

(3) The committed effective dose equivalent assigned to the intake or
p body burden of radionuclides, and
i (4) The specific information used to calculate the committed effective

' dose equivalent pursuant to $ 20.204(c); and

) (5) The total effective dowe equivalent when required by 6 20.202; and
j (6) The total of the deep-dose equivalent and the committed dose to the

organ receiving the higher.t total dose.
(b)_Recordkeepino frequency. The licensee shall make entries of the

j records specified in paragraph (a) of thic secticn at least annually,
f (c) Recordkeepino format. The licensee shall maintain the records *

specified in paragraph (a) of this section on NRC Form 5, in accordance with1

the instructions for NRC Form 5, or in clear and legible records containing all
'

4

the information required by NRC Form 5.

(d) Privacy protection The records required under this section should be
protected from public disclosure because of their personal privacy nature.

,

These records are protected by most State privacy laws and, when transferred to
the NRC, are protected by the Privacy Act of 1974, Pub.L.- 93-579, 5 U.S.C.
552a, and the Commission's regulations ,n 10 CFR Part 9.

(e) The licensee shall maintain the records of due to an embryo / fetus
ANj with the records of dose to the declared pregnant woman. The declaration of

pregnancy shall also be kept on file, but may be maintained separately from the /8
i dose records.

5 Assessments of dose equivalent and records made using units in,

effect before January 1, 1993, need not be changed.

:

!
;

i
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(f) The licensee shall retain each required form or record until the
Commission terminates each pertinent license requiring the record.

,

6 20.1107 Records of dose to individual members of the public.

(a) Each licensee shall maintain records sufficient a demonstrate
compliance with the dose limit for individual members of the public (see
6 20.301).

(b) The licensee shall retain the records required by paragraph (a) of
this section until the Commission terminates each pertinent license reoniring
the record.

i

!

$ 20.1108 Records of waste disposal,

(a) Each licensee shall maintain records of the disposal of licensed '

materials made under SS 20.1002, 20.1003, 20.1004, 20.1005, Part 61, and
t,

disposal by buria: in soil, including burials authorized before January 28,
1981.6

(b) The licensee shall retain the records required by paragraph (a) of
this section until the Commission terminates each pertinent license requiring '

the record.

6 20.1109 Records of testing entry control devices for very bf |.3
radiation areas.

|

| (a) Each licensee shall mai".cain records of tests made under
i

6 A previous S 20.304 permitted burial of small quantities of licensed
materials in soil before January 28, 1981, without specific Commission
authorization.

1
i
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; 6 20.603(a)(9) on entry control devices for very high radiation areas. These

| records must include the date, time, and results of each such test of function,
i (b) The licensee shall retain the records required by paragraph (a) of
I this section for 3 years after the record is made,

i

$ 20.1110 Form of records.

Each record required by this part must be legible throughout the specified
"

i retention period. The record may be the original or a reproduced copy or a
;

microform provided that the copy or microform is authenticated by authorized
personnel and that the microform is capable of producing a clear ccpy throughout
the required retention period. The record may also be stored in electronic
media'with the capability for producing legible, accurate, and complete records:

| during the required retention period. Records, such as letters, drawings, and
specifications, must include all pertinent information, such as stamps, initials,
and signatures. The licensee shall maintain adequate safeguards against

2

tampering with and loss of records. ~

.

SUBPART M--REPORTS

S 20.1201 Reports of thef t or loss of licensed material,
i

i (a) Telephone reports.

(1) Each licensee shall report by telephone as follows:
i

(i) Immediately af ter its occurrence becomes known to the licensee, any
-

lost, stolen, or missing licensed material in an aggregate quantity equal to or
greater than 1,000 times the quantity specified in Appendix C under such
circumstances that it appears to the licensee that an exposure could result to
persons in unrestricted areas; or

(ii) Within 30 days after the occurrence of any lost, stolen, or missing
licensed material becomes known to the licensee, all licensed material in a
quantity greater than 10 times the quantity specified in Appendix C that is
still missing at this time.

_
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:

| (2) Reports must be made as follows:
| (i) Licensees having an installed Emergency Notification Syswa shall
! make the reports to the NRC Operations Center in accordance with 6 50.72 of

| this chapter, and

(ii) All other licensees shall make reports to the NRC Operations Center..

! (b) Written reports.
! (1) Each licensee required to make a report under paragraph (a) of this

section shall, within 30 itays after making the telephone report, make a written
i report setting forth the following information:
' (i) A description of the licensed material involved._ including kind,
' quantity, and chemical and physical form; and
; (ii) A description of the circumstances under which the loss or theft

occurred; and

| (iii) A statement of disposition, or probable disposition, of the
licensed material involved; and '

(iv) Exposures of individuals to radiation, circumstances under which the
; exposures occurred, and the possible effective dose equivalent to persons in

unrestricted areas; and

(v) Actions that have been taken, or will be tak,en, to recover the
material; and

i (vi) Procedures or measures that have been, or will be, adopted to ensure
'

agaiast a recurrence of the loss or theft of licensed material.
! (2) Reports must be made as follows:

(i) ror holders of an operating-license for a nuclear power plant, the
events included in paragraph (b) of this section must be reported in accordance
with the procedures described in S 50.73(b), (c), (d), le), and (g) of this
chapter and must include the information required in paragraph (b)(1) of this-

| section, and

(ii) All other licensees shall make reports to the Administrator of the
appropriate NRC Regional Office listed in Appendix D.

(c) A duplicate report is not required under (b) if the licensee is also
required to submit a report pursuant to SS 30.55(c), 40.64(c), 50.72, 50.73,
70.52, 73.27(b), 73.67(e)(3)(vi), 73.67(g)(3)(iii), 73.71, or 150.19(c) of this
chapter.

|
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| (d) Subsequent to filing the written report, the licensee shall also
.

report any additior.a1 substantive information on the loss or theft within 30 5
-

days after the licensee learns of such information,-

j (e) The licensee shall prepare any report filed with the Commission
pursuant to this section so that names of individuals who may have received

: exposure to radiation are stated in a separate and detachable part of the
1

report.
1

i

!

6 20.1202 Notification of incidents.

; (a) Immediate notification. Notwithstanding any other requirements for
'

notification, each licensee shall immediately report any event involving
byproduct, source, or special nuclear material possessed by the licensee that;

I may have caused or threatene to cause any of the following conditions--
(1) An individual to receive--
(i) A total effective dose equiinient of 25 rems (0.25 Sv) or more; or
(ii) An eye dose equivalent of 75 rems (0.75 $v) or more; or

; (iii) A shallow-dose equivalent to the skin or extremities of 250 rads
; (2.5 Gy) or more; or
.

(2) The release of radioactive material, inside or outside o aj

restricted area, so that, bad an individual been present for 24 hours, the
individual could have received an intake five times the occupational annual
limit on intake (the provisions of *.his paragraph do not apply to locations
where personnel are not normally stationed during routine operations, such as
hot-cells or process enclosures), or

(3) A loss of I werking week or more of the operation of r.ny facilities
affected; or

(4) Damage to property in excess of $200,000.
(b) Twenty-four hour notification. Each licensee shall,-within 24 hours

of discovery of the event, report any event involving loss of control of licensed
material possessed by the licensee that may have caused, or threatens to cause,
any of the fo11owing conditions:

(1) An individual to receive, in a period of 24 hours--
!
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(i) A total effective dose equivalent exceeding 5 rems (0.05 Sv), or
(ii) An eye dose equivalent exceeding 15 rems (0.15 Sv); or

; (iii) A shallow-dose equivalent to the skin or extremities exceeding 50
rems (0.5 Sv); or

| (2) The release of radioactive material, inside or outside of a restricted
! area, so that, had an individual been present for 24 hours, the individual
; could have received an intake in excess _of one occupational annual limit on

intake (the provisions of this paragraph do not apply to locations where person-
nel are not normally stationed during routing operations, such as hot-cells or
process enclosures), or

(3)'A loss of I day or more of the operation of any facilitics affected; or
(4) Damage to property in excess of $2,000. '

(c) The licensee shall prepare any report filed with the Commission
pursuant to this section so that names of individuals who have received

exposure to radiation or radioactive material are stated in a separate and
detachable . ort of the report.4

(d) Reports made by licensees in response to the requirements of4

this section must be made as follows:

(1) Licensees having an installed Emergency Noti,fication System shall make
P

the reports required by paragraphs (a) and (b) of this section to the NRC,

Operations Center in accordance with 6 50.72; and

(2) All other licensees shall make the reports required by paragraphs (a)
'

and (b) of this section by telephone to the NRC Operations Center and by
telegram, mailgram, or facsimile to the Administrator of the appropriate NRC
Regional Of fice listed in Appendix D.

(e) The provisions of this section do not include doses that result from
planned special exposures, that are within the limits for planned special
exposures, and that are reported under 6 20.1204c

:-

6 20.1203 Reports of exposures, radiation levels, and enneentrations of
radioactive material exceeding the limits.

(a)' Reportable events. In addition to the notification required by
"

6 20.1202, each licensee shall submit a written report within 30 days after
learning of any of the following occurrences:,

! (1).Any incident for which notification is required by 6 20.1202; or
i

..
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(2) Doses in excess of any of the following: !

(1) The occupational dose limits for adults in 6 20.201; or
;

! (ii) The occupational dose limits for a minor in 6 20.207; or
(iii) 1he limits for an embryo / fetus of a declared pregnant woman in '

.!
,

$ 20.208; or t

(iv) The limits for an individual member of the public in S 20.301;- or [
(v) Any applicable limit in the license; or *

; (3) Levels of radiation or concentrations of radioactive material in-- ,

'

(i) A restricted area in excess of any applicable limit in the license, or
,

(ii) An unrestricted area in excess o' 10 times any applicable limit set)
'

forth in this part or in the license (whether or not involving exposure of any
individual in excess of the limits in S 20.301), or i

(4) For licensees subject to the provisions of EPA's generally applicable
; environmental radiation standards, levels of radiation or releases of radio-

active material-in excess of those standards, or of license conditions related,

to those standards.
! (b) Contents of reports.

,

(1) Each report required by paragraph (a) of this section must describe '

the extent of exposure of individuals to radiation and radioactive material,
including, as appropriate:

-

(i) Estimates of each individual's dose; and

(ii) The levels of radiation and concentrations of radioactive material
i Involved; and

;
(iii) The cause of the elevated exposures, dose rates, or concentrations; '

'

and

(iv) Corrective steps taken or planned to ensure against a recurrence, |

including the schedule for achieving conformance with applicable limits,
;

generally applicable environmental standards, and associated license conditions.
(2) Each report filed pursuant to paragraph (a) of this section must

7include for each individua1 exposed: the name, Social Security account number, I

and date of birth. The report must be prepared so that this information is -

stated in a separate and detachable part of the report.

,

7 With respect to the limit for the embryo / fetus ($ 20.208), the
identifiers should be those of the declared pregnant woman. ~
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(c) For holders of an operating license for a nuclear power plant, the
occurrences included in paragraph (a) of this section must be reported in
accordance with the procedures described in S 50.73(b), (c), (d), (e), and (g)
of this chapter and must also include the information required by paragraph (b)
of this section. Occurrences reported in accordance with 9 50.73 of this

chapter need not-be reported by a dup 1 9- % i? port under paragraph (a) of this
section.

(d) All licensees, other than those holding an operating license for a
nuclearpowerplant,whomakereportsunderparagraph(a)ofthissectionshall
submit the report in writing to the U.S. Nuclear Regulatory Commission, Document

Control Desk, Washington, DC 20565, with a copy to the appropriate NRC Regional
Office listed in Appendix 0.

S 20.1204 Reports of planned special exposures.

The licensee shall submit a written report to the Administrator of the
appropriate NRC Regional Office listed in Appendix D within 30 days following
any planned special exposure conducted in accordance with 6 20.206, informing
the Commission that a planned special exposure was conducted and indicating the
date the planned special exposure occurred and the information required by
S 20.1105.

S 20.1205 [ Reserved].-
4

S 20.1206 Reports of individual monitoring.

'

(a) This section applies to each person licensed by the Commission to--
(1) Operate a nuclear reactor designed to produce electrical or heat

energy pursuant to S 50.21(b) or S 50.22 of this chapter or a testing facility
as defined in S 50.2 of this chapter; or

(2) Possess or use byproduct material for purposes of radiography
pursuant to Parts 30 and 34 of this chapter; or

I

i
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| (3) Possess or use at any one time, for purposes of fuel processing,
'

f abricating, or reprocessing, special nuclear material in a quantity exceeding
5,000 grams of contained uranium-235, uranium-233, or plutonium, or any combi-

'

1.
nation thereof pursuant to Part 70 of this chapter; or

(4) Possess high-level radioactive waste at a geologic repository opera-3

j tions area pursuant to Part 60 of this chapter; or
(5) Possess spent fuel in an independent spent fuel storage installation;

j (15FSI) pursuant to Part 72 of this chapter; or
(6) Receive radioactive waste from other persons for disposal under

I Part 61 of this chepter; or
(7) Possess or use at any time, for processing or manufacturing for

'

i distribution pursuant to Parts 30, 32, 33 or 35 of thiJ e.hapter, byproduct
: material in quantities exceeding any one of the following quantities:

;

aQuantity of Radionuclide
in curies

,

1

Cesium-137 1
Cobalt-60 11

i Gold-198 100
lodine-131 1

*

Iridium-192 10
Krypton-85 1,000
Promethium-147 104
Technetium-99m 1,000

; a
ihe Commission may require as a license condition, or by rule regu-

lation, or order pursuant to S 20.1302, reports from licensees,who are
i licensed to use radionuclides not on this list, in quantities sufficient

to cause comparable radiation leveis.

(b) Each licensee in a category listed in paragraph _(a) of this section
_

shall submit an annual report of the results of . individual monitoring carried
out by the licensee for each individual for whom monitoring was required by

j $ 20.502 during that year. lne licensee may include additional-data for
individuals for whom monitoring was provided but not required. The licensee

I shall_use Form NRC 5 or electronic media containing all the information
required by Form NRC 5.,

(c) The licensee shall file the report required by 6 20.1206(b), covering
the preceding year, on or before April 30 of each year. The licensee shall

i.

!
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submit the report to the Director, Office of Nuclear Regulatory Research,
Nuclear Regulatory Commission, Washington, DC 20555.

SUBPART N -EXEMPTIONS AND ADDITIONAL REQUIREMENTS

S 20.1301 Applications for exemptions.

The Commission may, upon application by a licensee or_upon its own initia-

tive, grant an exemption from the requirements of the regulations in this part
if it determines the exemption is authorized by law and would not result in
undue hazard to life or property.

$ 20.1302 Additional requiremerits.

The Commission may, by rule, regulation, or order, impose requirements on
a licensee, in addition _to those established in the regulations in this p;rt,
as it deems appropriate or necessary to protect healt,h or to minimize danger to
life or property.

SUBPART 0--ENFORCEMENT

S 20.1401 Violations.

(a) The Commission may obtain an injunction or other court order to
prevent a violation of the provisions of--

(1) The Atomic Energy Act of 1954, as amended;

(2) Title 11 of the Energy Reorganization Act of 1974, as amended; or
(3) A regulation or order issued pursuant to those Acts.

(b) The Commission may obtain a court order for the payment of a civil
penalty imposed under Section 234 of the Atomic Energy Act:
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(1) For violations of--
(i) Sections 53, 57, 62, 63, 81, 82, 101, 103, 104, 107, or 109 of the

Atomic Energy Act of 1954, as amended;

(ii) Section 206 of the Energy Reorganization Act;t

(iii) Any rule, regulation, or order issued pursuant to the sections
specified in paragraph (b)(1)(i) of this section.

(iv) Any term, condition, or limitation of any license issued under the
sections specified in paragraph (b)(1)(1) of this section.

(2) For any violation for which a license may be revoked under Section
186 of the Atomic Energy Act of 1954, as amended.

(c) Any. person who willfully violates a provision of the Atomic Energy
Act or regulation or order issued under the requirements of that Act may be
guilty of a crime and, upon conviction, be punished by fine or imprisonment or
both, as provided by law.

.

1
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APPENDIX A

PROTECTION FACTORS FOR RESPIRATOR 3a |
| ,

Protection Factors Tested I Certified Equipment
,

r

l

b CDescription Modes Particu- Particu- National Institute for
lates lates, Occupational Safety and i

; gases, Health / Mine Safety and '

i
only & vapors' - Health Administration tests [

. -for permissibility. ,!<
_-.

,

j L AIR-PURIFYING RESPIRATORSI
.

;

} Facepiece, half-mask 9 NP. 10 30 CFR Part 11, i

Facepiece, full NP 50 Subpart K. |
<

; Facepiece, half-mask PP 1000
'.j

"

full, or hood -

i t

i
II. ATMOSPHERE-SUPPLYING fRESPIRATORS !

:

t1. Air-line respirator
>
-

:Facepiece CF 1000 iFacepiece, half-mask, half-mask D 5 i
facepiece, full CF 2000
facepiece, full D 5 30 CFR Part 11,4

Facepiece, full PD 2000 Subpart J.
,

t

Hood CF h
a

i Suit CF i J

2. Self-contained .

breathing apparatus
I (SCBA)

!

-
,

Facepiece, full D 50
k; Facepiece, full PD 10,000 30 CFR Part 11,

,
Facepiece, full RD ' 50 Subpart'H.
Facepiece, full RP 5,000)'

'
'

i

i III. COMBINATION RESPIRATORS
.

,

! Any combination of air- Protection factor ipurifying and atmosphere- for type and mode 30 CFR Part 11, i; supplying respirators of. operation as $11.63(b). |j listed above t

I-

:
t

:

i
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FOOTNOTES

For use in the selection of respiratory protective devices to bea.

used only where the contaminants have been identifled and the
concentrationt. (or possible concentrations) are known,

b. Only for shaven faces and where nothing interferes with the seal
of tight-fitting facepieces against the skin. (Hoodsandsuits
are excepted.)

c. The mode symbols are defined as follows:

CF = continuous flow
0 = demand

HP = negative pressure (i.e., negative phase during inhalation)
PD = pressure demand (i.e., always positive pressure)
PP = positive pressure

RD = demand, retirculating (closed circuit)
RP = pressure demand, recirculating (closed circuit)

d.1. The protection factor is a measure of the degree of protection
afforded by a respirator, defined as the ratio of the concentra-
tion of airborne radioactive material outside the respiratory

,

protective equipment to that inside the equipment (usually inside
the facepiece) under conditions of use. It is applied to the
ambient airborne concentration to estimate the concentrations
inhaled by the wearer according to the following formula:

Concentration inhaled = Ambient airborne concentration
Protection factor

2. The protection factors apply:

(a) Only for individuals trained in using respirators and
wearing properly fitted respirators that are used and

maintained under supervision in a well planned respiratory
protective program.

(b) For air purifying respirators only when high efficiency
particulate filters (above 99.97% removal efficiency by
thermally generated 0.3 pm dioctyl phthalate (00P) test
or equivalent) are used in atmospheres not deficient in
oxygen and not containing radioactive gas or vapor
respiratory hazards.
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!

!

j (c) Noadjustmentistobemadefortheuseofsorbents f
against radioactive material in the form of gases or !

tvapors. :
i

(d) For atmosphere-supplying respirators only when supplied
} with adequate respirable air. Respirable air shall be

provided of the quality and quantity required in accor- ;

dance with NIOSH/MSHA certification (described in 30 CFR ,

Part11). Oxygen and air shall not be used in the same
apparatus.

Excluding radioactive contaminants that present an absorption ore.

submersion hazard. For tritium oxide, approximately one-third of -

the intake occurs by absorption through the skin so that an overall
protection factor of less than 2 is appropriate when atmosphere-
supplying respirators are used to protect against tritium oxide, if

the protection factor _ for a device is 5 the effective protection< >

factor for tritium is about 1.4; for devices with protection factors'

'

of 10 the effective factor for tritium oxide is about 1.7 and for -

devices with protection factors of 100 or more t,he effective factor
;

for tritium oxide is about 1.9. Air purifying respirators are not
suitable for protection against tritium oxide. See also footnote i

'

concerning supplied-air suits. ,

.

(

f. Canisters and cartridges shall not be used beyond service-life
limitations.

i 4

g. Under-chin type only. This type of respirator is not satisfactory
for use where it might be possible (e.g., if an accident or emer-
gency were to occur) for the ambient hirborne concentrations to
reach instantaneous values greater than 10 times the pertinent
values in Table 1, Column 3 of Appendix B of this part. This type
of respirator is not suitable for protection against plutonium or

i

other high-toxicity materials. The mask is to be tested for fit
prior to use, each time it is donned.

.

Y
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i

h.1. Equipment shall be operated in a manner that ensures that proper air
,

flow-rates are maintained. A protection factor of no more than 1000
' .

may be utilized for tested-and-certified supplied-air hoods when a
,

minimum air flow of 6 cubic feet (0.17 cubic meters) per minute is
| maintained and calibrated airline pressure gauges or flow measuring
'

devices are used. A protection factor of up to 2000 may be used for
; tested and certified hoods only when the air flow is maintained at

the manufacturer's recommended maximum rate for the equipment, this
rate is greater than 6 cubic feet (0.17 cubic meters) per minute,

f and calibrated airline pressure gauges or flow measuring devices '

#

are used.

2. The design of the supplied-air hood or helmet (with a minimum flow '

of 6 cfm (0.17 m8 per minute) of air) may determine its overall
efficiency and the protection it provides. For example, some hoods
aspirate contaminated air into the breathing zone when the wearer I

works with hands-over-head. This aspiration may be overcome if a,

-

short cape-like extension to the hood is worn under a coat or over- '
1

alls. Other limitations specified by the approv,a1 agency shall be
considered before using a hood in certain types of atmospheres-(see '

footnote 1). !-

1. Appropriate protection factors shall be determined, taking into i
account the design of the suit and its permeability to the contami-
nant under conditions of use. There shall be a sa..'ay rescue

i
! person equipped with a respirator or other apparatus appropriate i

for the potential hazards and communications equipment whenever i

supplied-air suits are used.

!

j. No approval schedules are currently available for this equipment.
Equipment is to be evaluated by te.cting or on the basis of reliable
test information.

.

V

!

!
L

i'.
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k. This type of respirator may provide greater protection and be used
as an emergency device in unknown concentrations for protection
against inhalation hazards. External radiation hazards and other
limitations to permitted exposure, such as skin absorption, must' ;

be taken into account in such circumstances.

1. Quantitative fit testing shall be performed on each individual and
no more than 0.02% leakage is allowed with this type of apparatus.
Perceptible outward leakage of gas from this or any positive pres-
sure self-contained breathing apparatus is unacceptable because
service life will be reduced substantially. Special training in
the use of this type of apparatus shall be provided to the' wearer.

Note 1: Protection factors for respirators as may be approved by the
U.S. Bureau of Mines / National Institute for Occupational Safety and
Health (NIOSH), according to applicable approvals for respirators for
type and mode of use to protect against airborne radionuclides, may be
used to the extent that they do not exceed the protection factors listed
in this table. The protection factors listed in this table may not be
appropriate to circumstances where chemical or other respiratory hazards
exist in addition to radioactive hazards. The selection and use of
respirators for such circumstances should take into account applicable
approvals of the U.S. Bureau of Mines /NIOSH.

Note 2: Radioactive contaminants for which the concentration 'alues in
Table 1, Column 3 of Appendix B of this part are cased on intenal dose
due to inhalation may, in addition, present external exposure htzards i

at higher conctntrations. Under these circumstances, limitation) on
occupancy may have to be governed by txternal dose limits.

.
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APPENDIX B

ANNUAL LIMITS ON INTAKE (ALIs) AND DERIVED AIR CONCENTRATIONS,

(DACs) 0F RADIONUCLIDES FOR OCCUPATIONAL EXPOSURE; EFFLUENT

CONCENTRATIONS; CONCENTRATIONS FOR RELEASE TO SEWERAGE4

,

i Introduction

) For each radionuclide Table 1 indicates the chemical form which is to be
used for selecting the appropriate ALI or DAC value. The ALIs and DACs for
inhalation are given for an aerosol with 6., activity median aerodynamic diameter
(AMAD) of 1 pm and for three classes (D,W,Y) of radioactive material, which
refer to their retention (approximately days, weeks or years) in the pulmonary
region of the lung. This classification applies to a range of clearance half-

'

times for 0 of less than 10 days, for W from 10 to 100 days, and for Y greater
than 100 days. Table 2 provides concentration limits for airborne and liquid g3 4

4

effluents released to the general environment. Table 3 provides concentration /g,f.
) i mits for discharges to sanitary sewer systems. 0/hVli

fv)/u
Notation

'

The values in Tables 1, 2, and 3 are presented in the computer "E" nota-,

tion. In this r.otation a value of 6E-02 represents a value of 6 x 10"* or 0.06,
6E+2 represents 6 x 102 or 600, and 6E+0 represents 6 x 10 or 6.

Table 1 " Occupational"

Note that the columns in Table 1 of this appendix captioned " Oral Ingestion,

ALI," " Inhalation ALI," and "0AC," are applicable to occupational exposure to
radioactive material.

The ALIs in this appendix are th. annual intakes of given radionuclide by
" Reference Man" which would result in either (1) a committed effective' dose
equivalent of S rems (stochastic ALI) or (2) a committed dose equivalent of
50 rems to an organ or tissue (non-stochastic ALI). The stochastic ALIs were
derived to result in a risk, due to irradiation of organs and tissues, compar-
able to the risk associated with deep dose equivalent to the whole body of
S rems. The derivation includes multiplying the committed dose equivalent to

i an organ or tissue by a weighting factor, w . This weighting factor is the
lT
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proportion of the risk of stochastic effects resulting from irradiation of the
organ or tissue, T, to the total risk of stochastic effects when the whole body
is irradiated uniformly.

The values of wT are listed under the definition ofweighting factor in S 20.3.
?he non-stochastic Alls were derived to avoid

non-stochastic effects, such 45 prompt damage to tissue or reduction in organ
function.

A value of wT = 0.06 is applicable to each of the five organs or tissues nove/
in the " remainder" category receiving the highest dose equivalents, and the dose /wy
equivalents of all other remaining tissues may be disregarded. The following g /#/
parts of the GI tract -- stomach, small intestine, upper large intestine, and
lower large intestine - are to be treated as four separate organs.

Note that the dose equivalents for extremities (hands and forearms, feet NOVd
and lover legs), skin, and lens of the eye are not considered in computing the
committedeffectivedoseequivalent,butaresubjecttolimitsthatmustbe jg !

met separately.

When an ALI is defined by the stochastic dose limit,-this value alone, is
given.

When an ALI is determined by the non-stochastic dose limit to an organ,
the organ or tissue to which the limit applies is shown, and the ALI for the;

stochastic limit is shown in parentheses. (Abbreviated organ or tissue desig-
nations are used:

LLI wall = lower large intestine wall;
St. wall = stomach wall;
Blad wall = bladder wall; and

Bone surf = bone surface.)

The use of the ALIs listed first, the more limiting of the stochastic
and non-stochastic ALIs, will ensure that non-stochastic effects are avoided
and that the risk of stochastic effects is limited to an acceptably low value.
If, in a particular situation involving a radionuclide for which the non-
stochastic ALI is limiting, use of that non-stochastic ALI is considered unduly

180
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!

; conservative, the licensee may use the stochastic ALI to determine the commit-

| ted effective dose equivalent. However, the licensee shall also ensure that
the 50-rem dose equivalent limit for any organ or tissue is not exceeded by'

| the sum of the external deep dose equivalent plus the internal committed
j dose to that organ (not the effective dose). For the case where there is
| no external dose contribution, this would be demonstrated if the sum of the

fractions of the nonstochastic Alls (ALIns) that contribute to the committed^

dose equivalent to the organ receiving the highest dose does not exceed enity,

'

(i.e. , I (intake (in pCi) of each radionuclide/ALIg) $ 1.0). If there is g/g Q
j an external deep dose equivalent contribution of H then this sum must be

d
less than 1 - (H /50) instead of being 5 1.0.d

Notethatthedoseequivalentsforextremities(handand
forearms, feet and lower legs), skin, and lens of the are
are not considered in computing the committed effective dose
equivalent,butaresubjecttolimitsthatmustbemet

q separately.
;

;
The derived air concentration (DAC) values are derived limits intended to

! control chronic occupational exposures. The relationship between the DAC and
the /.LI is given by:

:i

DAC = ALI(in pCi)/(2000 hours per working year x 60 minutes / hour x
2 x 104 mi per minute) = [ ALI/2.4 x 10') pCi/m1,

e

where 2 x 104 ml per minute is the volume of air breathed per minute at work:

by " Reference Man" under working conditions of " light work."

The DAC values relate to one of two modes of exposure: either external+

submersion or the internal committed dose equivalents resulting from inhalation
of radioactive materials. Derived air concentrations based upon submersion

are for immersion in a semi-infinite cloud of uniform concentration and apply'

to each radionuclide separately.

The ALI and DAC values relate to exposure to-the single r M onuclide named, but
also include contributions from the in growth of any daughte* radionuclideL

produced in the body by the decay of the parent. However, intakes that include
both the' parent and daughter radionuclides should be treated by the general
method appropriate for. mixtures.

181
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The value of ALI and DAC do not apply directly when the individual both
ingests and inhales a radionuclide, when the individual is exposed to a mixture
of radionuclides by either inhalation or ingestion or both, or when the indi-
vidual is exposed to both internal and external irradiation ( see S 20.202).
When an individual is exposed to radioactive materials which fall under

several of the translocation classifications (i.e., Class D, Class W, or Class
Y) of the same radionuclide, the exposure may be evaluated as if it were a mix-
ture of different radionuclides.

It should be noted that the classification of a compound as Class D. W, or
Y is based on the chemical form of the compound and does not take into account

,

the radiological half-life of different radioisotopes. For this reason, values
are given for Class D, W, and Y compounds, even for very short-lived radio-
nuclides.

Table 2

The columns in Table 2 of this appendix captioned "Ef fluents," " Air," and
" Water," are applicable to the assessment and control of dose to the public,

gg
AaaM,

particularly in the implementation of the provisions of S 20.302. The concen- e=/N
tration values given in Columns 1 and 2 of Table 2 are equivalent to the radio-
nuclide concentrations which, if inhaled or ingested continuously over the course E
of a year, would produce a total effective dose equivalent of 0.05 rem (50 milli-
rem or 0.5 millisieverts)

Consideration of non stochastic limits has not been included in deriving
the air and water effluent concentration limits because non-stochastic effects
are presumed not to occur at the dose levels established for individual members
of the public. For radionucliies, where the non-stochastic limit was governing
in deriving the occupational DAC, the stochastic ALI was used in deriving the
corresponding airborne effluent lindt in Table 2. For this reason, the DAC
and airborne effluent limits are not Olways proportional as they were the
previous Appendix B.
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The air concentration values listed in Table 2, Column 1, were derived
by one of two methods.

For those radionuclides for which the stochastic limit
is governing, the occupational stochastic inhalation ALI was divided by 2.4 x
10', relating the inhalation ALI to the OAC, as explained above, and then
divided by a factor of 300. The factor of 300 includes the following compo-
nents: a factor of 50 to relate the 5-rem annual occupational dose limit to
the 0.1 rem limit for members of the public, a factor of 3 to adjust for the
difference in exposure time and the inhalation rate for a worker and that for
membersofthepublic.,andafactorof2toadjusttheoccupationalvalues
(derived for adults) so that they are applicable to other age groups.

For those radionuclides for which submersion (external dose) is limiting,
the occupational DAC in Table 1, Column 3, was divided by 219. The factor of
219 is composed of a factor of 50, as described above, and a factor of 4.38
relating occupational exposure for 2,000 hours per year to full-time exposure
(8,760 hours per year). Note that an additional factor of 2 for age consider-
ations is not warranted in the submersion case.

The water concentrations were derived by taking the most restrictive
occupational stochastic oral ingestion ALI and dividing by 7.3 x 107 The

,

factor of 7.3 x 107 (ml) includes the following components: the factors of 50

and 2 described above and a factor of 7.3 x 105 (ml) which is the annual water
intake of " Reference Han."

Note 2 of this appendix provides groupings of radionuclides which are
applicable to unknown mixtures of radionuclides. These groupings (including
occupational inhalation ALIs and DACs, air and water effluent concentrations
and sewerage) require demonstrating that the most limiting radionuclides in
successive classes are absent. The limit for the unknown mixture is defined g ',
when the presence of the one of the listed radionuclides cannot be definitely
excluded as being present either from knowledge of the radionuclide composition / y p

.

of the source or from actual measurements.
,
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>

Table 3 " Sewer Disposal"

The monthly average concentrations for release to sanitary sewers are ap-
plicable to the provisions in 6 20.1003. The concentration values were derived
by takirq the most restrictive occupational stochastic oral ingestion Al.1 and
dividing by 7.3 x 106(ml). The factor of 7.3 x 100(ml) is composed of a factor
of 7.3 x 106(ml), the annual water intake by " Reference Man," and a factor of
10, such that the concentrations, if the sewage released by the licensee were
the only source of water ingested by a reference man during a year, would result
in a committed effective dose equivalent of 0.5 rem.

:

0
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LIST OF ELEMENTS

Atomic Atomic
Name Symbol Number Name Symbol Number

Actinium Ac 89 Mercury Hg 80
Aluminum A1 -13 Holybdenum Mo 42
Americium Am 95 Neodymium Nd 60Antimony Sb $1 Neptunium Np 93Argon Ar 18 N;ekel Ni 28Arsenie As 33 Niobium Nb 41Astatine At 85 Osmium Os 76
Barium Ba $6 Palladium Pd 46
Berkelium Bk 97 Phosphorus P 15Beryllium Be 4 Platinum Pt 78
Bismuth Bi 83 Plutonium Pu 94
Bromine Br 35 Polon)um Po 84
Cadmium Cd 48 Potassium K 19 !Calcium Ca 20 Praseodymium Pr 59Californium Cf 98 Promethium Pm 61
Carbon C 6 Protactinium Pa 91Cerium Ce 58 Radium Ra 88Cesium Cs 55 Radon Rn 86Chlorine C1 17 Rhenium- Re 75Chromium Cr 24- -Rhodium - Rh 45Cobalt to 27 Rubidium Rb 37Copper Cu 29 Ruthenium Ru- 44Curium Cm 96 Samarium * Sm 62Dysprosium Dy 66 Scandium Sc 21Einsteinium Es 99 Selenium Se 34 '

Erbium Er 68 Silicon Si 14Europium Eu 63 Silver Ag 47Fermium Fm 100 Sodi um -- Na 11Fluorine F 9 Strontium Sr 38Francium Fr 87 Sulfur S 16Gadolinium Gd 64 Tant 61um Ta 73Gallium Ga 31 Technetium Tc 43Germanium Ge 32 Tellurium Te 52Gold Au 79 Terbium Tb 65Hafnium Hf 72 Thallium Tl 81Holmium Ho 67 Thorium -Th 90Hydrogen H 1 Thulium Tm 69Indium In 49 Tin .. Sn 50lodine 1 53 Titanium Ti 22Iridium Ir 77 Tungsten W 74Iron Fe 26 Uranium V 92
s

Krypton Kr 36 Vanadium V 23Lanthanum La 57 Xenon Xe 54Lead Pb 82 Ytterbium Yb 70Lutetium- Lu 71 Yttrium Y 39Magnesium Mg 12 Zinc Zn 30Manganese Mn 25 Zirconium Zr 40-Mencelevium Md 101-
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! i' Table 1 Table 2 Table 3 ,

| Occupational Values Effluent Release to [
| Concentrations Sewers i

f

Col. I- Col. 2- Col. 3
, . Oral Inhalation

-
Col. 1- Col. 2- i

Monthly !
4 Atomic Ingestion ALI DAC Air Water Average

No. Radionuclide Class ALI
(pCi) (pCi) (pCi/ml) (pCi/el) (pCi/ml) (pCi/al) ;

;

I Hydrogen-3 Water, DAC includes skin !
' absorption 8E+4 EE+4 2E-5 IE-7 IE-3 IE-2 !

!
4 Bery11ium-7 W, all compounds except 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3

j those given for Y !

Y, oxides, halides, and
I

nitrates - 2E+4 BE- 6 3E-8 - -

.t.
7! 4 Ber3.Iium-10 W, see Be IE+3 2E+2 6E-S 2E-10 - - fi LLI wall :

2

7 (IE+3) - - - 2E-5 2E-4 i;' Y, see Be - IE+1 6E-9 2E-11 - - !

2i 6 Carbon-11 Monoxide - IE+6 SE-4 2E-6 - -

Dioxide - 6E+5 3E-4 9E-7 - - !
,

-

Compounds 4E+5 4E+5 2E-4 6E-7 6E-3 6E-2,

1

!. '6 Carbon-14 Monoxide - 2E+6 7E-4 2E-6 - -
!2 Dioxide 2E+5 9E-5 3E-7 -- -

|
-

Compounds '2E+3 2E+3 IE-6 3E-9 3E-5 3E-4 !

! I

:.

;
i

-

|
!

i
k f

i

!
'

!-

I
'

l
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APPENDIX 0 t

i
UNITED STATES NUCLEAR REGULATORY COPMISSION REGIONAL OFFICES

~

. Address Telephone ;

(24 hours)

Region I: Connecticut, Deleware, USNRC, Region I (215) 337-5000,
| District of Columbia, Maine, Maryland, 475 Allendale Road (FTS) 346-5000. |I Massachusetts, New Hampshire, New Jersey, King of Prussia, PA 19406 1

j New York, Pennsylvania, Rhode Island, and
Vermont.

Region II: Alabama, Florida, Georgia USNRC, Region II (404) 331-4503, +

Kentucky, Mississippi, North Carolina, 101 Marietta Street, NW (FTS) 841-4503.
4

Puerto Rico, South Carolina, Tennessee, Suite 2900 '!

Virginia, Virgin Islands, and Atlanta, GA 30323
West Virginia.1

Region III: Illinois, Indiana, Iowa, USNRC, Region III (708) 790-5500,
Michigan, Minnesota, Missouri, Ohio, 799 Roosevelt Road (FTS) 388-5500.;

!- and Wisconsin. Glen Ellyn, IL 60137 ;

,

4

j Region IV: Arkansas, Colorado,. Idaho, USNRC, Region.IV (817) 860-8100'

Kansas, Louisiana, Montana, Nebraska, 611 Ryan Plaza Drive (FTS) 728-8100.
i New Mexico, North Dakota, Oklahoma, Suite 1000

South Dakota, Texas, Utah, and Arlington, TX 76011
; Wyoming.
!1

"

Region IV: Field Office USNRC, Region IV (303) 236-2805,
Uranium Recovery Fieli Office (FTS) 776-2805. !730 Simms Street, Suite 100a

. Golden, CO 80401
ii

Mail: P.O. Box 25325
|
. Denver, CO 80225

! Region V: Alaska, Arizona, California, USNRC, Region V (415) 943-3700, iHawaii, Neveda, Oregon, Washington, and 1450 Maria Lane (FTS) 463-3700. !U.S. territories and possessions in the Suite 210
.

-

Pacific.i= Walnut Creek, CA 945 % !

i

!

'
.!

i
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APPENDIX E [ RESERVED)
'

'

APPENDIX F
,

REQUIREMENTS FOR LOW LEVEL-WASTE TRANSFER FOR,

'

DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS

1. MANIFEST

The shipment manifest shall contain the name, address, and telephone
number of the person generating the waste. The manifest shall also include the
name, address, and telephone number or the name and EPA hazardous waste

identification number of the person transporting the waste to the land disposal
facility. The manifest must also indicate as completely as practicable: a

physical description of the waste, the volume, radionuclide identity and
quantity, the total radioactivity, and the principal chemical form. The

solidification agent must be specified. Waste containing more than 0.1%

chelating agents by weight must be identified and the weight percentage of the
chelating agent estimated. Wastes classified as Class A, Class B, or Class C
in 6 61.55 of this chapter must be clearly identified as such in the manifest.
The total quantity of the radionuclides H-3, C-14, Tc'-99, and I-129 must be
shown. The manifest required by this paragraph may be shipping papers used to
meet Department of Transportation or Environmental Protection Agency
regulations or requirements of the receiver, provided all the required
information is included. Copies of manifests required by this section may be

; legible carbon copies or legible photocopies.

II. CERTIFICATION

The vaste generator shall include in the shipment manifest a certification
that the transported materials are properly classified, described, packaged,
marked, and labeled and are in proper condition for transportation according to
the applicable regulations of the Department of Transportation and the

i

! 301
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I

Commission. An authorized representative of the waste generator shall sign and
date the manifest.

.

III. CONTROL AND TRACKING
,

A. Any generating licensee who transfers radioactive waste to a land
disposal facility or a licensed waste collector shall comply with the require-
ments in paragraphs A.1 through 8 of this section. Any generating licensee who

transfers waste to a licensed waste processor who treats or repackages waste
shall comply with the requirements of paragraphs A.4 through 8 of this section.
A licensee shall:

Prepare all wastes so that the waste is classified according to
S 61.55 of this chapter and meets the waste characteristics requirements in
S 61.56 of this chapter.,

2. Label each package of waste to identify whether it is Class A waste.

| Class B waste, or Class C waste, in accordance with $ 61.55 of this chapter;
3. Conduct a quality control program to ensure compliance with $$ 61.55

and 61.56 of this chapter; the program must include management evaluation of
audits;

4. Prepare shipping manifests to meet the requirements of section I and
II of this appendix;

5. Forward a copy of the manifest to the intended recipient, at the time
of shipment, or deliver to a collector at the time the waste is collected,
obtaining acknowledgment of receipt in the form of a signed copy of the
manifest or equivalent documentation from the collector;

6. Include one copy of the manifest with the shipment;
7. Retain a copy of the manifest and documentation of acknowledgment of

receipt as the record of transfer of licensed material as required by Parts 30,
40, and 70 of this chapter; and

8. For any shipments or any part of a shipment for which acknowledgment
of receipt has not been received within the times set forth in this section,
conduct an investigation in accordance with paragraph E of this appendix.

B. Any waste collector licensee who handles only prepackaged waste

| shall:

|
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1. Acknowledge receipt of the waste from the generator within I week
of receipt by returning a signed copy of the manifest or equivalent [

,

documentation ,

2. Prepare a new manifest to reflect consolidated shipments; the new
manifest shall serve as a listing or index for the detailed generator
manifests. Copies of the generator manifests shall be a part of the new
manifest. The waste collector may prepare a new manifest without attaching the
generator manifests, provided the new manifest contains for each package the
information specified in sectionlof this appendix. The collector licensee 2G7
shall certify that nothing has been done to the waste that would invalidate g/d
the generator's certification;

3. Forward a copy of the new manifest to the land disposal facility
operator at the time of shipment;

4. Include the new manifest with the shipment to the disposal site.,
5. Retain a copy of the manifest and documentation of acknowledgment of

receipt as the record of transfer of licensed material as required by Parts 30,
40, and 70 of this chapter, and retain information from generator mahifest
until disposition is authorized by the Commission; and

6. For any shipments or any part of a shipment for which acknowledgment
of receipt is not received within the times set forth,in this section, conduct

,

an investigation in accordance with paragraph E of this section.

C. Any licensed waste processor who treats or repackages wastes shall:
1. Acknowledge receipt of the waste from the generator within 1 week

of receipt by returning a signed copy of the manifest or e( * valent
docunentation,

2. Prepareanewmanifestthatmeetstherequirementsofsections{and 2 (. 7
H of this appendix. Preparation of the new manifest reflects that the p/b
processor is responsible for the waste;

3. Prepare all wastes so that the waste is classified according to
6 61.55 of this chapter and meets the waste characteristics requirements'in
S 61.56 of this chapter;

4. Label each package of waste to identify whether it is Class A waste,
Class B waste, or Class C waste, in accordance with SS 61.55 and 61.57 of this
chapter;
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5. Conduct a quality contro1~ program to encure compliance with $$ 61.55 l

and 61.56 of this chapter. The program shall include management evaluation of
. audits,
1

6. Forward a copy of the new manifest to the disposal site operator or
waste collector at the time of shipment, or deliver to a collector at the time
the waste is collected. abtaining acknowledgment of receipt in the form of a
signed copy of the manifest or equivalent documentation by the collector.,

7. Include the new manifest with the shipment;
8. Retain copies of original manifests and new manifests and

documentation of acknowledgment of receipt as the record of transfer of
licensed material required by Parts 30, 40, and 70 of this chapter; and

9. For any shipment or part of .a shipment for which acknowledgment is
not received within the times set forth in this section, conduct an
investigation in accordance with paragraph E of this section.

D. The land disposal facility operator shall:
1. Acknowledge receipt of the waste within 1 week of receipt by

returning a signed cpy o1 the manifest or equivalent documentation to the
shipper. The shipper to be notified is the licensee who last possessed the

t waste and transferred the waste to the operator. The returned copy of the
manifest or equivalent documentation shall edicate any oi;crepancies between
materials listed on the manifest and materials received.

2. Maintain copies of all completed manifests or equivalent
documentation until the Commission authorizes their disposition., and

3. Notify the shipper (i.e. , the generator - the collector, or processor)
and the Administrator of the nearest Commission Regional Office listed in
Appendix 0 to this pert when any shipment or part of a shipment has not arrived
within 60 days after'the advance manifest was received.

E. Any shipment or part of a shipment for which acknowledgment is not
received within the times set forth in this section must:

1. Be investigated by the shipper if the shipper has not received
notification or receipt within 20 days after transfer; and

2. Be traced anc' eeported. The investigation shall include tracing the
shipment and filing a report with the nearest Commission Regional Office listed

,
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in Appendix 0 to this part. Each licensee who conducts a trace investigation
shall file a written report with the appropriate NRC Regional Office within 2

'

weeks of completion of the investigation.

:

CONFORMING AMENDMENTS-
,

The following amendments to other parts of Chapter I of Title 10 generally
update citations to 10 CFR Part 20 that are found in these other parts of the
NRC regulations. Two amendments are particularly important as they go beyond
updating cross-reference citations. The amendment to 10 CFR Part 2 Appendix C

updates and modifies the examples of the severity levels associated with
violations of 10 CFR Part 20. Because Appendix C relates to administrative
policy of the Commission and because the listed violations are used as examples
of different severity levels and are.not all-inclusive, the Commission is
issuing these Part 2 amendments in final form without public comment.

[{~ "}

PART 2- RULES OF PRACTICE

"

2. The authority citation for Part 2 continues to read in part as
follows:

|
Authority: Sec. 161, 68 Stat. 948, as amended-(42 U.S.C. 2201); sec. 201,

| 88 Stat.1242, as amended (42 U.S.C.5841).

3. Supplement IV -- Severity Categories of Appendix C to 10 CFR Part 2
is amended to read as follows:

Appendix C--General Statement of Policy and Procedures for NRC

Enforcement Actions
A R R R 2

:

l
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Health Physics 10 CFR Part 2015

,

A. Severity 1 -- Violations involvfcg for example:

1. Single radiation exposure of a worker in excess of 25 rems total
effective dose equivalent, 75 rems to the lens of the eye, or 250 rads to the-
skin of the whole body, or to the feet, ankles, hands or forearms, or to any
other crgan or tissue.,

2. Single radiation exposure of the embryo / fetus of a declared pregnant
woman in excess of 2.5 rems total effective dose equivalent. ,

3. Single radiation exposure of a minor in excess of 2.5 rems total
ef fective dose equivalent, 7.5 rems to the lens of the eye, or 25 reais to the
skin of the whole body, or to the feet, ankles, hands or forearms, or to any
other organ or tissue;

4. Annual exposure of a member of the public in excess of 2.5 rems total
effective dose equivalent;

5. Releaseofradioactivematerialtoanunresh.rictedareaatconcentra-
tions in excess of 50 times the limits for members of the public in Appendix B,
Table 2 of 10 CFR Part 20; or

6. Disposal of licensed material in quantities or concentrations-in
| excess of 10 times the limits of 10 CFR 20.1003.

B. Seierity II -- Violations involving for example:

1. Single radiation exposure of a worker in excess of 10 rer.s total
effective dose equivalent, 30 rems to the lens of the eye, or 100 rems to the :

skin of the whole body, or to the feet, ankles, hands or forearms, or to any I

ather organ or tissue..-

\[ |
" Personnel overexposures and associated violations, incurred during a j

life-saving effort, will be treated on a case-by-case basis.
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2. Single radiation exposure of the embryo / fetus of a declared pregnant
woman in excess of 1.0 rem total effective dose equivalent;

,

3. Single radiation exposure of a minor in excess of I rem total
effective dose equivalent; 3.0 rems to the lens of the eye, or 10 rems to the
skin of the whole body, or to the feet, ankles, hands or forearms, or to any
other organ or tissue. ,

4. Annual exposure of a member of the public in excess of 0.5 rem total
effective dose equivalent;

5. Release of radioactive material to an unrestricted area at concentra-
tions in excess of 10 times the limits for members of the public in Appendix B.
Table 2 of 10 CFR Part 20;

6. Disposal of licensed material in quantities or concentrations in
excess of five times the limits of 10 CFR 20.1003., or

7. Failure to make an immediate notification as required by 10 CFR

20.1202(a)(1) or (a)(2).
.

C. Severity III -- Violations involving for example:

1. Single radiation exposure of a worker in excess of 5 rems total
i effective dose equivalent, 15 rems to the lens of the eye, or 50 rems to the

skin of the whole body or to the feet, ankles, hands or forearms, or to any
other organ or tissue;

2. Single radiation exposure of the embryo / fetus of a declared pregnant
woman in excess of 0.5 rem total effective dose equivalent;

3. Single radiation exposure of a minor in excess of 0.5 rem total
effective dose equivalent; 1.5 rems to the lens of the eye, or 5 rems to the
skin of the whole body, or to the feet, ankles, hands or forearms, or to any
other organ or tissue;
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'

4. Worker exposure abo n regulatory limits when such exposure reflects a
programmatic (rather than an isolated) weakness in the radiation control
program;

5. Annual exposure of a member of the public in excess of 0.1. rem total
effective dose equivalent (except when operation up to 0.5 rem a year has been
approved by the Commission under S 20.301(c));

6.- Release of radioactive material to an unrestricted area at concentra-
tions in excess of two times the limits for members of the public in Appendix B
to 10 CFR b rt 20 (except when operation up to 0.5 rem a year has been
approved by the Commission under S 20.301(c)),

7. Failure to make a 24-hour notification required by 10 CFR 20.1202(b)
or an fumediate notification required by 10 CFR 20.1201(a)(1)(i);

8. Substantial potential for exposures or releases in excess of the
applicable limits in 10 CFR Part 20 whether or not such exposure or rele.ise
occurs (e.g., operation of a radiation facility with a nonfunctioning interlock
system or entry into high radiation areas, such as under reactor vessels or in
the vicinity of exposed radiographic sources, without having performed an ade-
quate survey),

9. Improper disposal of licensed material not covered in Severity Levels
I or II;'

10. Release for unrestricted use of contaminated or radioactive material
or equipment that poses a realistic potential for exposure of the public to
levels or doses exceeding the annual dose limits'for member of the public, or
that reflects a programmatic (rather than an isolated) weakness in the
radiation ccitrol program;

11. Conduct of licensee activities by a technically unqualified person;j

or

12. Significant failure to control licensed material.

|'
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D. Severity IV -- Violations involving for example:

1. Exposures in excess of the limits of 10 CFR 20.201, 20.207 or'20.208
not constituting Severity Level I,11 or III violations;

2. Release of radioactive material to an unrestricted area at concentra-
tions in excess.of the limits for members of the public in Appendix B to 10 CFR
Part 20 (except when operation up to 0.5 rem a year has been approved by the
Comission under S 20.301(c)),

3. A radiation dose rate in an unrestricted or controlled area in excess-
of 0.002 rem in any I hour (2 millirem / hour) or 50 millirems in a year;

4. Failure to maintain and imt,lement radiation programs to keep
radiation exposures as low as is reasonably achievable;

5. Doses to a member of the public in excess of any EPA generally
applicable environmental radiation standards, such as 40 CFR Part 190.,

6. Failure to make the 30-day notification required by 10 CFR
20.1201(a)(1)(ii) or 20.1203(a),

7. Failure to make a timely written report.as. required by 10 CFR
20.1201(b), 20.1204, or 20.1206; or

8. Any other matter that has more-than a minor safety, health, or
environmental significance.

E. Severity V -- Violations that are of a minor safety, health, or
environmental significance.

|

:

l
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PART 19 - NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS; INSPECTIONS.

5. The authority citation for Part 19 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948,.as amended (42 U.S.C. 2201); sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

6. Section 19.3 is amended by revising paragraph (e) to read as follows:

S 19.3 Definitions.
* A A A A

(e) " Restricted area" means an area, access to which is limited by the
licensee for the purpose of protecting individuals against' undue risks from
exposure to radiation and radioactive materials. Restricted area does not
include areas used as residential quarters, but separate rooms in a residential
building may be set apart as a restricted area.

7. In S 19.13, paragraph (d) is amended by chan,ging the reference to
"S20.405 and S 20.408" to read "SS20.1202, 20.1203, 20.1204 or 20.1206" and by
revising paragraphs (b), (c), and (e) to read as follows:

S 19.13 Notifications and reports to individualc.

a a a a *

(b) Each licensee shall advise each worker annually of the worker's dose
as shown in records maintained by the licensee pursuant to S 20.1106.

(c) At the. request of a worker formerly engaged in licensed activities
controlled by the licensee, each licensee shall furnish to the worker a report
of the worker's exposure to radiation or radioactive material for each year the
worker was required to be monitored under S 20.502. Such report shall be fur-
nished within 30 days from the time the request is made, or within 30 days
after the exposure of the individual has been determined by the licensee,
whichever is later. This report shall cover the period of time that the
worker's activities involved exposure to radiation from radioactive materials
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licensed L'y the Commission and shall include the dates and locations of

licensed act vities in which the worker participated during this period.i
,

A A A A A

(e) At the request of a worker who is terminating employment with the
licensee that' involved exposure to radiation or radioactive materials, during
the current year, each.llcensee shall provide at termination to each such-
worker, or to the worker's designee, a written report regarding the radiation
dose received by that worker from operations of the licensee during the current
year or fraction thereof. If the most recent individual monitoring results are
not available at that time, a written estimate of the dose shall be provided
together with a clear indication that this is an estimate.

PART 30 - RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING OF

BYPRODUCT MATERIAL

8. The authority citation for Part 30 continues to read in part as
follows:

.

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201); sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

S 30.51 [ Amended).

9. In S 30.51(c)(4), the reference to "S 20.401(c)" is changed to read
"S 20.1108 "

PART 31 - GENERAL DOMESTIC LICENSES FOR BYPRODUCT MATERIAL

10. The authority citation for Part 31 continues to read in part as
follows:

1
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Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C.'2201), sec. 201, !
88 Stat. 1242, as amended (42.U.S.C.5841).

'

,

S 31.5 [ Amended).

In $ 31.5(c)(10), the reference to "S$ 20.402 and 20.403" is changed
to read "SS 20.1201 and 20.1202."

$ 31.7 [ Amended.).

12.. In S 31.7(b), the reference to "SS 20.402 and 20.403" is changed to
read "SS 20.1201 and 20.1202."

$ 31.10 [ Amended].
13. In S 31.10(b)(1) the reference to "S 20.301" is changed to read

"E 20.1001."

14. In S 31.10(b)(3) the reference to "$$ 20.301, 20.402, and 20.403" is
changed to read "$$ 20.1001, 20.1201, and 20.1202."

S 31.11 Amended]

15. In S 31.11(c)(5), the reference to "S 20.301" is changed to read-

"S 20.1001."

16. In S 31.11(f), the reference to "$$ 20.301, 10.402, and 20.403" is
changed to read "$$ 20.1001, 20.1201, and 20.1202."

PART 32 - SPECIFIC DOMESTIC LICENSES TO MANUFACTURE OR TRANSFER

CERTAIN ITEMS CONTAINING BYPRODUCT MATERIAL

17. The authority citation for Part 32 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).
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|

18. Section 32.51 is amended by revising paragraphs (a)(2)(ii) and (c) to
read as follow: ;

,

S 32.51 Byproduct mater-ial contained in devices'for use under S 31.5:
requirements for license to manufacture or initially transfer.
(a) * * *
(2) ***

(ii) Under ordinary conditions of handling, storage, and use of the device,
the byproduct, material contained in the device will not be released or
inadvertently removed from the device, and it is unlikely that any person will
receive in sny period of 1 year a dose in excess of 10 percent of the annual
limits specified in S 20.201(a) of this chapter., and

ana nn

(c) In the event the applicant desires that the general licensee under
S 31.5 of this chapter, or under equivalent regulations of an Agreement State,
be authorized to install the device, collect the sample to be analyzed by a
specific licensee for leakage of radioactive material, service the device, test
the on-off mechanism and indicator, or remove the device from installation, the
applicant shall include in the application written instructions to be followed
by the general licensee, estimated calendar quarter doses associated with such
activity or activities, and the bases for these estim'ates. The submitted infor-
mation must demonstrate that performance of this activity or activities by an
individual untrained in radiological protection, in addition to other handling,
storage, and use of devices under the general license, is unlikely to cause
that individual to receive in a year a dose in excess of 10 percent of the
annual limits specified in S 20.201(a) of this chapter.

S 32.61 -[ Amended).
19. In 6 32.61(d), the reference to "S 20.203(a)" is changed to read

"S 20.901(a)."

S 32.71 [ Amended].
20. In S 32.71(c)(2), the reference to "S 20.203(a)(1)" is changed to

-read "S 20.901(a)."
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21. In S 32.71(e), the reference to "S 20.301" is changed to read
"S 20.1001."

,

PART 34 - LICENSES FOR RADIOGRAPHY AND RADIATION SAFETY

REQUIREMENTS'FOR RADIOGRAPHIC OPERATIONS

22. The authority citation for Part 34 continues to read in part as
follows:

Authority : Sec. 161, 68 Stat.- 948, as amended (42 U.S.C. 2201); Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

I 34:29 Amended

1

23. In S 34.29(a), the reference to "S 20.203(c)(2)(ii), (2)(iii), or
(4)" is changed to read "S 20.601(a)(2), (a)(3), or (b)."

f 34.41 [ Amended),
,

2 4.- In S 34.41(a),-the reference to "S 20,203(c)(2)" is changed to read
"S 20.601(a)(1), (a)(2), or (a)(3)."

5 34,42 [Amendedj.
25. In S 34.42, the reference to "S 20.204(c)" is changed to read

"E 20.903" and the reference to "S 20.203(b) and (c)(1)" is changed to read
"5 20.902(a) and (b)."

i

PART 35 - MEDICAL USE OF BYPRODUCT MATERIAL

24 7
26. The authority citation for Part 35 continues to read as follows:

Authority: Sec.161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5R41).

314 |
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S 35.92(a).
27. Change reference to "S 20.301" to "5 20.1001."4

,

6 35.315(a)(8)
28. Change reference to "S 20.401(c)(1)" to "S 20.1106(a)."

6 35.415.

2 9.. Change reference to "S 20.105(b)" to "S 20.301(a)."

6 35.630(a)(1),

30. Change reference to " National Bureau of Standards" to " National
Institute of Standards and Technology."

$ 35.630(a)(2).
31. Change reference to " National Bureau of Standards" to " National

Institute of Standards and Technology."

S 35.641(a)(2)(1).

[ll32. Change reference to "S 20.101" to "$ 20.201."

.

S 35.641(a)(2)(ii).
33. Change reference to "$ 20.105(b)" to "S 20.301."

S 35.641(b)(2).
34. Change reference to "E 20.501" to "S 20.1301."

|

S 35.643 (a).
35. Change reference to "S 20.105(b)" to'"5 20.301."

S 35.643(a)(1).
36. Change reference to "S 20.105(b)" to "$ 20.301."

6 35.630(a)(2),

37. Change reference to "S 20.105(a)".to "$ 20.301(c)." ;

i
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38. Change reference to "S 20.105(b)" to "$ 20.301(a)." 7,k7 g /I

PART39-LICENSESANDRADIATIONSAFETYREQUIREMENTSFORWELL-LOGdING

39. The authority citation for Part 39-continues to read in part as
follows:

;

Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

40. In S 39.15(a)(5)(iii)(B), the reference to "E 20.203" is changed to
read ""$ 20.901(a)."

41. In S 39.31(a)(1), the reference to "$ 20.203" is changed to read
"S 20.901(a).

42. In S 39.31(a)(2), the reference to "$ 20.203" is changed to read
"S 20.901(a)."

43. In S 39.77(b), the reference to "SS 20.402, 20.403, and 20.405" is
changed to read "$$ 20.1201 and 20.1203."

PART 40 - DOMESTIC LICENSING OF SOURCE MAYERIAL

44. The authority ':tation for Part 40 continues to read in part as
follows:

Authority: Sec. 161, 68 Stat. 948 as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C. 5841).

45. Section S 40.34 is amended by revising paragraph (a)(2) to read as
follows:
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S 40.34 Special requirements for issuance of specific licenses.
(a) ***

(2) The applicant submits sufficient information relating to the design,
manufacture, prototype testing, quality control procedures, labeling or
marking, proposed uses, and potential hazards of the industrial product or
device to provida reasonable assurance-that possession, use, or transfer of;the
depleted uranium in the product or device is not likely'to cause any-individual
to receive.in any period of 1 year a radiation dose in excess of 10. percent
of the annual limits specified in S 20.201(a) of this chapter; and

.

A A A A A

6 40.61 [ Amended).
46. In S 40.61(c)(4), the reference to "S 20.401(c)" is changed to read

"6 20.1108."

Appendix A to Part 40.

47. In the Introduction to Appendix A, the reference to "S.20.1(c)" is
changed to read "S 20.3."

PART 50 - DOMESTIC LICENSING OF PRODUCTION AND

UTILIZATION. FACILITIES-

48. The authority citation for Part 50' continues touread.in part as
follows:

Authority:. 'Sec. 161, 68 Stat. 948, as amended (42 U.S.C./2201); Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841). - ;

49. Section 50.34 is amended by revising paragraph-(f)(2)(viii) to read
as-follows: i

;

!

'

|-

i
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S 50.34- Contents of applications; technical information.-

* * * * *

i

(f) ***

(2) ***
(viii) Provide a capability to promptly obtain and analyze samples from the

*
reactor coolarr. system and containment that may contain TID-14844 source term
radioactive materials without radiation exposures to any individual exceeding
5 rems to the whole body or 50 rems to the extremities. Materials to be ana-
lyzed and quantified include certain radionuclides that are indicators of the
degree of core damage (e.g., noble gases,. iodines and cesiums, and nonvolatile
isotopes), hydrogen in the containment atmosphere, dissolved gases, chloride,

and boron concentrations. -.(II.B.3)
* * * * *

50. In S 50.36a(a), the reference to "S 20.106" is changed to read
'

"S 20.301" and paragraph (b) is revised to read as follows:

6 50.36a Technical specifications on effluents from nuclear power reactors.
* * * *

(b) In establishing and implementing the operating procedures described
in paragraph (a) of this section, the licensee shall be guided by the following
considerations: Experience with the design, construction, and operation of
nuclear power reactors indicates that compliance with the technical specifica-
tions described in this section will keep average annual releases of radioactive
material in effluents and their resultant committed effective dose equivalents
at small percentages of the values specified in S .20.301 of this chapter and
in the operating license. At the.same time, the licensee is permitted the
flexibility of operation, compatible with considerations of health and safety,
to assure that the public is provided a dependable source of power even under
unusual operating conditions which may temnorarily result in releases higher
than such small percentages, but still within the dose values specified in
S 20.301 of this chapter and in the operating license. It is expected that
in using this operational flexibility under unusual operating conditions, the
licensee will exert its best efforts to keep levels of radioactive material in

318

_. _



. _ _ _ __

effluents as low as is reasonably achievable. The guides set out in Appendix I
provide numerical guidance on limiting -conditions for operation for light-water-
cooled nuclear power reactors to meet the requirement that radioactive materials
in effluents released to unrestricted areas be kept as low as is reasonably
achievable.

;

51. In S 50.72 in paragraph (a), Footnote 1, the reference tt. "S 20.205,
S 20.403" is changed to read "S 20.906, S 20.1202," andparagraphs(b)(2)(iv)
(A) and (B) are revised to read as follows:

S 50.72 Immediate notification requirements for operating nuclear power
reactors,

s * n n n

(b) * * *
(2) * * *
(iv) (A) Any airborne radioactive release that results in concentrations

in unrestricted areas that exceed 20 times the applicable concentration
specified in Appendix B, Table 2, Column 1, of Part 20 of this chapter,.when
averaged over a time period of I hour.

(B) Any -liquid effluent release that exceeds 20 times the applicable
concentration specified in Appendix B, Table 2, Column-2, of Part 20 of this-
chapteratthepointofentryintothereceivingwaters(i.e., unrestricted
area) for all radionuclides except tritium and dissolved _ noble gases, when
averaged over a time period of I hour. (Immediate notifications made under
this paragraph also satisfy the requirements of paragraphs (a)(2) and (b)(2) of
S 20.1202 of this chapter).

52. Section 50.73 is amended by revising paragraphs (a)(2)(viii)(A) and
(B) and (ix) to read as follows:

S 50.73 Licensee event report system.
'

(a) * ' * *
(2) ***

(viii)(A) Any airborne radioactivity release that exceeded 20 times the
applicable concentrations specified in Appendix B, Table 2, Column 1, of Part

319-
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20 of this chapter in-unrestricted-areas, when averaged over a time period of
j 1 hour.

.

(B)-Any liquid effluent release that exceeded 20 times the applicable-
concentrations specified in Appendix B, Table 2,--Column 2, of Part 20 of this
chapter at the point of entry into the receiving water (i.e., unrestricted:

area) for all radionuclides except' tritium and dissolved nnble, gases, when
averaged over a time period of 1 hour.

(1x) Reports submitted-to the Commission in accordance with paragraph
(a)(2)(viii) of _ this section also meet the effluent release reporting
requirements of S 20.1203(a)(3)ofthischapter.

* * * * *
'

-

PART 61 - LICENSING REQUIREMENTS FOR LAND DISPOSAL OF -

RADI0 ACTIVE WASTE

53. The authority citation'for Part 61 continues t'o read in part as.
follows:

- Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201); Sec. 201,i

; 88 Stat. 1242, as amended (42 U.S.C.5841).
:

.

|; 6 61.-52 [ Amended],

54. In S 61.52(a)(6), the reference to "S 20.105" is changed to read
i "$S 20.301 and 20.302."

i

PART 70 - DOMESTIC LICENSING OF SPECIAL NUCLEAR MATERIAL

i
55. The authority citation for Part 70 continues to read in part as |

follows:
'

L
i

!
r
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Authority: Sec. 161, 68 Stat. 948, as amended (42 U.S.C. 2201), Sec. 201,
88 Stat. 1242, as amended (42 U.S.C.5841).

S 70.51 Amended].

56. In S 70.5)(b)(6), the reference to "S 20.401(c)" is changed to read
"S 20.1108."

Dated at Rockville, Maryland, this day of 1990.

For the Nuclear Regulatory Commission.

k
Samuel J. Chilk,

Secretary of the Commission.

d
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ABSTRACT

.

The revised 10 CFR Part 20, " Standards for Protection Against Radia-
tion," would have substantial impacts on both U.S. Nuclear Regulatory Commis-
slon (NRC) and Agreesent State licensees. It is estimated that the revision
will cost licensees over $170 million (present value); more than half of
these costs are related to the new requirement to sua external and inkernal
doses to demonstrate compliance with the annual whole-body effective dose

,.

equivalent limit of 5 res. Fuel fabrication and processing facilities will
incur significant costs to reduce levels of airborne uranium to below the
ap)licable derived air concentrations (DACs). The revision would also have
su)stantial benefits, most notably by reducing doses to both workers and the
unborn. Of the $44 million (present value) in benefits identified in this
analysis, over 80% are related to dose reductions. There were large uncer-
tainties in these estimates, however, and the actual value of the benefit
from the reduced doses could be much lower. Although the quantified benefits
from the revision do not appear to outweigh the costs, many benefits ident-
ified in this analysis were not quantified and their consideration could
favor revising 10 CFR Part 20 as planned.

.
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EXECUTIVE SUPNARY
.

STATEMENT OF THE PROBLEM

is over 30 years old. phy and scientific basis for the present 10 CFR Part 20
The basic philoso

Newer concepts of radiation protection and updated
biological data have rendered the present Part 20 outdated and inconsistent
with current reconnendations of national and international radiation protec-.

tion organizations. Both the National Council on Radiation Protection and
Measurements (NCRP) and the International Comission on Radiological Protec-
tion (ICRP) have published recommendations on limits for exposure to ionizing
radiation that are in some ways significantly different from the limits pro-'

mulgated in the present Part 20. In addition, the Environmental Protection
Agency (EPA) has published in the Federal Register (1987) ' Radiation Protec-
tion Guidance to Federal Agencies for Occu)ational Expcsure," (referred to
hereafter as Federal Guidance) signed by t1e President. This Federal Gui-'

dance incorporates the basic elements of both the ICRP and NCRP reconnenda-
tions. In the past, it has been the Nuclear Regulatory Connission's (NRC's)
policy to comply with Federal Guidance promulgated by the EPA.

The present Part 20 is in need of revision in six principal areas to *~ 8become consistent with the Federal Guidance, ICRP recommendations, and/or
NCRP recommendations:

1. Use of the current 3 rem / quarter limit on whole-body exposures
allows some (usually older) workers to receive doses greater than *

5 rem /yr. The Federal Guidance includes an annual whole-body
''~~effective dose equivalent limit of 5 rem.

2. Under the current Part 20,' internal doses are not included in the - "' MW
assessment of whole-body dose. It is possible for a worker to #

"1egally receive internal doses from some radionuclides that are
equivalent to whole-body doses of 10 rem or more (using the newer c

ICRP method for risk assessment) in addition to annual external
doses of 12 rem. Because the effective whole-body dose limit of

*5 rem, as stated in the Federal Guidance, includes the sum of
internal and external doses, under the current Part 20 a worker m' g ~
can legally receive an effective whole-body dose equivalent that
is four or more times higher than the limit reconnended in the
Federal Guidance.

3. The current Part 20 limits on intake for some radionuclides do not
' * *reflect recent biological information or models of radionuclide

retention and consequent risk. As a result, the current limits are -- -.' 'M'too high for most alpha-emitting radionuclides and too low for most
other radionuclides. The associated errors approach or exceed one
order of magnitude in many cases.

4. The current Part 20 dose limits for specific organs and parts of the
body are not consistent with recent recommendations of the ICRP and
NCRP.

v
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5. The current Part 20 does not promulgate a dose limit for the
embryo / fetus, even though such a limit is addressed in both an NRC
Regulatory Guide and staff position paper. Recent studies suggest
that the embryo / fetus is more biologically sensitive to radiation-
induced damage from ionizing radiation, and the current dose limits
for adults may not ensure adequate protection of.the unborn. The
Federal Guidance includes a dose limit of 0.5 ren to the embryo / '
fetus.

.

6. For licensees not covered by the Uranium Fuel Cycle Standerd
(40 CFR 190) or the Clean Air Act Standard (40 CFR 61), there is no *

ex) licitly stated annual dose limit for individual members of the
pualic in the current Part 20. Although the Federal Guidance does
not include such a limit, the NCRP recommends an annual dose limit
of 100 area for continuing long tem exposures.

OELIECTIVES

The principal objective of revisin
dards for Protection Against Radiation"g Part 20 is to make the NRC's "Stan-consistent with the recommendations
of national (NCRP and EPA) and international (ICRP) organizations responsible
for providing radiation protection standards. The ICRP and NCRP recommenda- +

tions serve as the primary scientific basis for federal standards for protec-
tion against radiation. Also, as a matter of policy, the former Atomic
Energy Commission (AEC) and the NRC have considered past Federal Radiation

.

Council (FRC) and EPA federal guidance as binding and have implemented the
guidance in their regulations.

The revision of Part 20 was also prepared to satisfy other objectives
of the NRC. The revision would resolve several petitions for rulemaking ,-

and rulemaking proceedings that are still These include limitationof dose to the embryo / fetus (NPRM,1-3-75)pending., deletion of the 5(N-18) dose-
averaging fomula (NPRM, 2-20-79) and petitions to lower dose limits
(PRM-20-6 and PRM-20-6A). The revision would also correct some errors and
inconsistencies in the current Part 20.

s

Al.TERNATIVES #

This regulatory analysis focused on the consequences of the planned '

revision of Part 20. This alternative and others available to the NRC are
described below.

%,

Alternative 1: Revise Part 20 as Planned
.e

Adoption of this alternative would result in a comprehensive revision of
10 CFR Part 20. This would be the final step in a process initiated by the
NRC almost 10 years ago to incorporate the recommendations of the ICRP into
the rule. The revision would also incorporate many of the recent recommenda-
tions of the NCRP and would be consistent with the recent Federal Guidance.

vi
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Alternative 2: No Action

Under this alternative, the NRC would teminate the existing rulemaking,
publish a notice to.this effect in the Federal Register, and initiate
individual rulemaking actions as the situation demands. This would leave the
principles underlying the current Part 20 in place and the rule would be
inconsistent with ICRP and NCRP recommendations as well as the Federal'
Guidance.

'
Alternative 3: Modify the Revision and' Proceed with the Rulemakino

Under this alterative, the NRC would modify the current revision to
reduce the costs' identified in this regulatory analysis. Several provisions*

of the revision ceuld be modified to lessen the impact on' licensees, however,
some of these modifications would compromise the primary benefits of the
revision.

<

Alternative 4: Incorporate Only Those Provisions Necessary for Compliang
with the Federal Guidance-

Adoption of this alternative would require an extensi/e modification of
the revision. The modified revision would be consistent with the Federal
Guidance but would not contain some of the changes present in the currently F
planned revision.

. . .

CONSEQUENCES

Alternative 1: Revise Part 20 as Planned

iThis alternative was the basis for the analysis provided in'this report. -

The present value of the costs of the revision of Part 20 was estimated to be t
$170,000,000, based on 1989 dollars, a discount rate of 10%, and a 30-year- N

period. .This estimate includes all costs that will be incurred in response
to the promulgation of Part 20. If only those costs thought to be necessary
for compliance are included'in the cost estimate, this value would be reduced ..

by about $50 million.- W
,

*Approximately 70% of the estimatec costs of the revision are related to
the revised provisions for monitoring, e tiuating and recording internal-
doses.- Table S.1 provides a breakdown o! the costs by section of the rule.

fabrication facilities, where both the new Derived Air Concentration (y fuel
The greatest impact of the revision is expected to be sustained b

DAC) *W
= values for uranium and the requirement to control intakes based on DACs and- /
Annual' Limits on Intakes (Alls) wi11' necessitate engineering modifications %

c to reduce airborne uranium levels.- It'is estimated that 44% of the costs of
the' revision of Part 20 will be incurred by fuel fabrication facilities.'<

Commercial nuclear power plants, medical facilities, academic /research-
' institutions, and manufacturing and distribution' facilities will incur an
estimated 36%, 13%, 3%, and 2% of the costs of the revision, respectively.
Other facilities would incur relatively insignificant costs. -The costs to

vii
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TABLE S.1. Costs Incurred by Section of the Final Rule

.
Present Value,

Section Description $ Millions

12 *II
$20.201 Occupational Dose Limits-

M ')I
$20.202. 20.204 Summation of Internal / External Dose

5.2 *)-I
$20.208

- Dose Limit for the Embryo / Fetus

$20.502
Conditions Requiring Individual Monitoring: 1.4

I3)
(20.1106

Records of Individual Monitoring 20

|20.1107 Records of Doses to the Public 3.9

11(a)~
|20.1206 Reports of Personnel Monitoring

10Personnel Training----

Revision of Proce'dures 10
----

.

1.1NRC Inspvtor Training / Procedures----

.

170

(a) These costs are directly related to specific recommendations in the
Federal Guidance. A total of $144 million, or 85% of the quantified
costs of the revision are directly related to those recouniendations.

-
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the NRC were estimated to be $2,900,000, or about 2% of the total cost of .ne
revision. Tables S.2 and S.3 provide a sunnary of the quantified costs by
facility type.

The benefits of revising Part 20 include both quantifiable and unquan-
tifiable components. One of the principal benefits of the revision is that
it would make NRC regulations consistent with ICRP and NCRP recommendations
and the recent Federal Radiation Protection Guidance. This benefit is
significant but cannot be measured in dollars. Other benefits of revising,

Part 20 are more readily quantified. These quantified benefits included an
annual savings of $880,000 in operating costs and reduced annual doses of
1200 rem and 300 rem to adult workers and the unborn, respectively. The
present value of the quantified benefits was estimated to be $44,000,000,
over 80% of which was related to dose savings. The present value of the
estimated dose savings was highly dependent on several assumptions, including
the value of both avoiding a rem to an adult worker and avoiding a rem to a
fetus ($1000 and $10,000, respectively).

One section of the revision was identified to have benefits that greatly
exceeded the associated costs. It was estimated that Section 20.208, " Dose
to an Embryo / Fetus," will result in costs of $5,200,000 (present value) to
licensees and reduced doses of 300 res/yr to the unborn. In view of the
perceived risk associated with dose to the embryo / fetus, this section of the
rule is anticipated to provide a significant net benefit. The anticipated
net benefit does not include consideration of the ramifications of the limits
with regard to civil rights of female workers.

There were many uncertainties in the cost estimates provided in this
report. A sensitivity anclys's of the assumptions used to determine the net
benefit of the revision suggested that the present.value of the net benefit
ranges from -$40 million to -$170 million. Based on this quantitative
analysis, it appears that the revision of Part 20 does not have a favorable

| benefit / cost ratio. However, many of the benefits of the revision were not
' quantified in this analysis, and consideration of these benefits could

justify the revision of Part 20 as planned.

Alternative 2: No Action

The primary consequence of this alternative would be that the NRC would
not implement the Federal Radiation Protection Guidance. Licensees would be
free to voluntarily implement some or all of the recommendations; however,
they would not be required to do so by 10 CFR Part 20. Development costs
already incurred by the NRC should not be consieured as a consequence of this
alternative. 4 s

Alternative 3: Modify the Revision and Proceed with the Rulemakina

The primary consecuences of this alternative would be twofold. First, ,

the modifications woulc reduce the cost impact on licensees. Second, the |

modifications would lessen the consistency of the revision with the Federal ;

Guidance. Three potential modifications to the rule are presented. !

ix
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TABLE 5.2. Implementation Costs of the Part 20 Revision by FaciUty Type

Cost, $ Millions (1989 Dollars)
Initial Annual Present Value Total Licensee

Facility Category Cost Cost of Costs Costs, 4

(44.7)f*)Fuel Fabrication and Processing 33 5.3 75 44.7
,

Commercial Power Reactors 30 4.0 61 36.4 (81.1)

Medical 7.4 1.8 22 13.1 (94.2)

Academic /Research Institutions 1.8 0.34 4.5 2.7 (%.9)

Manufacturing and Distribution 0.53 0.24 2.6 1.6- (98.5)

Other Measuring Systems 0.31 0.043 0.65 0.4 (98.9)
x

Research and Test Reactors 0.65 0.004 0.62 0.4 (99.3)
,

Industrial Radiography 0.29 0.022 0.45 0.3 (99.6)

0.012 0.044 0.39 0.2 (99.8)
Well Logging

|

All Others 0.081 0.049 0.50 0.3 (100.0)

Total Licensee Costs 74.1 11.8 167.7 100%

,

1.4 0.21 2.9
NRC Costs

Total Costs ,a.5 12.0 170.6

(a) Numbers in parentheses refer to cumulative percentages.
-
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TMLE 3.3. Cost Per Facility and Annualized Cost to laples:ent the Part 20 Revision
.

I Present Value Present Vaise of Annuallred Cost
of Costs, Cost Per Facility, Per Facility

Facility Category Number $ Millions $ Thousands $ Thousands /yr(a).
,

.
,.

Fuel Fabrication and Processing 14 75 5,400 570 j
.

; ;

i Connercial Power Reectors 109 61 560 59
'

I
i Medical 6,506 22 3.4 0.36 i

'
.

I Academic /Research Institutions 1,556 4.5 2.9 0.31 ;

i
'

I Manufacturing awd Distribution %5 2.6 2.7 0.29
'

x

Other Measuring Systems 5,060 0.65 0.13 0.014^

Research and Test Reactors 80- 0.62 7.8 0.82 ,

!
'

1 Industrial Radiography 851 O.45 0.53 0.056 !
:

hell Logging 454 0.39 0.86 0.091 [i :,

;

A11'Others 1.152 0.50 0.29 0.030
| i

| All Facilities 17,347 168 9.68 '1.03
,

I
a

(a) Annualtred cost fe;ter (capital recovery factor) for JO years at a discount rate of 10% - 0.106. .,

i

b
.
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Reintroduce the provision for lono-lived radionuclides. D has previously
been reported that the provision presen+. in the proposed rule would. eliminate
the need for facility modifications at fuel fabrication facilities. In
short, this provision allowed some licensees to calculate effective dose
equivalent based on annual effective dose ecuivalent rather than comitted
effective dose equivalent for intakes of racionuclides having long effective
half-lives.

However, it appears that this provision would not eliminate the need
for facility modifications even if they were required without the provision.
That is because the provision specifically ttated that a licensee must ope-
rate the facility such that "any individual is unlikely to have an intake
from occu)ntional exposure in one year in excess of the All value." In
effect, tie provision would allow licensees to calculate doses differently

* but not operate the facilities differently.

Another important factor is that it is likel
modifications will not be required in all cases. y that major facility.

Currently, most fuel
fabrication facilities operate with airborne uranium concentrations at 10%
to 25% of current Maximum Permissible Concentration (MPC) values; under the
revision, licensees would be operating at about 50% to 125% of the DAC
values. Ap 3rently, licensees feel t1at this would be unacceptable. Based
on the anal 515 in this report, however very few workers would exceed the
annual whol body effective dose equivalent limit at these levels. For those
who would, an increased use of respirators or appro)riate job rotations would
elis.Inste overexposures. bdividuals approaching t1e dose limits would be
identified well in advance through air monitoring. .

The reason that licensees would likely be unwilling to operate at _ . ,
ao air concentrations near 1 DAC is that under the present system of
d; ' miitation MPCs are often considered as limits and it is likely that %'the ,_ v DACs will be incorrectly considered as limits as well. However, AL!s-
are the principal concern, and if particle size studies, studies on worker %
stay times in high-concentration areas, or solubility studies would show that
workers can work safely under existing conditions, then proper use of the
ALARA principle mandates that these studies 'e done. It is concluded thatv
the provision is inconsistent with the Federal Guidance and would not result %
in major cost reductions in any case. Costs could be more effectively '

reduced through promotion of the concept that DACs need not be considered **
limits in all cases,

,

Remove the requirement to provide individual dose records to individuals.
This modification would reduce the costs of the revision by an estimated $9.1
million(presentvalue). Because no significant quantifiable benefits were m
identified from this requirement, this modification would be cost-beneficial;
however, it would be inconsistent with the Federal Guidance. w
Revise Section 20.1106, " Records of Individual Monitorino Results." Approxi.
mately 12% of the costs of the revision will be related to this requirement.
Licensees will be recuired to revise recordkeeping procedures to allow the
proper assessment anc recording of internal doses. Because few workers
receive significant internal doses, these costs appear to be excessive. Some

xii
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of these costs could be alleviated by relaxing the requirements fer document-
ing internal ex?osures on NRC Fors 5. However, this would be inconsistent
with the recordceeping requirements in the Federal Guidance.4

Alternative 4: Incorporate Only Those Provisions Necessary for Compliance
~ith the Federal Guidancew .

a .

This alternative would result in a complete overhaul of the current Part
20 revision. The rey'sion would be rewritten to include only those provis--

ions necessary for com>11ance with the Federal Guidance. The consequences
would essentially be tie sane as the consequences of Alternative 1 because
most of the costs and benefits of the planned revision are associated with
provisions necessary for compliance with the Federal Guidance. Considering
the costs of the revision that were unquantified, however, especially the
costs associated with the revised limits for disposal to sewers, significant
cost savings could be realized through this alternative.

DECISION RATIONALE

Of the four alternatives, only Alternative 2 (no action) appears to be
nonviable. Adoption of this alternative would allow the NRC's ' Standards for *to remain inconsistent with ''

ProtectionAgainstRadiation*(10CFRPart20)iswoulddisregardNkCpolicythe Federal Radiation Protection Guidance. Th
and would contradict previous Commission comunents to the EPA supporting :,.

development of the Federal Guidance.

Alternative 1 (revise Part 20 as planned) would incorporate bcth the
Federal Radiation Protection Guidance and the ICRP and NCRP recommendations
on limiting exposure to ionizing radiation. The cost of this alternative to .'

*
sillion (present value)y agencies is estimated to be approximately $170However, adoption of the alternative would benefit .

""
licensees and regulator.

. ,

society by reducing occupational exposures to both adult workers and the
unborn being carried by pregnant workers. It was estimated that this altern- r

ative would result in reduced doses to workers of 1200 res/yr and reduced
doses to embryos / fetuses of 300 res/yr. The present value of the benefits of
the revision depends on the dollar values assigned to both adult and fetal 9*

doses and whether health effects were discounted; based on the assumptions, , 4used in this report, the present value was estimated to be $44 million.
Althou h the quantified benefits from this alternative do not appear to s.

outwei h the costs, many benefits identified in this analysis were not
quanti ied and their consideration could favor the adoption of this altern-
ative. Also, note that relatively large uncerteinties may be associated with

**
|

the estimates provided in this analysis. >

A DAlternative 3 (modify the revision and proceed with the rulemaking) is
viable, provided that the modifications do not compromise the benefits from 'n'

the revision. Each potential modification identified in the previous section
would result in cost savings but would lessen the consistency of the revision
with the Federal Guidance. Whether the individual modifications should be
adopted depends primarily on subjective considerations of these competing
factors.

xiii
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Alternative 4 (incorporate only those provisions necessery for com>11
ance with the Federal Guidance) may be desirable depending on whether tie

'

associated delay would be acceptable in view of the reduced costs. Of the -

costs identified in the analysis of Alternative 1, only a small fraction
could be avoided by adoption of this alternative. However, this alternative
would avoid many of the potential costs that were not quantified. Essenti-
ally all of the primary benefits associated with Alternative 1 would also be
realized by adoption of Alternative 4.

IMPLEMENTATION

Alternative 1: Revise Part 20 as Planned

Considering that NRC planning has been based on adoption of this alter-
native Alternative 1, if impionented, would probably result in. publication
of the final rule by December 31, 1988. The NRC would also allow a 5-year
in)1ementation period retroactive to the date that the proposed rule was
pu)11shed (January 9,1986). This would effectively allow licensees until
January 9,1991, to implement the provisions of the revision.. Granting a
longer period of implementation, e.g., 5 years from-the date-the final rule
is published, would allow licensees to defer the costs of implementation. A
longer period of implementation would also provide the NRC with more time to
develop and publish regulatory guides in support of the revised rule.

Alternative 3: Modify the Revision'and Proceed with the Rulemakino
,

If implemented, the preferred approach would be to identify the poten-
tial modifications and perform a separate cost-benefit analysis for each one.
Favorable modifications would be introduced into the revision and unfavorable
modifications'would be dropped from consideration. Because most of the- y'modifications would result in both reduced costs and reduced consistency with

.,'

the Federal Guidance, the decisions to include each modification would
require a comparison of the cost savings-to the. perceived importance of con-
sistency with the Federal Guidance. Upon final modification of the rule, the
rulemaking would proceed and the final rule would be published.' An appropr-
inte implementation period would be granted to licensees, and the NRC would
develop and/or revise the regulatory guides required to support the revised
rule, m

Alternative 4: Incorporate Oniv Those Provisions Necessary for Compliance
with the Federal Guidance

If implemented, this alternative would result-in a major interruption to *

w3the current schedule for revising Part 20. The preferred approach would be
to carefully examine the current revision and eliminate or rewrite the pro- .

visions that are not necessary for complian::e with the Federal Guidance.
,

Those provisions identified as cost-beneficial tut not necessary for com-
pliance with the Federal Guidance should remain in the revision. Once the
appropriate changes are made, the revision could be published in the Federal
Reaister. During this period, the NRC could deytlop and/or revise the
regulatory guides required to support the revised rule.

xiv
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1.0 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) plans to promulgate a com-
plete revision of Title 10, Part 20, Code of Federal Regulations, " Standards
for Protection Against Radiation.' This re) ort presents a cost-benefit
analysis of the revision which can be used )y regulatory authorities tg ,

assess the impact of the revision 6n society. Groups affected by the revis-
ion will be NRC licensees, Agreement State licensees NRC and Agreement State
agencies, the general public, and businesses directly or indirectly related
to the nuclear industry. The following four sections provide a historical
perspective of Part 20 and describe the methodology used in this report to
assess the impact of the revision. ,

1.1 BACKGROUND

Code of Federal Regulations Title 10, Part 20 provides standards for ;

protection of workers and the public against radiation hazards arising out of
activities under licenses issued by the NRC. In addition, these standards

:are used as the basis for the regulations promulgated by the 28 Agreement
States. ,

The current standards are based primarily on the recommendations of '

the International Commission on Radiological Protection (ICRP) published in
1959(ICRP1959). Since that time, 10 CFR Part 20 has undergone numerous
minor revisions, but most of the principles underlying the protection stan- !

dards remain as they were three decades ago. In 1977, the ICRP published a -

new set of recommendations (ICRP 1977). These recommendations were based on
a revised concept of total risk limitation and provided methods for normaliz-
ing risks from doses received by different parts of the body. This concept _

was adopted by)both the National Council on Radiation Protection and Meas-
,

urements (NCRP (NCRP 1987) and the Environmental Protection Agency (EPA)
'

(FR 1987; EPA 1983a; EPA 1983b). If promulgated, the revision of Part 20
would incorporate the ICRP system of dose limitation.

1.2 HISTORY OF PART 20 REVISIONS
,

The NRC's standards for protection against radiation are basicall
unchanged from those first developed by the Atomic Energy Conmission (yAEC) ,

approximately 30 years ago. These standa,Js were based on ICRP recommenda-
tions (ICRP 1959) and reflected the scientific understanding of the effects
of radiation at that time. Since then, Part 20 has undergone numerous sinor z,a .- . .'

~

revisions, but the basic principles underlying the system of dose limitation
have not changed. ;

Soon after the publication of the ICRP reconnendations in ICRP Publica-
tion 26 (ICRP 1977), the NRC in,tiated a nilemaking activity to incorporate
these recommendations into 10 '.FR Part 20. On March 20, 1980, an ' Advance
Notice of Proposed Rulemakino' was published in the Federal Reoister.

|
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In 1982, the NRC prepared a Regulatory Analysis for the most recent4

' version of the planned revision of Part 20. subsequently, the revision
; underwent several iterations until a proposed revision was published in '

| the Federal Reaister on January 9,1986 (Fh 1986). This was a corrected
i version o" the proposed revision first published on December 20, 1985.-

| Announconer,t of a 120-day comment period coincided with publication of the
; proposed revision. * '

,

Upon publication of the proposed revision, a draft backfit analysis to -

comply with Section 50.109 of 10 CTR 50 was requested by the Comeission.
This analysis was developed and published for public comment on August 29,
1986. Coincident with publication of the backfit analysis, tne pualic com-

| ment period on the proposed revision was extended to October 31 1986. This
; provioed a 250-day comment period on the proposed revision, including a
j 60-day joint comment period on the proposed revision and the backfit analy. >

sis. A total of 813 comments were received during the 250-day comment>

period.
.

4

Based primarily on analysis of the comments on the proposed rule, the. '

NRC performed further iterations of the revision until December 4,1987, when
the final rule language was approved by an NRC Steering Committee. Several',

changes-to the rule were made after that date. The analysis provided in this
report is based on the May 19, 1988, wording of the rule. Although further,

changes to the wording might occur before the Cosmission decides whether to
promulgate the revised ru e, any such changes should not affect the conclus-:

] ions o" this report.
.

1.3 PURPOSE OF REVISION

The primary purpose of revising Part 20 is to incorporate the basic n.w
principles of ICRP Publication 26, which were endorsed by the EPA in its

[ Federal Radiation Protection Guidance (FR 1987). Under the current Part 20,
i the quarterly whole-body dose limit applies only to external doses. Internal

doses are subject to separate limits based on the dose to critical organs.
| Under the revised Part 20, external doses and internal doses would be summed

to demonstrate compliance with the annual whole-body dose limit. This system
of dose limitation is consistent with current ICRP and NCRP recommendations
on protection of both workers and the public from ionizing radiation (ICRP N
1977; NCRP 10"), and is-also consistent with the Radiation Protection Gui-
dance to Federal Agencies for Occupational Exposure, signed by the President
(FR1987).

'The revised Part 20 would also incorporate other recommendations of the #%
ICRP NCRP and EPA. Under the current Part 20, workers are allowed to
recelve an, external whole-body dose of 3 res per quarter, provided that their v
average annual dose after the age of 18 does not exceed 5 rom. Considering
that internal doses are not considered in this limit, the potential exists -

for some workers under the current rule to receive doses significantly more
than 12 res per Under the revised Part 20, workers would be limited to
5 rem per year, year.except under special circumstances when a limit-of 10 rem
could be applied.

1.2 >
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The revised Part 20 would include, for the first time, a dose limit to i

the embryo / fetus of pregnant workers. The ICRP, NCRP, and EPA all recom-
'

mended a limit to the embryo / fetus that is separate and lower than the whole-
body dose limit to adult workers. This )rovision in the revised Part 20
would introduce a limit that is already >eing applied to most radiation
workers in the United States.

The revised Part 20 would correct outdated individual radionuclide
intake limits in the current rule. Because the fundamental principles of
the current ru h are 30 years old, some of the intake limits are no longer
consistent with current scientific knowledge and understanding of the be-
havior of radionuclides in the body. Inconsistencies associated with appli-
cation of the limits would be corrected by the revision, as well.

In general, the revision of Part 20 represents a complete overhaul of
the current rule. The revision would reflect current scientific knowledge of
radiation protection principles and would provide a sound technical basis for
the dose limits. .

1.4 TECHNICAL APPROACH

This report documents a regulatory analysis of the impacts of the revis-
ion of Part 20. The methods and format of the analysis are consistent with

methods for performing value guidelines of the NRC (USNRC 1984) and acceptedboth the regulatory analysis
impact assessments (Heaberlin et al. 1983).

Although this analysis does not provide a backfit analysis consistent with
10 CFR 50.109, the information provided in this report is sufficient for the
development of such an analysis. .

The analysis provided in this report is a cost-benefit analysis of the.ah
revision of Part 20. Only the marginal costs and benefits are identified;
that is, only those costs and benefits that represent additions or reductions
compared to those currently being incurred under the present Part 20 are
considered. The analysis is based on many sources of information, including
a previour regulatory analysis of an earlier version of the revision (USNRC

| 1982), public coments on the regulatory analysis, public comments on the -

proposed rule and backfit analysis, and numerous publications relevant to-
specific provisions of the revision. +

The current plan for implementing the revision is to allow a 5-year
implementation period beginning the day the proposed rule was published
(January 9,1986). Because the final revision is not expected to be pub-
lished until the end of 1988, licensees will have approximately 2 years after e

| publication of the rule to fully implement its provisions. In this report,
all quantified costs and benefits are normalized to January 1,1989. For'

cost estimates obtained from cost information provided in the literature, a
5% per year increase was applied to account for inflation.

Because publication of the proposed rule in 1986 prompted many licensee,
to begin " gearing up" for publication of the final rule, implementation cos'.s
will be distributed over the 5 year implementation period. In many cases,

1.3
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licensees will defer implementation of the rule as long as possible. For
this analysis, present value calculations are based on the assumption that
5%, 5%, 10%, 40%, and 40% of the implementation costs were or will be in-
curred in 1986, 1987, 1988, 1989, and 1990, respectively.

To be consistent with accepted guidance on perfoming value-impact
assessments (Heaberlin et al. 1983), the resources spent to quantify the

; costs and benefits identified in this report were commensurate with their
ex>ected magnitude. As a result, many of the identified impacts have been

nonexistent or unimportant to individual licensees;y that tie impacts arerather, impacts labeled
laseled " negligible." This is not intended to impl|

" negligible" are assumed to have no significant impact on the results of this
analysis.

1.5 CONTENTS OF THIS REPORT

The Executive Sumary sumarizes the analysis in a format consistent*

with the regulatory analysis guidelines of the NRC (USNRC 1984). Section 2.0
compares the current Part 20 with the Part 20 revision to briefly familiarize
the reader with the important changes introduced in the revision. Sec-
tion 3.0 presents the consequences of the revised dose evaluation require-
ments, including both external and internal dose evaluation. Section 4.0
presents the consequences of the revised dose limits, and Section 5.0 pre-
sents the consequences of other changes to Part 20. In Section 6.0, con-
sequences of the revision that are not related to specific provisions are

described,isions, tlie costs that will be incurred by NRC to in)1ement andincluding the costs associated with personnel training and pro-
.

cedure rev
enforce the revision, and the impact of the revision on small ausinesses. ",
Section 7.0 discusses the important benefits from revising Part 20. Although
most of these benefits cannot be quantified, they are presented in sufficient ,..

detail in this report so that the appropriate authorities can evaluate their
significance with respect to the associated costs of the revision. Finally,
Section 8.0 sumarizes the costs and benefits associated with the revision.

As discussed in Section 1.2, the revision of Part 20 has undergone
numerous iterations. In this report, the following definitions apply. The
proposed rule is defined as the rule published for public coment on January
9,1986(FR1986). It may also be referred to as "the proposed revision" or -

"the proposed Part 20." The current rule is defined as the rule present in
the Code of Federal Regulations as of January 1,1988. The current rule,

' may also be referred to as "the present rule", "the current (or present)
Part 20", or "the current (or present) regulations.' The revised rule is
defined as the current version of the planned revision, as of May 19, 1988. '

o
The revised rule may also be referred to as "the revised Part 20", "the!

revision of Part 20", or simply 'the revision." -

.
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2.0 COMPARISON OF PRESENT PART 20 WITH PART 20 REVISION
|

The revision of Part 20 will involve chan es to most sections of the
present rule. Also, the revision will result n either the addition or dele-

|tion of certain sections. Some of the changes are major and are expected to
impact licensees significantly. Other changes, however, are relatively, minor.,

and are ex3ected to have little or no im>act. Sections 2.1 through 2.4 below
describe c1anges to the rule that are licely to have significant impacts., ,

Section 2.5,110 wever, describes changes that are expected to have less sig-i

nificant impacts. Changes expected to have little or no impact are not>

discussed. .

2.1 St# NARY OF SIGNIFICANT CHANGES REGARDING INTERNAL DOSE ASSESSMENT

The primary purpose for revising Part 20 is to incorporate the current
ICRP system of dose limitation (ICRP 1977) as adopted by the EPA (FR 1987).-

Basic to this system is the concept that both internal and external doses
should be summed to detemine relative risk. As a result, the revised Part
20 requires assessment of internal doses and sumation of internal and
external doses to determine the total effective dose equivalents, a measure
of total health risk to individuals. The present Part 20 does not require ,

;
sumation of internal and external doses.

An in)o'rtant consideration for this analysis is that under the revised
Part 20, t1e sumation requirement might result in increased whole body
dose equivalents being recorded com)ared to the external whole body doses -

currently being recorded even thoug1 the actual dose (risk) to the worker
remains the same. Because this increase in ret.orded dose would be a result
of changin; teminology rather than an actual increase in risk, no impact ~ s. ,"
regarding |1ealth effects is associated with this, change.

'
-

.

2.1.1 Section 20.202: Compliar.ce with Requirements for Sumation of
Internal and External Exposures

|

The present Part 20 does not require summation of external and internal . , ,

doses. In the revised rule, Section 20.202 specifies when and how a licensee
must consider intakes of radionuclides in determination of total effective ..

dose equivalent.

2.1.2 Section 20.204: Detemination of Internal Exposure
,

This section defines acceptable procedures for determining internal ,y
exposures based on air sampling or bioassay measurements. The revised sec-
tion is more detailed than the analogous section in the present Part 20 y"
bec6use the revised Part 20 requires summation of internal and external
doses.

2.1
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2.1.3 Section 20.502: Conditions Requirino Individual Monitorino of
External and Internal Occupational Dose

The present Part 20 requires monitoring at 25's of the cuarterly limits.
However, Section 20.502 of the revised rule requires indivicual monitoring
for workers who are likely to receive doses in excess of 10% of the
occupational dose limits. This section mandates, in accordance with ,

Section 20.202, that suitable measurements be performed to allow sumation
of internal and external doses. Sumation is required when internal doses
exceed 10% of the applicable annual limits.

2.2 SUlHARY OF SIGNIFICANT CHANGES REGARDING OCCUPATIONAL DOSE LlHITS

This section describes the significant changes in occupational dose
limits in the revised Part 20.

2.2.1 Section 20.201: Occupational Dose Limits for Adults

The present Part 20 specifies a 1.25 rem / quarter limit to the whole
body, head and trunk, active blood-fonning organs, lens of eyes, or gonads.
If the licensee has a record of a worker's exposure history, the worcer may
receive u
exceed 5(p to 3 rem / quarter, provided the worker's lifetime dose does notN-18) rem where N is the worker's age in years. The revised
occupationaldoselimitsforadultsspecifyatotaleffectivedoseequivalent
per year of 5 rem and a limit of 50 rem (sum of deep and comnitted dose
equivalents) for organs or tissues other than the lens of the eye.

The
the eye, present Part 20 specifies limits of 1.25 rem / quarter to the lens of7.5 rem / quarter to the skin, and 18.75 res/ quarter to each of the
extremities. The revised annual limits are 15 rem to the lens of the eye,
50 rem to the skin, and 50 rem to each of the extremities. The definition of
" extremities" in the revision is slightly different than the definition in
the present Part 20.

The present Part 20 also specifies limits for exposure of individuals to
concentrations of radioactive materials in air. The limit can be calculated
from air concentrations listed by radionuclide in Appendix B. The revision,
on the other hand, does not specify such limits because the total effective
dose equivalent limit includes intakes of radionuclides. However, the revis-:

| ion does specify a 10 mg/ week limit for intake of soluble. uranium because of
its chemical toxicity. Limits on intake of other radioaJ.ive materials are
implied by the 5 rem /yr limit on total effective dose equivalent for radia-
tion workers. '

2.2.2 Section 20,206: Planned Special Exposures

This section in the revised rule allows licensees to authorize adult
'

workers to receive doses in excess of the occupational dose limits provided
that certain conditions are met. Although there is no analogous provision
in the
5(N-18)presentPart20,plannedspecialexposureswouldbesimilartotherule in that workers would be allowed to exceed the annual

2.2
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t |
occupational dose limits under certain conditions. If the provision is used,
individual workers could receive double the annual occu

,

for a maximum of 5 years during the worker's lifetime, pational dose limits
l

| 2.2.3 Section 20.208: Dose to an Embryo / Fetus

A limit to the embryo / fetus is not addressed in'the present Part 20.
Under this section in the revised rule, however, the dose to an embryo / fetus
is limited to 0.5 rem. The new rule effectively limits the total effective
dose equivalent of a declared pregnant woman to 0.5 rem during the pregnancy.

practice this limit because it is addressed in both
Most licensees currently (USNRC 1987a) and a staff position paper.a NRC Regulatory Guide

2.3 SUMARY OF SIGNIFICANT CHANGES REGARDING LlHITATION OF DOSE
*

TO THE PUBLIC

Although the present rule only implies limits on dose to the public, the
revised Part 20 would contain explicit limitations on such dose. This sec-
tion describes the new requirements.

2.3.1 Section 20.301: Dose Limits for Individual Members of the Public

In the present Part 20, a whole-body limit of 0.5 rem /yr for each member
of the public is implied but is not explicitly stated. This revised section,
however, limits the total effective dose ecuivalent to individual members of
the public to 0.1 res/yr. The limit incluces doses from all operations by a
licensee, excluding disposal of radioactive material into sanitary sewerage.
The revision allows licensees to apply for authorization to operate up to an a
annual effective dose equivalent of 0.5 rem /yr for individual members of the
public, m
2.3.2 Section 20.302: Compliance with Dose Limits for Individual Members

of the Public

Although the present Part 20 does not include this provision, this
section in the revised rule requires licensees to make measurements, as &
appropriate, to demonstrate compliance with the limits specified in Sec-
tion 20.301. #

2.4 $UMARY OF SIGNIFICANT CHANGES REGARDING RECORDKEEPING AND REPORTING
ROUIREMENTS

4+w
Because the revision to Part 20 includes a revised system of dose

limitation, the information collected by licensees to assess doses will ,4
be more detailed than the information presently collected. As a result,
recording and reporting of this inforsation is expected to be more extensive
than under the present rule.

i
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; 2.4.1 Section 20.1106: Records of Individual Monitorino Results

This section specifies the information that will be required on NRC
,

Form 5. Although the present Part 20 also requires individual monitoring
results to be recorded on NRC Forn 5 more information will be required under

| therevisedruletodemonstratecompliancewithoccupationaldoselimits.

2.4.2 Section 20.1107: Records of Dose to Individual Members of the Public

Although not required in the present Part 20, the revised rule requires
that records shall be maintained to demonstrate compliance with dose limits
for individual members of the public.

'

! 2.4.3 Section 20.1206: Reports of Personnel Monitoring
,

The present Part 20 does not require that individual monitoring reports
be submitted for each individual for whom monitoring was required, but does
recuire certain licensees to submit an annual statistical summary report.,

Uncer Section 20.1206 of the revised rule, however, the same licensees are
required to submit an annual report of the results of individual monitoring
for each individual for whom monitoring was required. In addition, the
revised 10 CFR Part 19 requires that all licensees submit, at least annually,
reports to those individuals describing the de:;es that they received. Cur-
rently, licensees are required to submit reports to individuals only upon
request.

.

2.5 St# NARY OF OTHER CHANGES

2.5.1 Chances Regardino Control of Internal Exposure in Restricted Areas

Subpart H of the revision contains requirements pertaining to respira-
tory protection controls to restrict internal exposure in restricted areas.
Most of the changes that appear in the revision are either editorial or are-
insignificant with respect to cost. ,One exception is Section 20.702, which
states that the licensee shall limit intakes so that the total effective dose
equivalent is maintained ALARA. The present Part 20 discourages deliberate .

internal exposures that are a significant fraction of the dose limits and
does not require that the total effective dose equivalent be maintained as
low as reasonably achievable (ALARA).

2.5.2 gancesRegardinoPrecautionaryProcedures

Most of the changes regarding precautionary procedures are expected to s
have insignificant impacts on licensees with the exception of labeling
requirements. In the revised Appendix C, quantities of most radioactive
materials that will require labeling are higher than the values provided in

,
,

| Appendix C.of the present Part 20.

|
,
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2.5.3 Chances Regardino Waste Disposal

Host of the changes regarding waste disposal requirements are expected'
to have insignificant impacts on licensees. One exception is that the
amounts of specific radionuclides that can be released into sanitary sewerage
have been changed. In most cases, the revised limits are 10 100 times more
restrictive than the present limits. ,

2.5.4 Chances Regardino Recordkeeping Reauirements

Subpart L of the revision contains sections that describe recordkeeping
requirements. The requirements include records of radiation. protection

recordsprograms, records of surveys, records of prior occupational dose
of planned special exposures, records of doses to both individual workers
and individual members of the public, records of waste disposal, and records
of testing entry control devices. Except for the sections that require
records of doses to individual workers and individual members of the public
(discussed in Section 2.4), the changes to the present rule are expected to
have only minor impacts on licensees, in several cases, the sections in the
revision contain more detail than the relevant sections in the present rule.
The impacts of these revised requirements are expected to be minor because
most licensees currently keep records that fulfill the requirements of the
revision. In two other cases (records of radiation protection programs and
records of testing entry control devices), the requirements are new but are
not expected to have a significant cost impact on licensees.

2.5.5 Chances Regarding Reportino Requirements

Subpart M of the revision describes reporting requirements. Except for
Section 20.1206, which was discussed in Section 2.4 of this report, the
reporting requirements pertain to unusual situations such as thefts and over. .

exposures. In these cases, the requirements in the revision are similar to
the requirements in the present Part 20 except for minor changes that either
involve editorial changes or revised definitions of reportable events.
Because reporting of incidents is very infrequent, these changes are expected
to have minimal cost impacts.

r

|
|
1 6

.

2.5



. - . - . - . - - . - - - = - . . . - - _ _ - .- . . - - - . -- . - . .- - . . - -

.

( 3.0 CONSE0VENCES OF REVISED DOSE EVALUATION REQUIREMENTS :

|

The present and proposed dose limits specified in 10 CFR Part 20 are
|

summarized in Table 3.1. In addition to the changes to the limits, the frac.
f

tion of the annual limit at which monitoring is required was effectively
Iowered from 25% to 10% for both internal and external doses. Also, the

i revised annual total dose equivalent limit is based on a weighted fraction
! concept designed to nomalize the risk of adverse health effects from a dose

delivered nonuniformly to the body to the risk from a uniform whole body,

'

The total effective dose equivalent includes the sum of both externaldose.
doses and weighted internal doses when both individually exceed 10% of the
annual limit. The anticipated impacts of these changes are evaluated in the: -

following sections.
*

.

TABLE 3.1. Occupational Dose Limits Specified in the Present
and Revised Part 20

Revised
Present Dose Revised Exposure Annual Dose'

Present Exposure Category Limit, rem Cateoory Limit, rem

.

Whole Body (head and trunk, 3/ quarter Total effective 5

active blood forming organs, S/yr(avg.) dose equivalent

|
orgonads)

| Lens of eyes 5/yr Lens of eyes 15

Hands, foreams, feet 75/yr Extremities 50

and ankles . .au r mWp. .
,

Skin of the whole body 30/yr Skin 50 - "
,

Internal Dose 520 MPC h
/ quarter

Committed Dose Equivalents
'' "

Whole Body 5/yr Committed dose 50
:

15/ equivalent
| Most Organs 30/yr (organs) +

Thyroid yr'

'

ac gt
3.1 EXTERNAL DOSE EVALUATIONS

-

u

and to a lifetime average that is less than 5 res/y doses to 3 res/ quarter nThe present Part 20 limits external whole-bod w
yr efter the age of 18.

Doses to individual organs are not considered in calculations for compitance
with this limit. The revised annual limit of 5 ren includes the summation of

-

external and internal doses if the latter exceed 10% of the annual effective
dose equivalent. limit. The annual limit for extremities was lowered from.
75 to 50 rem and the limit for the skin was raised from 30 to 50 rem.

3.1
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One potential cost associated with reduced external dose limits is
the cost associated with improvements in personnel dosimeters. The most
restrictive exposure limit regarding the sensitivity of personnel dosimeters
is the annual whole body limit of 5 res/yr. Assuming a 1-montL exchange
period, the minimum sensitivity for the dosimeter must be about 40 area
(0.1 x 5000 arem/12 months per year). Under both the current Part 20 and
the revised Part 20, NRC licensees are required to obtain personnel dosfreetry

Accreditation Program (g accreditation from the National Voluntary Laboratory
from a processor holdin

NVLAP). 61though NVLAP does not have a provision for - 4

lower limit of detection, dosimeters used currently can detect a 40 arem
dose. Therefore, no costs are anticipated regarding improvements in dosim- .

etry methods.

Another potential cost is the cost associated with increased monitoring
of workers. Because external doses must be monitored for workers Itkely u -

receive 10% of the revised dose limits in contrast to 25% of the current
, limits, it is possible that increased monitoring will be required at some -

facilities. However, essentially all f acilities current *y monitor whole-body
doses to workers who receive significantly less than 500 arem/yr. The prim-
ary reason for monitoring relatively low doses is not to meet applicable ,

state and federal regulations, but to both detect unsafe working conditions
and protect the facility from litigation by documenting individual doses
(Kelsey, Lanc and Mettler 1984). Therefore, no increased monitoring of ;a

whole-body doses is anticipated from the revised monitoring requirements. -

However, extremity doses are not currently monitored at 10% of the revised
extremity limits in all cases.

.

At nuclear power plants, extremity dose monitoring is not normally
perfomed on a routine basis because extremity doses received during routine a i

operations are generally well below 25% of the current limits (Huggins and .

Watson 1984).. However, considering that the revised monitoring requirement %
is 10% of the revised extremity limits, and that the revised extremity limits-
are 50 res/yr as opposed to 18.75 res/ quarter, some workers who are not cur- m
rently monitored will be monitored under the revised requirements. Based on
a study of hand doses received during 4 months of routine operations at a
typical nuclear power plant (Huggins and Watson 1984), it is estimated that
additional extremity monitoring will be required for an average of 60 person- +h'
months during routine operations per nuclear power plant per year. An addi-
tional 120 person-months /yr during outages is also anticipated. A

i

Increases in extremity monitoring are expected for some other facilit- '

ies, as well. Procedures such as implantatipn of radiotherapy needles at ;

hospitals, elution and activity measurements at nuclear phamacies, and glove
box operations at fuel fabrication facilities cubt result in doses to ad
workers that may require increased extremity monitori.7 under the revised ;

Part 20 (Thind 1987, Harty Reece and MacLellan 1986). It |: estimated that W+'
for 10% of medical facilities, average additional extremity monitoring of -*'

,

12 person-months will be required. The remaining 90% of medical facilities :

are anticipated to incur no increased extremity monitoring costs. Add i-. ' !
*tional extremity monitoring of 24 person months per nuclear pharmacy and,

i 60 person-months per fuel fabrication facility are also estimated. For
,

3.2 |
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t

I

other facilities, increases in extremity monitoring are expected to be rela-
tively insignificant.

Based on the estimates provided above and the data presented in Section
8.1, increased extremity monitoring equivalent to 33,600 person-months /yr is
anticipated in order to comply with the revised requirements. Assuming a.

'

and two dosimeters per
monthly (exchange period (Huggins and Watson 1984)itional dosimeters per yearperson one on a finger of each hand), 67,200 add
will be processed. Based on an estimated cost of $5 per dosimeter, which

,

includes both the cost of evaluation and the cost of recording the evaluated
.

dose information, the impact on NRC and Agreement State licensees is esti-
mated to be $340,000 per year. The present value of these costs is included
in the summaries presented in Sections 3.6 and 8.2..

5

3.2 INTERNAL DOSE EVALUATIONS
,

.

Section 20.103 of the current Part 20 promulgates limits for exposure to
concentrations of radioactive materials in air in restricted areas. Internal
dose is limited by compliance with maximum permissible concentrations (MPC)
of radionuclides in air. These MPC values were established using empirically
derived biokinetic models and the calculated dose to critical organs per unit
of radioactivity inhaled. The critical organs were defined as tiose receiv-
ing the greatest dose and were specific for each radionuclide.

,

Compliance with the regulations is currently demonstrated by comparison
of the exposure limit with the actual 13-week average air concentration and
by appropriate bioassay techniques. Doses do not need to be calculated for
time-weighted exposures less than 2 MPC-h/d or 10 MPC-h/wk. The required
sensitivity level for monitoring potential internal exposures is, therefore, y~ ,

25% of the average weekly intake that would occur during exposure to an air
concentration of one MPC.

The revised Part 20 requires licensees to monitor intakes of radioactive
material for adults likely to receive, in 1 year, an intake in excess of 10%
of the applicable Annual Limits on Intake (Alls). Intakes through wounds or
oral ingestion will be significant for only a small percentage of the worker

: population and will almost always be the result of accidents (unplanned
exposures). The only mode of entry for which monitoring will be routinely'

affected by the changes in the revision is intake by inhalation.

In accordance with the revised Part 20, compliance with the limit on

the sum of the quotients of intakes divided by ALIs to unity, 2) ) limiting theintake by inhalation may be demonstrated in any of three ways: 1 limiting
,

OAC-hours of exposure to 2000, or 3) based on calculations from bioassay
data, limiting the connitted effective dose eouivalents to all organs or
tissues to the annual limit. Detemination of internal exposure, therefore,
requires either bioassay measurements to detemine the uptake of radionu-

.

clides, or air monitoring to determine air concentrations to which workers -

may be exposed.

3.3
,

,
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!

3.2.1 Bioassay

|
Bioassay techniques may be separated into two categories, in vitro and

| in vivo. In vitro techniques estimate uptakes or intakes through analysis of
i excreta faan potentially exposed individuals and application of biokinetic
; models to represent the behavior of radionuclides in the body. In vivo tech-
! niques estimate uptakes or intakes by direct measurement'of photons emitted
| from radioactive material present in,the body. The measurement data are then
' extrapolated to uptakes using biokinetic models. Because intakes as small as
| 10% of an ALI must be included in the total effective dose ecuivalent under

the revised Part 20 requirements, the bioassay technique usec to assess
internal ustakes must have a minimum detectable activity (MDA) at least as

;

small as tse uptake assumed to. follow an intake of.10% of an ALI. .

t

Using published data (Lessard et al. 1987) for excretton and lung reten-,

tion fractions the MDA necessary for detecting an intake of one-tent.1 of an'
i

ALI 30 days following the intake was calculated for a number of comunonly-used |
'

radionuclides (Table 3.2). Thirty: days was assumed to be the minimum meas-
even though longer intervals are

urement-interval for a routine program,lculated MDAs were then compared to
j

radionuclides. The ca
typical for many(AMDAs) listed in draft ANSI Standard N13.30 Performance-acceptable MDAs
Criteria for Radiobioassay (see note "b". to Table 3.2). The AMDAs were

i established as the level expected to be obtainable by a competent counting
laboratory and are not necessarily " acceptable" to meet health physics needsi

; in all situations.

Table 3.2 indicates that for kost radionuclides, an intake of 10% of an
i ALI is detectable 30 days following the intake by either in vitro or in vivo

levels of sensitivity for a few radionuclides (e.g., p possible at current
techniques. However, detection at this level may not

SrandPuisotopes).
If the nuclide-specific MDAs are within the present capabilities of a bio- , ' , .
assay laboratory, implementation of the p'sposed regulations will incur no

~1

additional costs due to sensitivity requirements. If the required MDA is-

below the present sensitivity of the bioassay system, costs will be incurred
either to improve the system sensitivity, increase the frequency of bioassay
measurements, or implement an alternate monitoring system for internal
exposure (air monitoring). e%

3.2.2 Air Monitorino %

Airborne radioactive material can be measured by air sampling and analy-,

sis. A volume of air 'is drawn through a detection device that measures the
radioactivity directly, or through a collection device such as a filter or

'impactor, which removes the radioactive material- from the air for counting.
..

Two general types of air samples can be collected: breathing zone and
general area. -Breathing zone samplers provide a relatively representative ,

sample of the concentration of radioactive material in air breathed by an.
individual, but suffer from limitations regarding sampling rate. Although

3.4
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TABLE 3.2. Annual Limits on Intake of Common Radionuclides Compared to
Detection Capabilities for Urinalysis and in Vivo Coun, ting~

MDA(a)RequiredTo j
'

Detect A 10% All Intake
30 Days Post Exposure' Reauired MDA<AMDA(b)

Nuclide Class ,ALI. sti Urine In vivo Urine In vivo

IC) No3H Vapor BE4 2.5E4 -

I4 NoC D 2E5 1.4E6
---

32 NoP D 9E2 4.2E1 ---
. .

NoW lE2 1.9El --

.

35 No5 0 2E4 1.2E3 --

NoW 2E3 1.8E2 --

45 NoCa W 8E2 3.0E4 --

51 NoCr D SE4 2.8E6 -- ,

W 2E4 5.1E5 9.7E4 No No
.

Y 2E4 1.4E5 1.4E5 No No

54
Mn D 9E2 2.0E2 <1E-3 No Yes

W 8E2 , 2.0E1 7.6E3 No No ;

59 NoFe D 3E2 2.3E3 -- .
'

W SE2 1.0E3 3.2E3 No No

60 No2.0E3Co W 2E2 --

No4.3E2Y 3E1 --

65
Zn Y 3E2 5.3E3 4.0E3 No No

86 'uaNoRb D SE2 9.1E3 --

90 No 'MSr D 2E1 9.0E-1 --

YesY 4E0 6.6E-3 --

99 NoHo D 3E3 1.1E6 --

Y 1E3 1.8E4 1.5E4 No No |
.

*
9%c D 2E5 - - - -

'
125

1 D 6El 2.6E3 1.1E3 No No

I29
1 0 9E0 5.5E2 2.2E2 No No.

131
1 D SE1 2.7E-1 2.4E1 No No

137 4.8E1 No
| Cs D 2E2 - -

i ,

*

3.5
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TABLE 3,t (contd)
'

MDA(a) Required To *

Detect A 10% ALI Intake
30 Days Post Exposure Required MDA<AMDA(b)

Nuclide Class All, sci Urine In Vivo Urine in Vivo
'

144 IC)Ce W 3E1 2.9E2 No'-

Y 1El 6 7El No- -

235
0 0 1E0 1.0E1 <1E-3 Ni Yes

W 8E-1 5.0E0 8.2E0 No No
Y 4E 2 2.5E-1 5.8E-1 No No- -

Nat U(by D 1E0 1.0E1 1.5El No No
234Th) W BE-1 5.0E0 8.2E0 No No

Y SE-2 2.5E-1 7.2E-1 No Yes,

238
Pu W 6E-3 8.0E-6 6.1E-2 Yes Yes

Y 2E-2 1.0E-6 2.9E-1 Yes Yes

241
Am W SE-3 5.0E0 5.1E-2 No No

(a) Units are nCi for in vivo bioassay and nCi/L for all urinalyses except
natural uranium urinalyses (pg/L).

(b) AMDAs specified in draft ANS1 Standard N13.30, Performance Criteria
for Radiobioassay. Draft ANSI Standard M13.30 is available from the -

Executive Secretary, Health Physics Society, 8000 Westpark Drive,
Suite 400, McLean, VA 22102. -

(c) Not applicable.
* w,

.

area air samplers can collect larger air samples, general area air concen-
trations may differ appreciably from the concentration in the breathing zone
of the individual. Uptakes estimated from air samples have an estimated
total uncertainty factor of 5 or more for breathing zone samplers and 20 or
more for area air samplers (Booth, Bronson and Groth 1985). "

Table 3.3 sumarizes the revised changes in air concentration limits for #
a number of connon radionuclides. For those radionuclides not detectable
with current bicassay technology, increased sensitivity is most easily
obtainable through air monitoring. The costs of implementing the revised
limits will, therefore, involve procuring and maintaining additional air

.

monitoring equipment, increasing labor costs for collecting and analyzing air **
samples, and establishing an appropriate perscanel monitoring records system.

.These costs are detailed in Sections 3.3, 3.4, and 3.5. TfF
-

3.6
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TABLE 3.3. Comparison of Part 20 Current and Revised Air
Concentration Limits for Certain Radionuclides

.

air) ,
CAC,

Nuclide @ss sci /mL sci /mL(a) DAC/MPC(air)
, '

'
3H Vapor 2E-5 $E-6(S) 4

j

14
'

C D lt-6 4E-6(S) 0.3

32 D 4E-7 7E-8 5 6
P

i

W 2E-7 8E 8 I 3

35
5 0 7E-6 3E-7(S) 20

W 9E-7 3E-7(!) 3
:

45
Ca W 4E-7 1E-7(!) 4-

51 Cr D 2E-5 1E-5 2

W 1E-5 IE-5 1

Y 8E-6 2E-6 4

54
Mn D 4E-7 4E-7 1

W 3E-7 4E-8 8-

59
Fe D 1E-7 1E-7 1

*

W 2E-7 SE-8 4

60
Co W 7E-8 3E-7(5) 0.2 -

Y 1E-8 9E-9(1) 1 .,,,

Zn Y IE-7 6E-8(!)' 265

86
Rb D 3E-7 3E-7(S)' 1

,

>
.

90Sr D BE-9 1E-9(S) 8
. . ."

Y 2E-9 SE-9(!) 0.4

99
Ho 0 1E-6 7E-7(S) 1

i Y 6E-7 2E-7(I) 3 .-

N ic D 6E-5 4E-5(S) 2
.

"125
1 D 3E-8 SE-9(S) 6-

* ~5129
1 D 4E-9 2E-9(S) 2

I3I I D 2E-8 >E-9(S) 2

I37
Cs D 6E-8 6E-8(S) 1

: .

'

3.7

-- -. - . . . - - ._ .. . . - . . . . , . . . - - , . - .-. .



_ _ - _ _ _ - .-

.

.

TABLE 3.3 (contd)

DAC, 'I II '
Nuclide Class #Ci/mL #Ci/mL(a). DAC/MPC(air) -

:

144
Ce W 1E-8 IE-8(S) 1 ,

Y 6E-9 1E-9(I) 6

235
0 0 6E-10 SE-10 1

W 3E-10 SE-10 0.6
Y 2E-11 1E-10 ,0.2

.

Natural 0 SE-10 1E-10 5
Uranium W 3E-10 1E-10 3

Y 2E-11 1E-10 0.2-
238

Pu W 3E-12 2E-12(S) 2
Y 7E-12 4E-11(I) 0.2

241 '

Am W 2E-12 6E-12(S) 0.3- "

(a) S = soluble, I = insoluble '

.

3.3 POSE EVALUATION COSTS

The principal components of cost-benefit evaluations (value-impact
assessments) of proposed regulatory actions are the attributes that are used
to characterize the conseq'ences of the proposed action. There are twelveu

attributes normally used for NRC value impact assessments (Heaberlin et al. *
1983). These attributes may be categorized as factors affecting public
health, accidental occupational exposure, routine occupational exposure,
offsite property, onsite property, regulatory efficiency, improvements in
knowledge, tndustry implementation, industry operations, NRC development, NRC
implementction, and NRC operations.

.,z

Changes in dose evaluation requirements will not affect actual doses
received by the public, nor the frequency of accidents which could. affect
occupational exposure, nor property damage. The effect of the revised dose
evaluation ret;.irements on routine occupational exposures will be discussed
in Section 3.4. Changes in dose evalu'ation requirements may affect reguia-*

tory efficiency through changes in reporting requirements. This is diraussed -

in St tion 7.3. The changes will.not improve knowledge of accident probabil-. '

ities or consequences. The NRC development costs are sunken costs and are
not considered in the regulatory analysis. The NRC implementation and opera-
tions costs will not be specific for dose evaluation requirements and are
di= cussed in Section 6.3. Discussions in this section will therefore be
liuted to the effect of the revised dose evaluation requirements on indu'stry
implementation and operations costs.

3
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1 In this section, costs are summarized by facility type according to the
facility categories listed in Table 8.1 of this report. For each affected
facility type, the industry implementation and operations costs expected to
be incurred from the revised dose evaluation requirements are estimated.
Costs associated with recordkeeping are discussed separately in Section 3.5.
Cost estimates are not provided for five facility categories (well logging,

and other facilities)y, other measuring systems, research and test reactors,industrial radiograph
because the associated costs are anticipated to be

either zero or insignificant, hsts for these five facility types will be
minimal because significant internal doses are rare and it is not anticipated
that changes to existing procedures will be required from the revised dose
evaluation requirements.

4

Medical Facilities. Potential internal exposures to workers in a hospital
areprimarilylimited'tothenuclearredicinedegrtment. By far the most
common radionuclide used in nuclear medicinc is Tc. In one study it was
estimated that 80% of the patient procedures involve ,Tc (Wiatrowski et al.
1984).

The radiopharsamucals of *Tc are stable in solution and are non-
volatile. If there are 30 mci per patient and 8 patients per day per room
of 10 X 15 X 8 feet with one air change per hour, 1B% of the total dose could
be volatilized without exceeding 10% of the DAC value. With no air changes
(total recirculation), 0.8% of the total dose could be volatilized without
exceeding 10% of the DAC value. The intakes of these radiopharmaceuticals
by workers, therefore, are expected to be less than .the 10% threshold for
monitoring.

Radiciodi a compounds comprise rast of the remaining radionuclides that
are potentialh inhaled at nuclear medicine departments. For all of these ~'

y

compounds, the DAC values ir. the ruision are at least two times higher than
tht. current MPC values. Therefcce,it.onitoring will not be required at lower
levels of intake than are curren'tly required even though monitoring will be
required if intakes are likely to exceed 10% of the applicable ALIs. It is

anticipated, however, that some of these licensees will respond to the re-
vised Part 20 by performing additional monitoring for 1 year to demonstrate ,

compliance. This monitoring will consist of a self-monitoring program by
researcherswhohandleiodine(USNRC1982). Associated cost estimates for a
one-third of the approximately 4800 nuclear medicine departments (i.e., 1600
departments) are $400 each for instrument calibration services and $550 each
for equipment purchases, for a total one-time cost of $1,500,000 (USNRC

~

1982). The remaining two-thirds of the facilities are not anticipated to'

incur costs because they currently do not have quantitative internal exposure
monitoring programs and are not expected to require one based on the revised
regulations. ,

A similar response is anticipated from the research hospitals possessing
a broad license. There are approximately 200 broad-scope research hospitals

with 52,000 potentially(exposed employees, two-thirds of whom are monitoredAssuming a 1-year progr a of quarterlyfor internal exposures USNRC 1982).
internal monitoring to demonstrate that intakes are less than 10% of the
applicable ALIs, that most researchers handle H-3 or P-32 which can be
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evaluated using urinalysis, and that 20% of the researchers would be-sampled
at a cost of $18 per urinalysis (USNRC 1982), the one-time cost would be

,

52,000 X 0.67 X 0.2 X $18 x 4, or $500,000. One whole-body count is also
expected to be needed for 10% of the researchers who received urinalysis in
order to evaluate internal deposition of gama-emitters. The associated cost

0.37 X 0.2 X 0.1 X $200)per whole-body count, is $140,000 (that is, 52,000 X
estimate, assuming $200

-

. ,

The costs to private practitioners of nuclear medicine will be similar .

to those of nonresearch hospitals. Of the approximately 1000 private prac-
tice licensees, one-third were assumed to have quantitative internal exposure
monitoring programs (USNRC 1982). If these 330 facilities :ndergo a self-
monitoring program for 1 year at a cost of $1000 each, the total cost esti- -

mate is $330,000.
,

The current level of monitoring in nuclear pharmacios is sufficient to
satisfy the provisions of the revised regulation. The only additional
efforts would be the conversion of organ burden to dose, which falls under*

the category of recordkeeping (see Section 3.5).

Manufacturino and Distribution Facilities. It was assumed that the facil-
ities involved in the manufacture and distribution of large sources currently
have limited routine monitoring programs for internal exposures. Although

exposuresareprobablylessthan10%ofthelimits, monitoring (wouldhavetobe performed for a year to demonstrate this to the inspectors USNRC1982).
It is estimated that 100 workers in the industry would have to be monitored
at a cost estimated to be $200 per whole-bo'dy count. With an initial count

,

and four quarterly counts the cost for the demonstration program would be
about $100,000.

Facilities involved in the manufacture and distribution of small sources
utilize extensive routine bioassay and air monitoring at numerous locations. 'M
The programs are considerably more extensive'than those exsected to be

,

required under the provisions of the revised Part 20 and s1ould not need to
be upgraded in response to the revision.

Academic /Research Institutions. There are currently about 1500 academic and _
research institutions empl ing 692,000 workers, 14% of whom are monitored.,

| forionizingradiptiog(T ej.3).,Ca, gadigueligs cynly ugd at theseThe #
institutions are H, C, C1, Fe, Co, I, I, and Cs,,

among others. The DAC values in the revision for these radionuclides are an
average of 2.4 times higher than the current MPC values. Considering that
the revised requirement for monitoring intakes is effectively lower by a

: factor of 2.5 than the current requirement, no significant changes in long- .,'
term monitoring practices are expected to be necessary at these facilities. "

**Even though long-term changes are not anticipated, it is expected that
some of these licensees will incur initial costs required to demonstrate
compliance to inspectors (USNRC 1982). Although these costs may not be
necessary based on strict interpretation of the revision, they are included
in this analysis because they are based on anticipated actual responses by
licensees regardless of the necessity of their responses. Based on similar
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assumptions used to estimate these costs for broad-scope medical facilities,
the total initial, costs for academic /research institutions are estimated to
be $940,000 for urinalysis (i.e., 692,000 X 0.14 X 0.67 X 0.2 X 518 X 4)
and $250,000 for whole-body counts (i.e., 692,000 X 0.14 X 0.67 X 0.2 X 0.1
X$200). Increases in long-ters operGion costs are estimated to be
negligible. ,

Fuel Fabrication and Processing Pacilities. As will be discussed in Sec-
tion 3.4.1, the effective dose equivalent to w rkers at fuel fabrication
facilities from radioactive material deposited in the body may currently
equal or, at least at one facility, exceed the effective dose equivalent from
external radiation. The internal exposures at these facilities are thought
to be chronic exposures to Class Y materials..

,

If the proposed DACs are implemented, if chronic exposures continue to
exist at fuel fabrication plants, and, if the margin between the DACs and
actual plant air concentrations will be equal to the present margin between
MPCs and 11 ant conditions, then it may be assumed that the chronic lung bur-
dens of t1e average worker will decrease by a factor of 5, which is the dif-
ference between the revised DAC and current MPC for insoluble (Class Y) uran-
ium. Since the lung burdens at one facility are near the detection limits of
currently available lung counting equipment, a reduction of the lung burdens
by a factor of 5 would result'in lung burdens that are below the detection
limits of currently available lung counting equipment (Booth, Bronson and
Groth 1985; Palmer et al. 1987; Robinson et al. 1986). Booth, Bronson and
Groth (1985) concluded that adequate estimates of intake can be accomplished
with currently available air monitoring equipment, much of which should be
already in place. They also concluded that procedural changes would be
required for changing the method of compliance from one based on lung count-
ing to one based on air monitoring, and estimated these costs to be about
$24,000 per facility (in 1989 dollars). Based on recent information on ope-
rating fuel fabrication facilities, these costs are anticipated to be
incurred by five facilities in this category for a total of $120,000. Al-
though other facilities in this category may incur related costs, they are
assumed to be relatively insignificant for this analysis. Annual operation
costs of $43,000 per facility (Booth, Bronson and Groth 1985) for a total of
$215,000 are also anticipated for additional air sampling equipment.

_

The primary costs in these facilities will involve facility modifica-
tions to reduce existing airborne levels to below the applicable DACs for
uranium. Booth, Bronson and Groth (1985) stated that fuel fabrication facil-
ities may have areas where airborne activities are routinely 25% to 50% of
current MPCs. More recently, it appears that existing fuel fabrication faci-
lities operate with airborne levels that range from 10% to 25% of the MPCs.
Considering that the revised DAC value for Class Y uranium is one-fifth of
the current MPC value, facility modifications might be necessary to provide
adequate safety margins.

Two courses of action are being considered by these facilities: venti-
lation changes and extensive use of glove boxes. One facility has estimated
these costs to be $11.5 million for the ventilation change option and $42
million for the glove box option; the ventilation change option will also
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require an annual maintenance cost of $2 million. Nilson and Malody (1982) '

did not q'uantify the costs but did estimate that it would be millions of
dollars. Although apparently not yet evaluated, it might he possible to-
collect air samples to determine the actual particle s"re distribution at
these facilities; the observed particle size distributions may allow opera-

,

|
tion at current activity levels. There is evidence that such studies would 3

show that some engineering modifications may not be necessary (West, Scatt
andSchultz1979). Licensees may choose not to exercise such an option even
if it is offered due to the difficulties in explaining to the public why air .

| activity concentrations above those pub 1f shed in Part 20 do not ~ pose a hazard
to the workers. -In consideration of these factors and assuming that five'

facilities will be most affected, the total cost estimate is $30,000,000
,

initially ($6 million per facility) and $5,000,000 in annual operation costsi .

! ($1millionperfacility). These estimates are based en the assumption that.
| particle size studies will-render soma modifications unnecessary.

It may be asked whether reductions ' air concentration levels would
be required at fuel fabrication _ plants 1. Mrsissible to base dose
equivalent limits for long-lived radionuclice= on tna annual effective dose

( equivalent rather than the committed effective dose eouivalent. Even with
; the exemption described in Section 20.205.of the proposed revision, it

appears that the facilities would be required to maintain the average air'

concentrationlessthantheDAC[see20.205(b)(2)]. Since the external
contribution to the committed effective dose equivalent is small, on the
average, and even the maximum external dose equivalents do not exceed
approximately 1 rem (which would decrease the allowable air concentration
by ~20%), it seems. that fuel fabrication plants will be required to reduce
their uranium air concentrations irrespective of whether the dose equivalent

| is based on annual effective dose equivalent or committed effective dose-
I equivalent. The maj r question seems to be how much below the DAC the *'

licensee would be required to maintain air concentrations. If the average y"
air concentration is 1 DAC and a worker were to: inhale 1 ALI (the apparent
maximum in either case), the committed effective dose equivalent received is ,

5 rem, which does not allow for external doses to be accrued. If external
doses were received by the worker, then air concentrations would need to be .

reduced below the OAC by corresponding amounts. .In the case of fuel fabrica-
tion plants, it appears that 99% of the workers would not exceed the revised ~w
total effective dose equivalent limit if they inhaled 0.8 ALI. For those
few who would, procedures such as increased local ventilation or the use of m
respirators would serve as sufficient countermeasures.

.

Connercial Power Reactors.- Revised internal exposure provisions are not -
expected to alter internal monitoring programs already in existence at these
plants. These programs greatly exceed the requirements of both the current '

#.and revised Part 20. Those utilities that use air _monitorfag as the sur-
rogate for internal dose will continue to do so, and the calculated doses are ,

so low that it is unlikely that any utility will refine their methods by ",
measuring particle size, solubility fraction, etc. The few facilities that-
use bioassay data for compliance will probably not alter their procedures.
Less than 0.03% of the individuals counted at nuclear power plants between
1978 and 1903 had measured body burdens in excess of 10% of the relevant
ALIs (Booth, Bronson and Groth 1985) and it is unlikely that any utility will
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| discontinue its existing monitoring program. The revised regulation does not
| require breathing zone monitoring for intake monitoring and allows generai
! area sampling. The significant costs associated with the revised dose evalu-

|
ation requirements are related to recordkeeping (see Section 3.5).

#

3.4 DISTRIBUTION OF OCCUPATIONAL DOSES

The revised dose evaluation requirements will result in internal and
external doses being summed to demonstrate compliance with the dose limits.
An important distinction between the current and revised rule is that the
latter requires control of internal exposures as long as the controls
are consistent with maintaining the total effective dose equivalent ALARA.
In contrast, the current rule strongly discourages intakes of radioactive
material by mandating both quarterly and weekly control measures. As a
result, intakes of radioactive materia are currentiv rare at most facilit-
ies. For those facilities where intern'il doses ue significant compared to*

the revised annual dose limit, e.g., fuel fabrication facilities, added con-
trol measures should result in decreased internal dos 2s.

3.4.1 Fuel Fabrication Facilities
In 1984, there were 9379 workers at 11 uranium fuel fabrication plants, '

5947 of whom received measurable external radiation doses. In 1984, the
average measurable dose was about 140 mrem; in 1983 and 1982, the average
measurable radiation doses were 160 arem and 140 mrem, respectively (Brooks
1986). These numbers agree well with the measurable average of 170 arem for

.1980 that wa's reported by Kumazawa, Nelson and Richardson (1984), and the
average annual dose equivalent reported by Booth, Bronson and Groth (1985)
at a single facility. Brooks (1986) reported that for fuel fabrication . , , N.

.

plants, 99% of the external dose equivalents were less than 1.5 rem in.1982.
and 1983, and that 99% were less than 0.95 rem in 1984. ,

Regarding internal doses, the workers at the facility studied by Booth,
Bronson and Groth g985) were found to have measurable lung burdens ranging
from 60 to 200 pg U. The average of all workers (including those with ..-

~

burdenslessjhanmeasurable)wasfoundtobe47pg. The average body burden
of 47 pg of U will result in an annual effective dose equivalent of 460 - "

,,

mrem and an estimated annual lung dose equivalent of 3900 arem, based on the
assumptionthatthebodyburdensresultedfromchronigexposurestoClassY
aerosols. The maximum observed lung burdens (200 pg U) result in annual
lung dose equivalents of approximately 17 rem /yr and annual effective dose
equivalents of about 2 res/yr. Thus, for at least one facility, the average m~ ~annual effective dose equivalent from internal radiation exceeded that from

'

external radiation. Because these are values for only one facility, extrapo- %
1ation to the entire ~ industry is tenuous.

Lessard et al. (1987) have published tables that indicate the lung
burden at various times after inhalation of uranium- These tables can be.

combined with a continuous inhalation model in order to compute the cumula-
|

tive lung burden following chronic inhalation of urcnium. Calculations
indicate that during chronic inhalation, the lung buroea ~.:h.kly builds and
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essentially levels off at about 15 years; the lung burden increases at a rate ,

of only about 1% per year at 15 years.

Kumazawa, Nelson and Richardson (1984) found that the median age of a
nuclear fuel cycle worker was 35 years. For purposes of this analysis it was
assumed that the average worker began work at 25 years of-age, which resultsi

'

gatotalworktimeofabout10 years. The average lung burden of 47 pg'
U found by Booth, Bronson and Groth (1985) wil

ifthechronicinhelationrateisabout102pg(gbeachievedin10 yearsU)peryear. This annual
intake will result in a counitted dose equivalent to the lung of about '

5.5 rem and a comitted effective dose equivalent of 0.65 rem. This--indi-
cates that the average worker at fuel fabrication facilities receives com-
mitted effective dose equivalents well below 5 ren/yr. *

Considering external-doses, it appears that the average worker receives
about 0.8 rem combined external and comitted effective dose equivalent; the
, internal component is about four times the external component. The only
instance in which fuel fabrication facilities appear not to be already in
compliance with the revised requirements is for those individuals-who receive
the maximal doses, and even then it appears to be a problem only if the
individuals w',o have the largest lung burdens have been exposed for less than
5 years. For a chronic exposure over 5 years, 99% of the workers would have
a total of external radiction dose equivalent and committed effective dose
equivalent that is-<S rem. For those 1% who currently receive doses that
would be unacceptable under the revised Part 20, steps would need to be taken
to reduce intakes, e.g., through the-use of respirators.

t

Although the air concentrations in certain areas of fuel fabrication
facilities exceed the revised DACs, it appears that few individuals would .e
exceed the revised dose limits. Thus, it appears that one or more of the *

following may be true: 1) workers do not sair concentration areas of' the facility, 2) pend all of their time in the high- afgsp !the particle size distribution of ~

the dust precludes lung de?osition of much of the material, or 3) some of the V !

material is more soluble tian anticipated and is removed from the lung with a |,

biological half-life less than'500 days. ~

Calculations based on the data presented above indicate that.a reduction- -M
in airborne levels in all areas of a facility by a factor of 5 would result
in a decreased effective dose equivalent of 520 mres (650 arem X 0,8) for an W,
average worker. Based on five facilities and assuming that 414 workers - . .

receivemeasurabledosesateachofthesefacilities(seeSection8.1),the 7 ""

annual reduction in effective dose equivalent would be 1080 rem. However, in
Section 3.3 as well as in this section it was determined that airborne levels t

,

in some areas of these facilities need not be reduced by a factor of five. %[,

! It is assumed that an average reduction of 2.5 will be observed, for a total 4
| . effective dose equivalent . savings of 540 rea/yr. @%

A
3.4.2 Other Facilities

"Significant internal doses are rare at facilities other than fuel
fabrication facilities. For nuclear power plant workers,; average annual
internal doses are negligible and maximum annual internal doses are a small

L 3.14

I

. . _ . _. _. ._. _ _ _ _ _ _ _ _ . _ _ _ _ _



__ _7_
- ._ _ _ _ . _ _ . _ _ ._. _ _ _ _ _ _ __ _ _ _

|

Traction of the n vised annual total dose equivalent Itait (Booth, Bronson
and Groth 1985). As a result, it is not expected that sumnation of intamal
and external doses will result in added control seasures to ensure that

'workers do not exceed the revised total effective dose equivalent limit
or corresponding administrative limits. This assumption is thought to be
valid for all facilities (except fuel fabrication facilities) because r,ur-
rently most of the significant intakes of radioactive laaterial result from
accidental, not planned, exposures.

Under the current Part 20, most licensees attempt to avoid intakes of
,

|
radionuclides by workers. The current rule emphasizes the limitation of
internal exposures and many licensees feel that compliance is as:ured if
intakes are avoided altogether. Unfortunately, the avoidance of indes of,

radionuclides often leads to increased arternal doses that exceed the
internal doses avoided. This practice 1may cm any not be consistent with the
ALARA principle, depending on both the magnitude of the increase in total
collective dose equivalent and the costs saved by avoiding the assessment and
recording of intakes of radioactive material (Merwin, Brown and Martin 1987).

It is likely that the revised dose evaluation requirements will affect
the distribution of doses to some workers who currently receive negligible
internal doses. Because.the DACs for most radionuclides are higher than the ,

corresponding MPCs, it is anticipated that intakes of radionucl' des will
generally be.more common under the revised Part 20 than under the current .

Part 20. 'This increase will nsult from both decreased controls on airborne
activity and more consistent use of the ALARA philosophy regarding tradeoffs
between internal and external doses.

{ In suunary, the revised dose evaluation requirements may result in
increased internal doses for some workers at facilities other than fuel . _-.

; N"

! fabrication facilities. However, these das*< would be justified by a con-
comitant decrease in external doses and/or a cost savings, e.g., a reduction

|

j in the use of respirators. In other words, the fact that the m vised .
requirements will likely u sult in improved implementation of the ALARA
principle virtually assures a positive impact. Otherwise, licensees could
not justify allowing incnased internal doses. Thir potential impact is

,

discussed further in Section 5.1.
m

3.5 RECORDKEEPIE

The revised dose evaluation mqui,- Js, in combination with the
revised recordkeeping requirements, will result in substantial costs to ,'

licensees who have extensive internal dosimetry programs. These costs are
estimated in this section. Recordkeeping costs not associated with the

'

revised dose evaluation requirements are estimated in Section 5.4.
,

| The current Part 20 requires that individual dose records be kept for
all personnel for whom monitoring is required. The records are required to
be kept on NRC Form 5-(or equivalent) and at least four separate. entries per
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year are required because the current rule promulgates quarterly dose limits.
Records of surveys and individual monitoring are also required to be,-

maintained.

The revision of Part 20 also requires that individual dose records be
kept for all personnel for whom monitoring was required. ,However, because
individual doses will include ~ internal doses when intakes greater than 10%
of applicable ALIs occurred, more infomation will be required to evaluate
doses. Thus, NRC Form 5 will require more information under the revised

,

rule. For facilities with comprehensive internal dosimetry programs, such ,

as nuclear power plants and fuel fabrication facilities, extensive modifica-
tions to existing dose evaluation procedures will be required. For f acilit-
ies where internal doses are nomally insignificant, increased effort to -,

complete NRC Form 5 should not be required (USNRC 1982).

An extensive study on the dosintry and recordkeeping implications of .

the revision of Part 20 was perf&wd by the Atomic Industrial Forum (AIF) .

-

(Booth, Bronson and Groth 1985). . Additional information on recordkeeping '

costs anticisated from the revisad dose evaluation recuirements were avail-
able from pu)lic connents on the proposed revision anc a report prepared for
the NRC (SEA 1986).

,

>
Costs are anticipated to be incurred by some licensees to develop

3revised recordkee !keeping programs. ping procedures and to implement and operate revised record-Development costs-may include development and approval of |revised procedures. Implementation costs may include modification of'com--
puter programs and data bases and acquisition of additional computer-related :equipment. Operation costs ma !ance, labor, and data review (y include equipment replacement and mainten-Booth, Bronson and Groth 1985). These costs' !

are expected to be incurred at some facilities even though there exists an- *

extremely low frequency of significant internal exposures at the facilities.
;

Some of the costs, therefore, will not be necessary for compliance with the ;
revised Part 20;- rather, the costs will be incurred voluntarily as options-
for demonstrating compliance, i

An extensive study of these costs for nuclear power plants and fuel !fabrication facilities was perfomed (Booth, Bronson and Groth 1985). Upon & !.

review of this study and other applicable information, the cost estimates '

-

from this study were adopted for this analysis. Table 3.4 lists the.appro- !,

priate cost estimates in 1989 dollcrs.
!.

Assuming that.109 nuclear power plants will be operating in the begin- !
ning'of 1989 (ANS 1988), the total development and implementation costs I

incurred by nuclear power plant facilities is estimated to.be $2,700,000 and '

;

$9,900,000, respectively. The annual operation costs are estimated to be ;

$2,300,000.' It was assumed for this analysis that the number of nuclear ;>

power plants operating after January 1,1989, would remain constant at 109. 'i

i

.I

|

!
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TABLE 3.4. Estimated Costs of Increased Recordkeeping Requirements
Resulting From the Revised Dose Evaluation Requirements

Cost per' Facility (1989 dollars)
Cost Category Nuclear Power Plants Fuel Fabrication

'
Development (initialcost) 25,000 13,900

Implementation (initialcost) 91,000: 67,200 ;

'

Operation.(annualcost) 21.000 9,700'

PresentValue(8) 290,000 157,000

..

(a)Calculatedusingmethodsdescribed'inSection8.2ofthis
report.

Based on five fuel fabrication facilities that will incur most of the
costs of the revision, the total-costs for development and implementation are
estimated to be $70,000 and $336,000 respectively. Total annual operation
costs for these facilities are estimated to be $49,000.

Although significant-internal doses are relatively rare at other facil-
ities, they do exist and health physicists at these facilities will be

: required to evaluate and record the appropriate comitted and total- dose
,-

-

equivalents. Because these instances will be rare, it is assumed that
internal doses will be recorded manually at these facilities when appropri-
ate.- It is estimated that at academic and research facilities and at medical we
facilities, responsible personnel will spend an average of 8 person-hours -

; developing and implementing revised recordkeeping procedures that pertain to J"4!%
.

dose evaluation. Average operation costs of 4' person-hours /yr are antici- .s
' - pated for manual evaluation and recording of information on NRC Form 5.

'

Based on an hourly rate of $25 per health physicist in 1989 dollars (SEA .

1986),-the development costs per facility are ex ected to be $200. Annual
operation' costs are expected to be $100 per faci ity. Based on the number of -

academic /research and medical facilities estimated in Section 8.1, academic / . Mr
!

research facilities are anticipated to incur $310,000 in development costs . ,"1

'and $160,000 in annual operation costs. Medical facilities are anticipated -

to incur development costs of $1,300,000'and annual operation costs of '9"
$650,000.- These estimates include both NRC and Agreement State licensees.

Most other licensees have limited or nonexistent internal dosimetry
programs. Internal doses at these facilities will rarely exceed levels that Ne
must be included in the evaluation of total effective dose equivalent. .Thus, %eno significant recordkeeping costs related to the revised dose evaluation

|- requirements are anticipated for these facilities.
,

s

Because licensees will be required to monitor both external doses And ',

. intakes of radioactive material likely to exceed 10%~of the applicable annual
limits under the revised monitoring requirements, licensees that currently do'

not record doses over 10% of the current limits will have to record external
-doses under the revised requirements and might have to record internal doses

,
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depending on the radionuclide. Because the applicable DACs are higher for i

most radionuclides than the current MPCs, and considering that most licensees.

currently record all measured external and internal doses, the impact on
recordkeeping with regard to an increased number of workers for whom records
will be kept is considered to be negligible for this analysis,

e

3.6 SlM4ARY OF CONSEQUENCES
P

This section sumarizes the consequences of the revised dose evaluation
requirements described in Sections 3.1-3.5. In Table 3.5, the costs are
sumarized by facility category in tenns of both initial and annual costs.
Initial costs include development and implementation costs; annual costs
consist of operational costs. Table 3.5 also summarizes the annual benefits
(reduced doses) from the revised dose evaluation requirements. The impacts
from the revised dose evaluation requirements are anticipated to be neglig-

. ible for facility categories not listed in Table 3.5.

TABLE 3.5. Sumary of Consequences of the Revised
Dose Evaluation Requirements

Net Present
Value of Value of

Initial Annual Annual Doge Costs and
Facility C'ategory Cost, $ Cost, $ Savinos,$la) Benefits,$(b)

.

Medical 3,800,000 730,000 negligible 9,700,000-

.

Manufacturing and
Distribution 100,000 54,000 negli,gible 560,000-

,.

Academic /Research
Institutions 1,500,000 160,000 negligible 2,700,000-

Fuel Fabrication
and Processing 31,000,000 5,300,000 540,000 - 69,000,000 e

Comercial Power ae
fleactors 13,000,000 2,500,000 neolioible - 33,000,000

Total (c) 49,000,000 8,700,000 540,000 -115,000,000
,

(a) Based on a value of $1000/ person-rem. *|
(b) Calculated using methods described in Sections 8.2 and 8.3 of this~

report. The 9
rate of 10% (present values are based on 1989 dollars, a discountapplied to all costs and benefits), and a 30-year 9
period. A negative sign indicates a negative impact. |

(c) Throughout this report there may be minor variations in summed
values because of rounding.

~
.
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It is probable that some of the costs that will be incurred by licensees
in response to the promulgation of 10 CFR Part 20 will not be necessary for
compliance with the revision. For example, because few workers at nuclear
power plants currently receive doses greater than 10% of the applicable DACs,
sunnation of external and internal doses will be required in only a small
number of cases. It follows that some of the estimated costs of increased
recordkeeping(requirements resulting from the revised dose evaluationsee Table 3.4) could be avoided if optimal compliance with therequirements

- revision is achieved. An estimate of the costs of the revision based on
optimal compliance is included in the sensitivity analysis provided in Sec-
tion 8.4.

.
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4.0 CONSEQUENCES OF REVISED LIMITS

The revision of Part 20 contains changes to most of the current dose
limits. These include occupational whole-body dose limits and separate
limits for the eyes, extremities, skin, and individual organs. In addition,
the revised Part 20 contains dose limits for the embryo / fetus and for indi-
vidual members of the public; neither of these limits exists in the current
Part 20. The consequences of the revised limits are presented below.'

|

4.1 -OCCUPATIONAL DOSE LIMITS FOR ADblTS
4

The~present occupational dose limits for adults are 1.25 res/ quarter to
the whole-body, head and trunk; active blood-foming organs, lens of eyes, or
gonads; 18.75 cem/ quarter for hands and forearms or feet and ankles; and
7.5 res/ quarter for skin of the whole body. ' A licensee may, however, r,ermit

,a wor er to receive whole-body doses up to 3 res/ quarter, provided that thek
worker's average dose to the whole body after the age of eighteen does not
exceed 5 res/yr. Inhalations of radioactive material per quarter are limited
to the amount that would be inhaled by a worker present for 520 hourt at the
air concentrations listed in Appendix B. Table 1. -

The revised occupational dose limits are a total effective dose equiva-

-eye of 50 rem /yr, a dose to any organ or tissue other than the lens of the
'

lent of 5 res/ -

yr, an eye dose equivalent of 15 res/yr, and a shallow dcse
equivalent of 50 rem /yr to each of the extremities and to the skin. Planned
special exposures exceeding the annual limits are allowed, providing there is- %St

justification (see Section 4.2). A comparison of the current and revised
limits was presented in Table 3.1.. PO
4.1.1 Whole-Body Dose Eauivalent Limits '

As discussed in Section 3.0, there are significant differences in the
dosimetric principles that fom the basis for the two-sets of limits. Under
the present Part 20, whole-body dose limits are based only on external doses. ~ 4m
Internal doses are subject to separate. controls on intake. Under the revised .*limits, however, external and internal doses:are sunced-to detemine the '

total-effective dose equivalent. Weighting factors are applied to internal
'

i doses de>ending on the critical organ (s) for the radionuclides of concern to
equate t1e risk to that from a whole-body exposure.;

In this section, the costs and benefits associated with revising the M
whole-body' dose limits are presented. Although it is difficult to compare

|.- the two dose limits because they are based on different methodologies for *
evaluating doses, very few workers currently receive both internal and

', external doses that approach the separate limits under the current Part.20.
(It is assumed in this section that workers who were reported to receive
whole-body doses approaching or exceeding 5 rem did not receive significant;

internal doses. The few cases where this assumption does not apply were
discussed in Section 3.4).

| 4.1
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Number of Workers Who Receive High Doses

Certain licensees are currently required under Part 20.407 to submit
an annual statistical sumary report of whole-body doses received by indi-
viduals for whom monitoring was required. The reports list the number.of

,

individuals who received doses in any of eighteen dose ranges. The data in
these reports are periodically compiled and analyzed by the NRC. To assess
the impact of the revision, sumary information on the relatively high doses
received by individuals at NRC-licensed facilities was reviewed. Table 4.1 -

lists selected data for the year 1984 for the seven categories of licensees
required to submit annual sumary reports (Brooks 1986).

.

TABLE 4.1. Doses Received by Licensee Employees in 1984

Averaga Dose No. of Employees
No. of Equivalent per Receiving Doses

,

No. of Employees Employee 4 rem or Greater '

Facility Type Licensees Monitored Monitored, rem 4-5 rem >5 rem

Industrial
Radiography 361 8,458 0.30 24 13

Hanufacturing and ,

Distribution 38 5,009 0.13 1 0

High-Level Waste
0 0Repository 0 0 ----

Low Level Waste
Disposal 2 925 0.08 0 0 w.

Independent
| Fuel Storage 1 32 0.41 0 0

Fuel Fabrication
and Processing 14 9,488 0.09 0 0

Comercial Power
Reactors 88 170,928 _0.32 380 g

Total 504 194.840 0.30 405 24

.

.

Similar data for licensee categories other than the seven presented
in Table 4.1 were not available for the year 1984 because licensees in other 2

categories were not required to submit annual reports of occupational expos-
ures. However, data for other categories of licensees were compiled for
exposures occurring in 1979 (Brooks, Mcdonald and Richardson 1982). Selected

| data from that report are presented in Table 4.2.
,
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TABLE 4.2. Number of Licensee Employees Reported to Have Received
i Doses Approaching or Exceeding 5 rem in 1979

| No. of Employees

| Receiving Doses of
No. of Employees' 4 rem or Greater ,

Facility Category Monitored 4-5 res >5 rem

Academic 24,639 .1' 1

Medical 64,057 21 29

Marketing - 11,037 31 21

|'
Industrial Radiography 11,969 34 24

Research and Development 18,663 4 1

NOther Byproduct Materia 1 - .27,335. 9 22

Uranium Milling / Production 3,508 0 0

Fuel Fabrication and Processing 9,946 0 0

Other Special Nuclear Material 7,562 0 0

Research and Test Reactors 3,003 0 0.

-Power Reactors 106.445 All 130

| Total - 288,164 577 228

(a) Includes well logging.
; m

Although in some cases'the facility categories are not consistent
between Tables 4.1 to 4.2, analysis of the data from which the tables were

i derived.provides an indication of trends- in dose distributions. Of the'577-

individuals reported to have received occupational doses between 4 and.5 rem'

'in 1979, only 35 (6%) were not employed by licensees categorized as facil-
ities belonging to one of the seven types listed in Table 4.1. Of these 35
individuals, 30 were employed at either a medical facility or a well logging *facility. The. remaining 5 individuals were employed at other types of facil-
ities. Similarly, of the 228 individuals reported to have received occupa-
tional doses greater than 5 rem in 1979, 53 (23%)-were not employed by

,

'

- licensees categorized as facilities belonging to one of the types listed in
Table 4.1. Of these 53 individuals, 46 were employed at either a medical
facility or a wel1~ logging facility. The remaining 7 individuals were A

i

| employed at other types of facilities.
a

The number of workers reported by licensies to have received doses in
,

the various dose ranges does not reflect the actual distribution of doses'
'

received because of multiple reporting of trnnsient Peoporary) workers who
worked at more than one facility during a yeir. Transient workers are often
employed .at nuclear power facilities for reistively brief periods, princi-
pally during plant outages or during specia' maintenance activities (Lawrence
et al. 1984). Because a facility is required to report only those doses

4.3
|
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received at that facility, a sumation of these reports results in transient
workers being counted two or more times in relatively low dose ranges; such
a practice does not reflect the doses actually received by these individuals
during the year. However, their actual annual doses can be determined by
compiling termination reports. When a transient worker terminates employment
at a facility, a termination report indicating the dose received by that

| worker during employment at that facility is reported to the NRC as requined
' under the present Part 20. Although termination reports are required to be

submitted by all seven categories of licensees listed in Table 4.1, more than .

95% of termination reports are 'iled by conrnercial nuclear power facilitiesI

i (Brooks 1986).
|

| Analysis of the termination reports submitted by nuclear power facil-
ities indicates that from 1977 through 1984, multiple reporting of transient
workers accounted for an underestimate of the number of workers who were
reported to have received annual doses greater than 5 rem. The actual total
was from 50 to 80 workers per year higher (Brooks 1986). Although this
number applies only to transient workers employed at nuclear power plants,
it was assumed that relatively few transient workers at other facilities
received doses >5 rem during this period because more than 95% of transient
worker reports were filed by nuclear power plants. In addition, the nature
of the work performed during outages at nuclear power plants suggests that
doses >5 rem /yr are most likely to be incurred by transient workers employed
at nuclear power plants rather than transient workers employed elsewhere.

Using these adjusted dose estimates for transient workers at comercial
power reactors, the actual number of workers who received annual doses s5 rem
was derived for the years 1979 and 1984. The results are presented in
Table 4.3. For 1984, the data for well logging, medical, and other facilit-
ies were extrapolated from the 1979 data assuming a reduction in numbers
consistent with the reduction observed for industrial radiography facilities. #',

Extrapolation was necessary because 1979 was the last year that data were1
'

| compiled for facilities other than those required to submit annual sumary
reports.

The data in Table 4.3 suggest that the number of licensee workers who
received annual doses >5 rem dropped significantly from 1979 to 1984. In sw-
1979, 180 nuclear power plant worcers received doses >5 rem, 130 (72%) of
whom were reported by facilities on the annual statistical sumary report 4
form. The remaining 28% were transient workers reported by two or more
facilities during the year. In 1984, 110 workers received >5 rem, none of
whom were reported on the annual statistical sumary report forms, i.e., all
of whom were transient workers.

h ,|
Exposure data for the years 1985 and 1986 suggest that doses received by

workers in the nuclear power plant industry dropped dramatically during those @itwo years. In 1985, collective doses received by nuclear power plant workers f
were 20% lower than the collective doses received in 1984 (Ryan 1986). Com-
pared to the reduction in collective doses observed in previous years, the
20% reduction in collective doses in 1985 was unprecedented. Since 1973, the
greatest single-year reduction in collective dose equivalent received by

4.4
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TABLE 4.3. Adjusted Number of Employees Who Received
Doses >5 res in 1979 and 1984

No. of Employees Who
Facility Type Received >5 rem

1979 1984 ,
;

Industrial Radiography 24 13 )
Medical 29 16

Well Logging 17 9

Comercial Power Reactors 180 110(a)
'

All Others 7 5

Total 257 153
.

(a) Estimate based on discussions with firms providing
contract personnel (Brooks 1986).

nuclear power plant employees had been 4%. As in 1984, no worker at any one
nuclear power facility received >5 rem in 1985.

In 1986, the total collective dose equivalent was lower than the 1985
level. Also in 1986, the average dose per worker reached the lowest level
ever reported for the U.S. nuclear power industry (USNRC 1987b). For the

.

*-third consecutive year, no worker received a dose >5 rem while at any one
facility. yy

The recent dramatic decreases in collective' dose equivalents, average
individual dose equivalents, and number of workers who received >5 rem per
year is not likely to be a short-lived phenomenon. Some of this change is
attributable to an increased emphasis by the Institute of Nuclear Power Oper-
ations (INPO) on keeping doses low (Ryan 1985). INP0, an organization
established in 1979 to promote the highest levels of safety and excellence
in the nuclear industry, has recognized low personnel radiation exposures ' . %
as one indicator of high plant perfomance (Pate 1986). Combined with NRC ~ * ' '-

efforts to promote the ALARA concept, efforts by INP0 to reduce individual
and collectiv; 'adiation doses throughout the nuclear industry have been
successful.

1
'

Several other factors may have contributed to the recent reduction in '

doses to workers at both nuclear power plants and other NRC-licensed facilit- .

ies. First, for most of this decade, NRC has been moving toward a revision
of Part 20 that includes a 5-rem annual limit. Second, the concept of ALARA
has been emphasized by essentially all influential organizations, including
the NRC. Many' facilities haya responded by both reducing the collective
doses incurred at the facilities and by reducing the number of workers to
zero who are receiving an annual dose >5 rem. These two factors have contri-
buted to the practice by all nuclear power plants to establish administrative

4.5
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limits that are <5 rem /yr. Finally, post-Three Mile Island modifications
that involved high doses have now been completed (Ryan 1985).

Direct Implications of Revised Occupational Limits

it is evident from the data presented in the preceding section that the
number of licensee workers who receive annual doses >5 rem is small and,is
continually decreasing. Based on the trends indicated by recent exposure
data, it is estimated that the revised whole-body dose limit will reduce from .

50 to zero the number of workers at Mclear power plants who will receive
planned annual doses >5 rem. This estimate does not consider the use of the
planned special exposure provision, which is discussed in Section 4.2; nor
does it consider gradual implementation of the revision. .

Because the workers affected by the revised limits will primarily be
temporary workers, licensees will selectively hire temporary workers whose

_

total annual doses from all employers are not approaching the dose limits.
' This is not expected to result in a change in the total collective dose

equivalents received at the facilities, nor is it expected that significant
costs will be incurred by licensees, because only 50 workers per year would
be expected to receive annual doses >5 rem if the revised Part 20 were not
promulgated. This is a very small percentage of the contractor work force,
and licensees are not anticipated to experience a shortage of qualified
workers in the foreseeable future (NESP 1980). The only significant cost
associated with nuclear power plant facilities is that some workers will not
be eligible for some jobs within the nuclear industry for portions of a year
because their total annual doses from all employers will be near administra- .

tive or NRC dose limits. No attempt was made in this analysis to quantify
these costs.

No impact from the revised limit is anticipated with regard to reducing ,+annual doses below 5 rem to workers at facilities'other than nuclear power
plants. Table 4.3 indicated that in 1984, 43 non-power-plant workers were
exposed to doses >5 rem. Of these, 16 were employed at medical facilities
(hospitals) and it is likely that similar exposures in 1989 would not be
planned, with or without promulgation of the revised Part 20. Twenty-two of,

I the 43 workers were employed by either well logging or industrial radiography
facilities. It is estimated that by 1989, only a few such workers per year'

would receive annual doses >5 rem if the revised Part 20 were not promul- ,

, gated. This estimate considers the continuing overall reduction in rela-
| tively high doses throughout the nuclear industry as a result of emphasis on

ALARA )ractices. For similar reasons, the five individual doses >5 rem in;

1984 t1at were reported by other facilities would not be expected to occur '

in 1989. ,

Indirect Implications of Revised Occupational Limits

An important effect of the revised occupational whole-body dose limit,

| will be to reduce the administrative limits at some facilities. An admin-
| istrative limit is a self-imposed limit set by a facility to provide a safety

margin to ensure that the NRC limits are not exceeded. As stated previously
in this section, nuclear power plants currently do not intentionally allow

i
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workers to receive whole-body doses greater than 5 rem /yr. To assure this,|

the administrative limits at the plants are set lower than 5 res/yr. Annual:
! administrative limits are common at many plants, as are quarterly and/or

weekly administrative limits (either in addition to or instead of annual;

administrative limits) (Pelletier and Voilleque 1979). It is expected that'

a minor reduction in administrative limits will occur at some nuclear power
plants in res1onse to the revision of Part 20, resulting in hiring about 20
permanent worcers for radiation areas who will lessen the burden on similar
' workers approaching the plant administrative limits. Although this will
likely result in a decrease in efficiency for performance of some work, the
anticipated slight increase in collective dose equivalent is. considered
negligible for this analysis,

b

It is likely that other facilities will reduce their administrative
dose limits in response to the revised whole-body dose limits in Part 20~.
However, Table 4.1 indicated that few employees other than those at nuclear
power )lants receive doses >4 rem. Therefore, the impact of the revised
whole-)ody dose limit with regard to lowered administrative limits is
estimated to be negligible for facilities other than nuclear power plants.

Before the estimated impact of the revised whole-body dose limits can
be quantified, two important factors must be considered. First, as stated %

previously, the number of workers who have received doses approaching or
exceeding 5. rect /yr has decreased dracatically in recent years. It is likely

that this trend will continue regardless of the limits specified in Part 20.
However, because of the difficulty in estimating the rate of decrease, it is
estimated that the work force in the nuclear industry will be permanently
increased by 20 workers to ensure that administrative dose limits are not,

exceeded. This consideration partially accounts for the probability thati

some of the decrease in individual doses already observed may be directly g' p"
attributable to license.e pre-planning in anticipation of the revised limits. -

The second important consideration in assessing the impact of the
revised limits is that the implementation period for the revision is 5 years
from the date the proposed revision was pu)11shed (January 9, 1986). If

licensees make use of this implementation period, costs could be deferred, -
,

resulting in a reduced present value of the costs of the revision. The
method used in this report for calculating present values is described in #.-

Section 8.2.

Statement of Impact
.

The estimated impact of the revised whole-body occupational dose limit ' m,

on NRC licensees is expected to be limited to the costs associated with hir-
ing additional permanent workers at nuclear power plants. These workers will y''
be hired in order to reduce annual doses to members of the existing workforce
who currently receive doses approaching or exceeding 5 rem /yr. Based on data
presented in this report and an annual cost of $60,000/ worker (SEA 1986),
which includes all costs (labor and overhead) associated with the employment
of the worker, the estimated annual impact of the revised whole-body dose
limits is $1,200,000 in 1989 dollars. A one-time marginal cost of $280,000
is also estimated for hiring 20 workers at a cost of $14,000/ worker in 1989

4.7
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dollars (Vallario et al. 1985). No other attributes are expected to be
significantly affected:by the revised whole body dose limit.

4.1.2- Other Limits and Their Consecuences

In addition to the revised whole-body dose limit, the. revision of
Part 20 includes revised dose limits for the eyes, extremities, skin, and,
individual organs. The revised limits for the eyes and skin allow higher
annual doses than are allowed by the present limits. :The revised limit for >

the extremities is lower than the present limit;- however, the revised rule
clearly states that the limit is applicable to individual extremities. In
contrast, the current rule does not specify that the limit is applicable to
individual extremities. Finally, the dose limit to individual organs is -

essentially unchanged. However, the use of DACs and ALis to limit the doses
to individual organs will indirectly change the limit on intake of certain
radionuclides. This consequence of the m vised dose evaluation requirements
was discussed in Section 3.4.

Dose limits for the eyes, skin and extremities are intended to prevent
nonstochastic effects to those parts of the body (ICRP 1977, NCRP 1987).
When the dose limit to an individual organ is not determined by the 5-rem
annual limit for the whole-body, the limit to that organ (50 rem /yr)_ is also
intended to prevent nonstochastic effects.

Because nonstochastic effects have a dose threshold, workers should not
suffer from these effects, providinti that their doses are kept below the
limits. Under the current dose limits, no nonstochastic effects have been
observed except when doses much greater than the limits were received from
accidental overexposures. Assuming that the revised dose limits will not
affect the probability of_an accidental overexposure, no impact regarding
occupational health is anticipated from the revised limits.

The revised limits could result in slight impacts on operations costs. -

For example, an increased annual eye dose limit could result in a decreased
use of protective goggles (McGuire, Baker and Vandergrift 1983).- Also, a

-

decreased extremity limit could result-in an increased use of shielding and
gloves. : Depending on the current interpretation of the dose limit to the
skin, however, some individual licensees currentl

-to the skin for limiting dose to the extremities.y choose to adopt the limit-Although the most recent > > -

guidance by NRC states that the dose limit to the skin of the whole body
does not apply to the skin of the hand and forears (USNRC 1983), licensees
do not use consistent methods to determine doses to the skin. Therefors, an
increased dose limit for skin could result-in increased extremity doses.-

,

Although there willilikely be slight impacts on operations costs from
the revised limits, the net impact is estimated to be negligible. Because
the revised limits to the eyes and skin are less restrictive than the current
limits, the costs saved are expected to approximately offset the costs

,

incurred from the more restrictive extremity limits. In addition, previous
case studies have indicated that, except for a few workers, eye, skin, and
extrethity doses have been maintained well below both the current and' revised
limits (USKRC 1982). Increased. .:osts for extremity monitoring, which will

4.8
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result from both reduced limits and reduced doses that require monitoring,
were discussed in Section 3.1.

4.2 PLANNED SPECIAL EXPOSURES
o

Under the planned special exposure provision in the revised Part 20, a
licensee may authorize an adult worker under certain conditions to receive
doses in excess of the prescribed annual limits. This provision may only be
used in an exceptional situation, and the dose received by an individual from
all planned special exposures in a year must not exceed one times the annual
limit. In order to authorize a planned special exposure, a licensee must
first ascertain the doses received from all previous planned special
exposures and unplanned exposures in excess of the annual limits for each

-

individual involved. The total lifetime dose from all planned special
exposures and all doses in excess of the annual limits must not exceed 5
times the annual-limits.

Although the present Part 20 does not include a planned special exposure-

provision, the present "S(N-18)" rule is somewhat similar because, under the
rule, annual doses >5 rem /yr are permitted. An important difference, how-
ever, is that planned special exposures are limited to " exceptional" situa-
tions, whereas the "5(N-18)" rule was essentially unconditional. As a
result, it is expected that fewer individuals will receive annual doses
>5 rem under the revised Part 20 than under the present Part 20.

4.2.1 Use of the Planned Special Exposure Provision

use of the planned special exposure provision for whole-body doses will
be limited primarily to commercial nuclear power f acilities. This is
because, as demonstrated in Section 4.1.1, temporary workers at nuclear power
plants are the only workers at NRC-licensed facilities who currently receive
planned annual doses >5 rem. It is assumed that this would continue in the
future even without implementation of the revised Part 20. As a result,
facilities other than nuclear power plants would have no reason or justifica-
tion for using the planned special exposure provision for whole-body doses.
The few exceptions that might' occur were assumed for this analysis to be
negligible.

i

1

It was estimated that reduced administrative limits based on the revised
'

Part 20 would result in the hiring of 20 additional permanent workers at all
nuclear power plants combined (Section 4.1.1). In addition, it was estimated
that annual individual doses >5 rem would be reduced from 50 to zero once the
revised Part 20 is implemented. This reduction would be realized primarily
through selective hiring of temporary workers. These estimates were made
without consideration of the planned special exposure provision.

Instead of reducing individual doses through increased or selective
hiring, it is possible that licensees will use the planned special expo ~sure ,

provision to authorize annual doses >5 rem in order to reduco expenses. i

However, this possibility is remote because of the conditions of the pro- )
vision. The condition likely to limit the use of the planned special ]

|
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exposure provision is 20.206(a), which states that'the provision can only
be used w1en other alternatives are either " unavailable or impractical."
Because the term " cost-effective" is not included in this condition,
licensees will be likely to use the planned special exposure provision only
when no other reasonable alternative exists.

It is estimated that an average of one nuclear power plant facility per
year will use the planned special exposure provision. One reason for using
the provision could be to avoid a safety hazard that may occur if repairs to
a vital piece of equipment are delayed. Another reason could be to avoid
substantial costs that would be incurred if vital work is delayed. In either
case, the benefits would outweigh the costs. Otherwise, the licensee could
not justify using the planned special ' exposure provision. -

4.2.2 Effect on Distribution of Doses '

,

Use of the planned special exposure provision should result in a,

decrease in collective dose equivalent because alternatives to use of the
provision, such as performance of a job using more workers than are needed,
would be less efficient. Therefore, use of the provision should partially
offset the slight increase in collective dose equivalent anticipated from
the revised whole-body dose equivalent limit. However, because the planned
special exposure provision is anticipated to be used about once per year, the *
effect on doses to workers is assumed to be negligible.

4.2.3 Cost Implications
.

When the planned special exposure provision is used, a cost savings-
associated with its use is virtually assured because of the conditions that e

-must be met before the rule can be implemented. Licensees will be unlikely
to use the provision unless alternatives to its use are significantly less ,%
cost-effective. The associated cost savings could b'e sign < ficant if, for-,

| example, the down time at a nuclear power plant is reduced (the cost of
replacement power averages $400,000 - $500,000 per day during a nuclear power
plant outage). Because the planned special exposure provision is anticipated v
to be used infrequently, no attempt was made in this analysis to quantify the
associated net cost savings. It is assumed, however, that these savings will #_'

partially offset the cost increases associated with the revised whole-body
dose limit. W#

nm
4.3'DOSETOANEMBRYO/ FETUS

The current Part 20 does not provide a limit on dose to the embryo / $m'

fetus of a pregnant worker. Rather, pregnant workers are subject to the same'-
| occupational dose limits as all other adult workers. A 0.5-ren limit is 5%
| practiced at many facilities because of a NRC Regulatory Guide (USNRC 1987a)

''

,

and a staff position paper that address this subject. The revised Part 20
explicitly states that the dose to an embryo / fetus due to occupational
exposure of a declared pregnant worker shall be limited to 0.5 rem during <

the entire pregnancy. The rule also states that efforts shall: he made to
avoid substantial variation above a uniform monthly rate that would satisfy

4.10
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the 0.5-res limit. . By comparison, the NCRP recommends a limit of 0.5 rem:
to the fetus-during the entire pregnancy, and also recommends a limit of
0.05 res/ month once a pregnancy _becomes known (NCRP 1987). Essentially,

,

the revised Part 20 rule is consistent with the NCRP recommendations; how-
| ever, the rule is worded less strongly.

' '

4.3.1 Effect on Distribution of Doses

Because-licensees are currently not required to submit detailed annual
reports of doses received by individuals, it is not possible to precisely
-determine the number of female workers at licensee facilities.who currently
receive doses >0,5 res/yr. However, based on-a comprehensive review of- '

occupational exposure to ionizing radiation in;the United States in the year6

1980 (Kumazawa,. Nelson and Richardson 1984), it is possible to estimate the
effect of the embryo / fetus limit on occupational exposures. In 1980, an

,

| estimated 80% of female workers monitored for exposure to ionizing radiation
were between the ages of 18 and-40. The median age of these women was 27,'

,

28, and 32 for wor (ers in. medicine,.the nuclear fuel cycle, and industry, .

respectively. Approximately 10',000 women were reported to have received
doses'>0.5 rem in 1980. LA distribution of these women by dose range and
industry is presented in Table 4.4, where the data indicate that approxi-
mately 90% of the women who received doses >0.5 rem were employed in

~ *.
. medicine.

There is evidence, however -that-the number of oreanant women who #-
receive annual doses >0.5 rem is small and is decreasing (U5NRC 1982).
Several factors could account for this trend. First, tae NRC published a .- .

revised regulatory guide on prenatal' radiation exposure.in 1975 (USNRC 1975).
which specifies that women assigned to work in a restricted area-should be.
given specific-instruction-regarding prenatal exposure risks to the develop-
ing embryo and fetus.. Women were instructed that they,could request w M.
reatsignment=to nonradiation work if they were pregnant.or expected to be' 'y'soon. Currently, most Itcensees either comply with or go beyond the recom _

,

mendations in this regulatory guide. Two other factors that may contribute'

to this' trend are the emphasis by ICRP (ICRP 1977) and.NCRP -(NCRP 1987) on
limitation of dose to the unborn,--and the trend toward reduced individual g. ,,
doses throughout the nuclear industry -(see Section .4.1.1).1

'

T

"DAlthough few pregnant women currently receive doses >0.5 rem, the
embryo / fetus dose limit in the revised Part 20 and the recent revision of
Regulatory Guide 8.13 (USNRC 1987a)-will result.in a ftrther reduction in the-

.

number of pregnant women who receive doses >0.5 rem. For the reasons dis-- W

cussed in the paragraph above, it is assumed in this report that essentially?
all pregnant women who currently receive doses >0.5 rem do so_ voluntarily. 46

It was estimated that about 7% of female radiation workers in the U.Sl *b
become.pregnantinagivenyear(NCRP1977). Based on the data in Table 4.4 of
and the recent trend toward decreased individual doses, and assuming that
declared-pregnant women will not receive doses >0.5 rem under the new limit,
it is estimated that the doses to 200 pregnant women per year will be reduced

| below 0.5 rem due to the embryo / fetus limit. It is also estimated that an
'

additional 1000 pregnant women per year will receive reduced doses even

4.11
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TABLE 4.4. Number of Women Reported to Have Received
Doses >0.5 ren in 1980,

,
,

Number of Women Employed-
Dose Range, Nuclear Fuel Other

rem Medicine Cycle Industries Total

0.5-1.0 5,902 82 560 6,544'
1.0-2.0 2,191_ 111 236 2,538
2.0-3.0 587 33 68 688.
3.0-4.0 188 19 0 207

'

4.0-5.0 _ 100 0 0 100

Tot'al 8,968 245 864 10,077

though they would not have received doses >0.5 rem had the limit not been
promulgated. This estimate is based on the; assumption that licensees will be
more cautious regarding the exposure of. pregnant women to ionizing radiation
once the limit is promulgated. The total dose reduction for the 1200 preg-
nant women is est N ted to be 300 rem. Because these doses will likely be
distributed to nonpagnant replacement workers in most cases, the net savings
in collective dose is anticipated to be insignificant for workers at licensee
facilities. However, it is estimated that 300 res/yr to fetuses will be
saved by the dose limit. It is assumed that 90% of this dose reduction will
occur at medical facilities and 10% will occur at nuclear power plants.

4.3.2 Cost Implications

Because most licensees voluntarily keep doses to pregnant women below
the limit specified in the Part 20 revision, they have experience in ensuring "

- that declared pregnant workers do not receive doses |>0,5 rem. Most licensees
simply remove pregnant workers from work involving high radiation doses .

(USNRC1982). The costs, therefore are expected to be administrative costs
required to either hire.a replacemen,t worker or reassign a present worker to
the job vacated by the pregnant woman. The average estimated cost per preg-

.

nant worker who is removed from her work is $500. Based on the estimates in
. Section 4.3.1, the total cost to-licensees is expected to be $600,000 per y

year, 90% and 10% of which will be incurred by medical facilities-and nuclear
power plants,.respectively.

4.3.3 Other Considerations
.

Because it will be difficult for licensees to determine in advance which
women wili become pregnant during their employment,_it is possible that some
licensees will selectively hire either men or older women for jobs that
involve relctively high doses. This will limit the career opportunities for
certain women. This phenomenon has already been observed at some facilities,
especially nucicar power plants (USNRC 1982), and it is likely that promul-
gation of the limit will further affect the employment' opportunities to-some

4.12
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I degree for a small number of women. This topic is discussed further in Sec-
tion 7.6.

.

4.4 DOSE LIMIT FOR INDIVIDUM MEMBERS OF THE PUBLIC

The current Part 20 does not explicitly state a dose limit for individ-
ual members of the public, but does state limits of 2 arem in 1 hour and
100 mrem in 7 days, based on continuous presence of an individual in an
unrestricted area. An annual limit of 500 mrem is implied, however, by
w ading in the current rule regarding license applications. A limit of
500 arem/yr is also implied by the limit on releases of radioactive mateial
to unrestricted areas. The present Part 20 also refers to 40 CFR Part 4.0
(EPA 1986a), which specifies much lower dose limits to the public from
nuclear fuel cycle operations. Even though a 500 mree/yr limit is not
]xplicitly stated in the present Part 20, the NRC would not allow licensees
to operate such that this annual dose is exceeded. -

The Part 20 revision explicitly states an annual dose limit of 0.1 rem
to individual members of the public from continuing operations by a licensee.
A licensee may apply for authorization to operate tem)orarily up to an annual
limit of 0.5 rem, in addition to the annual limit, t1e dose in any unre- < s

stricted area is limited to 2 mrem /h (there is no 7-day limit). An addi-
tional rule, requires demonstration of compliance with the dose limits by
either measurement or calculation using approved methods.

4.4.1 Effect on Distribution of Doses

All licensees in the nuclear fuel cycle are constrained by 40 CFR Part
190 (EPA 1986a) to operate such that whole-body doses to individual members ~p.
of the public are less than 25 mres/yr; 40 CFR Part 61 (EPA 1986b) contains a
similar limit for air. emissions for most other NRC licensees. Nuclear power
plants are subject to further release limits in 10 CFR Part 50, Appendix I.
Because of the nature of operations of licensees not affected by 40 CFR Part
190 or 40 CFR Part 61, it is extremely unlikely that any licensee -(NRC or
Agreement State) currently exceeds the revised 100-arem annual effective dose -@
equivalent limit, except for some medical facilities (see below). For those
licensees in the future who can justify exceeding this limit, the revised we
rule allows for application to operate up to 500 arem/yr, which is the limit
implied in the present Part 20. 4

It is possible that medical facilities where brachy' therapy or radio-
'

imunotherapy procedures are perfonned will be affected by the revised o,,
limits. Many hospitals perfoming brachytherapy have radiation levels out-
side a patient's room exceeding 2 aree/h (Thomadsen et al.1983). In some 9 p"
cases, these facilities must provide shielding or control patient admissions
to ensure that dose rates to neighboring patients do not exceed the limits in ~

Part 20. In many cases, the 100-eree/7-day limit is the spore restrictive
limit because the wording of the rule requires limitation based on continuous "

presence of an individual in an unrestricted area (Thomadsen et al. 1983;
Gittemen and Webster 1984).

4.13
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The revised limits could be both costly and beneficial to these facilit-
ies. The 100-arem annual limit could be restrictive for patients who would.

otherwise remain at the facility for an extended period near.a brachytherapy
room. Conversely, the absence of the 100-eres/7-day limit could allow facil-
ities to control dose rates based.on the less-restrictive 2-ares /h limit.
Based on these opposing factors and detailed-descriptions of the ramifica-, ,

tions of the current dose limits (Gitterman-and Webster 1984), the net impact'

from the revised limits is anticipated to be insignificant for this analysis.
.

4.4.2 Cost Implications

Because licensee operations are not expected to be impacted by the:
revised limit,.no operations costs are anticipated.. However, the. rule' -

requiring demonstration of compliance may involve some added costs. The
magnitude of these costs depends on the interpretation |of the~ rule, which .

,
_ does not provide detailed procedures for how compliance must be demonstrated,

, - nor does it provide details on which licensees are affected by the' rule.
,

Discussions with NRC personnel indicate that the intent of the rule is not to
require increased monitoring of the. environment, but to require licensees to
maintain records showing compliance. -Therefore, no significant costs.other
than recordkeeping costs are anticipated from promulgation of both the
revised limits and the requirement to demonstrate com)11ance. The associated
recordkeeping costs are discussed in Section'5.4 of t11s report.-

-

4.5 SUPNARY OF CONSEQUENCES
.

In this section, the consequences of the revised limits are summarized.
Table 4.5 summarizes these consequences by facility category (as defined w.

- in Section 8.1) and is a compendium of.the consequences identified in
'

Sections 4.1 to 4.4 in this report. The impacts from the' revised limits
are anticipated to be negligible for-facility categories not listed in- D:

Table 4.5. The positive present value of-$10 million listed in the table
indicates that the expected benefit from the dose savings to the embryo / fetus ,

exceeds the costs that will be incurred by licensees to comply with.the z.4revised dose limits.
e.

T '

.

stA

Ufe Y
x.

t
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TABLE 4.5. Summary of Consequences of the Revised Limits

Value of Net Present Value
Initial Annual Annual Oose of Costs and

Facility Category Cost, $ Cost, $ Savinas,$ta) Benefits,$(b)
'

Medical 0 540,000 2,700,000' +19,000,000
Commercial Power

Reactors 280,000 1,300,000 300,000 - 9,000,000

Total 280,000 1,800.000 3,000,000 t10,000,000

(a) Based on a value of $10,000/ fetus-rem.
(b) Calculated using methods described in Sections 8.2 and 8.3 of this

report. The present values are based on 1989 dollars, a discount rate
of 10% (applied to all costs and benefits), and a 30-year period.
A positive sign indicates a positive impact and a negative sign
indicates a negative impact.

.

*
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5.0- CONSE0VENCES OF OTHER CHANGES'

In this section, the consequences of other changes in-the revision are
discussed. These include changes regarding control of internal exaosure in
restricted areas, precautionary procedures, waste disposal, record (eeping

requirements not discussed in Section 3.5, reporting requirements, and
others. These consequences are summarized in Section 5.7,

i

! 5.1 CONTROL OF INTERNAL' EXPOSURE IN RESTRICTED AREAS

Under the present Part 20, in areas of airborne contamination, licensees
| are required to maintain intakes of radioactive materir.1 as low as is reason-

>

ably achievable without regard to external exposures. In many circumstances
this mandates the use of respiratory protective equipment. Under the revised-
Part 20, internal ex)osures are considered a part of the worker's total radi-

-

ation exposure and t1e licensee is required to keep the total effective dose
This pemits the licensee to base ALARA decisions on both| equivalent ALARA.

internal and external exposure rates, and could lead to a long-tem net bene-
~

fit in both collective dose and program costs.

--InformalstudiesatThreeMile-.IslandUnit2-(TMI-2).indicatedanover-when the use of a
all dose say'ings of up to 50% (internal plus external dose) higher doses with. respirator was discontinued (Cardarelli et al.1986). The

-

a respirator were due to loss of productivity-and consequent lengthened work
times.. It is well known that wearing respirators can lead to anxiety, which

'is associated with increased breathing: resistance, increased body tempera- -

tures, decreased cosaunication capabilities, limited vision, and general
| discomfort, all of which reduce work efficiency. A controlled expa C ant Mg!

(Cardarelli et al. 1986) failed to show a statistically signific: a nge in
| work time for a selected task with and without a respirator. :It was observed

"

that due to the. discomfort of the respirator the workers operated faster, but
this would probably not be true during longer, more complex tasks.

Information on accumulated doses is reJily available for the various 44
jobs involving respirator usage;. however, information on present respirator MWusage, job frequency, and air concentrations-by job is not readily available.
Clearly, both cost _ savings:and: dose savings are likely .but the magnitude was '#
difficult to assess accurately without additional;information. If there.

were a 25%' decrease in collective dose due to the greater efficiency from .",

not'using respirators in high-external, low-internal dose rate fields, this
could result in an annual savings of over 600 person-rem during outages @--

(Table 5.1). This is based on collective doses for selected: jobs (Dionne
and Baum 1985) and assumes a 25% decrease in cellective doses for 10% of the %qr

o

outage tasks.

The costs associated with the use of respiratory protection equipment
|

and- track stay times in airborne radioactivity areas) process respirators(i.e., costs of canisters and additional personnel to
were estimated at over

$30,000 per outage week _(Hendrixson, Wagner and Morris 1986). With a typical
plant outage lasting 8 weeks (ANS 1988), the annual cost-savings for the

.

5.1
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TABt.E 5.1. Estimated Collective Dose Equivalent Say hgs During a9 Outage Through Reduce '

Respiratory Usage for Seleci.ed Tasks (3) :

Typical Saving- in
Collective Dose No. of Collective Dose '

Equivalent Annual Reactors Equivalent
Task person-remtb) Frequency (C) Affecteo person-remd)

Assembly / Disassembly Fuel 56 0.67 107 100'

Shuffle

Snubber Inspection and Repair 75 0.6 107 120

; Torus Inspection / Modification 280 0.6 36 151

Repair

In-Service Inspection 68 0.6 107 109

[ SteamGenerator(Test /P1pg) 76 0.5 71 67

; Decontamination 33 0.5 107 44

Reactor Coolant / Circulation 14 0.47 107 18

) Pump Seal Repair
, ,

Total 609'

(a) Data derived from Dionne and Baum (1985).
(b) Collectivedosefortypicalplantbasedonh(EN x D)g

T

where Ng is the number of plants of Type i and D is the average collective d.ne for type 1.
'

i (c) (Estimated fiq;;.,;y of task per outage) X (annual fica _;c.cy of outage [0.67]).
(d) Assumes a 25% reduction in collective dose due to efficiency increases thrregh reduced

respiratory usage for 10% of the outage tasks. ,

| :q ';-
1 .2

.

; 1 A' 4
.
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utility industry would be $1.75 million, counting 0.67 outages u r reactor
per year,109 reactors (ANS 1988), and a 10% reduction in the overall use of
respirators during outages. However, a decrease in the frequency of respira-
tor use will likely result in increased costs for air monitoring, health
physics support, and bioassay measurements (Merwin, Brown and Martin 1987).
Therefore, the net annual cost savings are estimated to be one half of 8
$1,750,000 or $880,000,

t

There are large uncertainties in these estimates, and benefits realized
on other jobs or during routine operation were ignored. The impact on the
non-power reactor segments of the industry were felt to be relatively
insignificant and were not considered further.

.

'

5.2 PRECAUTIONARY PROCEDURES

Precautionary procedures are set forth in Subpart J of the Part 20
revision. These include procedures for labeling containers of radioactive
mater |al, posting caution signs, and handling packages containing radioactive
material.

5.2.1 Labelino Requirements

The reyised rules that address container labeling are essentially the
same as the present rules. In both cases, containers of radioactive material
must be labeled H th caution signs, and the labels must provide information
on the radioactive material present in the containers. Containers are exempt
from the labeling requirement if they contain concentrations or quantities of
radioactive material less than the values tabulated in Appendixes B and C.

The significant differences between the revised and present requirements*

are the exempt quantities provided in Appendix C. The present Appendix C.

lists the exempt quantities of 180 separate radionuclides, whereas the
revised Appendix C lists the exempt quantities et 761 separate radionuclides.
Of the 180 radionuclides listed in the revised Appendix C that are also
listed in the present Appendix C, the exempt quantities in the revision are
unchanged for 93 radionuclides, higher for 79 radionuclides, and lower for
8 radionuclides. Of the 87 exempt quantities that were changed, 76 were
changed by a factor of ten and 11 were changed by a factor of 100.

The current extot quantities of the radionuclides not listed in the
present Appendix C are equal to one of two default values, depending on
whether or not the radionuclide is en alpha emitter. Of the 581 radionu-
clides listed in the revised Appendix C that are not listed in the present
Appendix C, 557 of the revised exempt quantities are equal to, or in most-

cases higher than the current default quantities. Only 24 revised quantities
are lower than the relevant default values listed in the present Appendix C.

Because the Part 20 revision relaxes the tequirement for labeling for-

most radionuclides, there could be a net cost savings from the revised
labeling requirements. However, most of the radionuclides listed in the
revised Appendix C are not comonly found in licensee facilities. For most

5.3
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i A the radionuclides that are coamon, the revised exempt quantities are only
| 9e order of magnitude higher than the.present exempt quantities. Also, it
! .J comon practice to labei containers of radioactive material with appro-
| priate labels regardless of the quantity. The main exception to this

tice occurs for packages containing naturally-occurring radionuclides,prac-'

such
| as thorium and uranium, for which the exempt quantities in Appendix C are

unchanged. As a result, the net benefit from the revised labeling require-
ments 's anticipated to be positive but small. No attempt was made in this
report to quantify the potential benefits nor the potential for increased

f doses to the public. However, a qualitative discussion of the potential
-

;

benefits from the revised labeling requirements is presented in Section 7.7. |

5.2.2 Postino Reautrements *

; The revised posting requirements, which address the t pes of posting
- recuired for rooms containing radioactive material or having specified

raciation dose rates, are essentially equivalent to the current require-
ments. The minor changes are not expected to result in significant cost
impacts.

'

5.2.3 Packace Handlina Reuvirements

These requirements address the receiving, monitoring, and Opuing of
packages containing radioactive material. The changes are relatively minor,

and no significant impacts from the revision are anticipated.

5.3 WASTE DISPOSAL -

,

The revision of Part 20 explicitly permits onsite storage of radioactive
wastes to allow the t>dioactivity to decay. The expense of radioactive waste

disposal and the lack of facilities has forced licensees to segregate, hus,recycle, and compact wastes in an attempt to reduce waste volume and t
costs (Bunker 1985). Moresignificantthancostisthepossibleexclusion

i from commercial low-level waste disposal facilitier which the Low-Level-
; Radioactive Waste Policy Act of 1990 (P.L. 96-573) portends. -This has led to

the building of onsite radwaste storage facilities as an alternative to'

imediate disposal. The NRC issued a generic lettar (USNRC 1981). that pro-,

vides guidance for temporary (5-yr) onsite radwaste storage at power
'

reactors. Temporary onsite storage-is regarded as a contingency that would.

become legalized by the new Part 20. This change will have little impact oni

the industry since facilities are already being built-at medical research
institutions (Masse 1984)andnuclearpowerplants-(RutlandandTuohy1984;

. Keeper,KohlerandandScholz1984). The NRC encourages medical licensees to'

modify their license to store wastes with half-lives up to 100 days for decay
and disposal by conventional means. The value of this change is already
being realized and the cost ~ impact is already being borne by NRC licensees.

.

The only changes regarding waste disposal requirements t~ at are expectedn

to have a significant impact are the revised requirements for ditposal by
release into sanitary sewerage. Although there are some changes in the
wording of the rule, they are relatively insignificant compared to the

|
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changes in the concentration limits listed in Appendix B. Under the current
Part 20, releases to sewers must be in concentrations lower than the valuf s
listed in Appendix B Table 1, Column 2. The limiting concentrations in the
revised Part 20 are listed in Appendix B Table 3. A comparison of the cor-
rent and revised average concentration limits for sewage disposal is pre-
sented in Table 5.2. <

Table 5.2 indicates that for the radionuclides listed, the revised
concentration limits are generally one to two orders of magnitude lower than
the current values. For alpha eM tters, the disparity is often greater than
two orders of magnitude.

It is anticipated that some licensees will be required to take action to'

reduce the concentrations of radionuclides that are released to the sanitary
sewerage system. Based on a review of published data on releases of radionu-
clides by licensees (Ti'Nier and Norden 1986; Cock 1981) and on a review of
numerous NRC inspection reports, it i, concluded that some medical, academic /
research, manufacturing and distribution, and nuclear laundry licensees could
be affected by the revised release limits. Because of the large volumes of
water released bv most major medical and academic /research licensees, the
impact on these licensees should be relatively small. .it is likely, however,
that some manufacturing and distributior and nuclear laundry licensees could
be required to improve filtration systems, increase holdup times, and/or
increase the amount of water released to sewers in order to comply with the
revised limits. Nuclear power plants should not be affected because releases
from these facilities are currently very low in accordance with the require-
ments in 10 CFR 50, Appendix 1. NilsonandMalody(1982)suggestedthagsomefuel fabrication facilities might be iracted by the revised limit for U;
however, the magnitude of this potential impact is uncertain, and may be
smaller than originally anticipated. Because the available data are not ,+
sufficient for a complete evaluation of these potential impacts, the impact
of the revised limits for releases into sanitary sewerage was not quantified
in this analysis; however, the impact on some licensee operations could be
significant.

+ ,3

5.4 RECOR0 KEEPING _ REQUIREMENTS
,y

Subpart L of the revision describes the records required to be kept by
licensees. As discussed in Section 3.5 of this report, the requirements for
recording individual monitoring results will be costly to licensees because
more infomation must be evaluated and recorded than under the present i

Part 20. The recuirement to maintain records of radiation protection pro- ww
grams is includec in the discussion presented in Section 5.6. Changes
regarding other recordkeeping requirements will have relatively insignificant MM
impacts, as described below: '

Records of Surveys. Although the revised requirements are more detailed than
the present requirements, essentially all licensees currently keep records
required by the revised Part 20. Therefore, no significant impact is
anticipated.

5.5
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TABLE 5.2. Current and Revised Average Concentration Limits
for Releases intu Sanitary Sewerage-

Current Revised Reduction Factor,
Radionuclide Limit, sci /ml Limit, sC1/mL Current / Revised.,

3
H 1E-1 1E-2 10 <-

14
C 2E-2 3E-4 70

'

.

32
P SE-4 9E-5 60

35
S 2E-3 1E-3 2

*

45
Ca 3E-4 2E-4 2

51 Cr SE-2 SE-3 10
.

54
Mn 4E-3 3E-4 10

59
Fe 2E-3 1E-4 20

60
Co 1E 3 3E-5 30

652n 3E-3 SE-5 60

86
Rb 2E-3 7E-5 30 *

90Sr IE-5 4E-6 2

99
Mo SE-3 1E-4, 50 m-

De 2E-1 1E-2 20
'

125
1 4E-5 2E-5 2

129
1 1E-5 3E-6 3 *<

, ,

131
1 6E-5 1E-5 6 4-

137
Cs 4E-4 1E-5 -40

14Ace 3E-4 3E-5 10

| 235
0 8E-4 3E-6 300

238
n;&g~'

Pu 1E-4 2E-6 50 .

241
Am 1E-4 3E-7 300

5.6
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Mtemination of Prior Occupational Dose. The primary change regarding,

reqcirements for detemining prior occupational dose is that licensees must
" attempt * to obtain lifetime records of dose before pemitting individuals
who will require monitoring to enter the licensee's restricted or controlled
areas. Under the current Part 20, licensees must obtain record of prior
deses only for the current calendar quarter, unless they plan to use the
5(N-18) dose-averaging provision. Only then are licensees required to deter-
mine lifetime cumulative deses.

There could be both costs and benefits from the revised requirements.
Because licensees will be required to determine lifetime cumulative doses for
more workers, additional costs will be incurred. On the other hand, the
revised requirements will result in better tracking of individual doses and
licensees will expend less effort per worker to detemine prior doses. The
latter point is especially important for tracking transient worker doses,

requirements time is of ten lost waiting
where under the current recordkeeping(Hageman, Artz and Humphress 1982).,

for and verifying exposure histories
Because the revised requirements will result in both costs and benefits that
are difficult to quantify, the net impact was not estimated in this analysis.

Records of Planned Special Exposures. As discussed in Section 4.2, the
planned special exposure provision will not be used frequently. Therefore,
the associated recordkeeping costs are assumed to be insignificant for this
analysis.

Records of Dose to Individual Members of the Public. Under this new require-
ment, licensees must maintain records sufficient to demonstrate compliance
with the dose limit for individual members of the public. Although not
explicitly required under the present Part 20, records currently being main-
tained by most licensees should be sufficient to demonstrate compliance. The

medical facilities, academic /y to be affected by the new requirement are some
only licensees that are likel

research institutions, and manufacturing and
distribution facilities, where health physicists or radiation safety officers
will maintain more detailed records of radioactive releases and inventories
of radioactive materials. It is estimated that for facilities in these cate-
gories, a health physicist or other appropriate professional will devote an
average of 2 hours per year to these tasks. Based on a cost of $25 per hour
for health physicists (SEA 1986) and 9027 licensees in these categories (see
Section 8.1), the estimated annual cost is $450,000.

Records of Waste Disposal. The changes that appear 'in the revtsed Part 20
are relatively minor and are expected to have an insignificant impact on.

licensees. . .

Records of Testina Entry Control Devices for Very High Radiation Areas. .

Although licensees are currently required to test entry control devices,
they are not required to maintain test records. Although this requirement
in the revision is new, most licensees voluntarily keep records to demon-'

strate compliance with the current testing requirements. Therefore, no
significant impact is anticipated.

5.7
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| 5.5 REPORTING REQUIREMENTS

; The NRC currently requires that licensees report the theft or loss of
i licensed material and incidents involving raciation exposures that exceed !

' the annual limits. Certain licensees are also required to submit an annual
sumary report of radiation exposures received by workers (Brooks 1986).,

However, the revision contains three significant chan0es regarding reporting-
; requirements. First, planned special exposures must be reported to the NRC
| within 15 days after the exposure occurs. A similar requirement is not -

included in the current Part 20 because planned special exposures are not-'

currently allowed. Second, licensees-that are currently required to submit
annual exposure data will be required to submit separate reports for ea<:h
individual for whom monitoring was required rather than one report containing -

, sumarized information. Third, all licensees will be required to submit<

i reports, at least annually,'to all individuals for whom monitoring was
required, indicating the doses that they received in the workplace. Although;

the latter requirement will actually be included-in the revised 10 CFR
Part 19, Section 19.13, it is included in the analysis provided in this'

report.

5.5.1 Incident Rooorts

Some incidents that are not reportable under the current requirements
will be reportable under the revised requirements. Such incidents, including ,

planned special exposures, are expected to be rare. Also, the cost of
reporting an incident to the NRC is relatively insignificant. As o result,
no significant impact is anticipated from the revised incident reperting
requirements. -

4
'

5.5.2 Reoorts of Personnel Monitorino

Under the current Part 20, certain licensees are required to submit an,

annual statistical summary report containing infonmation on doses received by4

personnel. Under the revised requirements, individual reports rather than a
summary report must be submitted. As a result the affected licensees will*

annually submit one NRC Fors 5 (or equivalent),for each individual for whom
monitoring was required, rather than one report that summarizes all of the
individual exposure information.

'

Because licensees are recuired to record individual dose info.sation on'
NRC Fom 5 (or equivalent) uncer a separate section of Part 20, the revised
reporting requirement is not anticipated to result in significant costs
regarding collection of information. -The affected licensee will simply.sub-,

,

mit copies of foms they are required to maintain under the recordkeeping
requirements. The amount of time required to assemble and submit these forms

'

is anticipated to be equivalent to the amount of time expended under the,

| current requirements to prepare a statistical summary report. Additional ,

mailing costs will be incurred under the revised requirements, but these
costs are assumed to be negligible for this analysis. Costs associated.with

' . updating computer programs and data bases so that licensees can process the
| reportable exposure information were included under the category of record-

keeping requirements (Section 3.5).

i
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| The significant costs from-the revised requirements for reporting per-
; sonnel exposures to the NRC will be incurred by the NRC itself. The NRC !
I personnel responsible for processing licensee exposure data estimate that the

'

| marginal annual cost increase for processing exposure data could range from ;

depending on the format of the reports submitted !| rero to $300,000
by the licensees. .lf allper year, licensees provide computer disks containing '

AL exposure infomation in NRC Fom 5 femat, no additional annual costs would '1

i be needed to process the data. However, the revised rule only requires that-
I the reports contain all information required in NRC Form 5; the revised rule ;

does not require that NRC Forn 5 be used. Personnel at NRC estimate that !

approximately 30% of licensees will submit computer disks containing exposure !
information in NRC Form 5 fomat. Therefore, the estimated marginal-cost
increase is 70% of $300,000, or $210,000 per year. The NRC personnel also ,

$nticipate a oneetime cost of $20,000 to upgrade software for pncessing the !

ji new data,

5.5.3 Reports to Individuals I

Under the revised 10 CFR Part 19, all NRC licensees will be required i

to submit individual dose reports to all individuals for whom monitoring
was required. As a minimum licensees will be required to provide the !

reports at least annually. ,Three factors were considered in estimating the i
impact on licensees 1) some licensees currently provide these reports i

,

voluntarily; 2) some licensees may choose to provide these reports more- 1
'

than once per year; and 3) under the current requirements, licensees must
provide these_ reports to individuals who request them. Based on discussions4

with licensees and former licensee health physicists and radiation safety
officers, it is assumed for this report that 1) 25% of licensees currently ^

.'

comply with the revised requirement, 2) licensees who choose to provide
re> orts more frequently than oace per year perceive a benefit from doing so .we; '
(tiur, the marginal cost can be estimated by assuming all licensees provide

'

reportsannually)ificant., and 3) the fraction of workers who currently request thest
! reports is insign

Based on the data provided in Section 8.1 and the assumptions listed '

above, it is estimated that an additional 583,000 reports per year (one each

for 75% of monitored employees, see Table 8.3)he assumption that for con
will be submitted to.individ-

ual workers. This-estimate is also based on t '

-

venience,_. licensees will provide reports to all individuals actually
manitored, not only to those individuals for whom monitoring is required.

L Licensees will.have three primary options for providing reports to- '

! individuals. First, larger facilities may maintain a database of personnel e
exposures and simply print the information on a'fom that is provided
to the individuals. Second,_ smaller facilities that record personnel ' @.

-

>

exposure data by hand will probably prepare annual individual reports by -

hand. Third, licensees who use the services of.a dosimetry processor may pay
the processor to prepare the annual summary reports.

It is estimated that no matter which of these three options is used,
the cost per individual report will range from $1 to $2. For this analysis,

5.9
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an average value of $1.50 per report is assumed. Based on 583,000 additional
reports per year, the marginal annual cost would be $870,000. In addition,

,

licensees that choose to maintain a database will be required to modify,

i existing software. It is estimated that 25% of all medical, academic / ,

research, and manufacturing and distribution licensees will select this
option. This option will also be selected by an estimated 90% of all commer-
ciel power reactor and fuel fabrication facilities. A relatively insippi- i

ficant fraction of other licensees will choose this option. A cost estimate ;

for software modification is based on several factors an estimated '

,-,

1 person-week of effort by a computer programmer per licensee, as well- as
hourly costs of $33 for programmers at nuclear power giants (SEA 1986) andi

fuel fabrication facilities and $23 for programmers at other facilities. It ,

is further assumed that 25% of the licensees currently provide reports vol- |
.

,

untarily. Based on these factors the estimated one-time cost for software'

modifications is $1,700,000. Table 5.3presentstheestimatedcostsby
| - facility category. . The present values provided in the table were calculated
j using methods described in Section 8.2 of this report.

,

TABLE 5.3.- Cost of Providing Reports to Individuals by Facility Category-

, , Initial Annual- Present Value
Facility C4tecory Cost. $ Cost. $/vr of Costs. $

:.

'i Medical 1,100,000 220,000 2,900,000.

Well Logging negligible' 44,000 380,d00 .

Industrial
Radiography negligible- 22,000 190,000 .

~#Manufacturing and
.

'
-

'

Distribution 170,000 140,000' F.400,000
:

| Academic /Research
Institutions 270,000 110,000 - 1,200,000i

Other Measuring <

Systems . negligible 43,000 370,000

Fuel Fabrication
and Processing 12,000 11,000 110,000

Research and Test m
Reactors .iegligible 4,000 34,000- !.

^

Commercial Power
~

Reactors 97,000 240,000 2,100,000 '

;

All Others- neolioible 49.000 420.000
.

[ Totals 1,700,000 ~880,000-- 9,100,000

5.10 1,
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5.6 OTHER CHANGES

Hiscellaneous changes in the revision that do not fall under one of the
categories discussed previously in this re) ort are discussed in this section.
In general, these changes are expected to aave minimal impacts on licensees.
Changes in the revision that are editorial changes only are not discussied in
this report.

5.6.1 Units of Radiation Dose

Although the revision references the International System of Units (SI),
it presents the conventional units found in the present Part 20. Thus,
licensees will not be required to use the SI system for purposes of record-,

keeping or reporting. In addition, the default quality factor (Q) for
neutrons remains at 10 and it is unlikely that licensees will be impacted by,

the slight changes in the table that presents factors for converting neutron
fluence to dose.

5.6.2 Radiation Protection Programs

The revised Part 20 states that licensees must develop and document a
radiation protection program that is * commensurate with the scope and extent
of licensed activities....' In addition, licensees are required to use, "to
the extent practicable,' procedures and controls to maintain doses ALARA. In
comparison, the present Part 20 does not specifically require a radiation
protection program to be maintained, but does require that doses be main-
tained ALARA. An important point here is that the revision does not require
a documented ALARA program, a requirement that was present in the proposed
Part 20.

'

Although the new requirement to develop a radiation protection program .

may appear to place a, substantial burden on some licensees, the marginal
impact will not be severe because most licensees currently main ain a radia-
tion protection program that is comensurate with the scope of their licensed
activities. These programs are in place because of either license condi-
tions, or regulatory guides, or both. For example, all nuclear power plants
maintain both radiation protection programs and ALARA programs that greatly
6.ceed the requirements in the revised Part 20. Also, most medical licensees
maintain programs commensurste with Regulatory Guide 8.18 and a supporting
publication (Brodsky 1982).

The only marginal costs anticipated from this requirement will be
increased program documentation for a few licensees. For those licensees
that have radiation protection manuals, the manuals should serve as accept-
able documentation. (See Section 6.2 for cost estimates pertaining to
revisionsofthesemanuals.) For licensees that do not have radiation pro-
tection manuals, the limited scope of their activities should be sufficient
to prevent the need for development of a program. Thus, for this analysis,
it is assumed that the associated costs are negligible. However, the costs
could be significant depending on the interpretation of the requirement by
both licensees and the NRC. The NRC plans to publish several regulatory

5.11 ,
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guides that will provide information on acceptable radiation protection pro-
grams for specific categories of licensees.

5.6.3 Control of Access to Hich Radiation Areas

The revised Part 20 provides more detailed requirements than the
present Part 20 for controlling access to high and very high radiation ,
areas. Although the changes will affect some licensees, the associated
costs are assumed to be negligible in this analysis.

57 $UMMARY OF CONSE00ENCES

In this section, the estimated impacts from other changes in the revised
Part 20 are summarized. Table 5.4 summarizes these impacts by licensee
facility category. It is a comoendium of the costs and benefits identified
in Sections 5.1 through 5.6 of this report.

.

|
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4 TABt.E 5.4. Sumary of Marginal Cost Increases from Other Changes
in the Revised Part 20'

Net'

i Value of Present Value

of Costs and )Initial Annual Annual Do e
Benefits. $(bFacility Category Cost. $ Cost. 1 Savinos. $ a)'

.

Medical 1.100,000(c) 540,000(c) ' negligible -5,600,000(c)
4

Well Logging negligible 44,000 negligible 380,000

Industrial *

-

j Radiography negligible 22,000 negligible -190,000 |

| Manufacturing and
Distribution 170,000(c) 190,000(c) negligible -1,800,000(c)-'

'

Academic /Research-
Institutions 270,000(c) 180,000(c) negligible -1,800,000(c)

Other Measuring4

Systems negligible 43,000 negligible -370,000
'

i fuel Fabrication
and Processing 12,000(c) _11,000(c) negligible -110,000(c)

,

Research and Test - -

-

,

Reactors negligible 4,000 negligible -34,000
,,

Comercial Power ,.

Reactors 97,000 (640,000)(d) 610,000 +11,000,000 o
,

All Others negligible (c) 50,000(c) negligible -430,000(C,

NRC 20.000 210.000 neolioible -1.800.000 %,

| Total 1,700,000(c) 650,000(c) 610,000 -2,000,000(c) mc

(a) Based on a value of $1000/ person-rem. '

(b) Calculated using methods described in Sections 8.2 and 8.3 of this
report.- The present values are based on 1989 dollars, a discount rate.,

of10%(appliedtoallcostsandbenefits),anda30-yearperiod.-A **@'

positive sign indicates a positive impact and a negative sign indicates
a negative <upact. -6

(c) Not including potential costs from revised concentration liuts for
releases into sanitary sewerage.

(d) Number in parentheses indicates a cost savings.
.

5.13 ,
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6.0. OTHER CONSEQUENCES OF THE REVISION
4

Some of the costs associated with the revision of Part 20 cannot be
attributed to specific sections of the rule. These costs include training of
personnel and revision of procedures, and are discussed in Sections 6.1 and !,

6.2, respectively. Impacts on the NRC and small businesses are discussed in
Sections 6.3 and 6.4, respectively. These consequences are summarized in
Section 6.5.

i Manyofthecostsidentifiedinthissectionwerecalcu)atedusingpub-
,

|- lished labor rates (including overhead costs) for nuclear power plant workers
(SEA 1986). Because labor rates for non-power-reactor workers are generally
lower, these costs were estimated by applying a factor of 0.7 to the rates
for power reactor workers where applicable. All costs were adjusted to 1989

,

dollars.-

:

f 6.1 PERSONNEL TRAINING
'

Some licensees will incur significant costs associated with trainin of
personnel. Supervisory, health pl1ysics, and other professional personne as
well as general employees might require training depending on the facility.

,

In the subsections below, cost eatinates are provided for the ten catepries.

.

of facilities defined in this report (see Section 8.1). In most cases, the|

costs.per facility have a wide range within each category. Where appropri-
. ate, cost estimates are provided for separate classes of facilities within a,

category. ,

An important consideration in developing these cost estimates was that eu
personnel training is performed routinely at most facilities. Personnel am
often required to attend periodic trainirg sessions conducted or sponsomd by

'

the licensees. The content and level of training with regard to radiation
protection depends on the work performed by the employee.

To eliminate nonmarginal costs from this analysis, a factor of 0.75 has -

been applied to some of the cost estimates to account for the increased -
training or retraining in response to.the revised Part 20 that can be incor- %
porated into routine t uining programs. In addition,' intensive training
immediately following uromulgation of the revision will result in a decreased
need for training in tie short ters. In some cases, the marginal cost factor
should be higher or lower than 0.75. Where applicable, the appropriate
factor is provided in the sections below. . <#

Some of the costs estimated in this section (and other sections) am rF+

considered to be marginal even though it is likely that in many cases, the
'

costs will be absorbed during the namal daily activities of the relevant
. personnel. For radiation prote'tioa personnel whose primarv function is to
ensure that operations by the facility are in compliance wi'th radiation pro-,

!

tection regulations, part of their responsibility is to be familiar with the
regulations and familiarization with new regulations would not result in
increased actual costs to the facilities.

6.1
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Medical. It is anticipated that nuclear physicians and nuclear medicine !

technologists would use their allotted time for continuing education to j'

infors themselves of the content of the revised regulations and the ICRP'

Publication 26 recommendations (USNRC 1982). For this analysis, however,
some of these costs are considered to be marginal and must be included in the i

assessment of the impact of the revision. It is estimated that 5% of the i
,

workers monitored for radiation exposure at the e facilities will commite| .

2 hours each to studying the revised regulatiois and their implications. |
At a cost of $14 per technician hour (SEA 1986) and applying the data in I-

4

Tables 8.2 and 8.3, the cost estimate for these workers is 193,000 X 0.05 X- >

2 X $14, or $270,000. Applying the marginal cost factor of 0.75 the mar-
ginal costs are estimated to be $200,000. Costsforprofessionalstostudy !

: the regulations are included in the cost estimates provided in Section 6.2. -

Well Loccino. No significant retraining of workers or managers is anticipa- ,

ted for these facilities (USNRC 1982). All costs associated with. studying
the revision are accounted for in Section 6.2. :

| Industrial Radioc raphy. In a survey of several of these facilities, none
.

! envisioned a neec for retraining personnel (USNRC 1982). Thus, no signif- i

' icant costs are anticipated. All costs associated with studying the revision
by responsible management are accounted for in Section 6.",>

Manufacturino and Distribution. It has been estimated that for facilities in ;

this category,. supervisors, health physicists, and other professionals will !

cosnit 250 person-hours, 200 person-hours, and 150 person-hours, respec- |.

tively, to retraining (USNRC 1982). Other costs associated with retraining s
'are assumed to be insignificant for this facility category. Assuming $31 per

' professional hour-(SEA 1986), the total cost is estiaated to be $19,000. -The :

.

associated marginal cost estimate is $19,000 X 0.75, or $14,000. ;

| Academic /Research Institutions. It is anticipated that users of radioactive !,
' material at these institutions will learn of the Part 20 revision and its !

implications through routine training and infonnation prarams. All of these
,

costs are considered to be nonsarginal. Costs incurred by radiation safety !
officers to understand and implement the revised requirements are included in |
the cost estimates provided in Section 3.5. i+

i

!Other Measurino Systems. No significant costs regarding wrsonnel training +
will be required for these facilities. However responsi]le personnel at- }
most of the facilities will need to become familiar with the revision. An ;

average of 2 person-hours for each facility is estimated.- At a cost of $31 i

per professional hour (SEA 1986) and 5060 facilities (see Section 8.1), the i
marginal cost estimate is $310,000. - t

Fuel Fabrication and Processing. Booth, Bronson and Groth (1985) estimated f
that the revision would result in training costs of $145,000 (in 1989 dol- ;,

lars) at a typical fuel fabrication facility.- For this analysis, it is .

estimated that of the 14 facilities in this category (see Section 8.1), five :
will incur marginal costs of $145,000 and nir.e T 11 incur one-fourth of those

i
!

6.2
!
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costs, or $36,000. The total cost estimate for fuel fabrication facilities
is $1,000,000.

Research and Test Reactors. For these facilities, retraining of personnel
willbeabsorbedinthenormaltrainingcycles(USNRC1982). However, health
physics personnel will need to become familiar with the revision. It is
estimated that 8 hours will be comitted per facility to become familiar with
the revision and its ramifications. Assuming a cost of $31 per professional

|

|
hour (SEA 1986) and 80 facilities (see Section 8.1), the total cost would be
$20,000.

Comercial Power Reactors. Published cost estimates for training and
retraining of personnel at commercial power reactors in response to the
revision of 10 CFR 20 are available (Booth, Bronson, and Groth 1985; USNRC
1986) and are given in the public coments on the proposed revision. It

appears that training for a new employee under the revised Part 20 will be
comparable to current training for new employees. However, most employees

,

will need to be retrained to become familiar with the revised regulatis.is and
| the relevant revisions to plant procedures. In addition, health physics and
' dosimetry personnel will need to be retrained in the areas of their work

affected by the revision,

associated with training are $175,000 (pical nuclear power plant, total costs
it has t'een estimated that at a ty

in 1989 dollars) (Booth, Bronson and
Groth 1985). For this analysis, it is estimated that two-thirds of these
costs are marginal. Further, a factor of 0.75 is applied to these costs to
account for the fact that some nuclear power stations have multiple units,
i.e., the training costs per unit at these sites will be less than at a
typical one-unit station. For 109 nuclear power plants expected to be ope-
rating in 1989 (ANS 1988), the marginal cost estimate is $175,000 X 0.67 X . ,y,,

0.75 X 109, or $9,500,000.

All Others. In general, the licensees in this category do not have extensive
radiation protection programs and general employee training will not be
required. However, radiation protection personnel responsible for compliance,

with NRC regulations will probably read the revised Part 20 to become w
familiar with its provisions. It is estimated that an average of 2 hours err

facility will be spent reading the revision and associated documents. Assun . %
ing a cost of $31 per professional hour (SEA 1986) and 1752 facilities in
this category (see Section 8.1), the total cost would be $110,000. Applying ~

the marginal cost factor of 0.75, the marginal cost estimate for this cate-
gory of licensees is $81,000,

a , . . , ,

6.2 PROCEDURE REVISIONS y
,

Some licensees will incur significant costs to incorporate the revised
requirements into existing procedures and related documents. The magnitude
of the impact on individual licensees is :e bted to the magnitude of the
licensee's radiation protection program. The cffected documents could
include operating procedures, radiation protection man'.als, and policy state-
ments (training manual revisions were included in the eith..ates provided in

.

6.3
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i Section6.1). In this section the costs associated with revising record-
; keepingproceduresarenotincludedbecausetheywereincludedintherecord-
|

keeping costs discussed in Section 3.5.
|

In the subsections below. cost estimates are provided for the ten cate-,

pories of facilities defined for this analysis (see Section 8.1). In most - |
.

| cases, the costs per facility have a wide range within each category.- Where
i appropriate, cost estimates are provided for separate classes of facilities

within a category. .

. . 1

An important consideration in developing these cost estimates was that~'i

: many procedures and related documents are routinely revised by licensees.
! Therefore, all of the costs associated with procedure revisions will not be *

' marginal and should not be considered in this analysis. Several competing
factors exist in separating.the marginal costs from the nonmarginal costs: i

a

1) considering the implementation period persitted by the NRC,- some revisions 1
.

i . can be incorporated without interrupting the usual schedule; 2) considering
both the implementation period and the magnitude of the revised Part 20, some

' revisions cannot be incorporated without interrupting the usual schedule;
i 3) some revisions will be much more extensive than they would have been
i without a revised Part 20' and 4) extensive procedure revisions in response

totherevisedPart20willdecreasetheneedforfurtherrevisionsinthe
short ters, in consideration of these factors, for this analysis the
marginal costs of revising procedures are estimated to be 75% of the total
costs, unless.otherwise noted.

;

Medical. For these facilities, the cost of required procedure changes -

' depends grettly on the type of facility. Of the 6506-facilities in this
category (see Section 8.1), an estimated 4735 are classified as medical m
institutions (Hendrickson et al. 1987). The remaining facilities include'

private pothers (practice of nuclear medicine, in vitro labs, veterinary medicine, andseeTable8.1). |

! It is anticipated that a radiation protection manual at each medical
institution will need to be revised.. In addition to the procedure changes'

regarding recordkeeping that were estimated in Section 3.5, an estimated
8 person hours will be committed to this task-(USNRC 1982). At a cost of %
$31 per professional hour SEA 1986),andassumingthat$400inprinting-
and duplicating costs will(be required per facility, the total cost estimate %
is $3,100,000.

It is expected that the costs of required procedure changes at other
medical facilities will be limited to recordkeeping changes associated with-
the recording of infrequent internal c.tposures. (These costs were estimated 7'inSection3.5.) The marginal cost estimate for procedure revisions for all
medical facilities is $3,100,000 X 0.75, or $2,300,000. p

*

I Well Locaino. It is estimated that only five of the licensees in this cate- i

gory have radiation protection programs extensive enough to warrant procedure
revisions in ra(..etion protection manuals (USNRC 1982). It-is estimated that
for each of.th''e firms, 80 person-hours'of management time will be devoted
to this wo <, and an additional $800 per firm wil1~be spent to produce

.
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revised manuals. At a e nf $31 per hour for management personnel (SEA :

1986), the total cost f m five firms is estimated to be $16,000. The
other firms in the indu t j re not expected to incur significant costs.

inal cost of procedure revisions is estimated to be
Therefore, the marg $12,000.$16,000 X 0.75, or

Industrial Radioora)hy. Most of the facilities in this industry have a'n

Because internal exposures are not a problem in this segment of(USNRC 1982).
in house document 11at serves as a radiation protection manual

the nuclear
industry, it is not anticipated that extensive revisions to the existing
manuals would be required in response to the revised Part 20. It is esti-
mated that at a typical facility, one professional will spend 8 hours revis-

Also, $200 will be s
At an hourly cost of $31 (SEA 1986) pent to prepare

ing the radiation protection manual.,

and assuming 851and print the manual.
industrial radiography facilities currently in operation (see Section 8.1),
the total cost to these facilities would be $380,000. The marginal costs
are estimated to be $380,000 x 0.75, or $290,000.'

Manufacturino and Distribution. Of the facilities in these categories,
required procedure revisions would be insignificant except for some source
manuf acturing fims and most nuclear pharmacies. It is anticipated that ten
source manufacturing firms will require extensive procedure revisions, at a
cost of 16 person-weeks of professional time per facility. At a cost of $31
per professional hour (SEA 1986) and $500 in printing and duplicating costs
per facility, the total cost would be $200,000.

For nuclear pharwacies, it is expected that minor revisions of radiation
safety manuals will be necessary, requiring 8 h'ours of professional time per
facility. Printing costs of about $300 per facility will also be required.
At a cost of $31 per professional hour and with 221 facilities in this cate-
gory (Hendrickson et al.1987), the total cost for these facilities would be
$120,000.

Costs of required procedure changes at other facilities in this category
are expected to be relatively insignificant. Therefore, the marginal cost
estimate is ($200,000 + $120,000) x 0.75, or $240,000.

Academic /Research Institutions. Most of the facilities in this category have -

a radiation protection manual that provides guidance to users of radioactive
material. In general, these manuals will not require revisions based on the
revised Part 20.

As discussed in Section 3.5, radiation safety officers or other per-
sonnel at these facilities will be required to revise recordkeeping proced-
ures to allow calculation of internal doses should significant intakes occur.
No additional costs related to procedure revisions have been identified for
these licensees.

Other Measurino Systems. Few of these licensees have radiation protection
manuals or procedures that would require revisions based on the revised Part
20 (USNRC 1982). For those that do, the costs associated with the revisions

|
are assumed to be insignificant for this analysis.

-

1
.
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Fuel Fabrication and Processing. These facilities wiil require extensive
revisions to air sampling and bioassay procedures in response to the revised
dose evaluation requirements. Detailed cost estimates by Booth, Bronson, and
Groth (1985) suggest that the associated costs at a typical facility are
$86,000 (in 1989 dollars). For this analysis, it is estimated that of the
14 facilities in this category, five will incur marginal costs of $86,000 and
nine will incur one fourth of those costs, or $22,000. The total cost ,
estimate for fuel fabrication facilities is $630,000.

.

Research and Test Reactors. It has been suggested that revisions will be
required to safety guides for approximately 70% of the facilities in this
category (USNRC 1982). The associated costs per facility will be 2 person-

months of a professional, and $5000 in preparation, printing (and duplicating
.

costs (USNRC1982). At a cost of $31 per professional hour SEA 1986),the
total cost based on 80 facilities in this category is $840,000. The marginal
cost estimate is $840,000 X 0.75, or $630,000.

Comercial Power Reactors. Comerciti power reactors have extensive radia-
tion protection programs that include detailed procedures for external dosim-
etry, internal dosimetry, recordkeeping, contamination control, etc.
Detailed cost estimates for revising these procedures based on the revised
Part 20 are available in the literature (Booth, Bronson and Groth 1985).
Other than recordkeeping procedures, which were discussed in Section 3.5,
licensees will be required to revise procedures related to external and
internal dosimetry. Because of the magnitude of the radiation protection
programs at these facilities, much of the time associated with these revis-
ions will be spent studying the impact of the revised regulations and design-
ing programs and procedures to comply with the regulations. It is estimated
that the associated development costs at a typical nuclear
be $124,000 in 1989 dollars (Booth, Bronson and Groth 1985) power plant willFor this analy-.

sis, a factor of 0.7 is applied to this estimate to account for the fact that
multiple units at some sites share some of the procedure development
activities, and as a result the costs of evaluating Part 20 and developing
revised procedures will be smaller per facility than at a typical one-unit
site. Assuming 109 operating units in 1989 (ANS 1988), the associated marg-

( inal cost estimate is $124,000 X 109 X 0.75 X 0.7, or $7,100,000.
1

All Others. In general, the licensees in this category de not have extensive
rendiation arotection programs and do not have procedures that would require
revisions sased on the revised Part 20. Thus, the associated costs are
assumed to be negligible for this analysis.

| 6.3 NRC COSTS
'

The NRC will incur costs related to the development, implementation, and
operation of the revised rule. Development costs include the costs incurred
by the NRC to prepare the revised rule for implementation. Implementation

,

costs include the costs incurred to place the revised rule into operation.
These costs include preparation and publication of the final rule. Costs
associated with preparing and revising regulatory guides in support of the
revised rule are also included in this category. Operation costs include

6.6
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those costs incurred by the NRC after the pro)osed action takes effect. They
primarily consist of the costs of enforcing tie requirements.

Because this regulatory analysis pertains to both NRC lictnsees and
Agree 6,ent State licensees, costs incurred by state regulatory agencies must
also be considered. These cost estimates are included in the applicable
sections below.

6.3.1 Development

The NRC has incurred substantial costs required to research and develop
numerous versions of the revision of Part 20 over the past 7 years. More
costs are anticipated for further reviews and revisions. However, because

-

this analysis includes only those costs and benefits that will be ir. curred
after the decision is made whether or not to publish the rule, the costs
incurred by HRC before that date are not considered. In this report, the
assumed decision date is October 1, 1988. No significant NRC development
costs after that date are anticipated.

6.3.2 Implementation
,

The NRC has estimated that nir,e new regulatory guides will be necessary
to support the revised Part 20. In addition, ten existing regulatory guides
will require major revisions, it is estimated that 1.0 person years per new
guide and 0.5 person-year per revised guide will be comitted. An addi-
tional 0.25 1erson-year is estimated to be required for minor revisions to a
number of ot1er existing regulatory guides. Based on a mean hourly rate of
$51 per hour (SEA 1986) and 28,500 total hours of effort, the NRC is expected
to incur, implementation costs of $1,500,000 for developing and revising
regulatory guides in support of the Part 20 revision. ;;d

Because only a few of the new and revised regulatory guides will be .

crucial to successful implementation of the revision by licensees, it is
estimated that 30% of the costs estimated above will be incurred during the
2 years following publication of the revision (1989 and 1990). The remaining

! 70% of the costs are estimated to be distributed evenly over the following +

5 years. In addition, only one-half of the latter are assumed to be marginal
costs, because it is thought that the development and revision of similar * -

,

! regulatory guides would have occurred even without the revision of Part 20.
As a result, the marginal costs associated with the development and revision
of regulatory guides in response to the revision are estimated to be $220,000
per year in 1989 and 1990 and $100,000 per year from 1991 through 1995.

.c

The NRC will also incur implementation costs related to the final pre-
paration and publication of the rule. A total of 1 person-year of effort is
anticipated to be required at a cast of $100,000. Finally, f' ? NRC will be
required to revise the various forms associated with Part 20, such as NRC

| Form 4 and NRC Form 5. The associated cost estimate for these revisions is
|

$25,000.
|

.

|
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! 6.3.3 Operation

Once the Part 20 revision is implemented the NRC and Agreement States
may incur costs related to additional inspection activities and additional
training of inspectors. These cost estimates are provided below. |

f| Additional Inspection Activities ,

i

Currently, power reactors are inspected an average of two or three times .i
,

! per year. Most other licensees are inspected anywhere from one to five times
per year, depending on past performance and the type of license. ;

No increase in inspection activities at power reactors is anticipated .,.

from promulgation of the revision. Although inspectors will use the revision ;

as the basis for the inspections, the frequency of inspections and the i

person-hours per inspection are not expected to change. ;

i For other types of licensees some may require additional inspections {
'

toensurecompliancewiththerevision. However, in consideration of the -

limited resources that will be available for carrying out additional inspec-
,

tions, it is anticipated that the kkC will reschedule inspections so that the *

problem facilities receive additional attention and the facilities with
satisfactory perfonnance will receive less attention than-usual. Problem .

,

facilities will be . identified through response to a letter-writing campaign. !
'

After several. years, it is anticipated that inspection scheduling will be !
unaffected by the presence of the revised Part 20.

.

!.

In sunnary, only those costs associated with coanunication with non- !

reactor licensees and analyzing the responses will be significAnt. It is
'

estimated that an average of 0.2 person-hour per facility wit! S,3 connitted,
,

which includes preparation of letters,. response by the licent m and evalua- *

m
tion of the responses by the NRC. (AlthoughcostsincurredbylIcenseesare *

not the subject of this section, they are included here for convenience.
,

Exclusion of these costs from the cost estimates for facility categories does 1

notsignificantlyaffectthosecostestimates.).Becauseitisnotknownhow
individual Agreement States will schedule inspections in response to the
revised Part 20, costs per Agreement State licensee are estimated to be w
similar. For a total of 17,238 non-reactor licensees (see Section 8.1) and ;
a cost per person-hour of $46 (SEA 1986), the associated cost estimate is i>

$160,000. ,,

Inspector Trainina
i

Because the Part 20 revision is extensive, additional inspector training ';

will be. required following publication of the revision. In the five NRC
'

,

regions, there are approximately 110 inspectors who will need retraining. ;

Each inspector will need to receive an estimated 3 days of retraining, for ^,
| a total of.2600 >erson-hours. In addition, an estimated 80 person-hours ;
I per region will >e needed to revise training procedures and conduct the i

retraining. This amounts to an additional 400 person-hours for a total of j3000 person-hours.

| 6.8 |
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One benefit from the immediate retraining recuired for all inspectors is
! that routine training will be able to be curtailec for a few years there-
! after. Currently, each inspector receives approximately 1 day of routine
! training per year. If each receives 3 days of training on the revised Part
! 20, future training in the short ters will be less extensive than usual.

This also applies to routine training instruction and training procedurs|' revisions. It is estimated that the marginal inspector training costs
4.

: associated with the revision are 50% of the 3000 person hours estimated in
.

the previous paragraph. The associated cost estimate, based on an hourly
| rateof$46(SEA 1986),is$69,000. These costs are tripled to account for
; inspector training activities in Agreement States, for a total cost of
L $210,000.

i
'

L 6.4 EFFECTS ON $NALL BUSINESSES-

| The Regulatory Flexibility Act of 1980 (Public Law 96 354, 5 USC 601-
612)requiresthat,whenarulemakingactionislikelytohaveasignificant-:

impact on a substantial number of small entities, the impact must be
addressed specifically. The NRC's Regulatory Analysis Guidelines (USNRCi

1984) specify that this analysis should-be incorporated into the regulatory
analysis for the action.

,

i The NRC specifies that entities are to be considered small businesses
for the purposes of the Regulatory Flexibility Act if they.seet the following.

requirements (Hendrickson et al.1987):

; *- for most licensees, annual billings of $3.5 million or less .

.

'

for private practice physicians, annual billings of $1 million or*
less

.

for state or public educational institutions, an institutione

supported by a jurisdiction with a population of 50,000 or less

for other educational institutions,.an institution having.500 ore

fewer employees..
m

Henderickson-etal.-(1987)analyzeddataonNRCandAgreementState
licensees based on the results of licensee surveys (see Section 8.1). These
surveys were used to estimate the fraction of the licensees in various cate-
gories that could be considered small entities. While the estimates in4

Hendrickson et al. may overstate the number of small businesses in some cases wg
and understate it in others,.they are sufficient to provide an indication of
the impact on small businesses that is commensurate with the level of effort w
and detail expended on other. portions of this analysis.

BasedondatainHendricksonetal.(1987) estimates for the fraction
'

of licensees in each facility category that cou}d be classified as small
businesseswereobtained(seeTable6.1). These fractions are assumed to
apply to the number of licensees tabulated in Section 8.1, although the abso-
lute numbers differ from those in Hendrickson et al. (1987). The licensee

i
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TABLE 6.1. Fraction of Licensees That May Be Classified
as Small Businesses

Facility Cateoory Fraction
I Medical

Private Practice Physicians 93% *

Other facilities 21% ,

Well Logging 63%

Industrial Radiography 40%

Manufacturing and Distribution 32%
*

Academic /Research Institutions 29%

Other Measuring Systems 37%

All Others 254

categories of commercial power reactors, research and test reactors, and
fuel fabrication and processing facilities are assumed to contain no small
entities.

Table 6.2, which is based on Tables 8.2 and 8.4, presents the average
im act of the Part 20 revision per facility for each facility category that
in ludes small businesses.

The monetary impact of the eart 20 revision, averaged over all facilit-
ies, is not expected to be substantial for most croups of licensees. The

'

most substantial impacts will be borne by medical facilities. However the
average impact does not account for the fact that not all medical facilities .. "s -

(and private practice physicians) will incur these costs; rather, the costs
will often be incurred only by those facilities that already_have the most

TABLE 6.2. Per facility Costs from the 10 CFR Part 20 Revision

! Development and ,,

Implementation Operation
Facility ?Ategory Costs, $ Costs, $/yr

Medical 1100 280

Well Logging 26 97

Indurtrial Radiography 340 26

Manufacturing and Distribution 550 250

Academic /Research Institutions 1200 220
.

Other Measuring Systems 61 8

All Others 46 28

|
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| extensive radiation protection programs. These facilities are usually the
i larger businesses that are not classified as "small ent' ties.'

the Part 20 revision, should al!nitude of the total cost to small entities of! Table 6.3 indicates the man
such entities incur,the average cost given!

: in Table 6.2. ,

In addition to the above me. Q ry impacts on small businesses, the Part
I

'

! 20 revision will have impacts that were not quantified. As discussed in ~

,

!
Section 7.6, the embryo / fetus. dose limit may significantly impact small
businesses by causing the loss of a trained employee from certain jobs for ar

- temporary period. A small fim usually does not have the ability to shift
4

personnel around without a significant loss in productivity. . Licensees may,
therefore, be reluctant to employ women of childbearing age because of these
costs.'

.

Labeling requirements for products containing radioactive materials may ,

4 also impact small businesses. As discussed in sections 5.2 and 7.7, however,
few changes with respect to container labeling are anticipated oecause most

i of the quantities of radioactive material that are exempt from labeling are >

either unchanged or less restrictive than under the current Part 20 quan->

tities. Thus, costs incurred because of new labeling requirements are not m

expected te be substantial. As described in Section S.2, a small positive
net benefit is expected _from the changes in labeling requirements. However, ,

for those cases in which labeling requirements have become more stringent-
under the revised regulations, small businesses may bear a more significant' ,

impact than larger fims-if the com>etitive positions of small, businesses in
both domestic and international martets are degraded when costs are passed +
along.to customers.

tv4tts,

"*
TABLE 6.3. Estimated Total Cost to Small Businesses ,

from the 10 CFR Part 20 Revisioni

Development and
Implementation Operation 4 -

Facility Category Costs, $ Costs, $/yr
4%

Medical
Private Practice Physicians 1,000,000 260.000

Other Facilities 1,300,000 320,000-
. "W
L Well Logging 8,000 28,000

Industrial Radiography 120,000 9,900 9'

Manufacturing and Distribution 170,000 80,000

! Academic /Research Institutions 540,000- 1N ,000 '

; Other Measuring Systems 110,000 16,000

All Others 20.000 12.000'

Total 3,300,000 830,000

6.11
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6.5 SLM4ARY OF CONSE0VENCES

In this section the consequences of the revised Part 20 that are not
associated with specific sections of the rule are summarized. Table 6.4
sumarizes these consequences by licensee fa.111ty category and is a
compendium of the costs identified in Sections 6.1 through 6.3 of this

'report.

.

TABLE 6.4 Summary of Marginal Cost Increases from Other
Consequences of the 10 CFR Part 20 Revision

Initial Present Value
'

Facilit1 ategory Coct $ of Costs '$(a)C

Medical 2,500,000 -2,300,000
,

Well Logging 12,000 -11,000'

Industrial
Radiography 290,000 -260,000

Manufacturing and
Distribution 260,000 -240,000

,

Academic /Research
Institutions negligible negligible '

Other Measuring
Systems 310,000 -280,000

,,
'

Fuel Fabrication
| and Processing 1,700,000 -1,500,000

Research and Test
Reactors 650,000 -590,000

Connercial Power s.
Reactors 17,000,000 -15,000,000 -

>.

All Others 81,000 -73,000
>

NRC ,1,400.000 -1,100.000
.

Total 24,000,000 -21,000,000
y

|
'

(a) Calculated using methods described in Section 8.2
of this report. The present values are based on
1989 dollars, a discount rate of 10%, and a
30-year period. A negative sign indicates a
negative impact. !

6.12
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7.0 OUMITATIVE BENEFITS FROM REVISING PART 20|
|
|

10 CFR Part 20 specifies the fundamental requirements for ensuring that
workers and the public are protected from the hazards of ionizing radiation

| Consequently, Part 20 is the basicresulting from NRC licensed activities.
i foundation for licensing, ins Mrction, and enforcement activities relati'ng to ~ ,

;
occu)ational and public healti protection. Because the provisions of Part 20

'

are >ased primarily on recommendations by the ICRP and NCRP, recent changes
in the basic radiation protection concepts promoted by these organizations;
have prom >ted the NRC to revise Part 20 to reflact these latest recomenda-
tiens.- Tie importance of revising Part 20 was reinforced when the EPA pub-,

lisheo' its recent recomendations to Federal agencies, which essentially
stressed that agencies incorporate the recent R CRP and NCRP recomendations

-

in their conduct of programs for the protection of workers from ionizing
,

'

i radiation.

analysis, previous four sections of this report presented a quantitativewhere possible, of the' costs and benefits of the revision of PartThe-

j
20. In most cases, quantitative estimates of the identified costs were pos-

;

; sible. On the other hand, most of the ,,otential benefits from revising Part-
! 20 cannot be readily quantified. These potential benefits are discussed in ,,

this chapter.

Before describing these possible benefits, it is important to be clear >

about what is meant by a benefit. In social benefit / cost analysis, actions
or projects are evaluated insofar as ;neir effects increase or decrease the
welfare of the individuals who are affected. Increases in welfare are .

" . * "

associated with benefits and decreases in welfare are associated with costs.AcentralthemeinbenefIt/costanalysisisanindividual'swillingnessto
pay to receive benefits or accept compensation to bear costs. An effect is~a .N
benefit if one or more individuals can be identified who would be willing to g'
pay for the effect from their own wealth.

7.1 POTENTIAL' BENEFITS FROM CONSISTENCY WITH NATIONAL AND ^*
INTERNATIONAL RECOPNENDATIONS

#
The primary reason for completely revising Part 20 is that the current

rtquirements are inconsistent with recent international and national recom- .+

don limitation based on risk (ICRP 1977) published a recomended system ofmeidations(FR1986). In 1977, the ICRP
. Since that time, this system has--

been recoinized as a major in)rovement over the old system of dose limitation '"
by m'ny, >ut not all health piysicists (Skrable et al. 1985, Healy 1982).'

Also, some other countries have incorporated the recent ICRP recommendations . %,̂
'

into their radiation protection standards (Usui 1987). In 1987, the NCRP
'

published its recomendations, which are essentially consistent with,)but insome cauts more restrictive than, the ICRP recomendations (NCRP 1987 ., Also
in 1987, +.he EPA published its recomendations on occupational radiation
protectiot -(whichweresignedbythePresident)in-theFederalRegister-(FR
1987). As x matter of policy, the NRC has considered past Federal Guidance
as binding asd has implemented the guidance in its regalations.

7.1
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Unfortunately, the ICRP, NCRP, and EPA recommendations are not among
themselves completely consistent. One reason for the inconsistencies is that
the NCRP recommendations and the Federal Guidance (NCRP 1987; FR 1987) were
published ten years after the relevant ICRP reconmendations (ICRP 1977).i

Note that the proposed revision of Part 20 was published in 1986, before both
the NCRP recommendations and the Federal Guidance were published. A com-
parison of the revision of Part 20 with th2se three sets of reconnendations
is presented in Table 7.1. ,

'

Table 7.1 indicates that, in general, the revision of Part 20 is either
consistent with or more restrictive than the basic recommendations of ICRP 26
and 30, and is either consistent with or less restrictive than the basic
reconnendations of NCRP 91. The revision is also generally consistent with
the Federal Radiation Protection Guidance. However, the revision provides
detailed recuirements in many cases where the Federal Guidance provides only
general guicance.

Four potential benefits from consistency with national and international
reconnendations were identified and are discussed in this section:

the knowledge that regulations are in agreement with currently*
accepted scientific concepts

elimination of confusion caused by tersinology that is based one

inconsistent definitions and on inconsistent measurement concepts

savings in teaching resources.

|

| increasing the usefulness and applicability of dosimetry data*
' collected under the provisions of Part 20.

Knowledge that Regulations are in Agreement with Currently Accepted
Scientific Concepts. Individuals may benefit from the knowledge that federal -

regulations on radiation protection are based on currently accepted practice.
According to the willingness-to-pay principle, the social benefit from this
knowledge is calculated conceptually as the total dollars that the affected
individuals would be willing to pay to possess this knowledge.

While no attempt is made here to place a monetary value on this possible
benefit, some useful insights can be obtained by inquiring into the type of;

individual who might benefit from it. For this purpose two groups of
individuals are considered: a) workers at risk of receiving occupational
doses, and b) members of the general public.

,

'

Workers at risk from occupational exposure to ionizing radiation might
be comforted by knowing that current regulations reflect the latest scien-
tific information on radiological risk. If the regulations are outmoded, a
worker may fear that he is not being afforded adequate protection. The bene-
fit to him from revising the current Part P.0 is the reduction in his uncer- .

tainty regarding the radiological risk. This benefit will occur even if the
revision leads to no substantive change in the current provisions relating to
workers.

7.2
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TABLE 7.1. Comparison of the Revision of Part 20 with National
and International Recommendations

,

Consistency with
Reconnendations, of

Eederal
| Part 20 Section ICRP(a) NCRP(a) duidance
|

C(d}c) C(d)
I(b

C(d))
20.4: Units of Radiation Dose

CC20.102: Rat"ation Protection Programs
C,1(e C C20.201: Occupational Dose Limits for Adults

20.202: Compliance With Sumation Requirements C C G

20.203: External Dose From Airborne Material I N N

20.204: Determination of Internal Exposure C G G

20.206: Planned Special Exposures C I C) G

20.207: Occupational Dose Limits for Minors I I C

20.208: Dose to an Embryo / Fetus ! I C

20.301: Dose Limits for Members of the Public I C N

N N20.302: Compliance with Public Dose Limits
C(e)20.502: Conditions Requiring Indiv. Monitoring I N G

20.601,2,3: Exposure Control in Restricted Areas N N N

20.702,3,4: Respiratory Protection N N G

20.901-6: Precautionery Procedures N N N

20.1001-6: Waste Disposal N N N

20.1102: Rec'ords of Radiation Protection Programs N N G

20.1103: Records of Surveys N N G

20.1104: Detemination of Prior Occupational Dose N N C

20.1105: Records of Planned Special Exposures N N N "
20.1106: Records of Individual Monitoring Results N N C

20.1107: .Secords of Dose to the Public N N N "
20.1108: Records of Waste Disposal N N N %
20.1201,2,3: Incident Reporting Requirements N N N

20.1204: Reports of Planned Special Exposures N N G

20.1206: Reports of Personnel Monitoring N N C

Codes: C - consistent with recomendations (Part 10 may be more detailed);

| G - generally referred to in recommendations (Part 20 is more 4g
specific)

1 - inconsistent with recommendations
N - not addressed in reconnendations

(a) ConsistencywithICRP26&30(ICRP1977,1CRP1979)andNCRP91
(NCRP1987). For those sections in Part 20 that are not applicable * W.to the recommendations in these documents, they may be applicable to*

recommendations in other ICRP or NCRP documenta. .

Revised Part 20 is less restrictive, u
The inconsistency is minor.
NRC Regulatory Guides are expected to provide detailed guidance
consistent with the recommendations.

(e) Revised Part 20 is more restrictive. '

i
,

7.3
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What can be said about the likely magnitude of this benefit? According
to the willingness-to-pay principle, the benefit is equal to the total amount
that workers would be willing to pay for the knowledge that, based on the
latest scientific findings, the current provisions provide adequate worker
protection. But workers who select risky occupations generally perceive
their occupational risk to be leer than does the work force at large.
Therefore unless the reductions in uncertainty are relatively large, itr
seers unilkely that workers would be willing to pay very much to reduce this
uncertainty. .

There is an interesting sidelight to this effect. A number of studies
indicate that occupational risks are reflected in wage levels, so that
workers are compensated for the added risk (Low and McPheters 1983). This
suggests that if perceptions of risk change, real wages should adjust accord-

,

ingly. Furthemore, if the risk uncertainty is reduced equally on the upside
and downside, then, because individuals tend to be risk-averse, the net bene-

. fit will be positive and real wages should adjust lower. It is important to
realize, however, that this adjustment in real wages will occur only to the
extent that workers are willing to give up real wages in exchange for less
risk uncertainty.

Lastly, we inquire whether a regulatory review confers benefits on the
general public. In more precise '. ems, would a regulatory review that led to
no changes in public exposures provide a perceived benefit to members of the
general public? In response, it is important to note that the provisions of
Part 20 deal primarily with occupational dose, which is probably of rela-
tively little concern to the general public; the focus of the general public -

seems to be on accidental releases. The provisions of the revised Part 20
that do address public dose are not expected to significantly impact the w:-
public. Therefore, benefits of the revision to the general public are deemed
to be insignificant. %t,

Elimination of Confusion Caused by Teminolooy that is Based on incon-
sistent Definitions and on Inconsistent Measurement Concepts. Another
possible benefit from updating present regulations is that the update may
eliminate some confusion in terminology. For example, under a recent ICRP
recomendation (ICRP 1977), total effective dose equivalent is defined as 2

,

including both internal and external doses, with appropriate weighting
factors applied. Under the current Part 20, however, external doses and VM
internal doses are treated separately. In some situations it may not be
clear which is the correct method for calculating whole-body dose and this *

could lead to faulty interpretations.

To demonstrate a real benefit from making definitions and conce)ts con- -M,
sistent with international practice, it is first necessary to show t1at the
current situation does indeed lead to some confusion. At this time, no such M' ,
situation has been identified. F

Savinos in Teachino Resources. The benefit in this category is that'
health physics students and professionals would not be required to understand
two inconsistent systems of dose limitation. Currently, most health physics
programs at universities teach both systems, but emphasize the newer system
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because it represents a fundamental improvement over the old system. While
older texts are used to teach the principles in the current Part 20, recent ,

textbooks on health physics have all but abandoned the system of dose limita-
tion on which the current Part 20 is based (Cember 1983).

Increasina the Usefulness and Applicability of Dosimetry Data Coll.ected*

under the Provisions of Part 20. Another possible benefit from bringing
| current law into agreement with current international standards is the poten-

tial for increasing the value of future databases. For example, in meeting
reporting requirements to the NRC, licensees do not currently add the risk
from internal exposures to the risk from external exposures. Thus, in situa-
tions where internal exposures are present, valid measures of risk are not
reported and, hence, are not readily available for further research.-

In many research endeavors, analysts find occasion to combine data from
different sources in order to reach useful conclusions. In combining data,
it is important to ensure that the databases are coamensurable. This might

,

not be the case if data generated under requirements of the current Part 20
ar2 combined with data generated under ICRP or NCRP reconsnendations. How-
ever, because internal doses are currently rare at most NRC-licensed facilit-
ies, and becaus t the revision is based on combining .the risks from internal
and external do;es, it is unlikely that the prwulgation of the revision will
resultinapignificantbenefitinthisarea. 3

y

7.2 POTENTIAL BENEFITS FROM REVISED MONIiORING REQUIREMENTS>
,

Two possible benefits are identified in connection with the monitoring s''

requireeents imposed by the rev ...i Part 20. These are benefits from
1) improving ALARA programs and 2) documenting individual doses that could

- y' 4.later be used as supporting documents in litigation.

Improvino ALARA Procrams. Unoer the revised Part 20, monitoring will
need to be upgraded to provide measurements of both internal and external
individuel doses that are likely to be in excess of 10 percent of the annual
dose limits. By obtaining a more accurate record of the radiological ,"-'

environce w within a facility, the facility operator may be able to discover
relativsiy inexpensive (i.e., cost-effective) ways to reduce doses in accor- %
dance with ALARA. The extent to which such opportunities currently exist can

~

only be conhetured.

Legal Defense by Documentino Individual Doses. The increased monitoring
requirements will make it~possible for a licensed firm to maintain better ^4
employee records of exposures. One function of an employee record is to
reduce the uncertainty about whether a future adverse health effect is the ,'

requirecents reduce litigation (y be argued, thea, that increased monitoring
result of past exposures. It ma

a societal benefit) by reducing uncertainties
about exp?sures. For instance, if the records show exposures high enough to
produce a platively high probability of ca%ation (PC), then litigants will
have an incentive to settle out of court, tiius reducing litigation costs.
Alternatively, if the records show that exposures were so low that the health
effect was highly unlikely to have oeen caused by radiation exposures

a
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received at the facility, then the would-be plaintiff has little incentive to
pursue a lawsuit. In either case, litigation costs are reduced, and this .

represents a social benefit. The social benefit is measured as.the present
value savings in litigation costs (attorneys' fees, court costs, etc.) plus
the amount of the judgment that compensates for actual hars done to the
plaintiff. For example, punitive-damages-should not be included since they-
are not a social cost; rather, they are simply a transfer of monetary assets
from one party to another._-

,

Further analysis indicates,. however, that a real societal benefit is
not likely to be found h&re. The-reason for this is that any financially
responsible fa d ity has a sufficient incentive'to engage in monitoring for
its own legal protection.- Since the marginal benefits from-increased non- "

itoring will diminish at an increasing rate, there is an optimal level of
monitoring which the firs will attempt to discover. The firm's optimizing
(profit-maximizing)_ rule is to add monitoring protection until the marginal
cost of the added protection just equals the-expected marginal litigation
costs. Since the facility is primarily concerned with the private costs
rather than the social costs, it will include the cost of expected judgments
in M3 calculation. This means that the marginal private costs wil'. exceed
the marginal social costs if the award is in excess of the actual harm sus-
tained by the plaintiff, for example, because of punitive damages. In this
case, the unregulated facility-will tend to eng.ge in more than thn socially
optimal level of monitoring, and monitoring requirements beyord tMs level
will further exacerbate the resource s,irallocation, giving rir % even more
excessive net societal costs. As discussed in Fection 3.1,' mon licensees

3 currently monitor oc c ational doses less than BOO. area /yr, which is the -

required level of mor itoring under the revised Part 20. Therefore, the
potential benefit from reduced-litigation is likely to be small.

,,

7.3 POTENTIAt. BENEFITS FROM REVISED RECORDKEEPING/ REPORTING REQUIREMENTS
'

m
One of.the-proposed reporting requirements will require some facilities-

to provide to the NRC individual exposure reports for all individuals for
whom monitoring was required. -In addition, all licensees will be required to

-

,

notify individuals of the doses that they receive. .Two possible benefits .y
have been identified as aris'ing from this requirement: 1)developingadata-
base containing records of individual exposures that are readily converted to tr#6risk measures,-and 2) providing the basis for a registry under which the
accumulated doses of transient workers could be routinely monitored.-

-

Developing a Database of Individual Exposure Records. Whether or not an
actual benefit. exists here depends on what the NRC will do with the individ-- *
ual exposure records-it collects from licensees. For a benefit to exist, the *

records after collection must 1) be beneficial to workers receiving an annual -'

accounting of their dess for the previous calendar year} be beneficial to NRC2) be processed by
the NRC to p)roduce information beneficial to society, 3

.

licensees, 4 be made available to researchers outside the NRC who will pro-
duce information beneficial to society, or 5) b3 maintained by the NRC in a
repository for possible future retrieval for a socially beneficial purpose.

7.6
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The first factor could give rise to a social benefit. Workers receiving |

notification of their prior year's dose might behave in either of two ways.
Workers receiving relatively large doses might make an extra effort to avoid
unnecessary exposures. On the other hand, workers receiving doses well below
the publicized limit might adopt a cavalier attitude toward exposures.

Regarding the second factor (NRC-produced information), a signific' ant
benefit is unlikely because the current reporting requirements are virtually ]
the same as the revised requirements except that individual rather than
summarized information will be sent to the NRC. Although the summarized
information leads to overestimates of collective doses (Brooks 1986), sta-

1tistical corrections could be applied.
.

A possible benefit was identified with respect to the third factor,'

needs to ensure that a new worker will not violate the 5(quired if a licenseethe benefits accruing to licensees. A dose history is re
N-18) formula. Cur-

rently, it may be costly to recover the dose history becuse many licensees
year rather than by worker. How-

currently maintain worker dose records by(N-18) formula, thereby significantlyever 'ne revised Part 20 excludes the 5.

reducing the need for a worker dose history more than 1 year in the past. If

a worker changes jobs in the middle of a calendar year, he may need +9 pro-
duce his dose record for the new employer so that his dose for the rusainder
of the year can be planned. Since the revised Part 20 will result in better
tracking of individual dose histories on NRC Form 4, providing the current
year dose for transient workers will have very little cost. The benefit is
expected to be small, though, because currently most employers experience
little difficulty in obtaining a worker's current-year due record from the
worker's previous Nployer, y

'

With regard to the fourth factor--making individual dose records avail- .gg
able to others outside the NRC--the National Cancer 1r ttitute (NCI) has

'

expressed interest in obtaining the individual dose rec a from the NRC to ' '

perform epidemiological studies. The records w3uld be used to establish
dose-response relationships from low levels of ionizing radiation. At least
10 years of data will be needed before statistically significant results can
be expected from these studies. After the results of these studies are %
available, they may provide the basis for significant adjustments to dose.

,

|
limits. Of course, not all of the social benefits from more accurate dose g
limits can be attributed to the existence of the individual dose database;
much of the benefit must be assigned to the epidemiological studies -

themselves.
.

There is a potential benefit from maintaining a historical datause in a ,
repository for future retrieval. Currently, little is known about the effect*

of dose incidence on an individual's accumulated lifetime risk. For example, -s
we might learn that 2 successive years of 5 rem doses pose much greater risk
than if a y?ar of low exposure is interposed. Armed with such knowledge, one
could then retrieve and review the lifetime histories of current workers in
order to modulate their lifetime risk (Newcombe 1980)

Providing the Basis for a Registry to Mon tor Transient Workers. Asi
t

i discussed ir Section 4.1.1, transient workers at nuclear power plants
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represent the majority of workers who currently receive doses greater than
5 rem /yr. Because workers will .no longer be permitted to rece've annual
doses greater than 5 rem (except when the planned special exposure provisioni

isused),sometransientworkersmayfalsifytheiraccumulateddoseto
licensees so that they will be more likely to be hired.

Under the revised Part 20, both the revised requirements for detemir-
| ation of prior dose and the individual dose reporting requirementv will pro-
| vide for improved tracking of transient worker doses. This wi". reduce the -

' likelihood that a worker will illegally receive doses greater than the
limits. In tems of collective dose savings, however, .no benefit is
anticipated.

,

..

7.4 POTENTIAL BENEFITS FROM ADDIT 101S/ REVISIONS TO CURRENT DME LIMDS

The proposed revisions to Part 20 contain several adjustments to current.

dose limits. Some of the adjustments are more restrictive, and in other
cases, the limits are less restrictive (see Section 4.0). Where limits have
become stricter, nearly all tasks that are currently undertaken would con-
tinue to be undertaken under the stricter dose limits. In cases where the
dose limits have been relaxed, one would expect that few new tasks would be r

added; rather, tasks would be perfomed by fewer workers.

Assuming.that the risk from radiation dose is proportionai to dose and
has no thresiold, no benefit in tems of risk would accrue from dose reallo-
cation if the collective dose' remains unchanged (Peterson 1984). However,
from a social benefit / cost perspective, there may be social benefits and
costs. These derive from the fact that spreading of risk is usually socially ,

beneficial, as discussed below.
.

Benefits-from Spreadina of Risk. Studies that undertake to put a dollar'
figure on the value of a human life typically deriva the value by taking the
dollar amount that is expended to obtain a reduction in risk-and multiplying
this by the inverse of the risk reduction. For example, if individuals are -
willing to pay $10 to reduce a fatality risk from 1.0E-4 to 9.0E-5, then the
imputed value of life is-derived simply as $10/(1.0E-4 - 9.0E-5) = $10/1.0E-5 m

i = $1.0E6, or one million dollars. The problem with this approach is that it
| - assumes that an individual's willingness to pay to reduce a given increment +

- of risk is independent of the level of: risk. Were this-independence valid,'

'then we should expect this same individua' to play a game of Russian roulette
for a certain payment of- $1E6/6 = $1.6E5. Yet, there is no reason why this
-individual should feel compelled to play for this amount. Russian roulette ,

represents a much greatee risk, and the individual might well require a' w
larger amount, perhaps mil in excess of a million dollars. Such behavior
could not be termed in::onsistent or irrational. It simply implies that risk- w
aversion is not a linear function of the risk level (Weinstein, Shepard and i

Pliskin 1980; Linnerooth 1979).

If risk aversion increases with the level of risk, then there will be a
social benefit from spreading the risk over a greater number of individuals.'

In order to quantify-the benefit, the following information is needed:

7.8
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1) the level of risk to an individual before risk-spreading, 2).the level
of risk to ar, individual after risk-spreading, and 3) for a representative
individual, the functional relationship between willingness-to-pay to reduce
risk and the level of risk.

~

The benefit from risk spreading may need to be adjusted for anothe'r
effect. If risk is spread, then collective dose may not remain unchanged.
To accomplish a task a manager will likely delegate it to the persons who can
execute it at lowest cost. If additional workers must then be added (because.

of dose limitations), then the added workers generally will be less efficient
than the original crew. As a result, collective dose may increase (Pelletier
and Voilleque 1979). For example, four persons may be able-to complete a
task with a collective dose of 20 res, but when five persons are assigned,'

the collective dose might increase to 23 rem. Collective dose increases'
although individual doses decrease.

In evaluating the net benefit from the revised dose limits, it is-
necessary to adjust the benefits from risk-spreading for the "less-aficient-
worker" effect just described. Considering that the dose distributions to
only a small number of workers will be affected by the revised limits and
that the anticipated increase in collective dose is small (see Sec-
tion 4.1.1), any potential net costs or benefits are likely to be small.

In a few instances, dose limits that have been revised do not affect
current applications. For example, civilian activities involving Pu are
essentially nonexistent at NRC-licensed facilities. In the future; an
activity involving Pu might be discovered that is sufficiently valuable to
warrant compliance with existing regulations. However, stricter provisions
in the new Part 20 might prevent this activity from occurring. In those
cases where the requirements have been relaxed, new activities may be viable
imediattly or some time in the future. '

7.5 POTENTIAL BENEFITS FROM SUPPLIED GUIDANCE FOR COMPLYING:
WITH THE REVISION

The NRC plans to provide some detailed guidance in the form of regu-
latory guides on how licensees must meet the new Part 20 provisions (see Sec- o

tion 6.3.2). To the extent that the guidance is
usuallymakelicenseecompliancemore(socially) prescriptive,thiswillcostly. It is easy to see
why this is so. Consider, for example, a dose limitation with which
licensees must comply. Let us assume that there are several different ways
of complying with this limitation. Each profit-maximizing licensee will w,

attempt to select the least costly compliance method. Because different
licensees operate und 1different ccnditions, there is no reason why the ~

least costly compliar.ce method for one licensee will also be the least costly
, method for otner licensees. Thus, a prescriptive approach to enforcemeqt
' will generally impose higher social costs than necessary, even if the

prescribed method is the method that most licensee: deem to be the least
costly. On the other hand, the absence of guidance often leads licensees to
adopt methods that are unnecessarily costly to ensure compliance with
possibly ambiguous regulations.

;
'

i
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The benefit from the prescriptive approach is that it will generally
make enforcement by the regulating agency easier (i.e., less costly). If
compliance with the revision is ensured once well-defined procedures are
followed, then the enforcement agency need only check that the licensees have>

| carried out the prescribed steps. This can also improve the consistency with'

which inspectors enforce the requirements.
,

7.6 POTENTIAL BENEFITS FROM DOSE LIMITS FOR PREGNANT WOMEN *

AND EMBRYOS / FETUSES

To estimate the benefit from the dose limits for declared pregnant
women, it is necessary to obtain an estimate of the number of pregnant women
who currently receive doses in excess of the proposed limits. It is then '

simply a matter of computing the risk to each embryo / fetus to obtain a value
for the benefit. This benefit was estimated in Section 4.3.

However, there may also be unintended costs. Licensees, particularly
those with small operations, will be reluct.ent to employ women of child-
bearing age. Loss of a trained emplo
a substantial burden on a small firm,yee for a temporary period could imposewhich usually does not have the ability
to shift personnel around without a significant loss in productivity. How-
ever, because of potential legal liability, licensees may already be engaging
in defensive hiring practices, in which case the new Part 20 would provide
few added costs or benefits. The problems associated with a reparate limit
for the embryc/ fetus are well documented (Taylor 1985) and are not discussed
further in this report.

7.7 POTENTIAL BENEFITS FROM REVISED ~ LABEL,ING REQUIREMENTS

The proposed revision of Part 20 includes requirements that affect pro-
ducts containing radioactive materials. The levels of activity for which
labeling will be required are lower for some radioactive materials and higher
for others than under the current Part 20 (see Section 5.2.1). The main
purpose of the proposed labeling requirements is to inform consumers of pro-ducts aosing health risks that exceed some determined level. It is noted P

that t1e health risk level at which labeling is required will be approxi-
mately the same for all radioactive materials because the exempt quantities
are determined from oc , nnal ALIs for each radionuclide.

.

Because most of the revised exes.pt quantities are either higher by one
order of magnitude than the current exempt quantities or are unchanged, few
changes with respect to container laMling are anticipated. For those cases

s

'
where labeling of containers will no ionger be required, there are obvious
benefits from the reduced number of labels that must be purchased and
affixed. An additional benefit is identified for firms that currently spend.

'

resources to ensure that containers do not centain enough radioactive mate-
rial to require labeling. Because the revised exempt quantitles are gener-
ally higher than the current values, fewer resources will be required to
reduce amounts of radioactive material to exempt levels.

7.10
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8.0 SUMARY OF COSTS AND BENEFITS

Previous sections in this report included analyses of the costs and
benefits of the revision of Part 20. Where possible, the costs and benefits ,

were discussed with respect to the relevant sections of the rule and the i

types of licensees that would be affected. In addition, the costs and bene-
fits that would be incurred once were delineated from those that would be

j incurred annually.

In the following sections, the costs and benefits are summarized so that
| meaningful evaluations of the impact of the revision of Part 20 can be made.

In Section 8.1, the current number of NRC and Agreement State licensees are'

j suianarized by facility category. In Section 8.7, the costs of the revision
are suianarized by both facility type and Part 20 section. The uncertainties
of the cest estimates are also discussed. In Section 8.3, the benefits of
the revision are summarized by section of the revision, and the uncertainties

,

and quali1.ative aspects of the benefits are discussed. In Section 8.4, a

sensitivity analysis of the estimated net ben-fit is presented. Finally, the
conclusions of this analysis are presented in Section 8.5.

.

8.1 COMPENDIUM OF NRC AND AGREEMENT STATE LICENSEES

| In ra. r to assess the impact of the revision of Part 20 on licensees,
it was nes ;sary to group the various types of licensees into categories that'

reflect the type of activities the licensees are involved in. Because both
NRC and the Agreement States classify licensees under many categories, it was
necessary to condense the number of categories of licensees for this analy-

,

| sis. The data presented below were derived primarily from a compilation of i MWas
! data presented in four references (Hendrickson et al.1987; CRCPD 1987;
j Brooks 1986;' Brooks,McDonaldandRichardson1982).
,

The Conference of Radiation Control Program Directors (CRCPD) period-'

ically publishes a report of the number of Agreement State licenses by state
and facility type. The most recent report (CRCPD 1987) was used to determine Mk
the number of Agreement State licensees in 1985. To determine this number
from the data supplied in the report, several translations were necessary. %
First, the number of licenses issued by all States was determined for the
various license categories listed in the CRCPD rnort. Second, the number "

of licenses issued by non-Agreement States was su)tracted from the total
number of licenses issued for each category of license. Finally, the totil
number of licensees was determined by dividing tre number of licenses by m-1 aeg
1.286, which is estimated to be the ratio of ti..d licenses to licensees
(Hendrickson et al. 1987). Although this rr..a was derived from data on NRC #
licensees, the same ratio was assumed to apM y to Agreement State licensees

.

for this. report.|

The number of NRC licensees in 1985 ns duermined from several sources.
For facilities other than power reactors ,n.rarch and test reactors, and
fuel fabrication and processing facilities, 'he number of licensees in each
facility category was determined from a 1983 survey by the NRC's Division of

,
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|

Rules and Rccords -(DRR). The data from this survey was analyzed and pub-
'

lished (Hendrickson et al.1987).- The number of power reactor and fuel fab-
rication facilities was determined from the annual radiation exposure summary
reports submitted to NRC in 1984 (Brooks 1986). The number of research and -
test. reactor licensees was determined fre. data submitted to NRC for the year
1979 (Brooks, Mcdonald and Richardson 1982). It was assumed in this report
that these data for NRC licensees accurately represent the number of NRC
li:ensees in 1985.-

D

Becaus2 the cctegories of licensees listed in the various references-
were numerous and not always consistent, it was necessary for this analysis
to condense the number of licensees-into expressive categories. Ten general

*categories of li,:ensees were identified based on'the primary activities at
the facilities. These categories and the associated c'ategories used by NRC
and CRCPD to classify licensees are listed in Table 8.1. .

In 1985, there were 27 Agreement States. All licensees in Agreement.

States except power reactors, research and test reactors, and fuel fabri-
cation and processing facilities are licensed by the States. All licensees *

not licensed by Agreement States are licensed by the NRC. . Table 8.2-lists
the number of NRC and Agreement State licensees in 1985 for each facility
category. For this report, these data are assumed to represent accurately
the nunoer of licensees existing in 1989.

.

The data in Table 8.2 are generally consistent with the ratio of Agree-
,

ment States to non-Agreement States. One inconsistency, however, is the
number of licensees listed in the " Manufacturing and Distribution" facility. -

category. For this category of licensees, NRC licensees outnumber Agreement
State licensees by a factor of two. One reason for this apparent inconsis ' ,,
tency is that the CRCPD data for Agreement States (CRCPD 1987) are not class-
ified according to the NRC system of licensee classification. It is likely g
that some of the licensees listed in the "All Others" category for Agreement
States would be listed in the " Manufacturing and Distribution" category under W
the NRC classification sys M .

Some of the costs of the revision of Part 20 identified in this analysis
are directly related to the number of radiation workers at a facility. In w
order to assess these costs, it was necessary to estimate the number of-
employees, the number of employees monitored, ar : the number of employees 4& .-

re)orted to have measurable doses for each facility category. For facilities l

otier than power reactors, research and test reactors, and fuel fabrication |
and rocessing facilities, the number of employees was determined by mul- i

L tipi ing the average number of employees per licensee (Hendrickson et al.
1987 by the number of-licensees listed in Table 8.2. The total number of %
employees monitored and the total number of employees having measurable doses
were detemined from data reported to NRC (Brooks 1986; Brooks, Mcdonald and w @' 'Richardson 1962) indicating average numbers of these employees per licensee. -

-

The ave ages were multiplied by the number of licensees in each category
listed in Table 8.2. It was assumed in this= report that the most recent'
available data indicating both the average number of employees monitored per

y
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TABLE 8.1. Categories of Licensees

Facility Category Types of Licensees Included

| Medical Medical institutions (broad and other), medical
cardiac pacemakersi

private practice, teletherapy,ine vans, veterinary,eye applicators, nuclear medic
in vitro labs, and other medical

''
Well Logging Well logging

Industrial One location radiography, muli.ilocation' radiography,
r

| Radiography in-plant radiography, and field radiography

Manufacturing and Manufacturing and distribution (broad and other),I

Distribution medical distribution, nuclear Ikarmacies, pacemaker
manufer": 'ng and distribut4n, t+Jnr source material,
source .. 'ial shieldfre and src,rce material general
distrif -

Academic /Research Academic institutions (broad and other), and research
Institutions and development institutions (broad and other)

Other Measuring Fixed gauge, portable gauge, and other measurement
Systems systems

| Fuel Fabrication Fuel fabrication and processing, UFs conversion and
I and Processing production, uranium mills, and uranium solution ,

mining
''

Research and Test Research reactors, test reactors, and critical
Reactors experiment facilities

Comercial Power Light water reactors, gas cooled reactors
Reactors

All Others All licensees licensed under 'Other Special Nuclear
Material' codes (except pacemaker manufacturing and
distribution),nuclearlaundry,leaktestservice,
irradiators, byproduct power sources, waste disposal,
waste services, civil defense, and others

-

'
1

licensee and the average number of employees having measurable doses per
licensee are applicable to the year 1985. Table 8.3 lists employee data for
NRC and Agreement State licensees.

.

i
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TABLE 8.2. Number of NRC and Agreement State Licensees in 1985
Number of Licensees~Facility Category NRC Aoreement State Total

| Medical 2,432 4,074 6,506

Well Logging 130 324' 454 ,

Industrial
.

Radiography. 348 503 851

Manufacturing and
Distribution 637 328 965 -

Academic /Research
Institutions 769 787 1,556

Other Measuring -

Systems ,.L 2,824 5,060
'

Fuel Fabrication
and Processing 14 0 14

Research and Test
Reactors 80 0 80

Commercial Power
Reactors 88(a) 0

I
88'a)

All Others 478 1,274 1,752

Total 7,212 10,114 17,326 '"

(a) 109 reactors are assumed for the analysis in this report based
on recent estimates for the year 1989 (ANS 1988).

,~

8.2 SLM4hRY OF COSTS

This section summarizes the costs identified in this report. The costs
are summarized by facility t pe and Part 20 section, followed by a discus-
sion of the uncertainties in erent in these estimates.

.

In this report, present values are calcelated based on 1989 dollars, a
discount rate of 10%, and a 30-year perio.i. Because the NRC will grant a
5-year implementation period retroactive to January 9,1986, development and
implementation costs identified in this report will be distributed over the .

-

years 1986 to 1990. For this report, it was assumed that 5%, 5t, 10%,.40%
and 40% of the development and implementation costs identified were or will

ibe incurred in-1986, 1937, 1988, 1989 and 1990, respectively. In effect,
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TABLE 8.3. Employee Data for NRC and Agreement State Licensees in 1985

Average No. Total No. Total No.
Employees Total No. Employees Employees Having

Facility Category per License 3 Employees Monitored Measurable Dose

Medical 460 3,000,000 193,000 109,000

Well Logging 170 77,100 39,300 37,000

Industrial
Radiography 554 471,000 19,900 12,900

.

Manufacturing and
Distribution 422 407,000 127,000 49,000

Academic /Research
Institutions 445 692,000 93,700 27,900

Other Measuring
Systems 292 1,480,000 38,000 13,700

'

Fuel Fabrication
Q) 9,500(a) 9,500 5,800and Processing 679

Research and Test
Reectors 45(a) 3,600(a) 3,500 1,000

Comercial Power **
Reactors 1,920(a) 169,000(a) 169,000(b) 95,000(b)

,,

All Others 294 515,000 43,800 14,200

All Facilities 394 6,824,200 736,800 365,500

'O(a) Inferred from the number of workers monitored, assuming 100% of the
workers at the facilities were monitored. . y~

(b) A 24% increase in these numbers is assumed for the year 1989 based on
recent estimates for the number of reactors operating in that year,

development and implementation costs were multi) lied by 0.91(a) to determine .

theirpresentvalue(Heaberlinetal.1983). T1e one exception is NRC costs '-

to develop regulatory guides because it is expected that some of the guides c. s .
will be developed after 1990. Appropriate corrections to the present value N

calculations were made for those costs.

(a) (0.05/1.1-2) + (0.05/1.1-1) + (0.1/1.1 ) + (0.4/1.1 ) + (0.4/1.1 ) ,0 1 2
'

0.91.

8.5 l
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Operation costs will be incurred annually once the revision is fully
implemented. For this analysis, present values were calculated based on a
30-year period beginning in 1989. Present values of operation costs were
calculated by multiplying the annual operation costs by 8.60 (Heaberlin et
al.1983). This multiplication factor includes consideration of partial
realizationofoperationcostsfrom1986-to1990(seeaboveparagraph).

48.2.1 Summary By Facility Type
.

In Section 8.1, ten categories of licensee facilities were defined for
this analysis. In Table 8.4, the costs identified in this report are sus-
marized by facility type. The costs incurred by NRC are also included in
Table 8.4. All costs estimates are based on 1989 dollars. '''

8.2.2 Suaraary By Part 20 Section

In this section, the costs of the revision are summarized by section of,

the rule. In some cases, costs are attributable to two or more related sec-
tions. For exam)1e, costs related to increased extremity monitoring are
attributable to >oth the reduced extremity limits and the reduced fraction
of the dose limit that recuires monitoring. In these cases, the costs were
assumed to be evenly diviced among the relevant sections.

Some costs are either not attributable to a specific section of the rule
or are attributable to-many sections. For example, costs related to per-
sonnel training cannot be readily associated with a specf,'ic section of the ,

rule. In these cases, the costs are summarized by cos+ Jescription. .

Table 8.5 summarizes the costs of the revised rule (in 1989 dollars) by .#section of the rule. Sections not listed in the table were not identificd tohave significant associated costs.
. . p.-

,

8.2.3 Discussion of Uncertainties s;

Each of the individual estimates used to develop the overall estimates
provided in Tables 8.4 and 8.5 have an associated uncertainty; therefore, the
overall estimates have an associated uncertainty as well. %

The single most important cost estimate for this analysis was the esti- 4
mated cost of required modifications at fuel fab-ication facilities. Costs
of approximately $10 million initially and $2 million annually per facility "

have been estimated in the past. However, these estimates are thought to be
maximum estimates, i.e., worst case scenarios. Consideration-must be given
to the possibility that particle size studies, use of respirators, etc., may ,

wgbe used in 21 ace of facility modifications. The $75 million cost estimateI

for fuel fa)rication facilities could be a factor of five too high or a - -

factor of two too low, depending on the steps that these facilit'es will gh (
y

actually take in response to the revised dose evaluation requirements.
'

Other assumptions necessary for this analysis were uncertain as wel1.
For example, it was assumed throughout this report that Agreement State
licensees will be subject to the same requirements 'as NRC licensees,

8.6
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TABLE 8.4 Quantified Costs Incurred from the Revision
of Part 20 by Facility Category

Development and i
lImplementation Operation PresentValue

Facility Category Costs, 1 Costs. $/yr of Costs, $la) ' -

,

Medical 7,400,000 1,800,000 -22,000,000
.

Well Logging 12,000 44,000 -390,000

Industrial
Radiography 290,000 22,000 -450,000

Manufacturing trd
Oistribution 530,000 240,000 -2,600,000-

Academic /Research
Institutions 1,800,000 340,000 -4,500,000

Other Measuring ~*
Systems 310,000 43,000 -650,000

Fuel Fabri' ation -c
and Processing 33,000,000 5,300,000 -75,000,000

.

Research and Test
"Reactors 650,000 4,000 -620,000

Commercial Power 'n W
Reactors 30,000,000 4,000,000 -61,000,000

,

.

All Others 81,0M 49,000 -500,000

1

-1,400,000 210,000 -2,900,000NRC
on .,M

| Totals 75,000,000 12,000,000 -170,000,000 ,,.

l

(a) The present values are based on 1989 dollars, a discount rate of
10%, and a 30-year period. A negative sign indicates a negative

'impact.
,

including the time allowed for implementation of the requirements. It is **
likely that Agreement State licensees will lag behind NRC licensees because
Agreement-State agencies will need time to evaluate the revised Part 20.and-

develop appropriate state regulations. If in fact Agreement State licensees
Ske an avernge of 4 years longer to implement the provisions of the revised

t 20, the present value of the costs for Agreement State licensees would
? Obout 30% lower than calculated in this report.

|

8.7

|
. . - . . -- -. . . . - - .. - .. .- .- . - . :



_ - . -_ - - - - . - -. --

TABLE 8.5. Quantified Costs Incurred from the Revision of
Part 20 by Section of the Rule

Present Valye
Section Description of Costs $(a)- l

20.201 Occupational dose limits-for adults -12,000,000
20.202, 20.204 Sumation of internal and external doses -96,000,000

'

20.208 Dose limit for embryo / fetus -5,200,000

20.502 Conditions requiring individual ranitoring -1,400,000

20.1106 Records of individual .mnitorinr, results -20,000,000 -

20.1107 Records of dose to the public -3,900,000

20.1206 Reports of personnel monitoring -11,000,000(b)

NA(c) Personnel training -10,000,000

NA Procedure revisions -10,000,000
F NRC inspections / training -1,100,000

Total -170,000,000

a A negative sign indicates a negative impact.
b 84% of the costs are associated with the revised Part 19 recuirements

to provide reports to individuals of the doses they receivec.
(c) Not applicable.

.

Another assumpt'?n inherent in this analysis was that all identified
costs must be considered as actual costs. Because many of the costs.will
not result in an increased use of resources, this assumption may overestimate
the actual costs associated with the revision. For example if a health
physicist's hourly wage is $25 per hour (including overhead) and he must
spend 8 hours revising procedures in response to the revised Part 20, he will

| most likely not work overtime to accomplish this task. Rather, he will
likely omit performing another task of less importance. Because'the most
important tasks the he.elth physicist performs would likely be worth more than
$25 per hour and the ir.ast important tasks would be worth less than $25 per
hour, the essociated cost of revising the procedt.res would be less thant

8 X $25. Because many of the costs identified in this report may fall under
this category, the overall cost estimate may misrepresent the actual costs
that will be incurred. v'

There was one major cost identified in this report that was not quan-
tified: the cost associated with the revised. concentration limits in Appen- .-

| dix B for releases into see rs. These costs could be significant with
respect to the overall cost estimates provided in this report.

8.8 '
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8.3 SUWARY OF BENEFITS

In this section, the benefits of the revision of Part 20 are sumarized.
I Tor those cases where the benefits were quantified in tems of cost savings,
I the presert values were calculated using the same methods and assumptions

used to calculate the present values of the annual costs (see Section 8,2).
For those cases where the benefits were quantified in terns of dose reduc-
tions, present values were calculated based on a value of $1000 per person-
rem (He4 berlin et al.1983) and $10,000 per fetus-rem. The latter value was
arbitrarily chosen based on the ratio of the embryo / fetus limit to the
occupational dose limit for adults. Health effects were discounted in calc-
ulation of present values in consideration of the arguments that favor dis-
counting of future radiation effects (Cohen 1983; Nieve; et al. 1983). The
dependence of the present value calculations on variations in these assump ,

tions is discussed in Section 8.3.2.
i 8.3.1 Sumary by Part 20 S;ction

In Table 8.6, the benefits of the revision are sumarized by section of
the rule. Some of the benefits are not attributable to a specific section of
the rule and are therefore sumarized by description only.

"

8.3.2 Discussion of Uncertainties

| The estimated benefit of $44 million provided in Table 8.6 did not
include consideration of many benefits that could not be quantified. It is

| likely tha'. the actual value of the benefits of the revision, if such a value
| could be calculated, would be substantially higher than $44 million. The

actual value depends primarily on the actual or perceived importance of con-
,

sistency with ICRP/NCRP reconnendations and the importance of complying with . g'-.;g'

the Federal Guidance. Other benefits that were not quantified are thought to ~~
be of less imoortance. 4

|

On the other hand, the assumptions used to determine the present value'

of tte benefits may have resulted in overestimates of the actual benefits.
For r.xample, the value assigned to a rem to the embryo / fetus ($10,000) was w~
basad on the assumption that a rem to the embryo / fetus is ten times as detri-
mental as a rem to an adult. If this assumption is valid, then it would be s
hard to justify any dose to pregnant women that could be avoided by job rota-
tion practices; current practices in industry suggest that this may not be -w

the case. Also, the value of $1000 assigned to a person-rem is probably too
high based on the actual risk of harm from radiatior, as compared to the risk
of harm from other hazards. However, some believe that health effects should~ ~ "# wnot be discounted to determine present value; at $1000 per person-rem and
$10,000 per fetus-rem, the annual dose reductions identified in this report 3 W
would be valued at over $4 million Mlars per year for 30 years, as opposed ?"to a present value of $36 million as calculated in this report based on a 10%
discount rate.

8.9
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TABLE 8.6. Benefits of the Revision of Part 20 by Section of the Rule

Present Valut
Section Description of Benefit Annual Benefit of Benefit, $ta)

20.202 Decreased collective doses 540 rem +4,600,000

20.208 Reduced doses to the unborn 300 rem +26,000,000
'

20.502 Increased knowledge of work
environment NQ(b) NQ

Reduced litigation costs NQ NQ
.

20.702 Decreased collective doses 610 rem +5,300,000
Reduced operating costs $880,000 +7,600,000

20.905 Reduced operating costs NQ NQ
,

20.1206 Hore complete data base NQ NQ

NA(c) Consistency with ICRP/NCRP
Recomendationb NQ NQ

NA Consistency with Federal Guidance NQ NQ

Total +44,000,000(d)

_

A positive sign indicates a positive impact.
Not quantified.
Not applicable. t .p~ .~

Does not include unquantified benefits. -

In consideration of the many uncertainties associated with the benefits
from the revised Part 20, it is likely that the estimated $44 million (pre-
sent value) is too low. The information provided in this report should be of 4' 7'help in detennining the degree to which the quantified benefits underestimate
the overall benefit from the revision. a

8.4 SENSITIVITY ANALYSIS

Many of the estimates provided in this report were uncertain. In most ""
cases, however, minor variations in the assumptions used to derive the
estimates would not affect significantly the conclusions of this report. 1..

'

Probably the most important assumption: were those required to detemine the .

present values of the costs and benefits. The following variations were used )
to detemine the dependence of the calculated net. benefits on the basic '

assumptions:

1
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.. - _ . - - .. . . _ . - - - . . . - .



- - - - _ _

,

0) No variation from the basic assumptions (10% discount rate, all
identified costs and benefits discounted, discount over a 30-year .

period,$1000/ person-rem,$10,000/ fetus-rem); l

A) Health effects not discounted;
o .

B) Health effects evaluated at $100/ person-ren and $1000/ fetus-rem:

C) 5% discount rate;

D) Lowe'r-bound estimates of marginal costs incurred by licensees based
on optimal compliance, i.e., only those costs thought to be neces-
sary for compliance were included in the evaluation.

'

Table 8.7 lists the calculated net benefits for each facility category
based on the variations listed above.

8.5 CONCLUSIONS

Perhaps the most useful method for presenting the costs and benefits
identified in this report is to
by facility category (Table 8.8)present the net impact per monitored workerThis allows one to approximately determine'

.

the magnitude of the impacts versus the magnitude of a licensee's radiation
protection program.

'

It is apparent that fuel fabrication facilities will incur by far the
highest negative impact per employee monitored. The negative impact of
$71 million listed in Table 8.8 includes abour $76 million in costs and
$5 million in dose savinns (540 ru/yr at $10u0 per person-rem, discour.ted w.3<

at10%). Of course, there are great uncertainties in these estimates, the ~

greatest of which is the uncertainty whether massive engineering modifica-
tions will indeed be necessary at these facilities. ..

The overall impact on medical facilities was determined to be positive
because the anticipated dose savings to the embryo / fetus was estimated to -

outweigh the costs, even though medical facilities will incur an estimated
$22 million in costs. However, this conclusion relies heavily on both the >

.

estimated dose savings and the cost equated to a rem to the embryo / fetus;
there were great uncertainties in both of these estimates.

Considering the best estimates of the quantified costs and benefHs and
the associated uncertainties, it is unlikely that the benefits associated ,a'

with the revision of 10 CFR Part 20 will outweigh the costs. However, some
of the costs and many of the benefits of the revision were not quantified;
the unquantified benefits might have a high enough value to result in a '

favorabia benefit / cost ratio. Because the most important unquantified bene-
fit appears i.a be that the revision will be consistent with international
(ICRP) and national (NCRP and EPA) reccamendations, careful evaluation of
this benef!t is most important in detennining whether the revision of Part 20
is acceptable from a benefit / cost standpoint.

8.11
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TABLE 8.7. Sensitivity of Net Benefits to Variations in Basic Assumptions

Present Value of. Net Benefit ($K) for Variation (a)'
Facility 0 A B C D

__

Medical +1,400(b) +58,000 -20,000 +5,800 +5,400
'

Well Logging -390 -390 -390' -650 -390
'Industrial -450 -450 -450 -590 -390

Radiography

Manufacturing and -2,600 -2,600 -2,600 -4,000 -2,500
Distribution

Academic /Research -4,500 -4,500 -4,500 -6,600 -3,300
Institutions

Other Measuring -650 -650 -650 -920 -580
Systems

Fuel Fabrication -71,000 -59,000 -75,000 -100,000 -36,000
and Processing

Research and Test -620 -620 -620 -680 -470
Reactors

'

.

Commercial Power -46,000 -26,000 -53,000 -61,000 -34,000
Reactors

All Others -500 -500 -500 -800 -480__ .

Total (c) -125,000 -37,000 -158,000 -169,000 -73,000

(a) See text for explanation of variations.
(b) A positive sign indicates a positive impact and a negative sign iguc

,

.

indicates a negative impact. '

(c) Does not include costs that will be incurred by the NRC.

,

*.
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TABLE 8.8. Estimated Net Impact (Present Value) of the Revision of Part 20

No. of Net Present ' Net Impact
Employees

Value of (a) Monitored,$(a)
per Employee

Impact, $Facility Category Monitored
#

Medical 193,000 +1,400,000 +7.3

Well Logging 39,300 -390,000 -9.9
.

Industrial 19,900 -450,000 -23
Radiography-

,

*
s

Manufacturing and 127,000 -2,600,000 -20
Distribution

Academic /Research 93,700 -4,500;000 -48-

Institutions

Other Measuring 38,000 -650,000 -17 !

Systems

Fuel Fabrication 9,500 -71,000,000 -7,500
and Processing

Research and Test 3,600 -B20,000 -170
Reactors *

Comercial Power 209,000 -46,000,000 -220
Reactors -

,_ .
.

All Others 43,800 -500',000 -11

Total 776,800 -125,000,000(b) -161

#(a) A-positive sign indicates a positive impact and a negative
sign indicates a negative impact.

(b) Does not include costs that will be incurred by the NRC.

,
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ENVIRONMENTAL ASSESSMENT FOR THE

REVILION OF 10 CFR PART 20

STANDARDS FOR PROTECTION AGAINST RADIATION

I. Introduction

The Nuclear Regulatory Commission (NRC) is revising its regulations in
Part 20 of Title 10 of the Code of Federal Regulations (10 CFR Part 20).
Because the regulations contain basic standards for protection-against
radiation, the proposed revision would affect all categories of NRC

licensees. The intent of the revision is to improve NRC standards for

protection against radiation by reflecting developments in the principles
that underlie radiation protection and advances in related sciences that
have occurred since the original promulgation of 10 CFR Part 20 over
thirty years ago. The expected result of promulgating and implementing

-

the. revision is an improved rule that provides better assurance of
protection'of individuals, establishes a clear health protection basis for .

'

dose limits, applies to all licensees in a consistent manner, and reflects
current information on health risk, dosimetry, and radiation protection

practices and experiences.

The impact of this change in NRC's regulations on the environment could
p

potentially arise in three areas, i.e., dose limits for members of the
public, dose limits for radiation workers, and effluents from licensed
facilities. The potential impact in each of these areas is discussed
below.

II. The Need for the Prooosed Action

The existing 10 CFR Part 20, " Standards for Protection Against Radiation,"
was developed and published in the late 1950s by the NRC's predecessor,

I the Atomic Energy Commission (AEC). These standards were based on
'

l
.

I

x . .
,



. - . - - - - . .- . -_ . . .. - . - . - , _ .

knowledge of radiation protection theory and practice developed through

the 1950s. Since the initial publication of 10 CFR Part 20, there have - i

)been a number of revisions designed to bring the, regulations into -
;

accordance with recommendations of scientific organizations having

expertise in radiation protection and biological effects of ionizing ;

radiation. However, the basic approach to radiation protection has been |

retained throughout these revisions an approach which derives limits by.

implicit judgments on safety.
-

.

The principal concerns with the present 10 CFR Part 20 regulations and the
benefits resulting from the revisions intended to .ddress these concerns

are outlined in Table 1.

;

III. Potential Environmental Imoact

10 CFR Parf 20 establishes requirements for the protection of individuals
from ionizing radiation resulting from op,erations of NRC-licensed :

'

' tacilities. 'This overall goal is accomplished by regulations addressing
'

three major topics, i.e., doses to members of the general public resulting
from NRC licensed operations, controls on occupational expo:ure of j

radiation workers, and limits on the radionuclide concentrations in air
and liquids discharged to the environment. This section addresses the |

'

| potential impact on the environment of the revisions to 10 CFR Part 20 b.y
reviewing the current status and likely impact of implementing the
revisions in each of these three major-topics of the _ regulation. For each I

subject area, the current status and =likely effect of the revised .

I

|
regulation is quantified for the NRC licensed facilities with the largest
potential for environmental impact, i.e. Part 50 licensees. Nuclear power :

reactors, in particular, have-the potential for the most significant- ,

,

|
direct impact on the environment via plant effluents, as well as having ,

the most significant impact.on total occupational exposures.
<

s

T

|
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TABLE 1. PRINCIPAL CONCERi$ AND BENEFITS OF THE PROPOSED REVISION OF 10 CFR PART 20 ,

CONCERN WITil PRESENT PART 20 PART 20 hEVISION BENEFITS OF REVISION
-

1. Liary Values Ih App _endix B o Revises and expands Appendix B o Derived values will reflect ICRP
Do Not Reflect Curre 4 to reflect contemporary knowl- risk based system and make use

,

Knowledge. edgd of dosimetry and biology. of contemporary knowledge.

o Present M.Cs can cause o Air concentrations are based on"

underestimates of doses by a lung model which permits ,

I

a factor of 6 for most adjustment for the particle
'

alpha emitters and 60 for sizes of aerosols.
thorium.

.

!

o " Soluble" and " insoluble" . o Values are presented for
designations in Part 20 and various compounds. |

tmany other bases were
abandoned by health physicists o Coverage of radionuclides has ,

| many years ago. been increased from 260 to 757.-
'

,

i u
o Of the radionuclides where

comparisons can be made, about
65% of the new values are less
restrictive, about 8% are

|unchanged, and about 27% are
| more restrictive.

2. SIN-18) Dose-/yy_eragina Formula o Deletes 5(N-18) and adopts. o Annual and Lifetime doses to
Permits Workrtr.s to Receive up to 5 rem (0.05 SV) per year individuals receiving highest
12 Rems Per_ lear from External exposures will te reduced.

!^

i Sources. >

1 .

j o Provides " planned special o Risks to radiation workers
j exposures" for necessary receiving highest exposures

'

and unavoidable. activities. will be mora comparable to
those in low risk industries.

. .

:

4

. _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ = . _ _ _ _ _ _ _ _ _ - - - _



_ _. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _

!

+

TABLE 1.. (Continued)

CONCERN WITH PRESENT PART 23 PART 20 REVISION BtnfM TS OF REVISION ;

o Potential. Total risk could o Provides substantial flexibility !

be substantial (3-10%) from 50 for licensee to manage justift- a

years external exposures at able exposures beyond selected ,

.

5 rems per year and additional annual dose limits.
from internal exposures.4

o Provides for readily monitored
records.'

'
i

3. ' Dose Limits for Internal and Requires summations of o Effective dose equivalent

1 External Doses are Indeoendent. Internal and external doses. limits from combined external 3
'

i and internal exposures are-

i o Risks from doses at the limits ,
related to individual risk.

'

| to various organs are unequal. o Adopts ICRP * effective dose
o Limits for various organ dosesequivalent" which adjustsi ~

doses to various organs to reflect comparable risks.
:

!

whole body dose equivaleat ;
;

| .
based on risk. o Dose weighting factors based on-

~

Quantified risk of radiation-i a
induced health effects are con-'j 1

sistent with Comunission policies
'

I on use of quantitative risk. -

,

o Workers and public can under-
i stand risk base which is sere
j rational than present dose !

! limit selection.
<

j 0 Adherence to stated limits of :

. doses to workers subjected to- |

|| -
' both external and internal i

.

, exposures will be ensured.
!

R,equires written radiation- o Ensures adequate radiation . '

! 4. No Recutrements for Formal o

.

Radiation Protection Program protection program with ALARA protection program and ALARA

I or for ALARA. p'rovisions. efforts by all licensees.

.

: -

i .

!!
:



. ___

.

~

TABLE 1. (Continued)

CONCERN WITH PRESENT PART 20 PARI 20 REVISION BENEFITS OF REVISION

o Uneven requirements among o Requires management commit- o Provides basis for more
types of licensees brought ment and participation. effective ALARA efforts with

reliance on licensee's judgment.about mostly through licens-
ing actions other than o Requires selection of invest-
Part 20. igation levels for doses to o Provides requirements in

workers below dose limits. Part 20 for enforcement
actions.

5. All Values Below the Limits o Emphasizes ALARA. d Actions are taken to reduce
exposures before dose limits'are Treated as Eoually
are exceeded.Acceptable.

d Encourages reduction of doses
o De facto limits are established to workers and public prior toby licensing actions. reaching limits.

o Reporting requirements result
6. Dose Data on Soecific Workers

Usually are not Available to_ in greater awareness of'

current conditions.u,

Staff Until Workers Terminate _
EmDIoyment.

t

o Greater awareness of workers'
o Workers are not required to be o Requires use of effective dose

informed of annual or accumu- equivalents. accumulated doses is likely to
increase their participation inlated doses without request. dose reduction efforts.

7. Presents No Clear Dose limits o Establishes 100 mrem /yr (1 mSv/yr) o Dose limits for public would
for Members of the Public. effective dose equivalent (external include possible sultiple

| and internal sources). Permits sources and multipi' exposure
| licensee to use 500 arem/yr modes.

(5 mSv/yr) upon application to |'
and approval by NRC.

- -

. ,
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| The specific changes resulting from the revisions to 10 CFR Part 20 are
itemized in Table 2. The potential environmental impact of these changes
will be assessed by considering the current status and the expected impact
of the Part 20 revisions for each of the three major subjects, i.e. dose,

limits to members of the public, occupational exposures, and concentration
limits in plant effluents.

1. Dose Limits for Members of the Public

10 CFR Part 20 is not the only regulation which establishes limits
for exposure to members of the general public, i.e., those people
outside of restricted areas. Two other parts of the Code of Federal
Regulations also govern these doses: 10 CFR Part 50 Appendix I
Section II Ill which sets-design objectives and operating criteria
for effluents from nuclear power plants and 40 CFR Part 190 Subpart
B(2) which sets dose limits for the uranium fuel cycle. The

Appendix I design objectives are:
.

'

10 CFR Part 50 Appendix I Section 11

3 mrems total body from liquid effluents
10 mrems any organ from liquid effluents
5 m, rems total body from gaseous effluents

15 mrems to the skin from gaseous effluents
_, ,

15 mrems to any organ from particulates and radioiodines in
gaseous effluents

The EPA dose limits are:

40 CFR Part 190 Subpart B

25 mrems total body all effluents and direct radiation from
uranium fuel cycle so'urces

75 mrems thyroid all effluents and direct radiation from
uranium fuel cycle sources
25 mrems any other organ all effluents and direct radiation
from uranium fuel cycle sources

6
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' TABLE 2. COMPARISON OF SALIENT ISSUES IN THE EXISTING 10 CFR 20 WITH THE REVISED YERSION

Revision-Issue Existing Part 20

OCCUPATIONAL
Limits External

Whole body, head and 1.25 rems /qtr or Whole body, head, 5 rems / year (0.05 Sv/-

trunk, active blood- 3 rems /qtr with trunk, arm above year) - includes summation

forming organs, lens lifetime occupa- elbow, and leg above of (external) deep' dose

of eye, or gonads tional' exposure knee equivalent and (internal)
history and within committed * effective dose |

I

5(N-18) dose- equivalent.
averaging formula.

Lens of eye 15 rems / year (0.15 Sv/ year

Hand and forearms; 18 3/4 rems /qtr Hand, elbow, arm below 50 rems / year (0.5 Sv/ year)

feet and ankles (75 rems /yr) elbow, foot, knee, and
u leg below knee

2
' Skin of whole body 7 1/2 rems /qtr- Skin (1 cm ) 50 rems / year (0.5 Sv/ year)

(30 rems /yr)

No summation of internal Weighted organ doses for
>

(organ)_ doses. all organs are sunned.

No summation of external Doses from external and
internal sources are summed.and internal doses.-

*Except for selected. uranium and transuranic radionuclides for which the derived air concentration: (DACs) andFor these nuclides, theannual limits of intake'(Alls) are hard to measure at levels found in the workplace.
regulation may be based upon the effective dose equivalent received in the year rather than the coenitted

,

! effective dose equivalent. ,

..
.

*
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'

1ABLE 2. -(Continued)

,

'

i Issue Ex1 sting Part 20 Revision

i

Internal
'

I f

|
Intake equivalent to Annual limit of intake (ALI) equivalent to ,

'

520 MPC-hours /qtr.
'

2000 DAC-hours / year.
(= 2080 MPC-hours /yr) Calculated DACs are based on the following: Organs !

Calculated to result in
' are assigned weighting factors, based on the estimates i

a 50-year conumitted of risk to that organ per unit of dose relative to the j

~ dose of: estimate of risk per unit of dose for uniform whole '

.

body exposure. " Capping" dose limit of 50 rems / year
(0.5 Sv/ year) used to avoid nonstochastic effects. '

Whole body 1.25 rems -
For body parts other than those listed above-(5 ress/yr)

iBone, thyroid, 7.5 rems
j- and skin -(30 rems /yr) Tissue wy Inferred Actual - t

Other organs (15 rems /yr) Dose Limit Dose Limit- .

(rems / year) (rems / year) !e
Gonads 0.25 20 20 i

Breast 0.15 33 33 !

Red bone
marrow 0.12 42 42 !

..

Lung 0.12 42 42-
|

,

Thyroid 0.03 167 50 !
i '

-Bone surfaces 0.03 167 50*'

1 Each of 5 0.06 83 50 j

4
remaining
organs'with :!

*

-

the largest ;

} dose
~

Planned Special 5(N-13) dose averaging Planned special exposures allowed in addition.-
- .

provided. - with quarterly to the annual limits from routine exposures.,,
- limits

Limits set at 1 x annual limits / year from all !
'

events in a year'and 5 x annual limits /11fetime !

from all events. 5(N-18) dose averaging provi- !

sion is eliminated. . Planned special exposures !
_

may include internal as well as external doses. j

)i
i

: i
'

_ ,_
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TABLE 2. (Continued)

Issue Existing Part 20 Revision

Embryo / Fetus Not addressed. 0.5 rems (5 mSv) during the entire pregnancy due to
occupational exposure of the " declared" pregnant
woman.

ALARA Recommended ALARA program required.

s (1 per year rw ers,"AcgeptableBASIS FOR LIMITS Biological damage or health effects
would not be statistically observable. 10' to 10-5 per year for members of the-

public) based on estimated radiation-induced fatal
'

cancers and serious hereditary disorders. Upper
limit of organ dose set to avoid nonstochastic 4

(threshold) effects, such as cataracts.

INTERNAL DOSIMETRIC.
METHODOLOGY

Irradiation Dose to the most irradiated organ, Dose to each organ is calculated, weighted by a factor
i.e., "critica1' organ", used to limit representing the ratio of the risk dose ~ to that-
intake via " Maximum Permissible organ to risk from 5 rems (0.05 Sv) of whole body
Concentrations" '(MPC) irradiation, and then the products are summed.

Values for ALIs and DACs have been cal:ulated for each
radionuclide..

.

!

|
Doses from radionuclides deposited Weighted doses to organs from radionuclides

i in non-critical organs are ignored.. deposited anywhere in the body are suaswed.

Lung model 1959 ICRP-2 model used. . Improved 1%6 model. of ICRP . Task Group on Lung
Dynamics used.

Retention in Aerosols ranked'" Soluble" or Aerosols ranked by translation and elimination
lung " Insoluble". rates, i.e., D (days), W (weeks), and Y (years).

_ _ _ _ _ _ _ _ _ _ _ .
. .. .. . ..
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TAllLE 2. (Continued) ;

.

Issue Existing Part 20 Revision
i

No consideration given for aerosol Assumes lum AMAD. Adjustments for other aerosol
aerodynamic properties size distributions, and physical and chemical i

properties are possible.

Translocation Based on 1959 biological data. Based on 1978 biological data from ICRP-30.

PUBLIC

Limit Implied 11mit' for individuals of 0.5 rems / Explicit limit of 0.1 res/ year (1 mSv/ year) for >

year to whole body, blood-forming organs, individuals from all sources. Includes summation .

and gonads; 3 rems / year to bone and thyroid; of external .and internal doses and food pathways. I

and 1.5 rems / year to other organs. No Licensee may apply for and with approval operate
summation of external and internal dose. .up to 500 millirems / year (5 mSv/yr). For members '

No consideration of food pathways. of the public, report required for exceeding 0.1-re
(ImSv) level to members of public, unless licensee

y
received prior approval for conducting operationso
at higher doses.

,

-

..
,

MONITORING
-

,

Adult Required at 25% of the basic quarterly Required at 10% of the annual limit for deep dose
limit (0.312 rems / quarter). equivalent (0.5 ren or 5 mSv). t

Required 'at 10% of the annual limit for eyes,
i skin, or extremities. -

Required for intakes greater than 25% Required at 10% of the ALIs.
of 520 MPC-hours in a quarter. ,

Minor Required at 5% of the basic quarterly . Required at 5% of the external annual limits for
limit 0.0625 rems. adults. Required at 5% of the ALIs for# adults.,

,

:
-

i .

~
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TABLE 2. (Continued)
'

.

Issue Existing Part 20 Revision

SEWER DISPOSAL Concentration limits equivalent to Concentration limits equivalent to 0.5 rem / year
5 rems / year by potential ingestion. (5 mSv/ year) by potential ingestion.

RECORDS

Determination of Occupational exposure history required Occupational exposure history (effective dose
prior dose as condition for allowing 3 rems per equivalent received during the current. year and,

quarter and use of 5(N-18) dose-averaging _ when appropriate, all planned special exposures
formula. Signed statements of dose during and over-exposures received during the lifetime
last quarter required upon employment. of the individual) required for all individuals

requiring provision of Individual monitoring-
devices or services.~

Current exposure. Form NRC-5 includes only external Revised Fem NRC-5 includes external dose,

g' records dose. Includes items for calculating internal dose, summation, and dose received
status under 5(N-18). during planned special exposures and as

overexposures.
'

Effluent releases Implied under survey requirement. Explicitly required.

Planned Special No provision. Records required.-
Exposures

REPORTS

Criteria for 20 timer the basic quarterly dose limits 5 times the annual dose limits
immediate notiff-
cation of Property damage $200,000.. Same

'

incidents

Overexposures Required if limits for short-term Required if any individual in an unrestricted
of public radiation levels or annual effluent area exceeds 0.1 rem (I mSv) in one year.

releases to unrestricted areas are
exceeded.

.

;;.|''|..O'T..l''.;&"'~aeg;=a.''
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i
'

TABLE 2. (Continued)

; ]
]Issue

.
Existing Part 20 Revision

;
.
?

REPORTS (Continued) ;
; r

'

i Planned :pe:lal No provisions for planned special Report required in'all cases.
. exposures exposures. ;

Individual Annual statistical summary report Data for'the same 7 categories of licensees on all . .

'

monitoring reports required of 7 categories of Ilcensees. individuals required.to be monitored (or all j
all individuals actually monitored at licensee's !

,

Termination report required of same option), in lieu of statistical summary and !
,

| 7 categories of licensees. termination reports to NRC.
,

,

For members of the pubilc, report required for !'

exceeding 0.1-res (InSv) level to members of' |-

public, unless licensee received prior approval ,

g for conducting operations at higher doses. ,

.

' Reports to Required by 19.13(d) for any infor- Reports required to employee on anrual basis.
.

1

individuals mation reported to NRC. '. Applies only to Doses reported will be effective dose equivalents.
overexposures and termination reports. In addition, licensees would report to individuals _i

~ Pursuant to IR.13, other reports on any planned'special exposures and estimates of !'

exposures are available to the . both annual effective dose equivalent and 50-year j

individual on request. ' committed effective dose equivalent- to their :'
'

employees.
;. ,

'

L

7
-

|
1

i
|

4
.
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.

Current Status

The existing regulation contains an implied whole body dose limit of
0.5 rems /y to an individual in an unrestricted area in
10 CFR Part 20.105.

|

The revised 10 CFR Part 20, Subpart D 20.301, explicitly states dose
limits for members of the public. The limit is stated as the sum of
external deep dose equivalents and internal committed effective dose
equivalent- to any individual.

The values identified in 10 CFR Part 50 Appendix I are objectives for
the design, installation, and operation of equipment for the control
of effluents. On the basis of this regulation, NRC has required
licensees to develop radiological effluent technical
specifications [3,4) which govern the operation of commercial light
water reactors in the United States. Thus the design objectives are
incorporated in the licenses of these facilities as operational
limits. Compliance with the annual limits' incorporated in the
technical specifications-of operating power reactors is demonstrated j
by calculation of individual doses, based on effluent and other
measurements.

.

The calculated population dose commitment for 1984[b] was 280

person-rem. The range and geometric mean of.the average total body
doses for all light water reactors in the United States were

1.4 x 10-6 mrems (1.4 x 10*8mSv) to 6.2 x 10-2-(6.2 x 10'4mSv)
and 4.5 x 10-4 (4.5 x 10-6mSv) mrems respectively.

Impact From Part 20 Revisions' -

'

In contrast to the implied limit of the existing rule, the revised
Part 20 includes an explicit limit of 100 mre:n/yr (ImSv/yr) effective
dose equivalent from external and internal exposures. Based on the
statistics of currently incurred doses to the public from NRC

13
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licensed facilities, and the current trend of declining exposures, it
is concluded that the public dose limit of the revised Part 20 will
not have any. impact on members of the public. Instead, it is likely

'
that public exposures will' continue to be limited by other;

' regulations, in particular, Appendix ! of 10 CFR Part 50.

2. Occupational Doses .

; The major emphasis of the existing Part 20 regulation is on
occupational doses. The following paragraphs address the current
status and the likely effect of the modifications to Part 20 on this
segment of the environmental impact of this regulation.-

Current Status

Occupational dose is monitored by all licensees and reported to the
NRC annually. Since 1973 these dose. statistics have been compiled in
annual reports. The latest report published covers calendar year
1985.[6] Table 3a ifsts worker doses- from 1973 to 1987 for.all
light water reactors (boiling water reactors and pressurized water
reactors). With a few exceptions, average worker dose has continued

| to decrease since 1977. Table 3b shows a breakdown of the average
worker dose by reactor type. A declining trend is evident, from this
data, for both reactor types.

Under the current regulations, an individual may receive up to 3 rem '

per quarter and 12 rems per year whole body dose provideo an ,

occupational exposure history (Form NRC-4) is on file 'with the
licensee. Table 3 lists a summary of annual whole body exposures- ;

reported to the Commission from 1968 to I W . The data show that r

since 1982 no individual has received greater than 12 rems /y whole
body dose and a small fraction 0.1%, of_ the total monitored workers ,

received greater than 5 rems /y. Approximately 95% of all workers
received less than 2 rems /y. These statistics indicate that the :

-

licensees have been successful in keeping worker dose-below the

14
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l

I

TABLE 3a. OCCUPATIONAL EXPOSURE AT LifRs
. i

*

Number of workers Total Average Dose
.

Year with measurable exposure eerson rem rems

!

1973 14780 13963 0.94
1974 18466 13722 0.74

4

1976 35447 26433
^

0.821975 25489 20879'
,.

0.75 i

1977. 38858 32511 0.84 .

i
1978 42674 31804 0.74
1979 60160 39981 0.66
1980 74503 53796 0.72
1981 -76730 54142 0.71 ,j -

5

1982 79224 '52190 0.66i *

1983 80804 '56471 0.70 !
4

1984 92918 55214 0.594

: 1985' 92864 43042 C.46 ;

i 1986* 103179 42725 0.41 ;
~

1987* - 40879 - i
t

; ;

! * Preliminary Data
.

-
i

i>

! !

~

i

!

T

! 'e
_

,

,

i

-
x

,

= :.+ . .c .m.g,5



_ _ _ __ _ _ _ _ _ _ _ . __ _ _ _ - _

r

.

TABLE 3b. OCCUPATIONAL EXPOSURE AT LWRs

Average Worker Dose foress)
fYear - All LWRs All BWRs All PWRs

1973 0.94 0.85 1.0
1974 0.74 - 0.81 0.68 -

'

1975 0.82 0.86 0.76
*

1976 0.75 0.71 .0.79
1977 0.04 0.89 0.65 ;

1978 0.74 0.74 0.65 -

,

- '
* 1979 0.66 0.73 0.56

1980 0.72 0.87 0.52
1981 0.71 9.73 0.61 ;

'

- 1982 0.66 ' O.76 0.53
1983 0.70 0.82 - 0.56
1984 0.59 . 0.66 0.49 ,

'

1985 0.46 ' O.54 0.41

i .

*
t

!

,

,

!

l

&

4
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.

current regulatory. limits, and in most cases at least a factor of 2.5
below the new limit. )

,

:

Impact of Part 20 Revisions on Occupational Doses !

The revised 10 CFR Part 20.201 states a limit of 5 rems /y for adult
occupational radiation dose. In the area of external _ deep dose ;

equivalent the impact of this limit should be minimal if judged by
the data in Table 4. This table-shows that more than 95% of the
radiation workers received doses of less than 2 rems /y for 1984.,

This leaves a. 3 rems margin for most workers to address the new
requirement that the external deep dose equivalent and the internal

-committed effective dose equivalent due to internal deposition of-
radionuclides, be additive. With the increased awareness of airborne-
contaminants and the improvement of the worker environment, it is
reasonable to expect that. this margin will not be exceeded except in
very rare instances.

. .

In the area of internal dose limits the current regulations limit
exposure to contaminated air to 520 MPC-hours /qtr (hours at maximum
permissible concentraticr. Fr quarter) by an individual in a
restricted area. This restriction on breathing contaminated air
indirectly limits internal organ doses. The change in_the revised
Part 20 establishes a limit of 2000 DAC-hours /y;(derived air
concentration hours per year) or inhalation of one ALI (allowed
annual limit of intake), and puts a capping dose limit of 50 rem /y to .

any organ to avoid non-stochastic effects. The major difference
between the two approaches to limit exposure .from ingested

contaminants is in the calculation of MPCs and DACs. MPCs are
calculated based on a single-critical organ concept. DACs are

.
calculated bastd on all organs receiving a dose both directly and/or

~

indirectly from internally deposited radionuclides and weighting the
estimate of risk to an organ relative to the risk for uniform whole
body exposure.

17
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'

TABLE 4. SUfMARY OF ANNUAL DOSE DISTRIBUTIONS
FOR CERTAIN NRC LICENSEES

1968 - 1984 |
i-

t,
,

Total Number of Percent of Percent of. Number of ,

Monitored Persons Individuals Individuals Individuals i

Compiled (Adjusted * With Doses With Doses With Doses -l,

Year Number Number) <2 rems >5 rems '>l2 rems !

!
f;

1%8 36,836 97.2% 0.5% 3 i
.

1969 31,176 96.5% 0.5% ,
0 !
7 3

1970 36,164 96.1% 0.6%-
!

,

1971 36,311 95.3% 0.7% 1'

| 1972 44,690 95.7% 0.5% 8
-1973 67,862 95.0% 0.5% 1 ~!'

'1974 85,097 96.4% 0.3% 1 ;;
,

i - 1975 78,713 -94.8% 0.5% 1 i

| 1976 -92,773 95.0% 0.4% 3 |
*

| 1977 98,212 (93,438) 93.8%* 0.4% 1 :

; 1978 105,893 .(100,818) 94.6%* 0.2%* 3 i

1979 131,027 (125,316) 95.2%* 0.2%* I j
;

! L1980 159,177 (150,675) 94.6%* 0.3%* 0
j 1981 .157,874 '(149,314) 94.6%* 0.2%* 1 j
'

1982 162,456 (154,117)- 94.9%* 0.1% 0 '

i 1983 172,927 (164,239)**' 94.6%* 0.1%. O ;

i 1984 204,069 (194,840)** 95.91* 0.1% 0 !
,

; .
'

,

i * Based on the distribution of individual doses after adjusting for the !

: multiple' counting of transient reactor workers (see Section 5). {
' **The termination data for about 15% of.the individuals teminating during - |

|-
1983 or 1984-have not been entered into the REIR System.

|

$ -

t
+ -

*

, i

f !

i

!: -
:

!
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.

The regulations provide limits for planned special exposures. Under

the current regulations a worker could exceed a 5 rems /y dose if an '

occupational exposure history was on file, in which case the worker,
could receive up to 12 rems /y. The revised regulation allows for
planned special exposures exceeding the annual limits by an increment
equal to the annual dose limit during any one year. No more than

five times the annual limit may be permitted durin'g a workers
lifetimc. These new criteria may have an affect on some licensee's
operation, but the data in Table 4 indicates that the impact is rot
likely to be significant.

The revisions . include an explicit requirement to include the "as low
as reasonably achievable" (ALARA) conc 6pt.in radiation protection
programs. The ALARA concept is not new. Although not an explicit-
general regulatory requirement heretofore, the NRC's regulatory
practice has included this basic concept in a number of regulatory
programs (e.g., effluent technical spec.ifications discussed

'

previously). As a result, most, if not all, licensees currently have
ALARA programs whose functions generally cover those listed in
Section 20.102.

3. Concentration and Effluent Limits

A significant change occurs in the summation of both external and
internal dose for a member of the public and the restriction of that
dose to 0.1 rems /yr. The summation of the external and internal
doses has required new derived limits in air and water to be

calculated based on the 0.1 rem allowed dose. The revised effluent
concentration limits are based upon an annual effective dose
equivalent of $0 millirem in 'ach release pathway (air and water).e

The MPC changes, nevertheless, will have little environmental
impact. This is a result of the defacto limitation on doses for
members of the public arising from the more restrictive requirements
in 10 CFR Part 50 Appendix I and 40 CFR Part 190.

19
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1

In the areas of monitoring and record keeping, the revised
regulations do not require anything different than what t'he licensees

are presently required to do by license conqtions or effluent ,

technical specifications. ;
,

Liquid and gaseous effluents are an indicat r of the facility's
impet on the environment. Table 5 presents reported effluent
release activities [6] for boiling water and pressurized water *

reactors for the years 1972 and 1984, and 1972 and 1984

respectively. There are significant differences between the two
types of reactors but the important comparison is the hist 3rical

'
trend for each type of facility. It is readily apparent'that total
radioactivity released in gaseous and liquid effluents have decreased
during the span of years covered by the dita. The decrease in noble .

gas releases was enhanced in boiling water reactors by the
installation of augmented offgas systems in the late 1970s.

IV. Alternatives
,

The proposed revision of 10 CFR Part 20 reflects new scientific knowledge,
increased uses of radiation and sources of radiation exposure, and

| experience gained during nearly thirty years. The proposed revision would
adopt, in part, the approach to radiation protection and the system of
dose limitations recommended by the ICRP. This revision would correct the
deficiencies identified in the existing Part 20, and would also include a
number of other changes required to make the regulations consistent with
up-to-date principles that underlie radiation protection.

1

'Mernative 1: No Action

To continue with the existing regulations would be to ignore recent
scientific advancements. This alternative would result in a failure
to implement the international system of dose limitations recommended

20
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,

TABLE 5. RADIOACTIVE EFFLUENTS FROM LWRs
(curies / year)

Gaseous Effluents :
_

1

BWRs PWRs

Nuclide Year Rance Average Year Range Averaq6
,

Noble Gas 1972 1.8(4)-8.77(5)** 4.24(5) 1973 32-1.l(4) 2280
1984 118-1.67(5) 5.22(4) 1984 28.4-4(4) 6300

'
.01-1.61 0.41lodine 1972 0.15-5.89 1.69

1973 ~ 2.07(-4)-0.41 0.0491984 1.86(-4)-2.92 0.22 1984

'

Liould Effluents
.

I 8WRs PWRs

Nuclide Year Range Average lee Ranoe Average ;

3H 1972 10.4-120 40.4 1973 154-3900 1196 f
1984 1.1-125 28.3 1984 1.7-3660 589 .

'

MFP/AP* 1972 1.1-51.5 22 1973 0.1-27.8 6.1
1984 .007-6.3 1.6 1984 0.019-13.0 2.6

4

*MFP/AP - Mixed Fission products and activation products

5**8.77(5) - 8.77 x 10 ,

,

!
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by_ ICRP in Publications 26 and 30, the NCRP in Nblication 91, and
most importantly, in the 1987 Federal Guidance for occupational
exposure. The inclusion of the (internal) committed dose equivalent |

estimates, which could be an important part of determining the risks,
would continue to be omitted from the total dose equivalent.
Furthermore, if the present 10 CFR Part 20 is not changed, the
present lack of clarity and organization will continue to exist.

.

While it may be shown that present regulatory efforts have been
effective in providing an adequate level of protection for
occupational workers, the failure to reevaluate the regulatory limits
in view of the new scientific information would leave the NRC open to
criticism and make it difficult for NRC to respond to Congressional
(including GAO) and public inquiries about the adequacy cf present
regulations for protection against radiation.

Alternative 2: Delay Action Awaiting Further Developments
,

Revision of Part 20 could be delayed pending revised Federal Guidance
EPA Standards, or NCRP recommendations on public exposure li'mits.

Federal Guidanc''e

The existing Part 20 l's in accord with present Federal Guidaace to
agencies in the conduct of radiation protection activities published
in 1960 and approved by President Eisenhower. This guidance applies
both to exposures of workers and members of the public. . EPA has
issued revised occupational exposure guidance which is in line wit!.

,

l ICRP recommendations but has not issued revised guidance for the
public. It is not necessary that NRC await such guidance prior to

! publishing a revision of Part 20 because the NRC has independent

| statutory authority to set such limits. NRC, as a matter of policy,
will generally implement any new Federal Guidance in the conduct of
its regulatory programs.

22
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EPA Standards

EPA has specific authority under the Atomic Energy Act, as-
amended, to establish " generally applicable environmental

standards" for radiation and radioactive materials covered under
the Act. This authority is limited to application at points -

beyond the site boundaries of NRC-licensed f6cilities. EPA has

used this authority for control of effluents, from facilities in
the uranium fuel cycle, in standards for high-level waste
repositories, and in proposed low-level waste disposal -

'

standards. Since EPA is not-immediately developing a generic
standard for population exposure, no delay in Part 20 for this
reason is justifiable.

EPA has issued final standards to control air emissions of
radioactive materials which would apply to some NRC licensees,
with exception for those NRC-licensed facilities already covered
by EPA stanoards. promulgated under the Atomic Energy Act. . ..

However, these standards have been remanded to EPA for revision
by a Federal court. The details of implementation of the
proposed standards by NRC have not been finally agreed to by NRC

. and EPA. Publication of..the revised Part.20 is not.likely.to be ...

affected by EPA's final standard, as the EPA standards did not
require any modifications to the revised 10 CFR Part 20.

NCRP Recommendations

The National Council on Radiation Protection and Measurements
(NCRP) has issued a major revision of its basic radiation
protection criteria in NCRP Report 91. This report and-its
recommendations were considered in the preparation of the final
Part 20 rule. The degree of protection recomended in NCRP

'

Report No. 91 is not substantially different than that provided
following the 1977 ICRP recomendations which form the besis of
the current Part 20 revisions.

23
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| Alternative 3: Partial Updates of Part 20'
,

|
'

3a. Update Only the Concentration Limits for Radionuclides in Air and
Water.

If concentration limits were the only part of the regulations
considered in the proposed reviston, then the other shortcomings
would still remain. The AL!s and DACs presented in ICRP
Publications 30 and 32, and proposed for incorporation into
Appendix B of the draft revision of Part 20, include . lighting
factors and consideration of committed effective dose equivalents
that would not be appropriate for incorporation into the present
Part 20. Development of replacements for these limits without
the ICRP-recommended weighting factors, would involve extensive
calculations. In addition, updating the concentration limits
could constitute about 30% of the initial cost of the entire
revision and about 60% of the annuai cost. While updating the' -

encentration limits would seem to be the most important of the
proposed provisions, the other provisions are considered to be
very necessary at this time and the benefits that would result
from implementation '.e believed to' outweigh- the costs. Wh-ile-- - -''

the conceritration limit changes would have the greatest impact on
the licent.ees who process uranium and thorium, the costs from the
remaining limit revisions are mo*e evenly spread over the entire
nuclear industry and are less likely to impact heavily on a
single type of licensee.

3b. Limit Revisions to those Necessary to Make 10 CFP, Part 20
Consistent with the Major Recommendations of the Federal Guidance

and ICRP-26 and ICRPJ30.

This alternative involves making only those revisions that would
bring Part 20 in line with the dose limits and the concept of
" effective" whole-body dose recommended in ICRP Publication 26.

24
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4

; It would include incorporation of the dosimetric models and the
biological information from ICRP. These changes would leave the

'

other weakness noted above. This partial update, never the less,
would entail most of the cost associated with the full revisions.

V. Sumary and Conclusions

a

This revision of 10 CFR Part 20 was guided by (1) Federal Guidance
issued by the Presidenti (2) the recommendations of world recognized '

authorities on radiation protectionr(3) the most current * national and,

international data on health effects and radiation dosimetry (4) the
advice of licensees, labor unior.s, health physics organizations, end

1 other interested parties; and (5) public coments received on the
proposed rule. *

i

In drafting the Part 20 revision, references were consulted including
the following:

International Comission on Radiological Ptatection publications:
#7 - ' Report of Comittee II on Permissible Onse for

Internal Radiation * (1959)
'

i #23 ' Report of the Task Group on Reference-Man'-(1974)- **

#26 'Recomendations of the International Comission on
Radiological Protection" (1977),

#27 ' Problems Involved in Developing an Index of Harm"

(1977)
#30 ' Limits for Intakes of Radionuclides by Workers"

(1978)
#32 ' Limits for Inhalation of Radon Daughters by Workers"

(1981)

International Comission on Radiation Units and Measurements
reports:.

i #33 ' Radiation Quantities and Units' (1980)

25-
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|
<

|

I

| National Council on Radiation Protection and Measurements
reports:

; ,

#38 * Protection Against Neutron Radiation' (1971)

839 "Besic Radiation Protection Criteria" (1971)
#91 'Recomendations on Limits for Exposure to Ionizing

,

I Radiation' (1987)

| National Academy of Sciences Comittee on the Biological Effects

! of Ionizing Radiations reports:
'The Effects on Populations 'of Expo'sure"to Low Levels of *

j IonizingRadiation'(1972,1980)

International Atomic Energy Agency Document:

'BasicSafetyStandardsforRadiationProtection'(1981
'

Rev.)

j European Atomic Energy Comunities directive:
,

Official Journal of the Europcan comunities L246 (1980) '
' Basic Safety Standards for the Health Protection of the'

General Public and Workers Against the Dangers of lonizing
i Radiation' .

United Nations Scientific Comittee on the Effects of Atomic
Radiation reports:

' Sources and Effects of lonizing Radiation" (1977)
'lonizing Radiation: Sources and Biological Effects" (1982)

Section 3 discussed potential areas of environmental impact of the
revised regulation. The revision will have little impact on doses to
members of the public because more restrictive limits are found in
40 CFR Part 190, 10 CFR Part 50 Appendix 1, and in some licensees'
effluent technical specifications.

I

For those changes that affect the occupationally exposed individual
thkre is a potential positive impact on health protection. In most

26
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instances current practice of the licensees fits within the proposed
changes, so that no major impact is anticipated for the majority of
radiation workers as a result of reduced upper limits, or the
combination of external and internal dose equivalents. For the very
small fraction of the exposed work force with accumulated doses
approaching the occupational dose limits, the determination of the
total effective dose equivalent by combining both internal and
external deep dose equivalents provides a positive impact by ensuring
appropriate limitation of the exposed individual's health risk.

In converting from concentration limits in the present Part 20 to the
annual limits of intake (Alls) and deriyed air concentrations (DACs)
in the revision, many of the DACs are different from the limits
currently listed in Appendix B, 10 CFR Part 20. Where comparison is
possible, about 65% of the DAC listings are less restrictive, about
26% are more restrictive (in particular for radionuclides restiting in
alpha particle emission), and the rest remain essentially unchanged.

The changes arise from a number of considerations that include:

(1) Dose contribution to all organs and tissues from radioactive
material deposited in al1 organs and tissues, rather thari dose to . .-

a critical organ from radioactive material deposited .in that
organ;

(?) Use of a quality factor (QF) of 1 for low energy beta particles,
' and a QF of 20 for alpha particles, rather than 1.7 and 10,

respectively;

(3) Updated biological models; and

(4) Application of the risk based weighting factors within the ICRP
system of dose limitation.

27
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:

The current level of radiation protection is affected much more by I

consideration of what is ALARA than by specific dose limits. It is'

considered that a strong ALARA requirement will ensure that the level
of radiation protection will remain high even though the limits for
certain. radionuclides might be increased. Furtheretre, the proposed
revision of Part 20 calls for the summation of ext. ,,a1 dose anda

; internal comitted effective dose equivalent, thereby providing an '

additional constraint on the amount of radioactive material that may
;

'

be taken into the body.

While greater assurances would be provided for worker and public
protection against radiation, the revision of Part 20 will not have a
significant impact on the quality of the human environment. Changes

in the limits for environmen'tal releases will not usually be limiting
as other existing standards already in practice will be governing.

1

VI. Environmental Assessment: Negative Declaration Finding

The Commission has determined under the National Environmental Policy
Act of 1969, as amended, and the Commission's regulations in Subpart .A
of 10 CFR Part 51, not to prepare an environmental impact statement
for this revision of l'0 CFR)ali"20 be'caus'e"the Cominfssfo'n has" ~

' ' " ~

concluded, on the basis of an environmental assessment, that

promulgations of this revision of 10 CFR Part 20 as a final rule would
not be a major Federal action significantly affecting the quality of
the human environment.

The revised 10 CFR Part 20 changes the level for protection of the
general public from an implicit limit of 500 millirems (SmSv) per year
to an explicit limit of 100 millirems (ImSv) per year. There are also
numerous changes in airborne and water radionuclide concentration
limits. These changes result from changes in the models and
parameters used to estimate the radiation dose associate with intake
of a radionuclide. Some of the concentration limits for the general

28

_. .- _ ._. __. _ __ _ _ _ _ _ _ . _ _ ____ _ _ _ _ ..



_ . . _ - _ _.. .- _ - - --- - . _ _ . _ _ _ _ ._ _ _ _ - - _

j

public in this revision are new; some limits are similar to the
present limits, while other limits are changed upward or downward,

'

i

Despite the changes in the dose and concentration limits, the
Commission believes that issuance of the final Part 20 rule will not
have a major impact on the environment. The primary basis for this'

<

i conclusion is that in addition to 10 CFR Part 20, there are other
regulations that govern allowable doses to members of the public which
remain unchanged by the revision to Part 20. These other regulations -

- include Appendix ! to 10 CFR Part 50, 10 CFR Parts 60 and 61 and the
,

EPA's generally applicable environmental standards in 40 CFR Parts
190, 191, 192 and (proposed 193), and the National Emission Standards

for Hazardous Air Pollutants (NESHAPS) 4 1n 40 CFR Part 61
(radionuclides). These standards set limits or design objectives*

(Appendix !) for releases of radioactive material to the general
environment which are generally more restrictive than the dose limits
in Part 20. Consequently, since these more restrictive standards. .

. remained essentially unchanged by the Part 20 revision, ths level of
public protection and the associated environmental impact are not ,

changed appreciable from those associated with the current rule and
the aforementioned regulations. '

VII. Availability of Documents

This environmental assessment may be examined and copied (for a fee)
at the NRC Public Document Room. Single copies of this assessment may
be obtained from the NRC project manager: f

Harold T. Peterson, Jr. !

Radiation Protection and Health Effects Branch |.

Office of Nuclear Regulatory Research
3

U.S. Nuclear Regulatroy Commission-

*

Washington, D.C. 20555 [
Telephone: (301)4923640 j

.

29 i
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! FINAL BACKFIT ANALYSIS I
! '

i FOR THE REVISION OF 10 CFR PART 20
! i

,

.

j i
'

:
E

4

A. Introduction <

!

"

The comments of the NRC Commissioners in Section XXXVIII of the proposed !

rule indicated that the proposed rule was being published for public com-

ment prior to a Commission decision on whether or not'a backfit analysis j

should be prepared. Subsequently, at the direction of the Commission, the .

NRC staff prepared a draft backfit analysis for the Part 20 revision. This ..

; draft backfit analysis wa's published for public comment in the August 29, i

| 1986 Federal Register (51 FR 30870). The public comment period on this

analysis ran concurrently with the extended comment period on the proposed,

rule, both ending on October 31, 1986. l

i

| The Backfit Analysis was prepared to satisfy the requirements of 6 50.109
,

of 10 CFR Part 50 (commonly called "The Backfit Rule") that:
|

!

(1) a systematic and documented analysis be prepared for any new
; requirements placed upon existing nuclear power reactor licensees;

,

;

(2) the analysis shows thet the new requirement provides a substantial
,

i- increase in the overall protection of public health and safety or in
1 the common defense and security; and

(3) that the direct' and indirect costs of implementation are justified in
terms of the increased protection.'

|' 2
I
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i

i

|

: B. Draft Backfit Analysis and Public Comments -

;

'
\

The Draft Backfit Analysis for the Part 20 rule concluded that:' (1) the

proposed Part 20 rule would provide improvements in health protection;

; (2) it could not be shown unequivocally that the direct and indirect costs

j of implementation would be justified in view of this increased protection;
.

,

; and (3) the continuation of the Part 20 rulemaking might be justified on

j the basis of qualitative as well as quantitative factors. The Draf t Back-
'

!

i fit Analysis also contained a request for-public comment on these tentative

i conclusions, particularly on whether qualitative factors should be

considered in evaluating costs and benefits.

:

|

q There were 17 comments that responded specifically to the questions asked

j in the draft Backfit Analysis. Three of the 13. industry comments found the

draft Backfit Analysis to be adequate, but only two coumenters believed

that it fully satisfied the backfit requirements in 6 50.109. Seven com-
'

menters (all electric utilities) thought that the draft Backfit Analysis-

was inadequate. Some felt that a cost-benefit analysis should have been,

|
doneforeachofthemajorchanges. [ Note: The Regulatory Analysis con-

tainsestimatesofthecostsandbenefitsofeachmajorchangebutdoes

; not perform a numerical balancing.)
1

.

One utility stated that the draft Backfit Analysis complies with 6 50.109

when non quantitative factors such as'" contemporary scientific and
'

philosophic approaches" are considered. Other comments state that non-

| quantitative factors should not be controlling, but could be considered
.

in the analysis. There was no support from these comments for suspending
1- i

.

,,
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;

I

the application of the provisions of 6 50.109 to the 'Part 20 rulemaking.

Two commenters stated th6t the pertinent wording of i 50.109(c) would pro-

vide for Comission approval based on qualitative considerations. One of

these commenters stated that: ... qualitative factors are of sufficient'

importancetoestablishcomplianceofthePart20backfitwith[6]50.109."

,

C. Final Backfit Analysis For The Part 20 Revision<

.

The revision of 10 CFR Part 20 is not anticipated to require physical

modification to nuclear power reactors. However, the definition of a

"backfit" in i 50.109(a)(1) includes the modification of or addi (on to

the procedures or organization required to design, construct or operate

.a nuclear power reactor facility. The Part 20 rule is applicable to all

NRC licensees and, therefore, is broader in scope than the "Backfit Rule,"

which applies only to nuclear power reactors. However, the revision would
~

result in the need for revisions in the operating procedures dealing with

radiation protection at nuclear power reactor facilities licensed under

10 CFR Part 50 so the application of the backfit rule must be considered.

A separate Regulatory Analysis for the 10 CFR Part 20 revision describes

the anticipated benefits and anticipated costs that could be associated

with the implementation of the Part 20 revision, were it to be adopted.

This Regulatory Analysis is the primary source of the estimates of the ben-

efits and the impacts for nuclear power-reactors described in this Final

Backfit Analysis and is incorporated as part of it. The Regulatory Analy-

sis also contails estimates of the costs and benefits from the Part 20

revision for classes of NRC-licensed activities other than power reactors.|

|

4
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As tne provisions of 6 50.109 for a backfit analysis apply only to nuclear

power reactors, these other impacts are not discussed in this Backfit '

Analysis. |
'

0. The Requirements of 6 50.109(c)

Paragraph 50.109(c) of the backfit rule sets forth certain factors which,

to the extent relevant information is available, are to be considered in

a backfit analysis. These factors are:

1. Statement of Specific Objectives to be Achieved.

The revision of 10 CFR Part 20 is intended to:-

a. Update the quarter-century-old 10 CFR Part 20 to incormtate
advances in science and new concepts-of radiation prctection
methodology and philosophy;

b. Implement the 1987 Federal Radiation Guidance on occupational
radiation protection;

Implement the principal current dose-limiting recommendationsc.
of the International Commission on Radiological Protection (ICRP)
and the National Council on Radiation Protection and Measurements
(NCRP) for both workers and members of the general public;

d. Update the limits on airborne radionuclide intakes,. effluent
releases and doses from inhaled or ingested radionuclides using
recent metabolic models and dose factors; and

Add requirements keeping radiation levels "as low as is reaso mblye.
achievable."

The principal benefits associated with the rule are primarily !

associated with changes to or new limits on doses to the embryo /

: fetus and to workers and to members of the public.

5
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l

}

! !
2 ;

I
j 2. General Description of the Actions _to be Required of the Licensee or

j

Applicant. !
!

! |
; :-

i
The principal new or additional actions that would be required of (,

! licensees by the proposed 10 CFR Part P0 revisions are to: !
i

a. Sum the dose from radiation externel to the body and from
radionuclides deposited in the-body as appropriate based upon,

| survey and monitoring requirements;
,

,

b. Provide increased protection for the embryo / fetus when female k

. orkers declare themselves pregnant;- !
: w
'

i
c. Employ the latest ICRP limits on airborne radicauclide intakes, ;

effluent releases and doses from inhaled or ingested radio-;
,

; nuclides; _ j
. ,

a d. Modify training guides, operating procedures, and manuals to ;

incorporate the new concepts and requirements and provide re- '

2

training of employees on these concepts and their implementation; !

and !

] e. Develop radiation protection programs.
4

k

3. Change in the Risk to the Public from Accidental Off-Site Release of- t

i Radioactive Material.
.

!

!There is no direct impact on risks associated with accidental releases
|

f
of radioactive materials beer.use-the principal thrust of.the Part 20

I applies to normal operation.

!
4. Potential Impact on Radiological Exposure of Facility Employees. }_

| !

!

The principal impact of the revision would be to assure significantly {

better and more up-to-date worker protection. The added protection I

results from the following: |
|
r

6
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a. The limit for annual worker doses would be 5 rems total effec-
tive dose equivalent in a given year. This is the sum of the
external deep dose equivalent and the internal committed effec-
tive dose equivalent. Currently, the limit for dose from ex--

ternal radiation workers is 3 rems per quarter (12 rem's per year).'

An additional limit is 5 rems whole-body or higher organ doses t

from internal radionuclides inhaled or Ingested. These dose
limits are applied independently so that a worker could conceiv-
ably receive a total dose (external and internal) of 17. rems in
a given year. However, the present Part 20 also provides that
the worker's long term average external dose does not exceed 5
remsper. year (cumulativedoselessthan5(N-18)whereN= age),

b. The occupational dose limit for extremi t,ies would be reduced from
75 to 50 rems per year; however, the liaits for the skin and the

,

eye would be raised. ,

,

A limit of 0.5 rem would be placed or the dose to the embryo /c.
fetus of a declared pregnant woman. There is currently no !
specific limit in the NRC regulatir,ns to protect the embryo / I
fetus. The exposure of the embryo-fetus constitutes not only
a cancer risk. but also involves the possibility of producing
mental retardation.

d. Allowable intakes of radionuclides would be based upon updated
. radiobiological, metabolic, and dosimetric data. For a number
of radionuclides the intake limits would be lowered. However,
for many radionuclides the allowable intake would be increased
due to the new methods of dose evaluation. These increases are
not expected to affect airborne concentration levels in current
facilities which will probably continue to operate below the
older lower limits.

The total effective dose equivalent would be the limiting quan-e.

tity rather than separately limiting external or internal doses.
In certain circumstances, internal and external radiation doses
would be added together rather than evaluating them separately .

'

as required by the present rule,

f. Dose limits would be expressed as the sum of organ doses weighted
by the comparative biological risk of cancer in the organ. This
will provide a better characterization of the radiological risks
to the body by taking into account radiations from radioactive
material located in parts of the body other than the " critical
organ."

,

7
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!

!

5. Installation and Continuing Costs, Including the Cost of Facility :

Downtime or the Cost of Construction Delays
.

There should be no costs associated with reactor downtime or construc-

| tion delays. The Part 20 changes apply primarily to operational pro-

!_ cedures and should cause no modifications in facility design or.in-
i
; shielding.~ The initial and annual costs associated with.various pro-
!

visions in the revision-are discussed and analyzed.in the Regulatory

! Analysis. The total estimated costs for nuclear power reactor licen-

sees are $30 million for initial procedure mo'dification and new pro-;

:

}- cedure implementation and $4 million in additional costs per year
''

thereafter.
)

:

.

6. Pctential Safety Impact of Changes in Plant or Operational Complexity,

Including Relationships to Proposed and Existing Regulatory Require-

ments.

.

j Anysafetyimpactsandchangesinplant|complexitywouldbenegligible,

| since the proposed rule should not entail changes in plant design. -

L Some of the proposed changes could increase operational complexity.

However, once the new procedures are fully implemented they are

expected to become routine.
.

The impact of modifying operating procedures, manuals, and records -

would be minimized by a deferred implementation date that will provide

a period during which licensees may. develop the necessary new

| procedures, manuals, and records.

8
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7. The Estimated Resource Burden on the NRC and the. Availability of. These

Resources.

.

Costs to the NRC would primarily be associated with the preparation of

new regulatory guides for implementing the new procedures and revising

existing regulatory guides, branch technical positions, and inspection
i

procedures to reflect the Part 20 revisions. This effort entails the

preparation of 10 new regulatory guides requiring 0.2 man year per

guide or 2.0 person years total and approximately $500K of technical

support effort over a three year period. Seven existing regulatory

guideswouldrequiremajorrevisions,resultinginanadditional

person year of effort. This effort to develop the new regulatory

guides necessary to implement the revised Part 20 was started in 1989.

:

It is estimated that approximately one staff year would be required

in the Office of Nuclear Reactor Regulation (NRR) to modify license

conditions and technical specifications to comply with the proposed

revision. The largest impact in NRC relevant to'Part 50 licensees

covered by 6 50.109 would be in NRR and the Regional Offices to

revise inspection procedures and to train insp_ectors on the new

regulations and procedures. It is estimated that this would require
,

about 2 person years total (excluding materials licensees). These

impacts would be spread over the implementation period. For this

reason the Part 20 implementation should not have a major-impact on

NRC programs. Once the new procedures are-in place, there should

not be any significant' resource expenditures above current levels.

9
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!

8. Potential Impact of Differences in Facility Type, Design, or Age on

! the Relevancy and Practicality of the Proposed Action.
i .

4
!

Since the proposed revisions principally affect operating procedures '

.

j rather than facility physical design, there should be rio significant- |
4

- e

; impact due_ to differences in facility _ type, design or age.s
'

.

i

! 9. Are the Proposed Revisions Interim or final and if Interim, What is
e

'

the Justification for Imposing Them on an Interim Basis?-
!

e This is a final rule.
;-

r

i
*

; 10. Paragraph 50.109(c) requires consideration of the priority and [

scheduling of the action under consideration in light of other regula-

tory activities. Implementation of the proposed revision of 10 CFR

c Part 20 should not significantly affect any other backfits.or safety-

related activities. In order to minimila the impact of the retraining

and revisions of procedures, the proposed implementation period of the
'

,

Part 20 revision extends to 1992. The changes required to implement

the Part 20 revision would not conflict with and do not need to bei

further prioritized with respect to other a:t.ivities at nuclear power
't

plants.

10
.
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|
:

E. Providing a " Substantial" Increase ir Public Health & Safety -

l-
1

For the reasons given below, the Commission has concluded tha' the,

]
revisions to Part 20 as applied to nuclear power reactors, pro.ide a

substantial increase-in overall-protection of public health and safety'

a

i both for workers and for-members of the general public. The Commis-
i
; sion's conclusion rests on both-quantitative and qualitative grounds.

The quantitative grounds are discussed first.3

(1). There is a requirement'($ 20.101) that licensees h' ave a radiation r

protection program that describes measures to keep radiation f.

i exposures "as low as is reasonably achievable" or "ALARA," to the

: extent practicable. This makes the practice of ALARA mandatory

for worker protection (consistent with the ALARA~ requirements for
4

effluents in Appendix 1 to Part 50) rather than hortatory as in:

the present 6 20.1(c).
1

,

(2). The new occupations 1 dose limit for radiation workers (3 20.201)

| is a " total effective dose equivalent"-(TEDE) of 5 rems per year.
| This limit is placed upon the sum of the external dose (deep dose

equivalent) and the committed effective dose resulting from
: internal retention of inhaled radionuclides. (Occupational

,

; radionuclide intakes from ingestion are not considered as there

should-not be intake of contaminated foo.1 or water on the job.).

.

I

L 11
u
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The new annual limit supersedes dose limits that would have

allowed up to 12 rems per year (3 rems per quarter) from external

doses and an additional 5 rems internal dose for the'whole-body

or up to 30 rems for doses to individual organs. Under the

existing Part 20, it would have been legally possible to receive

17 rems in 1 year from the combined 12-remi ex.ternal and 5-rem

internal doses. This is limited in the revised Part 20 to a

total (internal + external) effective dose equivalent of 5 rems

per year,

i

In practice, industry's own efforts to ensure compliance with the

dose limits and to keep radiation doses "as low as is reasonably

achievable" results in actual worker exposures being much less

than the legally allowable maximum. Industry also generally sets

practical operating limits lower than NRC limits to ensure com-

pliance with the latter. For nuclear power facilities, guidelines

issued by the Institute for Nuclear Power Operations, which are

generally a fraction of the NRC limits, provide additional incen-

tives for power reactor licencees to keep exposures below the NRC

limits. Most workers in nuclear power reactors receive doses

that are only a fraction of the dose limits in 10 CFR Part 20.

For example, the average dose to workers with measurable radia-

tion exposure in nuclear power plants is about 0.4 rem, an order

of magnitude below the 5-rem limit (1.25 rems per quarter), and

about a factor of 25 below the 12-rem (3 rems per quarter)

maximum dose limit.

12
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'' (3). The new limit for doses to members of the public is an explicit

100 millirems per year. This is reduced from an implicit 500

millirems (and corresponding organ dose limits) per ye'ar found

in the current Part 20 which formed the bases for the concEntra-

tion limits 10 the existing appendix B, Table 2. This change

represents a sLbstantial redoction in the numerical dose limit;

however, most roses to the public from nuclear power reactors

are only a very small fraction of Part 20 limits. This is due

in part to ALARA design guidelines (e.g. , Appendix I to 10 CFR

Part 50) and ALARA-based operating limits (e.g., EPA's Uranium

Fuel Cycle Standards in 40 CFR Part 190}, and the licensee's own

efforts to keep below the limits in order to assure compliance

and maintain to releases "as low as is reasonable achievable."

As was the case for occupational protection, the finding of a

" substantial improvement in public health and safety" is based

upon what would be legally permissible under the revised Part 20

as compared with the limits in the old Part 20.

(4). The revised Part 20 i ins an explicit limit on the dose to the

embryo / fetus of pregt female workers in licensed facilities

($ 20.208). There is no corresponding limit in the present Part
'

20 specifically to protect the unborn. The explicit limitation

of doses to a pregnant woman who formally declares her oregnancy

to her employer (i.e. , a " declared pregnant woman") represent >

the largest estimated health protection benefit from the revised

Part 20. This benefit (protection of pregnant women at power

reactors) is estimated to have an economic value of $2.6 million

(Regulatory Analysis, page xv).

13
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|

| In addition to the quantifiable costs and safety benefits given above, the
1

| Commission has identified four qualitative arguments for the Commission's

conclusion that the revisions to Part 20 provide a substantial increase in

j overall prctection of public' health and safety. These qualitative argu-

i ments aro:-
)

(1). The need for updating the principles and technical basis underlying.

a the regulation. The system of protection presently used in 10 CFR

Part 20 is based on the system of radioactive dose limitation and
,

technical data in use over a quarter of a century ago. There have

been broad revisions in the concepts-and approaches for protection

i against radiation arid numerous updates to the. technical parameters
J

| used for estimating radionuclide metabolism and dose. A number of

those changes result in more restrictive concentration limits as
,

changes in the technical knowledge indicates that previous limits

should be modified in order to provide the same margin of safety.

1
-

(2). Maintaining consistency with international radiation protection

standards. The European Economic Community, the International Atomic

Energy Agency,.the Initernational Labor Organization, the World Health

i Organization, and the OECD/ Nuclear Energy Agency base their radiation

protection codes on ICRP recommendations. .If the U.S. does not imple-
I

ment the new standards, we would not be compatible with international

organizations and a large segment of the nations with advanced nuclear

technology. This could lead to inconsistent limits being applied.in !i

areas close to U.S. borders and confusion regarding'the proper degree
.

of safety protection that should be applied.
;

14 .i
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1

(3). Consistency of radiation protection requirements with current risk

assessment methodologies. There is widespread and growing usage of the

dose and. risk-related assessment approach arising from the' concepts in

ICRP Publication No. 26 and the metabolic and dose parameters in ICRP-

30 and its companion reports. This means that dose assessments as

currently conducted in practice by the NRC staff are not consistent

with the dose assessment models underlying the present Part 20.
1

Agreement is desirable .for the sake of internal consistency between i

the techniques used in risk and impact assessment and the methodology '

used to set standards against which the acceptability of these impacts

isjudged.

In addition, the new estimates of risk as documented in the 1988 report

of the United Nations Scientific Committee on the Effects-of-Atomic

Radiation (UNSCEAR, 1988) and the 1989 report of the National Research

Council's Committee on the Biological Effects of Ionizing Radiation

(BEIR V, 1989) cannot be readily adopted into the risk' limitation pro-

cedures in the present Part 20 because they use the effective dose

concept rather than the critical organ approach. (The revised Part 20

usestheeffectivedoseapproachfordoseassessment.)

The reduction in the dose limits and the new embryo / fetus dose limit

found in the revised Part 20 is in accord with the higher risks pre-

dicted by the BEIR V and UNSCEAR 88 reports. Continued use of the

older values that no longer adequately reflect current scientific know-

ledge may not provide sufficient assurance that there is a-consistent

and defensible basis for health protection.

15

-



_. .. _ _ - _ . . _ _

(4). The 1987 revised Federal radiation protection guidance on occupational

.

protection. As provided for in Sec. 274(h) of the Atomic Energy Act,
I

| on January 20, 1987, the President approved revised guida'nce to
l Federal agencies on the formulation of standards for occupational

i radiation exposure. Members of the NRC staff participated in an
;

interagency working group that developed the recommendations for the '

President. Although the Federal guidance does not have the force of

a statutory requirement, the AEC and the NRC have, as a matter of
'

policy, considered Federal guidance as binding and in the past have

implemented prior guidance in their regulations. Not following the

guidance would lead to inconsistent regulations among Federal
,

agencies. This would be particularly confusing for the Federal

agencies that are NRC licensees and would have to follow both the ,

Federal guidance and the NRC regulations. Several D0D component

agencies have already requested advice on implementing the 1987

Presidential guidance on occupational radiation exposure because of -

the differences between the guidance and the current Part 20. This

confusion could have adverse impacts on safety.
,

,

F. Determination

For the reasons stated above, the Commission believes that the reductions

in allowabic dose limits that are embodied in the revisert Part 20 consti-

tute substantial increases in the protection of public health end safety, j

Although current practice, including the philosophy of keeping radiation

exposures as low as is reasonably achievable (ALARA), generally has kept

|

16
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radiation exposures well below the existing limits, the reductions ip the

allowable dose limits ensure that euch doses will also remain low in the
future. '

In addition to the quantifiable safety benefits accruing from dose

reductions and other improvements in the revised Part 20, there are several

qualitative factors (described above) which support issuing the Part 20

revision. One of the main qualitative factors is that it is necessary to '

revise the 30 year-old existing Part 20 to ensure that the NRC regulations

reflect the current state of radiation protection science. Any future.

revisions in dose limits recommended by ICRP or NCRP would undoubtedly be
;

based upon the 1977 ICRP and 1987 NCRP recommendations and, therefore,

would be more easily incorporated into the framework of the revised Part

20 than in the framework of the current Part 20.

Based upon the conclusions that the revised Part 20 provides: (1)a
substantial increase in public health and safety and (2) that, when the

quantitative and qualitative safety benefits of the revision are considered,

thecostsofimplementingtherevisedPart20arejustified,theCommission

finds that the requirements of the "Backfit Rule" (S 50,109) are satisfied

and that the Part 20 revision should be issued as final rule.

,

The Commission is adopting the final rule based on the conclusion of this

analysis that the rule provides for a substantial increase in the overall

protection of the public health and safety and that the direct and indirect
i

costs of its implementation are justified in. terms of the quantitative and

17
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|

|

|

| qualitative benefits associated with the rule. The Comission would note,
,

*
1

however, that, even had the analysis not concluded that the revised Part 20

| provides a substantial increase in the overall public health and safety. j.

; it could have gone forward with the rule because the changes made to Part 20

| also amount to a redefinition of the level of adequate protection and the
"

:

j backfit rule's substantial increase and cost justificatio'n standards do
:i

not apply to a redefinition of adequate protection.-

,
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|
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d UNITED STATES

'

[ ' , y, c ,''g NUCLE AR REGULATORY COMMISSIONe

r, .I W ASHINGTON, D. C. 20bbb

%, . . . . . /' '

The Honorable Bob Graham, Chairman
Subcommittee on Nuclear Regulation
Committee on Environment and Public Works
United States Senate !

Washington, D.C. 20510

Dear Mr. Chairman:

IEnclosed for the information of the Subcommittee are copies of a public
announcement and a final rule revising the Commission's regulations for
protection against radiation in 10 CFR Part 20. This rule implements the Federal
radiation guidance issued by President Reagan in January 1987. ,

The rule will become effectivb 30 days after issuance in the Federal Reaister,
but licensees will have until January 1,1993 to come into compliance. The early
implementation date will allow new licensees or license renewals to adopt the new .

regulation without having to adopt the current Part 20 for only a short time.

The rule has been modified from a proposed rule aublished for public comment in
January 1986. Over 800 public comments were rece' ved and considered in preparing
the final rule. The rule is consistent with the recommendations of both the
National Council on Radiation Protection and Measurements and the International
Commission on Radiological Protection.

Sincerely,

Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

.

cc: Sen. Alan K. Simpson

'

.

'
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The Honorable Morris K. Udall, Chairman :
Subcommittee on Energy and the Environment >

2 Committee on Interior and Insular Affairs
United States House of Representatives

,

i Washington, D.C. 20515

Dear Mr. Chairman:

Enclosed for the information of the Subcommittee are copies of a public 5

announcement and a final rule revising the Commission's regulations for,

protection against radiation in 10 CFR Part 20. This rule implements the Federal'

radiation guidance issued by President Reagan in January 1987.

| The rule will become effective 30 days after issuance in the Federal Reaister, .

I but licensees will have until January 1,1993 to come into compliance. The early '

; implementction date will allow new licensees or license renewals to adopt the new
regulation without having to adopt the current Part 20 for only a short time.,

The rule has been modified from a proposed rule published for public comment in '

January 1986. Over 800 public comments were received and consicered in preparing
the final rule. The rule is consistent with- the recommendations of both the
National Council on Radiation Protection and Measurements and the International i
Commission on Radiological Protection..

,

Sincerely, f
1

'

!

i
,

i

Eric S. Beckjord, Director
Office of Nuclear Regulatory Research

.

!

cc: Rep. James V. Hansen f

;

:
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The Honorable Philip R. Sharp, Chairman
Subcommittee on Energy and Power |

Committee on Energy and Commerce
United States House of Representatives
Washington, D.C. 20515

.

Dear Mr. Chairman:1
,

Enclosed for the information of the Subcommittee -are copies of a public
announcement' and a final rule revising the Commission's regulations for
protection against radiation in 10 CFR Part 20. lois rule implements the Federal
radiation guidance issued by President Reagan in January 1987.

The rule will become effective 30 days after issuance in the Federal Reaister,
but licensees will have until January 1,1993 to come into compliance. The early

| implementation date will allow new licensees or license renewals to adopt the new
'

regulation without having to adopt the current Part 20 for only a short time.

The rule has been modified from a proposed rule published for public commant in
January 1986. Over 800 public comments were received and considered in preparing
the final rule. The rule is consistent with the recommendations of both the<

National Council on Radiation Protection and Measurements and the International
Commission on Radiological Protection.

Sincerely,
,

!

Eric S. Beckjord, ' Director -
Office of Nuclear Regulatory Research

i

i cc: Rep. Carlos J. Moorhead
;

)
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DRAFT

'

NUCLEAR REGULATORY COMMISSION AMENDS RADIATION

PROTECTION REQUIREMENTS
,

The Nuclear Regulatory Comission is emending its regulations governing

protection against radiation to provide for a substantial increase in the

overall protection of the public health and safety.

The new requirements.are based on those that were proposed for public

coment in January 1986. They incorporate Federal guidance for radiation

protection of workers in the nuclear industry issued by the President in 1987

and recomendations of the International Comission on Radiological Protection

(ICRP) and the National Council on Radiation Protection and Measurements

(NCRP).

Highlights of the new requirements are:

Annual radiation exposures to individual members of the public freni--

NRC-licensed activities are limited to an explicit 0.1 rem per year

or 100 millirem compared with the previous implicit limit of 0.5 rem

or 500 millirem;

The use of quarterly and cumulative radiation dose limits for--

nuclear industry workers are eliminated and provisions are added to

control the sum of internal and external occupational dose limits

while maintaining the annual dose limit for radiation workers at a

level equivalent to the present five rem per year;

. . . . . . .

.
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For the first time, a standard is established for protection of the--

embryo / fetus of women radiation workers which limits the exposure to

0.5 rem over the duration of the pregnancy, if the pregnancy has

been made known to the employer;

Theoccupationalradiationdoseforminors(individualsunder'the--

age of 18) is limited to 10 percent of the annual dose limits

specified for adult workers;
,

The annual average concentrations of radioactive material released--

in gaseous and liquid effluents at the boundary of an unrestricted

area is revised to reflect up-to-date metabolic models and dose

factors--some limits decrease, some increase and others remain the ,

same; and

All NRC licensees are required to implement programs to assure that--

all radiation doses are kept as low as is reasonably achievable-

(ALARA).

i The revised requirements reflect the first complete revision of the NRC's

radiation protection requirements since they were first promulgated in 1957

and are based on three' basic radiation protection principles:

That there is a potential health risk proportional to the radiation--

dose received and that there is an incremental health risk

associated with even very small doses, even radiation doses much

smaller than received from naturally occurring radiation sources;

.. _ ._ _ - _ _ _
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That the severity of random health effects such as cancer and--

genetic effects is independent of dose and at low doses and dose
rates there is considerable uncertainty about the risks of
radiation exposure; and

That non-random occurrences of radiation-induced health effects--

such.as radiation-induced cataracts can be prevented by limiting I

exposures to doses that are below the known thresholds for in-

duction of such effects.

<
The revised Part 20 and conforming amendments to Parts 19, 32, 34, 39,

50 and 70 of the NRC regulations will become effective 30' days after issuance !

in the Federal Register. Licensees will not.be required to' implement the new
regulations until January 1,1993. Each implementation may be beneficial to
applicants for new licenses or renewal of existing NRC licenses so that they
will not have to comit to and implement the existing 10 CFR Part 20 for only
a short period of time before the revised Part 20 would-replace it. The.NRC

,

staff is developing guidance documents that will provide more_ details on the
methods of_ implementing the new rule.

I
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