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SUMMARY AND STATEMENT OF CONSIDERATIONS

Background

The Nuclear Regulatory Commission=/he:ewith announces its

decision in the rulemaking proceeding concerning numerical
guides for design objectives and lixiting cenditions for
cperation to meet the criterion "as low as practicable” for
radicactive material in light-water-coocled nuclear power

reactor effluents.

./ The Licensing and related regulatorv functions of t;g
Atcemic Energy Commission nave seen transferred to this
E: iy ‘

Commission. Energy Reorganizaticn Act of 1974, § 201(3),
88 Stat. 1243.
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On December 3, 197), the Atomic Energy Commission published
in the Federal Register (35 F. R. 18385), new sections 50.34a

and 50.36a in Part 50 of its regulations, specifying design
and operating requirements for nuclear pcwer reactors to
keep levels of radiocactivity in effluents "as low as
practicable."” The amendments provided gualitative guidance,
but not numerical critesia, for determining when design
objectives and operations meet the specified requirements.
The Commission noted in the Statement of Consideraticns
accompanying the amendments the desirability of developing
more definitive guidance. The rule we announce today does
that, setting forth criteria which, if met, provide one
acceptable method or establishing compliance with the "as
low as practicable"” requirement of sections 50.34a and

50.36a.

On June 9, 1971, the Atomic Energy Commission published in

the Federal Register (36 F. R. 11113) for public comment

proposed amendments to 10 CFR Part 50 which would supplement
sections 50.34a and 5° 36a with a new Appendix I. The Pro-
posed Appendix provided numerical guides for design objectives
and :cechnical specification requirements for limiting con-
ditions for operaticn for light-water-cooled auclear power

reactors.



A subsequent notice, published on November 30, 1971 (36

F. R. 2275), announced a public rulemaking hearing on the
proposed amendments. The hearing began on January 20, 1972,
before a Hearing Board consisting of Algie A. Wells, Esg.,
Chairman, Dr. John C. Geyer, and Dr. Walter H. Jérdan. The
primary participants in the rulemaking hearing included the
Commission's Regulatory Staff, a consolidated utility group,
the Consolidated National Intervencrs, General Electric
Company, and the State of Minnesota. In addition, 18 sersons
or organizations, including the Environmental Protection

Agency, made limited appearances.

The hearing was suspended in May of 1372 pending preparation
cf an Envircnmental Impact Statement concerning the prorosed
rulemaking in implementation of the Naticnal Environmen:z..
Policy Act of 1963. A Draft Envircnmental Statement was
forwarded to the Council on Environmental Quality on Jan-
uwary 15, 1973, and circulated for comment to interested
Federal agencies and members of the public, including the
nearing participants. Notice of public availability of th
Statement and an invitation for comment were published in

the Federal Register. Comments on the Draft Environmental

Statement were received, and a Final EZnvironmental 3tatement

was issued on July 26, 1973. In November 1973, the public
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hearing was resumed for consideration of the Envircnmental
Statement. The evidentiary hearing was concluded on Decem-
ber 6, 1973; concluding statements of position were filed,

and the entire record was forwarded to the Commission for

decision. The proceeding covered scme 25 days of hearings,
4172 pages of hearing transcript, amd thousands of pages of
prepared written direct testimony and exhibits. Oral argu-
ments were heard by the Atcmic Energy Commission on June 6,

1974.

As the record develcoped during this rulemaking shows, there
is a general consensus concerning the need to define "as low
as practicable" with numerical criteria. The major issues
of controversy involved the feasibility c¢f achieving the
proposed numerical criteria and the cost of compliance with
and the perceived benefits of the criteria. The Nuclear
Regulatory Commission has carefully considered the entire

record and the views of those who participated in the rule-
2/

/

making hearing in reaching the decision announced herein.=

I+ should be emphasized that the Appendix I guides as here
adopted by the Commission are not radiation protection

standards. The numerical guides of Appendix I which we

2/ Some of the parties to this proceeding sent unsolicited
letters to individual members of the Commission, express-
ing views on the subject matter of this rulemaking. These
communications, not a part of the hearing record, have been
placed in the public document room and served upon all
parties in the manner described in 10 CFR 2.780(b), and
have not been considerad in reaching the decision anncunced

' today.



announce today are a quantitative expression of the meaning
O. the ~ecuirement that radiocactive material in effluents
release. to unrestricted areas from light-water-cooled

nuclear power reactors be kept "as low as practicable.'l/

The Commission's radiation protection standards, which are
based on recommendatiocns of the Federal Radiation Council
(FRC) as approved by the President, are contained in 10 CFR
Part 20. "Standards for Protection Against Radiation," and
remain unchanged by this Commission decision.i/ As in the

case of parallel recommendations of the Natiocnal Council on

3/ Under the President's Reorganization Plan No. 3 of 1970, the
Environmental Protection Agency (EPA) is responsible for
establishing generally applicable environmental radiaticn
standards for the protection of the general environment
from radicactive materials. The Nuclear Regulatory
Conmission is responsible for implementaticn and enforce-
ment of EPA's generally applicable environmental standards.
If the design objectives and operating limits established
in this decision should prove to be incompatible with
any senerally applicable standard hereafter established
by EPA, these cbjectives and limits will be mecdified as
necessarvy.

4/ The radiation protection guides established by the FRC for

T individual rembers cf the public are 500 millirems per vear
to the total body and bone marrow and 1500 millirems per year
to the thyroid and bone. The guide for average dcse to the
population is 5 rems in 30 years to the gonads (an annua}
average dose of 170 millirems per person averaged cver the
pepulation). These guides and recommendations apply to
exposures from all sources other than nedical procedures
and natural background.

The FRC provides no specific radiation protection quideg wit}
respect to other organs of the 2ody. The ICRP recommencs
annual dose limits of 500 millirems to the total body, gonads,
and red bone marrow; 3000 millirems to the skin, bone, and
thyroid, except 1500 millirems tc the thyroid of children up
to 16 years of age; and 1300 millirems to other single organs.
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Radiation Protection and Measurements (NCRP) and the Inter-
national Commission on Radiological Protection (ICRP), these

FRC standards which have been previously adopted give appropriate
consideration to the overall requirements of health protection
and the beneficial use of radiation and atomic energy. The
Commissicn believes that the record clearly indicates that

any biological effects that might occur at the low levels of
these standards have such low probability of occurrence that

they would escape detection by present-day methods of obser-

vation and measurement.

The Commission fully subscribes to the general principle
that, within established radiation protection guides,
radiation exposures to the public should be kept "as low as
practicable." This precept has been a central cne in the
field of radiation protection for many years. The term “as
low as practicable" is defined in the Commission's regula-
+ions [10 CFR 50.34a(a)] to mean "as low as is practicably
achievable taking into account the state of technoclogy, and
the economics of improvements in relation to the benefits to
the public health and safety and in relatién to the utiliza-

tion of atomic energy in the public interest.”

We note that during the pendency of this rulemaking the

International Commissicn on Radiological Protecticn, in ICRP



Publication No. 22, has replaced the phrase "as low as
practicable” with "as low as is reasonably achisvable" in
its recommendation on dose limitation. 1Its recommendation
has also been expanded to identify two specific considerations --
economic and social -- that are to be taken into account in
determining a level of exposure that may be considered "as
low as is reasonably achievable." Other consideratiocons,
such as ethical ones, are not excluded by this wording and
may indeed be considered to be included by the adjective
"social." The ICRP has clearly stated that the changed
terminology does not reflect a change in the cbjectives of
dose limitation, but rather a chcice of language which "more
closely describes its intentions."” See ICRP Publication 22,

paragraphs 6, 7, and 20.

We endorse this attempt to make this basic concept of radia-
tion protection more understandable. We are today directing
the Commission's Staff to prepare and issue for public
comn.ent a proposed rule that substitutes the currently
accepted phrasing =-- "as low as is reasonably achievable" --
for the older, less precise terminclogy in the many places
throughout our regulaticns and regulatory guides where it
appears. The numerical values of Appendix I guantifying "as
low as practicable"”, will nct, of course, be affected by the

forthcoming change in terminolegy.



The principal changes from the proposed amendments published

in the Federal Register on June 9, 1971, are as fo.lows:

1.

Liguid Effluents

The design objectives in the proposed rule for radiocac-
tive mat3rial in liquid effluer.ts were based on: (a)

an anrual release of not more than 53 curies, except
tritium, from each reactor, (b) specified concentration
limits on tritium and other radiocactive materials
released to the environment, and (¢) a provision for
increasing or decreasing the design-objective quantities
and concentrations for specific sites subject to keeping
annual doses to the total body or any organ of an

individual in an unrestricted area to not more than 5

.millirems for all reactors on a site. The design

objective in Appendix I as adopted limits the total
radicactivity released from each light-water-cocled
nuclear power reactor to a level that limits the annual
dose or dose commitment from liquid effluents £rom that
reactor for any individual in an unrestricted area from
all pathways of exposure to not more than 3 millirems

to the total body and 10 millirems to any crgan.

The adopted design-cbjective guides contain no numerically

specified limits upon quantities of racicactive material
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to be released since the record shows that such limits
have little if any independent significance. Protection
of future users of the near environs of the reactor is
provided by the additional requirement that all augments
with a favorable cost-benefit balance be included in the
radwaste system and by the pruvision that the estimaticn
of exposure be made with respest to such potential land
and water use and food pathways as could actually exist

during the term of plant operation.

Gaseous Effluents

The principal difference in the design objective in the
Appendix adopted by the Commission dealing with external
dose from radiocactive material in gasecus effluents is
the separate treatment of total-k: v dose and skin dcse.
The proposed design cbjective limited beth the annual
total-body and the annual skin dose from all reactors on
a site to 5 millirems, whereas the new design cbjective
incorporates an aanual total-body dose limit from gas:0us
effluents of 5 millirems per light-watsr reactor and
increases the annual dcse limit to the skin to not more
than 15 millirems per light-water reactor. The design-
objective annual dose t0 the skin has been increased Irom

5 millirems to 15 millirems on the pcasis of evidence in
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the Final Environmental Statement and the hearing
record ihcwing that it is not technically practicable
to design and operate a light-water-cooled nuclear
power reactor with a limit on the annual skin dose from
beta radiation of not more than 5 millirems.i/ It is
noted by way of comparison that an annual dose to the
skin ¢f 15 millirems is one-half of one percent of the
rad:i «tion dose limit for a member of the public recom=

mer ied by the Internatiocnal (ommission on Radiolcgical

Protection.

Radiocactive Io?ine and Partviculate Matter

The proposed design objective for radicactive icdine
and radicactive mate-ial in particulate fcrm released
in gaseous effluents was expressed as a limit cn the
average concentrations of radi~iodines and radicactive
material in particulate form at or beyond the sit
boundary. The prcposed concentrz :ion values were

designed to limit the annual dose o the thyroid or

3/

The dose rates specizied in the rule of 10 millizads

per yvear for gamma radiition and 20 millirads per vear for
beta radiation are to be based on calculated annual air
doses. These calculated annual air doses would normally
be considered tc meet the objective as limiting doses to
individuals in unrestricted areas to not more than 5
millirems to the total body or 13 millirems to the skin.
Provisions are made to increase or decrease the annual
dose rate if, for a particular site, here are special
circumstances where tie specified dose rates should be
adjusted to limit the exposure of an individual in an
unrestricted area to 3 millirems total zeody exposure ©
15 millirems to the skin.

-
-
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other organs from all reactors cn a sitz toc not more
than 5 millirems. The design objective in the new
Appendix I is expressed as the annual quantity of
radicactive iodine and radiocactive material released
which limits the annual dose or dose cocmmitment to

any organ, including the thyroid, of any individual

in an unrestricted area from all pathways of expcsure

to not more than 15 millirems per year per light-water-
cooled nuclear power reactor. In determining %he annual
dose or dose commitment, the applicant or licensee may
evaluate the portion due to intake of radiocactive
material via the fcod pathways it the lccations where
the food pathways actually exist. The design-objective
annual dose for radicactive icdine has been increased
from 5 to 15 millirems on the basis of esvidence developed
in the hearing which showed that the previcus design-
cbjective annual dose of S5 millirems per year for dcses

to the thyroid from the milk pathway was nct practicabple.

Cost-Bernefit Reguirements

In addition to the numerical design-objective guides
described in paragrapnhs 1, 2, and 3 above, our decisiocn
requires that the applicansz include in the radwast

systems all items of reasonably demonstrated technology



that, when added to the system sequentially and in order
of diminishing cost-benefit return, can with a favorable
cost-benefit ratio effect reduction in dose to the pcpu-
lation reasonably expectaed to be within 50 miles of the
reactor. The definition of as low as practicabla (10 CFR
50.34a(a)) includes consideration of "...the economics

of improvements in relation to the bene“its to the public
health and safety....” We find support in the record for
the application of a cost-benefit analysis as a part of
the process for determination of the radwaste systems to
be used. Such a cost-benefit analysis requires that both
the costs of and the benefits from reduction in dose
levels to the pspulation be expressed in commensurate
units, and it seems scund that these ccmmensurate

units be units of money. Accordingly, to accomplish

the cost-benefit balancing, it is necessary that

the worth of the decreas- of a man-rem and man-thyroid-
rem or some essentially equivalent gquantities in dose

to the population be assigned mcnetary values.

The record, in our view, dces not provice an adeguate
basis to chocse a specific dollar value for the

worth of decreasing the population dose Dy a man-rem or
a2 man-thyroid-rem. Published values for the worth of

a man-rem were shown in the record to range from about
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$10 to $980. No similar values for worth of a man-thyroid-
rem are presented. One of the hearing participants
chose $1000 per man-rem and $333 per man-thyroid-rem.
This.choice for worth of a man-rem simply reflected a
value slightly more conservative than the highest
previously published value and implied no independent
assessment of the worth of either entity. We, there-
fore, recognize that there is no consensus in this
record or otherwise regarding proper value for worth of
a man-rem and even less infcormation upon which to base
the choice of a proper value for worth of a man-thyroid-

rem.

Moreover, we alsc recognize that selection of such
values is difficult since it involves, in addition to
actuarial considerations that are cocmmonly réduced to
financial terms, aesthetic, moral, and human values that
are difficult to quantify. At the same time we believe
that meaningful cost-benefit balances are an essential
part of the considerations of the as lcw as practicable
concept for control of insult to the population from

radicactive effluents, and for that matter, from other

pollutants.
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We proose, therefore, at che earliest practicable date
tn conduct a rulemaking hearing to establish appropriate
monetary values for the worth of reduction of radiation
doses to the pPopulation. We are aware that the National
Academy of Sciences - Naticnal Research Council Advisory
Committee on Biological Effects of Ionizing Radiation

is currently studying and developing methodologies for
benefit-risk-cost analysis for activities involving
radiation exposure. It is possible that information

on monetary values for the worth of reductica of radiation
dose, as well as useful methodology, may be provided by
this study. Wwhen such appropriate values (or scme

other equivalent quantified, and as yet unspecified,
criteria) are available, we shall consider them for

incorporation in Appendix T.

Meanwhile, and purely as an interim measure, we btelieve
that we can accept the conservative value of 351000

per total-body man-rem for these cost-benefit evaluations.
Since we realize that the ultimately accepted value may
well prove to be less than this, we should leave it open
to demonstration in individual cases that a lower figure
should be used if the applicant chooses -o and can

make that demonstration. It is also clear to us that



arguments can be made that the worth of reduction in
thyroid dosage should have a smaller value than that
for a total-body man-rem. Since the record can offer
no clear guidance in this regard, we have accepted,
purely as an interim measure, $1000 per man-thyroid-rem
as the value to be used in the cost-benefit evaluaticns.
This figure is subject tc individual case demonstration
of a lower value, as indicated above, since it may

well be that the ultimately accepted value will be

lower.

In summary, we have decided that, pending completion

of the further rulemaking to establish better values

(or suitable equivalent criteria), the cost-benefit
balances required by section II, paragrach D of Appendix
I, shall be accomplished using the value of $1000 per
total-body man-rem and $1000 per man-thyrcid-rem, or
such lesser values as may be demonstrated by the

appiicant to be suitable in a particular case.

We intend that radwaste augments necessary to satisiy
the limits (of section II, paragraphs A, 3, and C of
Aprendix I) on maximum dosages to individuals will Dbe

reguired in all cases. Additional radwaste augments



will be required when, and only when, it can be shown
that, where each is added sequentially and in order of
diminishing cost-benefit return, the sum of its annualized
cost of installation, its annual operating cost, and a
reasonable allowance for its maintenance is less than

the annual worth of the decreases in total-body man-rem
and in man-thyroid-rem which the augment can achieQe

for the population within 50 miles of the reactor.

Per Site vs. Per Reactor

From the foregoing it is clear that the Commission's
policy is to minimize the radiation exposure of human
beings from the effluents of light-water-coocled nuclear
power reactors. We have chiosen to express the design
cbjectives on a per light-water-cooled nuclear power
reactor basis rather than on a site basis, as was
originally proposed. While no site limi<s are being
adopted, it is expected that the dose ccmmitment from
multi light-water-cooled reactor sites caiould be less
than the product of the number of reactcrs proposed for
a site and the per-reactor design-objective guides
pecause there are econcmies of scale du. to the use of
~ommon radwaste systems for multi-react r sites which
ars capable of reducing exposures. Mor over, we note

: - $ ravs &
~nat the matter of overall environments i1mpact CZI
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nuclear sites is a topic to be specifically addressed
in the energy-center study mandated by the Energy

Reorganization Act of 1974.

Licensee and Commission Action

Revisions have been made in the guidgs for limiting
conditions for operation with respect toc when appropriate
action must be taken to reduce release rates of radio-
active material. The proposed action levels provided
that, if rates of release of guantities and concentra-
tions in effluents actually experienced cover any calendar
quarter indicate that annual rates of release were

likely to exceed 2 times the design objectives, the
licensee should take corrective action. If such annual
rates were likely to exceed a range of 4 to 8 times the
design objectives, the Commission would take appropriate

action to ensure that the release rates were reduced.

The provisicns adopted require the licensee to initiate
action if the average dose rate offsite during any
calendar quarter from materials discharged to the
atmosphere exceeds 10 millirems whole body per vear or
30 millirems to the skin and any organ per year, or if

the average dose rate offsite during any calendar
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quarter from liquid effluents exceeds 6 millirems whole
body per year or 20 miilirems to the skin and any organ

per year.

Existing Commission regulations (10 CFR 50.36a) have
recognized the need for licensees to be permitted
flexibility of operation compatible with considerations
of health and safety to ensure that the public is
provided a dependable source of power even under

unusual operating conditions that may temporarily

result in releases higher than the numerical guides for
design objectives. Some flexibility of operation is
believed to be essential and warranted in view of the
restrictive nature of the Appendix I guides and the

fact that, even with this flexibility, it can be ensured
that the average population exposure will still be a
emall fraction of doses from natural background radiation.
The Commission notes, hcwever, that, in using this
operational flexibility under temporary or short-term
unusual operating conditions, the licensee must continue
+o exert his best efforts to Xeep levels of radiocactive

material in effluents within the numerical guides for

design objectives.




In order to provide assurance that releases of radiocactive
materials are known, the Commission has expanded the
surveillance and monitoring program beyocnd current
requirements for licensees to report on the guantities

of the principal radionuclides released to unrestricted
areas. It is expected that this expanded monitoring
program will be used by licensees as a basis for
initiating promp* and effective corrective action

towards ensuring that the actual offsite exposures per
reactor are compatible with the design objectives as

adopted.

These guides will continue to provide operating flexi-
bility and at the same time ensure a positive system of
control by a graded scale of action first by the licensee
and second by the Commission, if the need arises, tc
reduce the release cf radicactive material should the
rates of release actually experienced substantially

exceed the design objectives.

Implementation

The proposed Appendix I was silent on the method for
implementation of the numerical guides. The Commission

believes, however, that Appendix I should gquide the
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Commission Staff and other interested persons in the

u -~ of ipprcpriate calculational procedures for applying
the numerical guides for design objectives. Conseguently,
the provision adopte& states that compliance with the
guides on design objectives shall be demonstrated by
calculational procedures based on models and data that
will not substantially underestimate the actual exposure
of an individual through appropriate pathways, all

uncertainties being considered together.

Quantitative measurement of radiocactive materials
released in effluents from licensed light-water-ccoled
nuclear power reactors is required by 10 CFR 50.36a.
This requirement is made more specific by Appendix I
and reflects the desirability of the use of the best
available experirental data as well as calculational
models in order to achieve increased accuracy and
realism. Strong incentives already exist for
improving the calculational models used in establishing
design objectives in view of the economic penalty
associated with needless overdesign for conservatism.
Actual measurements and surveillancc programs can
provide data for improving these models. It is
recognized, hcwever, that measurements of environ-

mental exposures and quantities of radicactive materials
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in the environs are complicated by the very low con-
ccntrations that are encountered, compared to background,
and by the fact that there are a number of variables in
both time and space that affect concentration. Thus,

the correlation of the best measurements with the best
calculations is tedious and difficult. However, since
calculaticnal précedures must be employed in implementing
the design-objective guides of Appendix I, the Commission
has adopted an implementation policy that encourages

the improvement of calculation models and the use of

the best data available.

The foregoing "Summary and Statement of Considerations" has
briefly summarized the technical context of the issues pre-
sented and outlined the changes made in Apprendix I from the
form in which it was originally proposed. The text of
Appendix I as adopted £ollows in Chapter II of this Opinion.
The three following chapters of text set forth the record
pases £nr the changes in greatly expanded detail. These
supplemental explanatory chapters (IlI through V), because
of their length, will not Dbe published in the Federal
Register with the text of Appendix I and the Summary and

statement of Considerations, bdut will be published in the
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April issue of Nuclear Regulatory Commission Issuances.i/
Single copicl-ot this volume may be purchased at a cost of
$4.00 from the USERDA Technical Information Center, P.O.
Box 62, Oak Ridge, Tennessee, 37830. Copies of the
complete Opinion are also available for inspection and
copying in the Commissicn's Public Document Room, 1717 H

Street, N.W., Washington, D.C. 20555.

| oy
N

Copies of the complete five-chapter Opinion of the
Commission have been filed with the original document
submitted for publication in the Federal Register, anc
may be examined by members of the public at the Offices
of the Federal Register.
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CHAPTER II

APPENDIX I
Pursuant to the Atomic Energy Act of 1954, as amended, and
Secticns 552 and 553 of Title 5 of the United States Zode,
the following amendments to Title 10, Chapter 1, Code of
Federal Regulations, Part 50, are published as a document

subject to codification to be effective on June 4, 1375.

1. Section 50.34a of 10 CFR Part 50 is amended by adding
the following sentence to the end of paragraph (a):

(a) * * * The guides set out in Appendix I provide
numerical guidance on design objectives for light-water-
cooled nuclear power reactors to meet the requirement
that radioactive material in effluents released to un-
restricted areas be kept as low as practicable. These
numerical guides for design cbjectives and limiting
conditions for operation are not to be construed as

radiation protection standards.

* * * * *

r ¥ Section 50.36a of 10 CFR Part 50 is amended by adding

the following sentence at the end of paragrapn (b):

.

o

PR
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(b) * * » The guides set out in Appendix I pro-
vide numerical guidance on limiting conditions for
cperation for light-water-cooled nuclear power reactors
to meet the requirement that radiocactive materials in
effluents released to unrestricted areas.be kept as low

as practicable.

3. A new Appendix I is added to 10 CFR Part 50 to read as
follows:

APPENDIX I - NUMERICAL GUIDES FOR DESIGN OBJECTIVES AND

LIMITING CONCITIONS FOR OPERATION TO MEET

THE CRITERION "AS LOW AS PRACTICABLE" FOR

RADICACTIVE MATERIAL IN LIGHT-WATER-COCLED

NUCLEAR PWWER RMTICTOR EFFLUENTS.

SECTICON I. INTRODUCTICN

Section 50.34a provides that an application for a permit to
construct a nuclear power reactor shall include a description
of the preliminary design of equipment to be installed to
maintain control over radicactive materials in gaseous and
ligquid effluents produced during normal reactor operations,

including expected operaticnal occurrences. In the case of an
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application filed on or after January 2, 1971, the application
m..- 2ls0 identify the design objectives, and the means to be
employed, for keeping levels of radicactive material in efflu-

ents to unrestricted areas as low as practicable.

Section 50.36a contains provisions designed tc assure that
releases of radiocactive material from nuclear pcwer reactors
to unrestricted areas during normal reactor cperations,
including expected cperational cccurrences, are kept as low

as practicable.

This Appendix provides numerical guides for design objectives
and limiting conditions for operation to assist applicants
for, and holders of, licenses for light-water-cooled nuclear
power reactors in meeting the rejuirements of Sections 350.34a
and 50.36a that radicactive material in effluents released
from “hese facilities to unrestricted areas be kept as lcw as
practicable. Design objectives and limiting conditions for
operation conforming to the guidelines of this Appendix shall
be deemed a conclusi ‘e showing «£f comnliance with the "as low
as practicable" requirements of 10 CFR sections 30.34a and

S0.30a. Design objectives and limiting conditions for oparation

. o T 4
\
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differing from the guidelines may also be used, subject to a
case-by-ca ‘e showing of a sufficient basis for the findings

of "as low as practicable" required by sections 50.34a and
50.36a. The guides presented in this Appendix are appropriate
only for light-water-cooled nuclear power reactors and not for

other types of nuclear facilities.

SECTION II. GUIDES ON DESIGN OBJECTIVES FOR LIGHT-WATER-

COOLED NUCLEAR POWER REACTORS LICENSED UNDER 1C CFR PART 50

The guides on design objectives set fortn in this section may
be used by an applicant for a permit to construct a light-
water-cooled nuclear power reactor as guidance in meeting

the requirements of 50.34a(a). The applicant shall provide
reasonable assurance that the following design objectives

will be met.

A. The calculated annual tctal guantity of all radiocactive

material above backgroundi/ to be released from each

light-water-cooled nuclear power reactor to unrestricted

& Here and elsewhere in this Appendix background means
radioactive materials in t..e enviromnment and in the
effluents from light-water-cooled power reactors not
gener. “ed in, or attribirtable to, the reactors of which
specif..c accouat is required in determining design
nbjectives.
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areas will not result in an estimated annual dose or
dose connitmont from liquid effluents for any indi-
vidual in an unrestricted area from all pathways of
exposure in excess of 2 millirems to the total body cr

10 millirems to any organ.

The calculated annual total quantity of all radicactive
material above background to be released from each
light-water-cocled nuclear power reactor to the atmo-
sphere will not result in an estimated annual air dcse
from gaseous effluents at any locaticn near ground
level which could be occupied by individuals in un-
restrictaed areas in excess of 10 millirads for gamma

radiation or 20 millirads for beta radiation.

Notwithstanding the guidance of paragraph B.l:

(a) The Commission may specify, as guidance cn design
objectives, a lower guantity of radicactive material
above background to be released tc the atmosphere if
it appears that the use of the design objectives in
paragraph B.l is likely to result in an estimated
annual external dose from gaseous effluents tc any
individual in an unrestricted area in excess of 5

millirems to the tctal body; and
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(b) Design objectives based upon a higher quantity of
radibactivo material above background to be released
to the atmosphere than the quantity specified in
paragraph B.l will be deemed to meet the reguirements
for keeping levels of radioactive material in gaseous
effluents as low as practicable if the applicant pro-
vides reasonable assurance that the proposed higher
quantity will not result in an estimated annual
external dose from gaseous effluents to any indi-
vidual in unrestricted areas in excess of 5 milli-

rems to the total body or 15 millirems to the skin.

The calculated annual total quantity of all radiocactive
iodine and radiocactive material in particulate form
above background to be released from each light-water-
cooled nuclear power reacter in effluents to the atmo-
sphere will not result in an estimated annual dose or
dose commitment from such radicactive iodine and radio-
active material in particulate form for any individual
in an unrestricted area from all pathways of exposure in

excess of 15 millirems to any organ.

In addition to the provisions of Paragraphs A, 3, andé
C above, the applicant shall include in the radwaste

system all items of reascnably demonstrated technology

—
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that, when added to the system sequentially and in order
of diminishing cost-benefit return, can for a favorable
cost-benefit ratio effect reductions in dose to the
population reascnably expected to be within 50 miles of

the reactor. is an interim measure and until establishment
and adoption of better values (or cther appropriate cri-
teria), the values $1000 per total body man-rem and $1000
per man-thyroid-rem (or such lesser values as may te demon-
strated to be suitable in a particular case) shall be used

in this cost-benefit analysis.

SECTION III. IMPLEMENTATION

Conformity with the guides on design cbjectives of Sec-
tion II shall be demonstrated by calculational procecdures
based upon mcdels and data such that the actual exposure

of an individual through appropriate pathways is unlikely
to be substantially underestimated, all uncertainties

being considered .ogether. Account shall be taken of

the cumulative effect of all scurces and pathways within
the plant centributing to the particular type cf effluent
being considered. For determinaticn of design cbjectives
in accordance with the guides of Section II, the estimation

.

of exposure shall be made with respect t2 such potential

-~
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land and water usage and food pathways as could actually
exist during the term of plant operation, provided that,

if tho‘rcquirom.ntn of paragraph B of Section III are
fulfilled, the applicant shall be deemed to have complied
with the requirements of paragraph C of Section II with
respect to radiocactive iodine if estimations of exposure
are made on the basis of such food pathways and individual )

receptors as actually exist at the time the plant is

licensed.

The characteristics attributed to a hypcthetical receptor
for the purpose of estimating internal dose commitment
shall take into account reasonable deviations of indi-
vidual habits from the average. The applicant may take
account of any real phencmencn or factors actually
affecting the estimate of radiation exposure, including
the characteristics of the plant, modes of discharce of
radiocactive mateerES. physical processes tending to
attenuate the quantity of radicactive material to which
an individual would be exposed, and the effects of

averaging exposures over times during which determining

factors may fluctuate.

If the applicant determines design objectives with re-
spect to radicactive iodine on the basis of existing

conditions and if potential changes in land and water

100
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usage and food pathways could result in exposures in
excess of the guideiine values .f paragraph C of Section
II, the applicant shall provide reasonable assurance
that a monitoring and surveillance program will be per-
formed to determine:
1 the quantities of radicactive icdine actually
released to the atmosphere and deposited
relative to those estimated in the determina-
tion of design objectives;
2 whether changes in land and water usage and
food pathways which would result in individe
ual exposures greater than originally
estimated have occurred; and
3 the content of radicactive icdine and foods
involved in the changes, if and when they

occur.

SECTION IV. GUIDES ON TECHNICAL SPECIFICATIONS FOR LIMITING

CONDITIONS FOR OPERATION FOR LIGHT-WATER-COOLED NUCLEAR

POWER REACTORS LICENSZED UNDER 1Q CFR PART 50

The guides on limiting conditions for cperation for light-water-
cocoled nuclear power reactors set forth below may be used oy

an applicant for a license to operate a light-water-cooled

\)d 189



nuclear power reactcr as guidance in developing technical
spcciticationi under section 50.36a(a) to keep levels of
radicactive materials in effluents to unrestricted areas as

low as practicable.

Section 50.36a(b) provides that licensees shall be guided by
certain considerations in establishi g and implementing
operating prccedures specified in technical specifications
that take into account the need for cperating flexibility
and at the same time assure that the lic:nsee will exert his
best effort to keep levels of radicactive material in efflu-
ents as low as practicable. The guidance set forth below
provides additicnal and more specific gvidance to licensees

in this respect.

Through the use of the guides set forth in this Section it is
expected that the annual releases of radicactive material in
effluents from light-water-cooled nuclear power reactors can
generally be maintained within the levels set fcrth as

numerical guides for design objectives in Section II.

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 devendable
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source of power even under unusual operating conditions
which may temporarily result in releases higher than such
numerical guides for design objectives but still within
levels that assure that the average population exposucre is
equivalent to small fractions of doses from natural back-
ground radiation. It is expected that in using this opera-
tional flexibility under unusual operating conditions, the
licensee will axert his bert efforts to keep levels ~€
radicactive material in effluents within the numerical

guides for design ocbjectives.

A. If the quantity »f radicactive material actually re-
leased in effluents to unrestricted areas from a light-
water-cocled nuclear power reactor during any calendar
quarter is such that the resulting radiation exposure,
calculated on the same basis as the respective design
objective exposure, would exceed one-half the design
objective annual exposure derived pursuant to Sections

II and III, the licensee shall:z/

2/ Section 50.36a(2) requires the licensee to submit
certain reports to the Commission with regard to the
quantities of the principal radicnuclides released to
unrestricted areas. It also provides that, on the
basis of such repcrts and any additional information
the Commission may obtain from the licensee and others,
the Commission may from time to time regquire the licensee
to take such action as the Commission deems appropriate.

O
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Make an investigation to identify the causes
tér such release rates;

Define and initiate a program of corrective
action; and

Report these actions to the Commissicn within
30 days from the end of the quarter during

which the release occurred.

B. The licensce shall establish an appropriate surveillance

and monitoring program to:

1.

Provide data on quuntities of radicactive
material released in liquid and gaseous
effluents to assure that the provisions of
paragraph A of this secticon are met;

Provide data on measurable levels of radia-
tion and radicactive materials in the environment
to evaluate the relationship between quantities
of radicactive material released in effluents
and resultant radiation doses to individuals
from principal pathways of exposu.e; and
Identify changes in the use of unrestricte’
areas (e.g., for agricultural purposes) to

permit modificaticns in monitoring programs



for evaluating doses to individuals from

principal pathways of exposure.

c. If the data developed in the su}vcillance and monitoring
program described in paragraph 8 of this section and in
paragraph B of Section III or from other monitoring pro-
grams show that the relationship between the quantities of
radiocactive material released in liquid and gaseous effluents
and the dose to individuals in unrestricted areas is signifi-
cantly different from that assumed in the calculations used to
determine design cbjectives pursuant to Sections II and III,
the Commission may mocdify the quantities in the technical
specifications defining the limiting conditions for operation
in a license authorizing cperation of a light-water-cooled

nuclear power reactor.

SECTION V. EFFECTIVE DATES

A. The guides for limiting conditions for cperation set
forth in this Appendix shall be applicable in any case in
which an application was filed on or after January 2, 1971,
for a permit to construct a light-water-coocled nuclear

Power reactor.
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B. For each light-water-cooled nuclear power reactor con-
structed pursuant to a permit for which application was
filed prior to January 2, 1971, the holder of the permit or
a license authorizing operation of the reactor shall, within
a period of twelve months from June 4, 1975, file with the
Comnissioné ‘

) such information as is necessary to evaluate the
means employed for keeping levels of radiocactivity
in dfilucnts to unrestricted areas as low as
practicable, including all such information as is
required by section 50.34a(b) & (c) not already
contained in his application; and

2. plans and proposed technical specifications developed
for the purpose of keeping releases of radiocactive
materials to unrestricted areas during normal
reactor operations, including expected operaticnal

occurrences, as low as practicable.



CHAPTER III
GUIDES ON DESIGN OBJECTIVES

Section 50.34a of 10 “FR Part 50 contains provisions to
ensure that releases of radicactive material from nuclear
power reactcors to unrestricted areas during normal reactor
operations, including expected operational occurrences, are
kept as low as practicable. The Appendix I that we adopt

provides specific guidance to licensees in this respect.
A. The Rule

Section II of Appendix I defines design cbjectives for
effluents from light-water-cooled power reactors. When used
by an applicant for a permit to construct a light-water-
cnoled power reactor, these guides assure compliance with

the requirements of section 50.34a of 10 CFR Part 50. Four
guides provide this assurance:' limits are set upon radiation
doses or dose commitments to individuals in unrestricted
areas from radicactive materials (1) in liquid effluents,

(2) in gaseous effluents, and (3) as radioiodine and par-
ticulate emissions and (4) a requirement is imposed that the
radwaste systems include all items of reascnably demonstrated
technology that for a favorable cost-benefit ratio can

effect a reduction in the radiation dose to the general

population.
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The total quantity of all radiocactive material above back-
ground to be released each year from each light-water-cocled
nuclear power reactor to unrestricted ar-Zas shall not result
in an estimated annual dose Z. cose commitment from liquid
effluents for any individual in unrestricted areas in excess
of 3 millirems to the total body or 10 millirems to any

organ.

The calculated quantity of all radicactive material above
background to be released to the atmosphere annually from

each light-water-cooled nuclear reactor shall not result in

an estii .ced annual air dose from gasecus effluents in excess of
10 millirads for gamma radiation and 20 millirads for beta
radiation at any location near ground level which could be

occupied by individuals in unrestricted areas.

The Commission may specify a smaller quantity of radiocactive
material to be released to the atmosphere if such smaller
quantity appears necessary to prevent an annual external
total-body dose from gasecus effluents in excess of 5 millirems
tc any individual in an unrestricted area. Conversely, if

the ajplicant can provide reasonable assurance that a larger
quantity of emitted radicactivity will not result in an
estimated annual external dose from gaseous effluents to any

individual in unrestricted areas in excess of 5 millirems to

\
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the total body or 15 milli:oq. to the skin, such larger
quantity of emitted radicactivity may be deemed to meet the

requirements of "as low as practicable."”

The calculated anncal total gquantity of all radiocactive
iodine and radicactive material in particulate form above
background to be released to the atmosphere from each light~
water-cooled nuclear power reactor in effluents to the atmo-
sphere shall not result in an estimated annual dose or dose
commitment from such radiocactive iodine and radicactive material
in particulate form from all pathways of exposure for any
individual in unrestricted areas in excess cf 15 millirems

to any organ. As described in more detail in Chapter V, that
portion of the dose or dose cocnmitment due to intake of
radicactive material through food pathways may ce evaluated

at the lccations where the focd pathways actua.lv exist.

in addition to these limits on liquid, gaseocus, and radioiodine
and particulate effluents, the radwaste system of each light-
water-cooled nuclear power reactor shall include all equipment
items of reasonably demonstrated technology which can for a
favorable cost-benefit ratio effect a reduction in dose to the
population reasonably expected to be within 50 miles of the
reactor. As an interim measure and until establishment and

adoption of better values (or other appropriate criteria), the
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values $1000 per total body man-rem and $1000 per man=-
thyroid-rem (or such lesser values as may be demonstrated to
be suitable in a particular case) shall be accepted for use

in this cost-benefit analysis.

We believe these requirements ensure that radiation doses to
near neighbors of light-water-cooled nuclear reactors will be
limited to a small fraction of the doses permitted by the
Federal Radiation Protection Guides and will be wvell within
the variation in natural background radiation levels. At the
same time, radiation doses to members of the population at

large will be held to very low values.

B. The Considerations

Adoption of these design objectives for effluents from light-

water-cooled nuclear power reactors required that we make
decisions on a variety of questions that, as the hearing
record shows, were contested strongly by the several hearing
participants. We describe these contesting views, discuss
ocur assessment of the record, and repert our resolution under

individual headings below.

1. Shall Quantity and Concentration Limits Be Included
in Adcitior to Dcse Limits?

The hearing record shows an almost complete consensus that

the basic purpose of the design-objective values is the



limitation of radiation-dose levels to off-site members of

the public. However, in early stages of the hearing, the
Regulatory Staff contended that these dose levels should be
limited by placing limits on the gquantities and concentrations
of radiocactive materials in effluents from light-water=-

coole nuclear power plantl.i&z/

The Regulatory Staff modified this position during the course
of the hearing. The version of Appendix I presented in the
Staff's concluding statemoncé/ did not specify concentration
limits on tritium and otner radicactive mate:ials released

to the environment, but it did include, in addition to
limitations on doses to any individual in an unrestricted
area, limits on the quantity of radicactive material (except
tritium and dissolved gases) in ligquid effluents and on the

quantity of iocdine that could be released.

The Regulatory Staff's final position, i.e., that quantity
limits, in additicn to dose limits, should be required, was
intended to remove the possibility that future land-use
patterns in the neighborhood of reactor sites might be pre-
judiced. The Staff argued that dose limits alone could permit
releases of excessive gquantities of radionuclides at sites

where the environs were unpopulated at the time the reactor

I/ Regulatory sStaff, Exhibit 1, Tab. 1, pp. 13-19.

2/ Tr., pp. 25=26.

z/ Regulatory Staff, Concluding Statement c¢f Position,
Feb. 20, 1974.



was built; such releases migh+t preclude future use of these

Onvitnnl.iﬂg/'

The General Electric Company (GE) argued throughout the
hoarinqug/ that specification of quantities (and concentrations)
of radiocactive materials released in effluents is unnecessary
in view of the primacy of the dose limitation. They insisted
that such quantity limits srotect no public interest and
provide no significant saving of calculational effort in
demonstrating compliance with dose limits.l/ Ard they arguedg/
that quantity limits on radicactive materials in liquid
effluents would jeopardize the advantages that a dose formu-
lation alone would provide, namely, an "as low as practicable"

(ALAP) ragulation tha*t enccurages thaz applicant's choice of

a favorable site.

10,11/

The Consclidated Ut.lity Group (CU) also argued ccnsis-

tently that quantity and concentration limits be cmitted

Zrom Appendix I. They took the positicnlg/

that, though
dose should be the primary basis for numerical guidance cn

ALAP, they had no gquarrel with the principle that guantity

3/ 1bid., pp. 30-53.
%/ Tr., pp. 343-344.
3/ General Elecsric, Exhibit 1, Mar. 17, 1972, pp. 7-13.
7/ Tr., pp. 1435-136.
8/ General Electric, Closing Statement, Jan. 21, 1374, B+ 13,
3§/ General Electric, Reply, Mar. 14, 1974, ppo. 43-48.
10/ Consolidated Utility Group, Statement of Pesiticn,
Jan. 19, 1974, pp. 51-52.
1l/ Consolidated Utility Group, Reply, Mar. 7, 1974, 2. 17.



limits on releases Z:o: spacifc s.a s migh: bBe neecad.
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They insisted,=~ n-vaver. =-a- Fa22 Taaatity liwd

not be incorporated i SM: rula as- - *T@dy ke 3tanda-i.zz2d

for all light-water-coolad auclear zcwer plants withous

regard to the environmental f£aciors 3=3 potential Sai. 2. 3

asscciated with a partisular s:-s. . dtead, thav giroa~
endovsed inslusion is 27 - ~a-t .- : 45 &

operating lizenses ofF :-div - . ° - ot B 5 LK

2ach plant sn as t9 asriens = - .=Stives =3 up: i

on the basis of actual site conditions and actual expcisure

pathways.

- 22/ 23/ : .

2oth GE==' and cu== argued strongly against =k Regulaczory
StaZf's precposad limiti’ 0f 1 curie of iedine-l3: Per rzactor.
30th argued that the proanczal a4 n2 fiindation in she fecerd

1ad that it was based sclely on the bel<af ehas -icta..

a4 juantity limitc licensees woil~ =o-1s *nd oner: '

which did not use rzad:l~ ava..:igle t2==nglogy aad whicn
would, consequently, release large gquantities of radiciodine
at sites where no milk pathways exist within miles of the
reactor. Both CU and GE ingsisted that such an eventuality

was not a realistic one.

127 Generay. EIoctric, Reply, Mar. 17, 1974, P. 46.

I3/ conselidated Utility Group, Reply, Mar. 7, 1974, p. 13.
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The propriety of dose limits rather than gquantity limits

14,15/ on behalf

was strongly supported by Lauriston Taylor,
of the National Council on Radiation Protection, by Merril
Bisonbud,zﬁ/ who made a limited appearance on behalf of the
Atomic Industrial Forum, and by R. M. Hartman,ll/ who macde a
limited appearance on behalf of Ebasco Services, Incorporated.
Dr. Edward P. Radford,lﬁ/ who testified on behalf of the
Consolidated National Intervenors, also endorsed this position.
In addition, limited participant Andrew P. Hulllg/ testified to
his balief that the specification of release and concentraticn
linits, over and above an overall exposure limit, is unwar-
ranted and in many cases would lead to significant expendi-
tures for protection against nonexistent or completely

inconsequential risks.

The State of Minnesota, on the other hand, consistently

arquedzg:zZ/

that quantities and ccncentrations of emitted
radicactive material should be minimized. Although it is
clear that Minnesota's objective is the protecticon cf

individuals, and especially those individuals near nuclear

14/ Tr., pp. 1737-38.
15/ Tr., pp. 2055-56.
18/ Tr., p. 88,
17/ Tr., pp. 109-116.
I8/ National Intervenors, Exhibit 3, p. 2.
IE/ Andrew P. Hull (Limited Participant), Final Statement
of Position, Feb. 11, 1974, p. 4.
20/ Tr., pp. 1778-79.
21/ State of Minnescta, Final Statement of Position, Feb. 1, 1974.
22/ Oral Argument, Tr., pp. 159-160.
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facilities, the language recommended in its final statem.ntzlf
suggests that Minnesota would give primary attention to
quantities and concentrations of radiocactive materials

released.

The overriding purpose of Appendix I is to establish limits
on radiation doses to pecple. Whether additional limits on
quantities of emitted radicactive materials should be

included is a more complex guestion.

We agree that the Regulatory Staff was correct in recom-
mending removal of concentration limits for radiocactive
materials in liquid effluents from its proposed Appendix I.
Since, however, many of the very low doses of Appendix I are
not in themselves subject to accurate measursment, the
quantities and concentrations of the radiocactive materials
must be measured at the point of discharge, and doses must
be inferred by calculations from these measurements. This
fact affords a basis for an argument for inclusion in

Appendix I of limits on such gquantities.

23/ State of Minnesota, Final Statement of Position,
Feb. 1, 1974, pp. 21-22.

W
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Not all the arguments against inclusion of such limits are
persuasive. We are not impressed, for example, by the GEZ/
claim that guides containing quantity limits will lead to
substantial misunderstanding and confusion regarding coméliancc

with effluent-emission criteria.

We do find persuasive, however, the arguments advanced by
Y and cu*Y tnat the imposition of quantity limits in
addition to dose limits could jeopardize the advantages that
dose limitations alone would provide and might preclude a
ragulation which is fitted to the particular characteristics
of individual plants and sites and which encourages the
applicant's choice of a favorable site. It is clear that the
Regulatory Staff recognized some validity in this argument
when it indicatedé/ that the specified quantities and concen-

trations are substantially more conservative than would be

required to meet the dose-limiting criteria for many sites.

We have, accordingly, adopted an Appendix I that specifies
neither gquantity nor concentration limits for the effluents
from light-water-ccoled nuclear power plants. As recommended
by CU.LQ/ it seems reasonable to us that limits on gquantities
of emitted radicactive materials compatible with dose limits
and the characteristics of specific sites might be incorporated
in the technical specifications of the individual plant

operating license.



Though we do not include quantity limits in Appendix I, we
do agree with the Regulatory Staff arqumontl/ that it is
inadequate to base parameters on uses of the environment
only at the time the reactor is designed and constructed.

We certainly wish to ensure that the rule cannot result in
approval of designs of radwaste systems that do not use the
rudimentary, readily available technology to reduce releases.
The record does not warrant the inference that the nuclear
industry has any intention of doing this, and we note that
both GEX2/ and CUié/ declare that no such actions will be
taken. We consider it plain, however, that our public
responsibilities cannot be satisfied by an Aprendix I that
depends for its efficacy upon the continuing gocd intentions

of those subject to regulation.

Sections III and IV of Appendix I require that the applicant
determine whether changes in land and water use and in food
pathways occur during the reactor lifetime so as to permit
such modifications as may be appropriate in surveillance and
monitoring programs or in technical specifications defining
limiting conditions for operation. This is elaborated under
implementation in Chapter V below. Accordingly, although we
have not included gquantity limits, we believe that by these

means and by inclusion of the reguirement that all augments
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with a favorable cost-benefit ratio be included in the radwaste
system we have, as described in detail below, obtained the

necessary protection for potential future uses of the environs.

2. Shall Primary Consideration GO _to Neighboring Individuals
or to the General Population?

The record contains considerable controversy on whether the L

: . ) e |
design objectives should be based on radiation exposure of ;
the population at large or on exposure of individuals who

live near light-water-cooled nuclear power plants.

It is abundantly clear that at radiation dose levels well
below those described in existing radiation standards (such "
as those of FRC) the levels of risk to the health of an '

individual are very small. Accordingly, statistically signifi-

cant risks from very low levels of radiation can be calculated

valy for large population groups.

the other hand, it is equally clear that the individual
..iving near the light-water-ccoled nuclear power plant is
concerned about the risk to himself and to his family and has
only a secondary interest in the (obvicusly lower) average

risk to the general populaticn.

".ae Consolidated Utility Group (CU) argued that the controlling

consideration in establishing numerical dose objectives should

I

be radiation dnses to the general populatio
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individuals. They hcldzﬁ/ that, although for regulatory
simplicity it might be desirable for Appendix I to continue

to express its design objectives in terms of off~site individuals,
the choice of the individual dose objective and of the individual
to whom it applies should reflect the paramount importance of

the population dose objective and should not be more stringeat
than can be justified on a cost-benefit basis in terms of

population dose reduction.

In spite of this contention, CU, apparently for the sake of
requlatory simplicity, stated its recommendations on design
cbjectives in terms of dose to individuals. However, CU would
make the individual dose compatible with a primary population
dose objectivegz/ and would spccifygé/ that the individual
selected for dose calculation be one whose living and recrea-
ticnal habits, including the source of his water and £focd

and the quantity of his consumption of both, are representative
of a significant number of individuals living in the general

vicinity of the plant.

24, consolidated Utility Group, Statement of Position,
-, Jan. 19, 1974, p. 9.

25/ 1bid., pp. 26=27.

é[’ Ibido, p- 69.
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Andrew P. Hull also favored primary consideration to total
population dose and subordination of individual dose limits
to that limiet. In his vicwgl/ the available biological data
would not justify going beyond the specification of an overall
population limit, and, since the benefit cf a nuclear power
Plant is the amount of electricity generated, this population
dose limit ought to be specified with relation to plant

capacity rather than on a per plant basis.

Ebasco Services, Incorpcrated, also argued that populaticn

dose should be recognized as an important factor in decisions
regarding Appendix I. R. M. Hartmanzg/ stated for Ebasco that,
in his opinion, AEC had gone too far in details for implementing
the dose limit to the nearest off-site individual and not far
enough in considering the dcse to a sizeable nearbky population

group.

General Electric (GE), on the other hand, would specify the
numerical guides for the nearest neighbors. The GE closing
statemontzg/ suggested that the ALAP numerical guides be
established in terms of dose-limiting objectives for tne
nearest neighbors of a light-water-cooled power reactor and.
equal 1% of the present Federal Radiation Council Guides for

the whole body and each bedy organ.

277 Andrew P. Hull (Limited Participant), Feb. 11, 1974, p. 4.
28/ Tr., pp. lll-114.
Zz/ General Electric, Closing Statement, Jan. 21, 1974, P 13
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The State of Minnesota clearly supported the position that
individuazl dose levels and not the average -“cses to a large
population should be the cortrolling tactors.gg/ In this
connection Minnesota also noted that, "in keeping with the
American tradition of the importance of the individual, no

one (and one might add, no one's offspring) should be required

to assume a d.sproportionate amount of the tisk."ég/

The Regulatory Staff has taken the position that, although
average population exposure is important ¢id should be minimized,
primary attentior must be given to limitations on the dose to
individuals living in close proximity to the reactor site.li#éa/
The record shows that this position did not substantially
change throughout the hearing. buring oral argument, Lester
Rogers statodgé/ for the Regulatory Staff:
"I think the primary objective of the regulation is,
number one, to reduce the exposures and the risk to
individuals, actual individuals that exis; at the present
time near the site, to as low as practicable levels. At
the same time I think you must take into account the

exposure to potential individuals, and by that I mean

future users of the environment."

gg/ State of Minnesota, Final Statement of Position, Feb. 1, 1974,
Pp. 12-17.

31/ Regulatory Staff, Exhibit 1, Tab. 1, Jan. 7, 1972.

32/ Regulatory Staff, Exhibit 1, Tab. 3, Jan. 7, 1972.

33/ Oral Argument, Tr., pp. 23-24.
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We agree that radiation dose levels toc the general population
are important considerations and that these levels should be
iopt to low values. We do not, however, agree that specifica-
tion of an average population dose level alone will suffice.
It seems clear to us that, in general agreement with the
position of the Regulatory Staff and several other parties,
Appendix I must take into account those individuals who live

near the light-water-cooled power reacto: facility.

It is axicmatic that, if the near neighbors of a nuclear
plant, and consequently those maximally exposed to its
emissions, receive low radiation doses, then the general
public will receive very low doses. It does not necessarily
follow, however, that such population doses will in all

cases be as low as practicable. A light-water-cocoled nuclear
power station in a very remote location (or even one employing
tall stacks instead of augments for removal of radicactive
material from gas streams) might ensure adequately low doses
to its neighbors yet permit higher than necessary doses to the

general population.

We believe that the design-cbjective guides that we adopt
afford the needed and reasonable balance in this regard. The
primary thrust of the numerical guides is the protection of
near neighbors of the reactor. At the same time, the require-

ment for inclusion of all radwaste equipment with a favorable
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cost-benefit ratio serves to assure that, regardless of the

reactor site characteristics, the general public is protected.

We are mindful of the position espoused by the State of
ninnosotalg/ that no group of individuals should be expected
to assume a disproportionate amount of the radiation risk.

We would certainly subscribe to the view that no group of
individuals should be exposed to undue radiation risk in order
to provide a benefit to other, less exposed, individual: ==
and we believe that Appendix I is consistent with that premise.
But total equality of risk, however desirable, can seldom be
realized in our modern industrial society. Wherever power
plants, either nuclear or ncn-nuclear, are constructed, persons
living near those plants will be exposed to marginally greater
amounts of emissions than those residing farther away, and

the same situation obtains in regard to other tyres of indus-
trial facilities. We believe, hcwever, that the design-
cbjective guides which we adopt assure that even those
individuals living closest to nuclear facilities will be
exposed to emissions at exceedingly low levels, with con=-

sequent risks which are acceptable from a social as well as

legal standpoint.

3. Shall the Guides Apply to Each Site or to Each Reactor?

Whether the design-ocbjective guides should be applied to each

water-cooled nuclear reactor or to all such reactHars con a site

1257



is a fundamental gquestion that provoked strongly contested and
sonflicting pasitions and for which the record shows no agree-

ment. The several arguments are, in brief, the following.

Throughout the hearing, the Regulatory Staff took the position
that the design-objective guides should apply to doses from
effluents from all light-water-cocled power reactors at a
lit..gﬁ&ég/ The Regulatory Staff position is based in part

on the argument that near neighbors of multi-reacto- s.tes
should not be required to accept radiation dose levels higher
than those required of near neighbors of a single reactor.

The State of Minnesota, apparently on the ground that "...no
group ¢7 ndividuals should be expected to assume a dispro-
portionate amount of the radiation risk" supported this

position.zg/

Both the General Electric Company (GE) and :h; Consolidated
Utility Group (CU) strongly recommended that the design-
objective guides limit doses from individual reactors at a

site. They supported these recommendations by several arguments.
General Electric contendcdlﬁ/ that a per-reactor design-objective
guide that is as low as practicable for a single reactor will

remain as low as practicable even if several reactors are

congregated on a single site and that equipment augments

34/ Regulatory Staff, Exhibit 1, Tab. !

35/ Regulatory Staff, Concluding Statenment of Position,
Feb. 20, 197«, p. 61.

36/ General Electric, Reply, Mar. 14, 1374, p. 33.
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unjustified on a cost-benefit basis for a single reactor can
never be justified on a cost-benefit basis for multiple-reactor
facilities. 1Indeed, GE squcstodég/ that the environmental

and other advantages of multi-reactor siting indicate that more
lenience should be allowed for per-reactor emissions from a
multi-reastor facility since these advantages will offset any
added per-reac ior radiological detriment and the added

lenience would encourage the desirable clustering of power=-

generating installations.

General Electric contended furthergl/ that per-reactor appli-

cation of the guides is justified by the ALAP cost-benefit

27.—32./ that

considerations that control Appendix I and argued
the Regulatory Staff has performed no cost-benefit analyses

indicating the contrary.

In its statement of position,i—/ CU expressed its belief that

there are strong economic and environmental reasons for
encouraging maximum use of existing sites and for planning

and developing new sites for two or more reacter units. They
pointed out that obvious economic advantages lie in the sharing
of a large tract of land, in the sharing of facilities, and in

the sharing of much of the expense of site investigation,

37/ General Electric, Reply, Mar. 14, 1974, p. 32.

38/ Tr., pp. 3479-80 and 3432.

3%/ Tr., pp. 3486-87.

40/ Consolidated Utility Group, Statement of Position,
Pgb- 19' lg74l PP- 57"58.
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engineering, licensing, construction management, and operating
supervision and that environmental advantages flow from
minimizing the inevitable environmental impacts associated

with the development of new industrial sites.

The Consclidated Utility G:oupig/ insisted that, at the dose
levels contemplated in the proposed rule (particularly with
respect to gaseous releases), the effect of a site limitation
would be to discourage and possibly prevent multiple reactor
units from being placed on a single site and that it would
also work an unnecessary hardship on existing multi-unit
stations, including several three- or four-unit stations now
planned or under construction. In a similar veinii/ cu
pointed out that, although the proposed limits on doses from
liquid effluents may not prove unduly burdensome for multi-reactor
sites, the limits on doses from noble gases and iodine may
severely limit the number of reactors at a site unless stacks

and, in come cases, radwaste augments that it considers

unjustified on a cost-benefit basis are employed.

General Electric restated with added emphasis its position

and that of CU in its closing statementiz/ in the following

words:
"Both the Consolidated Utility Group and GE took the

position in the ALAP hearings that the Appendix I

41/ Consolidated Utility Group, Reply, Mar. 7, 1974, pp. 21-25.
42/ General Electric, Closing Statement, Jan. 21, 1974, pp. 28-29.
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numerical guides must make special allowance for multi-
reactor installations at a single site in order to
Preserve the overall environmental and economic
advantages of minimizing the total number of power
generation sites. The FES analyses, even when carried
out with a 'best-estimate' dose evaluation, show that
application of ALAP design objectives as overall site
limits, regardless of the number of reactors present,
may limit the number of units on a site below that
number that may be desirable for environmental and
economic reasons. Such a forced geographic distribution
of reactor sites of one or two units each will not reduce
total population radiation dose from LWR effluents; in
fact, it could increase total population dose if the
distributed sites in toto have a lesser degree of local
isolation than would the probably more favorable sites

that would be selected for multi-unit use."”

None of the other parties in tnis hearing directly addressed
this quogtion of whether the limits should have a per-

reactor or per-site basis. Consolidated National Intervenorsil/
(in their belief that, since we cannot pProve that radiaticn

at any level is harmless, we should permit no radiation

releases at all) would seem certainly to prefer whichever

limitation is the more stringent; this would presumably imply

1/ Anthony J. Roisman to Algie A. Wells, et al., Feb. 15, 1972,



a preference for a strict limit upon emissions from all
reactors at a site. Andrew P. Hull, who advocatcdii/

limits based primarily on doses to the population at large

and who has suggested 2 man-rems per megawatt (electric) as

a limiting design objective, seemed to favor essentially a
per-reactor limitation. A similar observation may De made
concerning the testimony of R. M. Hartman in a limited
appearance for Ebasco Services; Incorporated, who recommendedié/

that 0.1 man-rem to the average individual per 1000 megawatt

(thermal) be employed as a limit on population dose.

The Consolidated Utility Group would apparently place no
limit, other than that obtained by the per-reactor limit, on
doses from multi-reactor sites, but they insistediﬁ/ that
the resulting off-site dose to individuals living near
multi-unit sites would still be a small fraction of Part 20
limits and of generally accepted radiation standards and

would constitute a trivial incremental risk to the health of

the individuals.

On the other hand, GE would, despite its arguments described

above, place an additional limit on dose levels from a mvltiple

33/ Andrew P. Hull (Limited Participant), Final Statement of
— oposition, Feb. 11, 1974, p. 4.
45/ Tr., pp. 109-116.
36/ Consolidated Utility Group, Statement of Position,
Feb. 19, 1974, p. l6.
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light-water-cooled nuclear reactor site. In its closing

statnm.ntSZ/ GE recommended the language:

"For any combination of nuclear power reactors on one
site, on adjacent sites, or on nearby sites, the applicant
or applicants shall, in addition, provide reasonable
assurance that the total incremental annual exposure

(from either airborne or waterborne effluents) to any
individual in unrestricted areas will not exceed four (4)
percent of the Federal Radiation Protection Guides, as

set forth in Federal Radiation Council Reports Numbers

1 and 2, May 13, 1960 and September 1961, for doses to

the total body or iny organ.”

In support of that recommendation, GE argucd-ﬁy/that the reccg-
nition in 10 CFR Part 50.34a that "as low as practicable” must
be defined "in relation to the utilization of atomic energy

in the public interest" requires allowance of slightly increased,
but still trivial, exposures in order to achieve a doubling or
tripling of electrical output at a site and the other environ-

mental advantages of multiple-unit siting. Further, GE noted

aneral Electric, Closing Statement, Jan. 21, 1974, p. 28.
oid., pp. 28-29.
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that allowing the nearest-neighbor dose resulting from a number
of closely lqcatcd light-water reactors, each meeting the
regular single-reactor ALAP guides, to approach 4% of the
Federal Radiation Protection Guides would still limit such
doses to a small fraction of permissible dose and to a fraction
of natural background exposure and would keep such doses within
the variation in natural background radiation within the United
States. In addition, GE pointed out that such a limit also
addresses the subject of total dose to individuals from nearby

but separate sites, which was not covered in proposed Appendix I.

We note that, though much gualitative argument was presented,
the hearing record contains little specific information that
will permit evaluation of dose levels from emissions from
sites containing several light-water-cooled nuclear power

reactors.

The Regulatory Staff prepared the Final Environmental Statement
and did its cost calculaticns on the basis of tes containing
two reactors. In its concluding statementi~‘ che Staff
discussed the effects its recommended design-objective (per
site) doses would have on limiting the number of reactors per

site. From these considerations the Staff concludedig/ that

iz? Regulatory Staff, Concluding Statement of Position,
Feb. 20, 1974, pp. 84-131.
50/ Ibid., p. 62.
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the design-objective dose~ for liquid and gaseous effluents,
other than icdine, pose no practical limitations on the number
of reactors per site. The design-objective thyroid dose for
iodine poses limitations on the number of reactors per site

for éhoac sites where milk is a pathway of exposure within

500 to 1000 meters of the site unless stacks or extensive
in-plant iodine-removal equipment is used. If stacks are used
or if milk is not a pathway of exposure within 3000 or 4500
meters of the site, there appears to be no practical limitation
on the number of reactors per site even with the iodine

design objective.

With respect to liquid releases, CU stated:éi/ "while
neither we nor the staff have done the refined calculations
necessary to establish the effect of miltiple reactors on
doses from liquid effluents, we would not expect that the
proposed site limit on such doses would be a’major facter

in limiting the number of reactors per site."

However, CU argued that the situation for doses from iodine
and noble gases is entirely different and pointed cut that the
Staff's findings, which confirm the CU calculations,iz/ show

that for sites with a cow-milk-infant focd pathway in close

51/ Consolidated Utility Group, Reply, Mar. 7, 1974, p. 22.
32/ Ibid., pp. 22-24.



proximity to a 500-meter site boundary the site limits o

15 millirems to the skin from noble gases and 15 millirems

to the thyroid would be severely limiting. They indicated
that for such cases boiling-water reactors with all augments
justifiable by their cost-benefit analysis would be limited
to 2 per site by the skin-dose limit and to zero by the
thyroid-dose limit. Pressurized-water reactors with augments
justified by cost-benefit analysis would not be appreciably
limited (7 to 10 would be possible) by the skin-dose limit,
but the thyroid-decse limit would permit no reactor to be
built. Adding l00-meter stacks, which do nothing to reduce
doses to the general population. would permit 4 to 6 boiling-

water reactors or 2 pressurized-water reactors to be built.

The grouping of light-water-cooled nuclear power reactors on
well chosen and suitable sites may have the potential for
genuine advantages in the use of atomic energy in the public
interest. This is a matter subject to separate and intensive
study pursuant to Congressional mandate in the Energy
Reorganization Act of 1974. Appendix I certainly should not

foreclose such a course at this time.

We adopt, accordingly, an Appendix I that designates dose
limitation guides to any individual in an unrestricted «vea on
a per-reactor basis alcone. The hearing record does net, we

believe, provide quantitative information that can substantiate



the values that a per-sitq guide should have. We are mindful
that doses to the general population will not be increased
and that they may be minimized by grouping light-water-cooled
nuclear power plants. We are also of the opinion that it will
be at least several years before sites containing as many as
five light-water-cooled nuclear power plants are developed.
Consequently, we see no way that design-objectivs guides set
on a per-reactor basis can, in the near future, result in
individual exposures that are more than 5% of present-day (10
CFR Part 20) radiation standards. Indeed, we believe that,
with the required inclusion of all radwaste augments justified
on a cost-benefit basis and with the realization that several
reactors cannot physically be placed so as to all be a minimum
distance from the maximally exposed individual, the actual
doses received by individuals will be appreciably less than

this small percentage.

Qur decision based as it must be on the record cannot include
items not covered by that record. The ALAP hearing properly did
not address the possibilities or the problems of sites containing
many nuclear reactors along with other nuclear facilities or even
many light-water-cooled nuclear power plants. It may be that
so-called nuclear energy centers - or even sites that contain many

light-water-cooled nuclear power plants - have special virtues.



- 64 -

We do not know. By the time such multi-reactor sites are
necessary or_desirable, technologies not now known may be
available for minimizing radicactive materials in effluents
from them. Again, we do not know. It seems clear that such
installations will require large and favorably situated
sites and that such installations are several years, at
least, in the future. Meanwhile, much valuable experience
will be gained concerning radiocactive emissions from sites
containing a few light-water-cooled nuclear plants. It
would seem to us that, in due course and when experience is
available, the question of the desirability of a per-site
limitation on emissions from multi-reactor sites should be
examined further.

4. What Shall Be the Numerical Values of the Design-Objective
Guides?

A superficial -examination of the record might suggest only

minor disagreement over the numerical values of the design
objectives. A more detailed examination, however, reveals that
this notion ¢f minor disagreement is illusory. In fact, the
general similarity of the A-~sign-objective values reccmmended

by the several parties tends to mask the considerable differences
in the bases on which tl.ase values are suggested. This is another
question on which we have had to decide among conflicting

views.



The proposed Appendix I limited the annual dose to any
individual from radioactive materials in each effluent type
(liquids, gases, and as radioicdine and particulate matter)

from all reactors on a site to 5 millirems to the total body

or to any organ.gé&éi/

General Electric (GE) recammendedéé/ that the design-objective

dose values for nearest neighbors of each light-water-cooled
nuclear power reactor be set at 1% of the FRC radiation
protection guides from each of the effluent types. They
recommended specifically that the objectives for each effluent
type and from each reactor should be 5 millirems per year

for the total body, 15 millirems per year for the thyroid,

and 30 millirems per year for the skin.

Consolidated Utility Group strongly urgedéﬂ/ the adoption of

a per-reactor value equal to 1% of ICRP whole-body and crgan
dose values for individuals in the general population for each
effluent type including ICRP values for organs other than

the whole bedy. They suggested that the individual thyreid-
dose objective should be changed to 15 millirems for childrcu
and 30 millirems for adults and that the individual skin

dose be changed to 30 millirems.

53/ Regulatory Staff, Exhibit 1, Tab. 1.
54/ Regulatory Stafé, Concluding Statement of Position, p. 48.
55/ Generzl Electric, Closing Statement, Jan. 21, 1974,
PP. 13, 26 and 28.
56/ Consolidated Utility Group, Statement of Pcsition,
Jan. 19, 1974, pp. 68-69.
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The State of Minnesota in its final statement appeared to
endorse the proposed Appendix I position to limit the annual
dose from each effluent type and from all reactors at a site
to 5 millirems to the total body or any orqan.él/ Douglas
LaFollette has also indicated his strong support of this

position.zg/

Several other suggestions were made. The Tennessee Valley

Authority squestedég/

that "the costs and consequences of
achir.i 7 1% of Pert 20 limits should be carefullv balanced
against the costs and consequences of achieving instead, for
example, 10% of Part 20 limits." Merril Eisenbud suggested,

on behalf of the Atomic Industrial Forum, the value 5 millirems
to the whole body, gonads, or bcne marrow and 15 millirems to
all other o:gans.gg#gl/ Consolidated Natiocnal Intervenors,él/
argued that no radiocactive discharges should be permitted.

At the other extreme, G. Hoyt Whippleééiéi/ considered that

numerical guidelines other than those given in 10 CFR Part 20 are

517 State of Minnesota, Final Statement of Positiocn,
Feb. 1, 1974, pp. 8 and 17.
58/ Final Environmental Statement, WASH-1258, July 1973,
Vol. 3, p. 38.
59/ Ibid., p. 314.
60/ Ibid., p. 96.
81/ Tr., p. 86, Statement by Merril Eise'bud, p. 5.
52/ Anthony J. Roisman to Algie A. Wells, et al., Feb. 15, 1972,
Ps 7
83/ Final Environmental Statement, WASH-12358, July 1973,
Vel. 3, p. 94.
4/ G. Hoyt Whipple, Testimony on the Proposed Appendix V
to 10 CFR Part 50, Feb. 20, 1972.

[+ )



- §7 =

unnecessary since the interpretacion of 10 CFR Part 20 by the
nuclear industry has resulted in performance so excellent that

thera is noc need for further incentive.

Andrew P. Hull, who was a limited participant throughout the

Hearing, arguedss/

that a boundary limit of 25 millirems per
year whole-body dose to individuals would be consisteat with
his proposal of 2000 man-rems per vear limit for popula:ion

dose from each 1000 megawat: (electric) reactor.

The Regulatory Staff modified its original position as a result
of the Hearing. 1In its concluding statementss/ the Regulatory
Staff agreed that the limiting dose to the thyroid from radio-
icdine and particulate matter in gasevus effluents shculd be
changed from 5 to 15 millirems per year. They made this change
because as a practical matter the dose to a child's thyroid is
controlling for purposes of design cbiectives; evidence
developed in the record shows that a design objecti- : of

S millirems per year is not practicable with respect to the
s-ate of technology and the ccsts of icdine-removal egquipment,

whare milk cows graze in the near vicinity of the site.

The Regulatory Staff also recommended—' that the skin dose

ue to external exposure from beca ard gamma radiation releasad
in gaseous effluents from all reactors on a site be changed
TT, andrew P. Hull, Tinal Statement <Z 2esition, Jan. 30, 197s.
33/ Regulatory Stafs, Concluding Stacement of Positioen,

25=20

g
Fab. 20, 1974, pp. 48-49 and
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from 5 to 15 millirems per year because it is not practicable

to design to limit the beta dose to 5 millirems per year.

The Regulatory Staff continued to recommend that the design-
objective dose from radiocactive materials in liquid effluents
from all light-water-cocled nuclear power reactors at a site
be kept at 5 millirems per year to the total body or to any
otgan.gl/ The Staff argued that both CUEE/ and Gaég/ agree

that this design objective is practicable for liquid effluents.

In its reply statement, however, CU insisted that it no

longer agreed completely with that summation.zg/ CU indicated
its agreement with that assessment for standard river sites.
CU contended, however, that at standard lakeshore and seashore
sites, with some combinations ur reactor types and cooling
modes, and with the Staff's bases, cost estimates, and
conservative models it was necessary to include augments

over and abcve those justified by its cost-benefit analyses
{at $1000 per man-rem and $333 per man-thyroid-rem) %£o meet

the per site design objective of 5 millirems to the total

body and tc any organ. Careful consideration of the testimony

&7/ 1bid., p. 50.
68/

-—'Tr., pp. 3996-98.
ég/General Electric, Closing Statement, Jan. 21, 1974, p. 16.

zg/Consolidated Utility Group, Reply, Mar. 7, 1974, pp. 13-17,
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of Walton A. Rodger indicates that when liquid radwaste
augments justified on a cost-benefit basis for two-reactor
stations on staﬁdard river sites are used on all standard sites
the calculated doses to maximally exposed individuals are quite
iow. Maximum total body dose to an individual appears to be
about 1.1 millirems per vear for a two-reactor PWR staticn
with cooling towers on a lakeshore site; all other tctal
body doses from two;reactor staticns are less, and many are
markedly less, than half this value. With these same liquid
radwaste augments the maximum individual organ doses are
calculated to be 6 millirems to the thyroid from a two-
Teactor BWR station with cooling towers on a seashore site
and 1.9 millirems to the thyroid from a two-reactor 2WR
station with ~ooling towers on a seashore site; all other
cases show maximum organ doses well below, with many markedly
below, these values.
79/

We are mindful of the claims by Cu that for some of these
cases the liquid radwaste augments are not justified by
the cost-benefit analysis. Indeed a careful evaluation
©f data in Dr. Rodger's testimony suggests vhat effective
radwaste augments that can be Justified on a .ost-benefit
basis (at the high man-rem and man-thyroid-rem worths

De used) for all cases except that of two-reactor PWR

I/ Tr., p. 3909, Additional Testimony of Waltcn A. Rodger on
Behalf of the Consolidated Utility Group, Nov. 9, 1972
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stations with cooling towers at seacoast sites. o Moreover,

we are aware that the values $1000 per man-rem and $333 per man-
thyroid-rem used by walton Rodger in his cost-benefit analysis
may ultimately prove to be unrealistically high, and that some
real sites may yield higher calculated individual doses to the
maximally exposed individual than do these standard sites. In
addition, we realize that in many cases liquid effluents from

a single reactor will lead to calculated doses that are only

slightly less than those from a two-reactor station.

After consideration of the CU testimony regarding doses from
liquid effluents from light-water-cooled power reactors with
technologically sound radwaste augments we are convinced that
design-objective guides with 5 millirems total-hody dose and

i5 millirems as the dose to any organ would be unduly lenient

on the per-reactor basis pProposed by CU and by GE. However,

the same testimony indicates that, for liquid effluents, the
staff's suggested limit of 5 millirems to any organ is scmewhat
t00 restrictive:; this limit is not met for a two-reactor station
using BWRsS with cooling towers at a standard seacoast site even
if the radwaste system includes some augments that lack a favorable
cost-benefit ratio for that site.

;/ For that_combinatiog, radwaste augments of the type proposed
I0r other twin-PWR stations can provide very low doses; they are
N0t cost-beneficial (at $1000 per total-body man-rem and $333 per
man-thyroid-rem) for this case because the population dose for

tAe base case is very low and its further decrease has a low
Tonetary value.
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After careful consideration of the entire record, including the

views of all parties, in light of the definition of "as low as
rracticable” which requires "taking into account the state of
technology and thi economics of improvements in relation %o benefits
to the public health and safety”, we have chosen to adopt as the
design-objective guides for liguid eifluents from each light-water-
cooled power rezctor the requirement that the annual dose or dose*
commitme t from all pathways ¢f exposure shall not exceed 3 milli=-
rems to the total tody or 10 millirems to any organ. For calculation
of such doses, it is assumed that rivers are used as sources of
drinking water an” tha% rivers or other pertinent bodies of water

are used as sources of £ sh or other seafood unless positive evidence
is provided to prove otherwise. The models also assume (as discussed
in more detail under Implementation, Chapter 5) that near neighbors
of the light-watar-cooled nuclear power reactor include individuals
with habits differing significantly from the average. We believe that
the record indicates that for virtually all reactor sites this design

chjective can readily be met.

The design objective to ccocntrol axposure from gaseocus effluents has
been expressed in terms of a limitation on the annual dose due

to gamma radiation or beta radiation from each reactor at or

beyond the boundary of the site. This design cbjective, in

effact, provides flexibility for considering site-related meteoroclegy
and the distance from the reaccor to the site boundary, but it
requires the assumption that people may live just outside the site

bcundary.
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The Regulatory Staff recommended in its Concluding Statement
that the skia dose due to external exposure from beta and
gamma radiaﬁion released in gaseous effluents be set at 15
millirems per year and that the total-body dose from these
sources be held at 5 miliirems per year. The Staff, however,
maintained that these should be the limiti.g doses from all
reactors at a site. GE§§/ and CU§§/ argued, in effect, :hat
the total-body dose limit should be 5 millirems per vear,

the skin dose limit should be 30 millirems per year, and

that these limits should apply to each individual reactor.

On this point again the testimonyll/ of Dr. Walton Rodger is
germane. He has shown that gaseous radwaste augments justifiable
on a cost-benefit basis (again at $1000 per man-rem and $333

per man-thyroid-rem) are available for both PWRs and BWRs at

any type of standard site. On standard sites (500 meter

site boundaries) two-reactor BWR stations with these justifiable
Jaseous radwaste augments can barely meet the skin dcse

limit of 15 millirems per year and can meet the total body

limit of 5 millirems per year by slightly more than two-

fold. Two-reactor PWR stations with their justifiable

augments show somewhat lower doses.

Accordingly, we see no justification for a per-reactor design

objective guide limit of 30 millirems to the skin as proposed
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by CU and GE. Indeed, it might be argued that per-reactor
limits slightly below 5 millirems to the total body and 15
millirems to the skin could bo.justified. However, we
realize that the cost-benefit bases of $1000 per man-rem and
$333 per man~thyroid-rem may prove to be too high and that
actual site characteristics and meteorology may differ sub-
stantially from those of the standard sites upon which the
calculations were done. We have, accordingly, specified
dose rates of 10 millirads per year for gamma radiation and
20 millirads per year for beta radiation; these levels would
normally be considered to limit doses to individuals in
unrestricted areas to not more than 5 millirems to the total
body and to less than 15 millirems to the skin. Provisions
are made to decrease this annual dose if for a particular
site there are special circumstances that necessitate such

a decrease to ensure that an individual in an unrestricted
area shall not receive more than 5 millirems total-body
exposure. P:ovision is made for an increase in this release
rate if special site characteristics or circumstances indicate
that such an increase will not lead to individual doses
above 5 millirems per year to the total body or 15 millirems
to the skin. We believe the record indicates that this
design objective is practicable for individual light-water-

ccoled power reactors at essentially all sites.

\ ?,jﬁ 1 31



The design-cbjective guide for limits upen individual dosages

from radioiodine and radiocactive material in particulate form

probably proved the mo!t difficult and most strongly contested
issue in this rulemaking proceeding.

In its concluding statemcntgﬁ/ the Regulatory Staff recommended
that the limiting dose to the thyroid should be set at 15
millirems per year. They concluded that a design objective

of 5 millirems per year is not practicable, considering the
state of technology and the costs of iodine removal equipment
where milk cows graze in close proximity to the site. Walton
Rodgerlé/ testified that two-reactor stations with either PWRs
or BWRs and with all gaseous radwaste augments justified on his
cost-benefit basis ($1000 per total-body man-rem and $333 per
man-thyroid-rem) yielded very high thyroid doses (490 millirem/
year for PWRs and 850 millirem/year for BWRs) via the iodine=-
grass-cow-milk-infant pathway when the Staff's conservative
assumptions were used and when cows grazed clcse to the 500
meter site boundary. 1Indeed, Dr. Rodger's testimony shows

that very expensive augments would be required to apprecach 15
millirems/year to the child's thyroid where milk cows graze

close to the site.

As indicated under Implementation (Chapter 5), the design-
objective quantity is to be calculated at the location of the

nearest milk cows that are actually present at the time of
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licensing of the reactor. As a consequence we see no basis

for increasing the limit on design-objective dose to any organ
from radioiodine and radicactive materials in particulate form
abcve 15 millirems per year. For virtually all cases, the thy-
roid dose will be the only one of real consequence from this
source. However, we do not find in the record compelling
evidence to justify reducing the design-objective limit. We
have, accordingly, set the design objective to ensure that
emission of radiciodine and radiocactive material in particulate
form from each light-water-cooled nuclear power reactcr shall
not result in an annual dose to the thyroid for any individual
in an unrestricted area from all pathways of exposure in excess
of 15 millirems. Future uses of the environment with respect
to focd pathways will be protected by limiting conditions of
operation that require monitoring and surveillance programs
designed to identify changing land uses that may result in
exposure of individuals to iodine. Appropriate control measures,
incluiing the modification of land uses, would be required if
monitoring programs during operation indicate that the desicn=-

objective guide levels are being exceeded.

As a Zurther requirement, in addition to the design-objective
guides described above, the radwaste systems shall include all
items of reasonably demonstrated technoclogy that can for a

favorable cost-benefit ratio effect reductions in total-becdy
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and thyroid dose to the population within 50 miles cf the
reactor. Such a provision will ensure that selection of a very
large and isclated site or of a site where the nearest milk

cows are far away cannot justify the release of large quantities
of radiocactive materials, and especially radioiodine, simply
because no substantial individual doses would result.

. What Are the Bases on Which Cost-Benefit Evaluaticns
Will Be Made?

A balance of benefits to the general public from the generation
of electricity by light-water-cooled nuclear power plants

with the associated costs is not germane to the decisicns
concerning Appendix I. The cost-benefit balance appropriate

to decisions regarding Appendix I deals with the cost from
installation (and use) of augments to sophisticated radwaste

systems versus the benefits obtained through their use.

The cost for addition and for operaticn of an augment to the
radwaste system is generally expressed in dollars; to

2stablish such costs =-- and the annualized cost =-- is easy

in principle and (as described in section 5a, below) is only
moderately difficult in practice. Cal.ulation of the decrease
in radiation dose to the pcpulation within 50 miles of the
reactor that would result from addicion of an augment also seems

to be relatively scraightforward (see section 5b, below).
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A recent and generally accepted evaluationzz/ of the effects
of ionizing radiation is available; it was used by the
Regulatory Staff in preparation of its Final Environmental
Statcmont.zz/ It is accordingly possible to estimate in a
straightforward and almost certainly ccnservative way the
benefits to the public health obtained by decreasing the
radiation doses to the population. The casting of these
benefits into monetary terms -- as the dollar value of
decreasing by a total-body man-rem and by a man-thyroid-rem
(or other essentially equivalcnt quantities) the dosage to
the population -- is, therefore, the only missing information

required to strike the cost-benefit balance.

We are of the opinion, after careful consideration, that

the hearing record will not support an unambiguous choice of

a specific dollar value for the worth of a unit decrease in
radiation exposure to the population. On the other hand, we
delieve that cost-benefit balances should be used to define

the limiting population dose from a light-water-cooled power
Teactor under the as low as practicable criterion. Accordingly,
we propose to conduct a rulemaking hearing to determine the
appropriate monetary value for reduction of radiation doses

to the g2neral population.

72/ National Academy of Sciences - National Research Council.

T The Effect on Populations of Exposurs to Low Lavels of
Ionizing Radiation (The BEIR Report), Repcrt of the
Advisory Committee on the Biclogical Effects of Ionizing
Radiations, November 1972.

13/ Final Environmental Statement, WASH-1258, July, 1973.
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When better values (or other appropriate criteria) for the
worth of a total-body man-rem and a man-thyroid-rem are
established and adopted, they shall be used in the cost-
benefit analyses required by this Appendix I. Meanwhile, as
an interim measure, we adopt the values described in section

5-c below.

These values can be used in the interim to translate into
dollars per year the value of a radwaste augment's contribution
to the decrease in man-rem and man-thyroid-rem per year to the
population within 50 miles of the reactor. In this way the
worth in dollars per year can be established for radwaste aug-
ments when each is added to the radwaste system sequentiall},

and in order of diminishing monetary worth.

We intend that radwaste augments necessary to satisfy the
linits on maximum doses to individuals will be required in all
cases. Additicnal augments will be required when, and only
when, the worth of each equals or exceeds the annualized cost
of its installation, maintenance and operation.

a. What Are the Monetary Costs of Augments to
Radwaste Systems?

Suring the initial phase of the ALAP Hearing (prior to May 6,

1972), the Regulatory Staff presented preliminary informationZiLlé/

‘4/ Regulatory Staff, Exhibit 1, Tab. 2.
75/ Tr., pp. 536-590.

«'7'
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concerning the costs of radwaste systems. Other information
concerning costs of radwaste systems was also presented in
this initial phase of the hearing by CUZELZZ/ and to a
limited extent by GE.ZE/ Walton Rodger, who presented what
might fairly be called the only comprehensive formplation of
costszg/ and of annualized costsZZ/ during this period,

criticizedzg/ the Staff's data.

The Regulatory Staff's publication of the Draft Envirconmental
Statement, its consideration of the many diverse comments on
this document, and its subsequent publication of the Final
Environmental Statementgg/ were important steps in providing

a basis for proper costing of radwaste systems and for cost-
benefit analyses. Comments on the Draft Envirconmental Statement

showed, as might have been expected, scme disagreement with the

estimated cost of radwaste equipment.

Consolidated Edison Company of New Tork, Inec., statedgﬁ/ that

<he cost estimate in the Draft Enviruonmental Statement seemed to

ZE/'Waiton A. Rodger, Statement on Behalf of the Consolidated
Utilicy Group, Mar. 17, 1972, incorporated in Tr., pp. 1748-52.

77/ Walten A. Rodger, Supplemental Statement on Behalf of the
Consolidated Utility Group, Apr. 26, 1972, incorporated in
Tr., p. 2753.

"8/ General Electric, Exhibit 3, Apr. 28, 1972, items 4 and 5.

227 Walton A. Redger, Statement on 2ehalf of the Consolidated
Utility Group, Mar. 17, 1972, p. 41.

80/ Notice of Availability of the Draft Environmental Statement
was published in the Faderal Recister, Jan. 16, 1973 (38
P.R. 1616).

81/ Final Environmental Statement, WASH-1258, Vol. 3, July 1973,
PP. 311-312.




be generally lower than their experience would indicate. They
showed a few specific examples in which the estimated costs

appeared to be low by at least a factor of 3.

In its comments on the Draft Environmental Statement,gz/ cu

had only minor criticisms of the estimated costs of individual
items of radwaste equipment. However, CU argued stronglygz/
that tho COst picture was badly distorted by the use in the
Draft Environmental Statement and the Final Environmental State-
ment of a two-reactor site in which much of the radwaste

equipment was shared between the two reactors.

Moreover, after publication of the FES, CU insistedgi/ that,
since costs in the FES were nearly a factor.of 2 less than
in the draft statement, they could nc longer avoid taking
issue with the Staff's cost estimates. After a detailed
elaboration of many points on which they found the Staff's
cost estimates deficient, CU concludedgé/ that the FZ
radwaste systems could not possibly be built and operated
for less than twice the costs indicated and that more likely

the cost would be three to four times that given in the FES.

;-; ISla., p. 2430

33/ 1bid., p. 244.

EZ/ Tr., p. 3909; Walton A. Rodger, additiocnal testimony on
Behalf of the Consolidated Utility Group, Nov. 19, 1973,
pPp. 38-39. '

5/ Consolidated Utility Group, Statement of Position, Jan.

1974, p. 36.
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The Regulatory Staff, on the other hand, continued to defend
the cost estimates presented in the FES. 1In its concluding
statomontgg/ the Staff pointed out that the CU data were
based on "industrial experience" and included overtime and
other exceptioral factors and that CU had included backfitting
oxporiencogZngf and optional redundant equipment. The Staff
arquedgs/ that none of these items should be included in the

cost of radwaste systems for cost-benefit analysis.

The Staff did include redundant components in costing the
radwaste systems in the Draft Environmental Statement but,
at least partly because of criticisms in comments on the
draft, removed such redundancy "...which is not required for
meeting ALAP or licensing requirements and therefore should
not be included in costs for meeting dose reduction in cost-

benefit analyses," from the systems evaluated in the FES.Eg/

The Consclidated Utility Group took the position that redundant
radwaste equipment is often necessary. They pointed outgg/

that it is not the practice of utilities to install such systems
without the provision of adequate redundancy for safe and
reliable operation nor is it likely in actual practice that

license conditions would permit them to 40 otherwise.

§§7 Regulatory staff, Concluding Statement of Position, Feb. 20,
1974, pp. 43-453.

87/ Tz., p. 3975.

38/ Tr., p. 398S.

89/ Regulatory Staff, Concluding Statement of Position,
Feb. 20, 1974, pp. 44-45.

30/ Walton A. Redger, Additional Testimony on Behalf of
Consolidated Crility Group, Nev. 3, 1373, p. 49.

1257 139



After consideration of the several differences between the
Staff and the CU estimates, the Staff concludodgl/ that there
were no significant unexplained differences with raspect to

cost estimates.

We believe after consideration of the record that the Staff's
cost estimates for construction and operation of radwaste
systems may oe slightly low but that they are quite unlikely

to be in error by factors of 3 or 4. It seems to us that to
the extent - and only to the extent - that equipment redundancy
is required by the licensing process the cost of such redun-
dant items should be included in the total costing of the
system. It seems equally clear that the additional costs,

if any, due to increased attention to quality assurance

should be included in the radwaste-system costs. It does

not seem reascnable to include costs of overtime or other
special features that may have in specific instances contributed
0 higher than normal costs of installaticn. On the other
hnand, thie costs of operating the augmented equipment should

Se realistically estimated; such estimates should include
reascnable allowances for maintenance of equipment and for

:he increased work force and payroll based, inscfar as is
scssible, on actual experience as this experience exists or

~ecomes available,

227 Regulatory Staff, Concluding Statement of Positiocn,
Feb. 20, 1974, p. 45.
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b. How Should Cost-Benefit Balances Be Calculated?
The coscs of installation and operation of radwaste systems
were, as indicated above, a matter of controversy; but an
even more fundamental difference of opinion existed (primarily
between the Regulatory Staff and CU) on the manner in which

cost-benefit balancing was to be done.

The Regulatory Sta®f has, in effect, added for each effluent
type the several radwaste augments as a unit to the base-case
dual light-water-cuvoled nuclear power reactor sysz.m.gg/

From estimates of the cost of the radwaste augment package
and of the resulting decrcasq in radiation exposure to the
population, the Staff obtained a value in dollar cost per

man-rem of the resulting reduction in population dose.

The major thrust of the CU argument against the Staff's
cost-benefit balances concerned the practice of adding the
several radwaste augments together as a unit to tho.base-case.
As Walton Rodger stated for CU:gE/
"The thrust of the Testimony which we filed on November 9,
1973 was to break down into their component parts the
cost-benefit analyses presented in the FES. The first
purpose for doing this was to demonstrate that while
some augments to the gaseous and liquid radwaste systems
327 Tr., p. 3912; Walter A. Rodger, Summary cf Additicnal

Testimony dated Nev. 3, 1973, on Behalf of the Consolidated
Utility Group, p. 1.

e R 4 .ﬂn
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of PWR and BWR are justified on a cost-benefit basis,
others are not. In fact many of the augments considered
in the FES result in the expenditures of incredibly
large numbers of dollars for every dollar of value
returned. The "lumped" approach used in the FES

cost-benefit analyses completely hides this fact."

In effect, Dr. Rodger used the Regulatory Staff's dose cal-
culaticnal models and the Staff's values for annual releases
of radicactivity and annual costs for the radwaste augments
and conducted the cost-benefit study by adding augments
individually and sequentially to the liquid, the noble-gas,

and the iodine and particulate radwaste systems.

W¥e agree that by this technigue of sequertial addition of the
mcst effective radwaste augments (so that in effect each
addition constitutes with the other augments already present

2 new base-case to which the next augment is to be added) ,

the cost-benefit evaluation can show the true worth of each
individual augment -- that is, the decrease in tectal-body
nan-rem and in man-thyroid rem for which the augment is
responsible. The cost-benefit calculations required by Appen-
22X I should include assessment of the worth of each augment

oy this procedure.
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c. Can the Monetary Value of Dose Reduction to the
General Fc::guIatz| on Be Determined?

The Regqulatory Staff acreed that it was desirable to exz-rass
the cost-benefit balance in dollars on both sides of the
equation,gz/ but the Staff has been reluctant to assign a
dollar value to the worth of reduction of radiation dose to
the general population. The Staff took the positiongi/ that
chere is no agreement on monetary values for the reducticn
of risk to human life or suffering or on how such values
should be applied. They reason that it is not possible to
reflect properly the worth of reduction of risk to human life

in monetary terms since there a - overriding moral values

that cannot be gquantified.

The Staff cites in the recordgz/ the several published esti-
mates of the monetary cost of radiation exposure of the public;
these range from $10 to $980 per man-rem. No values have

s2en suggested for dose to single organs, such as the thyroid.
icwever, the relative risk of the dose to the thyroid compared
tc the total bedy might suggest a lower value for a man-thyroid-

rem than for a man-rem.

-n the other hand, the Staff holds that despite the inherent

difficulties in the direct use of monetary values, it appears

22/ Final Environment:l Statement, WASH-1258, July 1373,
vol. 1, p. 8=3.

34/ Ibid., pp. 8-2 and 8-3.

33/ 1bid., p. 83.

| W
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useful to express, to the extent practicable, both costs of
reduction of risk and benefits to society from such reduction
in monetary units as at least one of the factors to be con-
sidered in arriving at judgments on reducing risk to as low
as practicable limits.

ia both the 33522/ and its concludinq'statomont,gl/ the sStaff
does use in its estimates of radwaste-system cost and the
resultant reduction in population dose, values for cost per
man-rem reduction. They do not, however, accept or reject

radwaste systems because of the cost of such reduction.

It is clear from the :ocordgg/ that the Staff would leave to
us the decision as to dollar value of man-rem reduction in
population dose and the extent to which such a value wculd be

given weight along with other considerations in the ALAP ruling.

In contrast, the Consolidated Utility Group did choosegz:égi/

a value for the worth of a man-rem. For CU, Walton Rodger

33/ Final cnvironmental Statement, WASH-1258, July 1973,
Vol. 1, p. 8=2.

37/ Regulatory Staff, Concluding Statement of Position.

3 Tr., pPp. 3472-73.

39/ Consolidated Utility Group, Exhibit 5, Walton A. Redger,
Additional Testimony on Behalf cf the Consclidated Utilicty
Group, Exhibit 9, 1973.

100/ Consolidated Utility Group, Exhibit 6, Summary of Additional

Testimony dated Nov. 9, 19732, of wWalton A. Rodger on Behalf
of the Consolidated Utility Grzoup, 2. 2.
01/ Tr., pp. 3913-1S3.
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"You may duck the issue 1ll you want but in order %o
make a meaningful cost-benefit analysis yocu simply

have to 'bite the bullet' and assign a value to a
man-rem. We recognize that this isn't easily done,
that there are great subjective factors invelved, and
that this is an area in which reascnable persons may
reascnably disagree. Nonetheless, we chose a value.

We chose $1000/man-rem (and 1/3 of that for a man-thryoid=-
rem). The FES quotes a number of estimates for this
value ranging from $10 to $980 with most being in the
range of $100 to $600. A very current new estimate

is $250. We deliberately chose a value above the range

quoted for two reasons:

(1) to be conservative in cur assessment of the
value of augments,
(2) to make allcocwance for 'sverriding moral values'

and other intangibles which are hard to gquantify.”

53 the record makes clearégz#&gé/ these values of $1000 per

zotal bedy man-rem and $333 per man-thyroid-rem represent no

iadependent assessment. They were cbta:ined by CU simply by

5/
taking a value somewhat higher than the range of valuesgl’

1337 Tr., pP. 3944-45.

03/ Consolidated Utility Group, sStatement of Pcsiticn,
Jan. 19, 1974, p. 31l.
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for the worth of a total-body man-ram suggested by the several
studies cited, and the ratio of thyroid dose limits to total-

body dose limits recommended by FRC and ICRP.

While generally accepting the cost-benefit analyses pre-
sented by CU, GE seems to have made no recommendations for

the worth of a2 man-rem.

The State of Minnesota made no assignment or decision as *o

104/ Minnesota has argued consistently

the worth of a man-rem.
that releases of radicactivity should be minimized but it has
not tied this recommendation to the resultant dose effect

nor nas it made cost-benefit analyses in support of its
:ccommnndations.igi/ However, it seems clear from the record
that the State of Minnesota would put a very high value on a

man-rem. 103

We agree with the Regulatory Staff and with CU that there are
great subjective factors %o be ccnsidered in any judgment of
the worth of reduction of a man-rem in dose to the general
Population. We are also well aware that a dollar figure for
such worth is desirable =~ and is the only missing value -- for
the cost-benefit analysis that would provide a useful basis

Jor decision concerning a portion of the guidance in Appendix

-

a4/ Tr., PP. 1778=79.

105/ sState of Minnesota, Final Statement of Position,
F.bo l' 1974' pc 140



We are, however, of the view that the hearing record provides
an insufficient basis for a decision as to tlLe monetary

~worth for reduction in radiation dosage to the populaticn.

The hearing record contains previously published estimates
of worth of a total-body man-rem, but no comparable figures
for worth of 2 man-thyroid-rem were presented. One of the

;lrticipantségg/

selected a value of $1)0C per total-body man-
rem and arbitrarily set the worth c¢f a man-thyroid-rem at cae
third of that value. The hearing recorsd, accordingly, contains
no evidence of its own regarding monetary values for either

of these gquantities.

We are mindful that Appendix I applies onl, to effluents from
light-water-cooled nuclear power reactsrs and cannot -- based
28 it is on a record so limited -- be construed to apply co
reactors of other types or to other facilities in the nuclear
Juel cycle. But we are also mindful that the choice of a
ralue for the monetary worth of a man-rem reduction in pepu=-
.ation dose to the general public cannot be reasonably claimed
<0 apply to only a single class ¢of nuclear facility. We are
:herefore convinced that this (properly) limited record cannot
@ used to establish appropriats genera. values for the mone-
:ary werth ¢of a man-rem reducticn in total-body or of a man-

‘.;T3id-rem Oorgan dose to the pcgulazien.
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Sound and unambiguous values for the worth of these guantities
(or scme other essentially equivalent criteria) are clearly
needed for ultimate quantification of the as low as practicable
concept. Accordingly, we propose to initiate a further rule-
making to ascertain the monetary worth of reduction in radiation
doses to the population.égé/ When such better established values
2ecome available for adoption, we inctand that they be used in

zhe cost-benefit analyses required in this Appendix I.

Heanwhile, since the record cannot provide firm guidance as to
worth of a total-body man-rem we believe it is the better course
to accept, for the interim purpose specified hereinafter, the
conservative value of $1000 for reduction of a man-rem in

tctal-body dose to the pcpulation.

It can be argued that the worth of reducing the thyroid dose
Dv a man-thyroid-rem is smaller. However, the‘record offers
insufficient guidance upon this point. 1In this context we
nave accepted, as an interim measure, the value $1000 per man-

thyrcid-rem for purposes of the required cost-benefit balance.

+J0/ We are aware that the National Academy of Sciences - National
Research Council Advisory Committee on Biclogical Effects
of Ionizing Radiations is currently studying and developing
methodologies for benefit-risk-cos: analysis for activities
involving radiation exposure. It .s possible that informa-
tion on monetary values for the worth of reduction of
radiation dose, as well as useiul methcdclogy, may be
provided by this study.
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We emphasize that these are conservative outer limit figures
and are accepted for use as such, as set forth below. It may
well be that final values for the worth of these gquantities

will be smaller.

Consistent with the foregoing, as an interim measure and until
more suitable values or other criteria can be established, we
save decided that $1000 per total-body man~rem and $10C0 per
man-thyroid-rem -~ or such lesser values as may be demcnstratel
oy the applicant to be suitable in a particular case =-- shall

be used in the required cost-benefit balances.

5. Shall Exceptions to the Design-Objective Guides Be Allowed
£ Racwaste stems Conta.n 'Base..ne In-Plant control

Measures
In its concluding statement the Regulatory Staff introduced the

reccmmendation that exceptions to the design-objective guides

7 : J
107/ and for radicicdine and radicactive

materials in particulate formigg/ be allowed if certain ":taseline

for liquid effluents

in~plant ccntrol measures” were included in the radwaste-systems

design.

Tfor liquid effluents the design-obiective guides propcsed by
1
=he Staff stated that=gl/ the calculated annual total quantity

> all radicactive macerial from all light-water-cooled nuclear

-~ ¥

-

Regulacory Staff, Concluding Scatement of Position,
Feb. 20, 1974, pp. 25=27.
108/ Ibid., pp. 29-30.

—
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power reactors at a site should not result in an annual dose

or dose commitment to the total body or to any organ of an
individual in an unrestricted area from all pathways of exposure
in excess of S millirems, and the calculated annual total
quantity of radicactive material, except tritium and dissolved
gases, should not exceed 5 curies for each light-water-cocoled
reactor at a site. However, if the applicant had proposed
Saseline in-plant control measures (of which several typical
axamples were listed), the calculated annual total gquantity
could be permitted to exceed the S-curie limit for each light-
water-cooled nuclear power reactor provided the design-cbjective

guide for the dose limit was met.

The Staff has proposed no increase in its design-cbjective
.per site) dose level even if the baseline in-plant control
reasures are included in the liquid-racdwaste system. We
22lieve that inclusion of such measures would certainly not
custify an increase in the (per reacter) design-cbjective
dcse lavels that we have adopted. Accordingly, since we
save ot included quantity limizs in cur design-cbijective
;uides,lgg/ we include no provisicn for baseline in-plant
sentrol measures for liguid effluents in the Appendix I that

/@ adopt.

- 3/ Section B4 of this chapter, akove.



Por emissions of radiocactive icdine and radiocactive material

in particulate form, the Staff proposed that an excepticn to the
design-objective dose be allowed if the baseline in-plant
control measures were included in the radwaste-system design.lgg/
The Staff recommended that the (per site) annual dose limit

from radiciodine and radiocactive material in particulate form
:oould not exceed 15 milliromsuto any organ of an off-sita
individual and that the calculated annual total quantity of
iodine-131 in gaseous effluents should not exceed 1 curie for
each reactor. If the applicant had proposed baseline in-plant
control measures (of which several typical examples were listed),
ne could be permitted releases of radioiodine and radioactive
material in particulate form in gquantities that did not exceed

four times the quantity that would yield the 15 millirem dose

2 any organ of an off-site individual.

3oth GE and CU argued strongly against iaclusion of such
:23eline in-plant control measur2s in 2ppendix I. They claimed
that the baseline in-plant control measures apprcach is un-
varrantad since the ALAP record zhcws that most of the

‘measures” are unjustifiable on a cost-zenefit basisiLLQZLAE/

-2/ General Electric, Reply, Mar. 14, 1974, pp. 22-23.

-4/ Walton i. Redger, Additional Testimony on 3ehalf of th
Consol.dated Utility Group, Nov. 9, 1973, pp. 1-38.

=12/ Consolidated Utility Group, Statruent of Position,
Jan. 19, 1974, pp. 29-41.

--3/ Consolidated Utility Group, Reply, Mar. 7, 1974, pp. 6-7.
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chat monitoring data at operating light-water-cooled nuclear
power reactors show that most of these "measures" are unneces-
sary to meet the design cbjactives;éii&ilg/ and that, saculd
augmentation for building air ventilation releases be neces-
sary, most of the suggested "measures"” would be technically and.

aconomically inappropriate for reducing such cmissionc.iii/

n addition, GE arguodléﬁ/ that, until the release of the
Regulatory Staff's concluding statement, the guides of p»rocosed
Appendix I and the alternative provisions proposed by cther
rarties to the proceeding had been drawn exclusively as
performance standards. The suggested incorporation of equip-
ment criteria represented a fundamental change in the under-
lying regulatory approach and would allow the Staff to prescribe
specific effluent-treatment equipment--chereby intruding on

the traditional role and responsibility of the applicants

nd their engineering consultants--without reference to the

-erformance and cost-benefit status of the equipment prescrized.

~2 3eem it the sounder course that the design-cbjective guides
saculd be drawn as performance gcals ang should not, unless
:acessary.for the protection of the publiic health and

:afaety, incorporate requirements £cr sp22ific eguipment. OQur

i3sessment of the record does not suppcrt a conclusion that

~.31/ Regulatory sStaff, Sxhibit 24, Oct. 1973.
"L3/ General Electric, Exhibit 3, Nov. 2, 1973.
115/ General Electric, Reply, Mar. 14, 1874, p. 21.
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installation of the baseline in-plant contzol measures =-- and
the consequent relaxation of the design-objective guides on
doses to individuals -- i3 necessary or desirable for such

protection of the public health and safaty.

We note that CU has statod&/ that PWR's and BWR's using

the assumptions in the FES and with the radwaste augments
custifiabls on 2 cost-cen2fi: tasis (and which we would
raquire) would release about C.§ and 9.3 curies per year cf
iocdine-131l, respectively. Such releases of iodine=-131 from

a typical reactor site would be expected to result in total
doses of about 60 and 30 man-thyroid-rem to the populaticn
#ithin 50 miles. Additional radwaste augmentation may well

52 required to limit the thyroid dose to specific individuals
/12 tae milk pathway where cows graze close to a site. How-
aver, we believe that, with the design-objective values of our
w2cpted Appendix I, the near neighbor of the light-water-
:3cled nuclear pcwer reactors wilil pe adequately protected aad
tia:c the baseline in-plant control measures would seldom, if
:iver, Se nacessary. Accordingly, ~e zave not included

srovisions for such maasures in the Agpendix I that we adope.

"T77 Consolidated Utility Group. Reply, Mar., 7, 1974, zp. 12-1
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7. 3hall Limits Upon Direct Gamma Radiation From Reactors
and Ksl:cIatca Equipment Be Included?

The State of Minne¢ >ta toor the position that Appendix I

boundary-dose calculations should specifically include the
contributions from direct gamma radiation from the reactor
site (gamma shino).lﬁg/ Consolidated National Intervenorslig/
also raised this pcint concerning radiation osther than that
from radicactive materials in effluents from light-water-
cooled nuclear power reactors. An early position of the
Environmental Protection Agency (EPA)EEQ/ also included the
suggestion that direct gamma radiation should be considered.
The Environmental Protection Agency no longer holds this
view; it states:lzl/ "We recognize that the scope of the
present rulemaking is limited to material effluents, and
that for this reason did not address the issue of direct and
indirect gamma r-diation from onsite lecaticns. We suggest

the Commission deal with this category of exposure through

early issuance of limiting criteria for doses for such radiation."

The hearing record reveals that experience hes shown the
highest radiation dose rate at the site boundary to be
generally less than 10 millirems per year from this source;

tate of Minnesota, Final Statement of Position,
Chapter II-E, Part 3, Feb. 1, 1374.
9/ Anthony Roisman to Algie Wells, et al., Feb. 15, 1972,
p. 6.
/ Final Environmental Statement, WASH=-12358, July 1973,
Vol. 3, pp. 263-264.
21/ W. D. Rowe to L. Manning Muntzing, received Mar. 12, 1974,
P
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since the dose rate decreases rapidly to negligible levels
with distance from the site boundary, this source contributes

only a fraction of a man-rem per year to thg population dosc.lzz/

This hearing has been concerned from the beginning with

keeping "as low as practicable" the risks to the public from
radicactive materials in effluents from light-water-cooled

power reactors. Moreover, as the Regulatory Staff testified,lgi/
proposed Appendix I was not intended to include direct radiation

from the nuclear facility.

We agree that such dire<t or scattered gamma radiation from
the turbine building and from waste storage tanks and other
equipment containing radiocactive material should continue to
be taken into account in the licensing process. Such gamma
radiation should be carefully controlled by proper design
and operation of the reactor ané associated equipment. It
may be appropriate to issue in due course further guidance
on levels "as low as practicable" from this radiation source,
but we believe that such guidance should clearly be separate
from Aprendix I.

8. Will Increased Occupational Exposure to Radiation
Prejudice the Favorzble Effect of Appendix 17

The Consolidated Utility Group (CU), the Atomic Industrial

122/ Regulatory Stafs, Concluding Statement of Position,
Feb. 20, 1974, p. 65.
123/ Tr., pp. 595-598.
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Forum (AIF), and to a lesser extent the General Electric
Company showed concern about the possible effect of nroposed

Appendix I on occupational exposure.

The AIP, in commenting on the Draft Environmental Statomcnt,—Zi/

deplored that statement's lack of consideration of potential
increases in occupational radiological exposures wi<h the

implementation of proposed Appendix I and suggested that the
additional holdup and storage of radiocactive materials neces-

sary could result in substantial increases in on-site exposures.

In its closing position statement,izg/ CU concluded that there

is a serious danger that the reduction in off-site doses
sought through proposed Appendix I will be more than offset

by an increase in occupational exposure.

In objecting to equipment required as a result of "farfetched

assumptions,” GE in its closing statementizﬁ/ stated that

such equipment could, in fact, produce a net increase in the
exposure of the human gene pool to radiation by increasing
the doses to the employees of the light-water-reactor facility.

These positions of CU and GE seem tO be based to a substantial

133/ Final Environmental Statement, WASH-1258, July 1973,

= Vel. 3, p. 98.

125/ Consolidated Utility Group, Statement of Position,
Docket RM-50.2, Jan. 19, 1974, p. 17.

126/ General Electric, Closing Statement, Docket RM=-50-2,

Jan. 21, 1974, p. 34.
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extent on the testimony of Morton I. Goldmanlzz#izg/ concerning
likely increases in occupational exposure due to augments to
'radwasto systems and of the relative importance of such
radiation exposure compared to radiation exposure to the

population. =

In assessing the probable impact of Appendix I on occupaticnal
exposure, the Regulatory Staff attempted an aralysis of Jata
equivalent to that presented by Dr. Goldman. They found that
no conclusions were warranted on the basis of the data and
that a more detailed evaluation was necessary. The Staff pro-
ceeded to study occupationa; exposure by visiting 1l selected
operating nuclear power plants, reviewing exposure records,
and holding discussicns with utility personnel.izg/ This study
suggested that augmentation of the radwaste-treatment systems
tc meet the objectives of proposed Appendix I might be
expected to increase occupational exposure by about 7%. The
observation that little if cny of the increase in exposure
would be unavoidable seems of even more significance. The
general conclusion of the Regulatory Staff is that "imple-
mentation of Appendix I need not significantly increase
I27/ VMorton I. Goldman, Additional Testimony on Behalf of the
Consolidated Utility Group (Part 1), Occupat:ional
Exposure, Docket RM=350-2.
128/ Tr., pp. 3605-14 and 3999-4048.
129/ Charles A. Willis, A Study of the Occupational Radiation

Exposure Due to Radwaste Treatment Systems at Nuclear
Power Plants, Docket RM=50-2, Exhibit 23.
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occupational cxposurc'.élg/ This conclusion seems not to be
challenged in the replies by cuiél/ and 62523/ to the con-

cludin§ statement of position of the Regulatory Staff.

We continue to be concerned about the level of occupational
exposure in nuclear power plants, and steps ar; being taken
to reduce the occupational exposures to levels that are "as
low as practicable."™ Regulatory Guide 8.8, issued in July
1973, details the occupational-exposure control information
that should be provided in license applications. This
information is now being reviewed in the licensing process,
and applicants are being asked to.imprcve plans, procedures,
and designs where appropriate to reduce exposure. The SAR
Standard Format document has been revised to increase
emphasis on occuptional-exposure control. Thus, the import-
tance of keeping occupational exposure "as low as practicable"
is recognized, and progress is being made toward that
obj.ctive. We believe that with proper attention to this
point, increases in occupational exposures resulting from

implementation of Appendix I can be made small if not negligible.

£§§7 Regulatory staff, Concluding Statement of Position,
Docket RM-50-2, Feb. 20, 1974, p. 64.

131/ Ceonsolidated Utility Group, Reply, Mar. 7, 1974.

132/ General Electric, Reply, Mar. 14, 1574.
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CHAPTER IV

GUIDES ON TECHNICAL SPECIFICATIONS FOR
T LIMITING CONDITIONS FOR OPERATION

Section 50.36a(b) of 10 CFR Part 50 provides that licensees
shall be guided by certain considerations in establishing

and implementing operating p.ocedures specified in technical
specifications which take into account the need for operating
flexibility and at the same time ensure that the licensee
will exert his best efforts to keep levels of radicactive
materials in effluents as low as practicable. The Appendix

I that we adopt provides meore specific guidance to licensees

in this respect.
A. The Rule

Section IV of Appendix I specifies action levels for the
licensee. 1If, for any individual light-water-cocled nuclear
power reactor, the quantity of radicactive material actually
released in effluents to unrestricted areas during any
calendar quarter is such as to cause radiation exposure,
calculated on the same basis as the design-objective exposure,
which would exceed cne-half the annual design-objective
exposure} the licensee shall make an investigation to identify
the causes of these high release rates, define and initiate

a program of action to correct the situaticn, and report

these actions to the Commission within 30 days of the end
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of the calendar quarter. On the basis of reports required

by section 50.36a (2) and Appendix I and any additional
information that the Commission may obtain from the licensee
and others, the Commission may from time to time require the
licensee to take such action as the Commission deems appropriate

in the public interest.

These provisions will, we believe, ensure the necessary oper-
ating flexibility for light-water-cooled nuclear power reactors
and at the same time ensure that radiation exposures to any
individual in an unrestricted area will be at the most a small
fraction of exposures permitted by present radiation protection

standards.

The licensee is also required (1) to conduct an appropriate
surveillance and monitoring program to provide data on
quantities of radicactive materials released in liquid and
gaseous effluents to ensure that the provisions of this
Appendix I are met, (2) to provide data on measurable levels
of radiation and radicactive materials in the environment soO
that the relationship between gquantities of radiocactive
materials released and radiation dosages to individuals can
be evaluated, and (3) to identify changes in the use of
unrestricted areas so that monitoring programs for evaluating
the doses to individuals from principal pathways of exposure

can be modified.
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It is further provided that, if the data devei.sed in the sur-
veillance and monitoring program described above sho.r the
relationchip between gquantities of radiocactive materials re-
leased in effluents and the dose to individuals in unrestricted
areas is significantly different from that assumed in the cal-
culations used to determine design-objective l.mits, the
Cimissicn may modify the quantities in the technical specifi-
cations defining the limiting conditions for operation in the
license that authorizes operation of the light-water-cooled
nuclear power reactor. If radicactive-iocdine design objectives
are determined on the basis of conditions existing at the time
the reactor is licensed without regard to future land use, an

augmented surveillance and monitoring program may be required.
B. Discussion of Section IV of Appendix I

o Action Levels and Licensee and Commissicon Action

We expect that the annual releases of radiocactive materials in
effluents from light-water-cooled nuclear power reactors can
generally be maintained within the levels set forth as numerical
guides for design objectives. It is certainly expected that the
licensee will, under all circumstances, exert his best efforts
to keep levels of radicactive materials in effluents from light-

water-cooled nuclear power reactors within the design-objective
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guides. At the same time the licensee should, in our opinion,
be permitted some flexibility of operation, consistent with
sound considerations of public health and safety, to ensure
that che public is provided with a dependable source of power
even under unusual conditions of operation that may temporarily
lead to releases of radiocactive materials higher than those

specified as the design-objective guides.

The Regulatory Staff has consistently arquedléz/ that operating

flexibility is necessary, especially in view of the very low
release levels inherent in the Staff's versions of Appendix I.
As the record shows, there is some disagreement as to the need
for such operating flexibility and a diversity of opinicon on

the formulation of guidelines in this regard.

The Consolidated Utility Group has argued,zf "the degree of
operating flexibility provided in [the originally) proposed
Appendix I is too restrictive and may threaten pcwer system
reliability." Similar arguments were presented by the Atomic

4/ 5/

Industrial Forum,-/ the Gulf General Atomic Company,= the

- -
Bechtel Power CQrpo:ation.E/ Ebasco Services,L/ and the American

N

Regulatory Staff, Exhibit 1, Tab. I

Regulatory Staff, Concluding Statement of Positien, pp. 32 and
68-70.

Consolidated Utility Group, Statement of Position, p. 16.

~|H
L\l

Tr., p. 86; Merril Eisenbud, Statement, P. 6.
Final Environmental Statement, p. 61l.

Final Environmental Statement, pp. 91-92.
Tr., Pp.-109-116.
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Electric Power Service Corporation.g/ On the other hand,
Consclidated National Intervenors contended that no provisions
for operating flexibility were necessary or desirLblc.2/
Moreover, the State of Minnesota in its final statemontlg/
argued that there has been no showing by the utilities of a
need for operating flexibility, that suth provisions for
operating flexibility should be deleted, and that the
numerical guides for design objectives should be treated as
maximum limits never to be exceeded. Nevertheless, M/ nesota

recommended guidelines for limiting conditions for cperation.

The e¢vidence shcws that there will be variations in the
performance of fuel elements and radwaste equipment, that
these variations may, on a transient basis, result in levels
of radiocactivity in effluents which exceed the design-
objective guide values, and that operational flexibilicty,
within the very low ranges of release rates involved, is
necessary if nuclear reactors are to have adequate relia-
bility as a source of power. The arguments to the contrary
are not supported in evidence. Arguments of the several

parties that the limiting conditions for operation would be

-27 Letter from Robert S. Hunter to Secretary, U. S. Atomic
Energy Commission, Feb. 22, 1972.
2/ Anthony Roisman to Algie A. Wells et al., Feb. 15, 1372,
0/

== State of Minnescta, Final Statement of Position, PpP. 4-5.
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too restrictive were specifically directed to the guidelines
originally proposed. 1In our judgment the guidelines we have

adopted are necessary and reasonable.

We have decided to omit the proposed level for initiating Com=-
mission action, since the Commission is already free to act
~and a numerical guide at this point might sugcest that the
Commission would be inattentive to releases of smaller

magnitude.

Se Surveillance and Measurements in Operating Plants

Experience with operating light-water-cooled nuclear power
reactors and with measuring effluents from these plants was
recognized by the Commission as one of the substantial bases
on which the as low as practicable provisions of 10 CFR Part
50 were proposed and adopted in l970.l£/ The quantitative
data that can be acquired in the future through programs cf
measurement and surveilliance in the plant as well as in the
environment have been noted by several participants as being

of special importance in implmaenting the "as low as prac-

ticable" policy and Appendix I.

Quantitative measurement of radicactive materials released

in effluents has always been required of persons liceased to

ii/15 p.R. 5414 and 13387.
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operate nuclear pcwer plants. Indeed, the amendments to

Part 50, published December 3, 1970, require that all such
licensees periodically report to the Commissicn "the gquan-

tity of each of the principal radionuclides released to
unrestricted areas in ligquid and in gaseous effluents...and such
other information as may be required by the Commission to
estimate maximum potential annual radiation doses to the

w12/ It is clear

public resulting from effluent releases.
that information derived from actual observation and meas-

urement of environmental factors should be an essential part
of the data supplied to the Commission pursuant to paragrapgh

50.36a(a) (2) cited above.

From the standpoint of ensuring control during reactor
operation, measurement of effluents and exposures at the low
levels proposed in the hearing record are difficult. Edward

P. Radford, testifying for the Consclidated National Inter-
venors, would prefer higher design-objective doses if that

were necessary to make measurement of human dose practicab!e.éé/
This preference for measured confirmaticn of estimates was

shared by other participants. As discussed in Chapter V,

the incentives for improving calculational models, which

IZ7 10 CFR 50.36a(a)(2).

13/ Edward P. Radford, Testimony on Behalf of National Inter-

venors: National Intervenors, Exhibit 3, p. 3; Tr., p. 2072;
and Tr., p. 2077.
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must necessarily be used in establishing design objsctives
for each reactor, are at:onq.li/ Measurements at operating
reactors are a means for making merovcnants.lé/ We are

in sympathy with those who cite the virtues of designing

and operating effluent-control systems with the enlightenment
of real experience rather than with arbitrarily conservative
calculational models. Measured levels of ernvironmental
radicactivity are generally small in comparison with values

calculated from known or presumed release ratcs.lﬁ/

Deviations of measured from calculated doses are not alto-
gether a result of deficient calculational methods. Mea-
surements of environmental exposures and quantities of
radicactive materials in the environs are complicated by the
very low concentrations encountered, ccmpared to background,
and by the fact that a multitude of factors, many varying in
time and space, affect the cnnceantration. Thus the corre-~
lation of the best of measurements with the bes: of cal-

culations is tedious and difficult.:l

14/ General Electric, Closing Statement, p. 5; Consolidated
Utility Group, Statement of Positiocn, pp. 13-14, item 7,

13/ Regulatory Staff, Concluding Statement, p. 16; Lester Rogers,

Testimony for the Fegqulatory Staff, Tr., p. 3409.

16/ Consolidated Utility P, Statement of Position, P. 36;

General Electric, Rep.;, pp. 16-18.

See the discussion of the iodine pathway study in the Final
Environmenta. SLatement, Regulatory Staff, Exhibit 21, Vol. 1,
PE- 9=16 to 9-21; Regulatcry Staff, Exhibit 24; and discussion
of this study at Tr., pp. 3522-84.
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We are not in the position of being able to avoid calcula-
tional procedures in implementing the design-ocbjective
guidelines of Appendix I or to depend completely on monitor-
ing, measurement, and environmental surveillance to indicate
-compliance of operating plants. Programs of measurement and
surveillance entail cost to the utilitio::lg/ however, we
are assured that surveillance and monitoring are feasible
for the more sensitive pathways to radiation cxposuxc.lg/
Studies involving environmental measurements are not likely
to be of practical value in relating emissions to dosage
except in cases of those spe. ific radionuclides and exposure
pathways which make major contribution to design objectives:—g/

accordingly, licensees should be expected to make environ--.tal

studies only of the sensitive pathways.

The pathway of greatest concern is the radioiodine czurse
from air to grass to cow to milk ‘o chi}d. The Commissicn
and thc Environmental Protection Agency made a study of this
pathway, including a program ~f independent measurements in
the vicinity of three operating light-water-cooled nuclear

power plants.Zl/ This stud' and further evidence in the

18/

=" James M. Smith. Testimony for General Electric, Exhibit 7,
pP. 12-21, and Regulatory Staff, Z:xhibit 26,

13/ General Electric, Closiuy Statement, p. 41; James M. Smith,
Testimony for General Electric; General Electric, EZxhibit 7.

29/ National Intervenors, Exhibit 3 (Dr. Radford), PP. 2=3.

21/ Final Environmental Statement, Regulatory Staff, Exhibit 21,

Vol. 1, pp. 9-16 to 9-21; Regulatory Staff, Exhibis 24;
Tr., 2p. 3522-84.
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record show the practicability of making useful measurements
pertr ning to the radioiodine pathway in situations in which
radioiodine releases a.- lubctantial.aa/ We have required, by
Appendix I, special surveillance measures for such situ~
ations and have adopted an implementation policy that should
encourage applicants to use the best data available in any

case.

777
See for example Regulatory sStaff, Exhibit 26.

- -
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CHAPTER V
IMPLEMENTATION

Two aspects regarding the implementation of Appendix I were
considered in the hearing. The manner in which the new rule
is applied to existing reactors and to other reactors in
various stages of licensing is one problem. This matter,
including the question of backfitting, is covered below
under the heading "Applicability." The other sense in
which implementation was considered concerns the guidance
given by *he Commission to the Regulatory Staff and to
applicants in applying the numerical guidelines tc the
drsign objectives of a specific reactor. This is discussed
e under the heading "Numerical Guidelines." Appendix

I i corporates these two matters in Section V, Effective

"W and Section III, Implementation, respectively.
A. Applicability
The Rule

The guides for limiting conditions for operation set forth in
Appendix I shall be applicable in any case in which an appli=-

cation was filed on or after January 2, 1971, for a permit to

construct a light-water-cooled nuclear power reactor.
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For eac’ ight-water-cooled nuclear power reactor constructed
pursuan. <o a.pcrmit for which application was filed prior to
January 2, 1971, the holder of the permit or a license
authorizing operation of the reactor shall, within a period
of twelve months from June 4, 1975, file with the Commission:
(1) such information as is necessary to evaluate the
means employed for keeping levels of radiocactivity
in effluents to unrestricted areas as low as
practicable, including all such information as is
required by section 50.34a not already contained
in his application; and
(2) plans and proposed technical specifications developed
for the purpose of keeping releases of radicactive
materials to unrestricted areas during normal reactor
operations, including expected operational occurrences,

as low as practicable.

- ] Discussion of Applicability

The "as low as practicable" amendments to 10 CFR Part 50
published on December 3, 1970, (sections 50.34a and 50.36a)
instituted new requirements for:

(a) information contained in applications for permits to

co:struct nuclear power reactors;
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(b) information contained in applications for licenses to
operate such reacters; and

(¢) particular technical specifications to be included in
each operating license with respect to operating pro-

cedures and reports to the Commission.

These amendments contained no guidance concerning the manner
in which the additional information in applications would be
considered nor criteria for acceptance of a proposal. Con-
siderations by which licensees would be guided in establish-
ing and implementing operating procedures to be included in

technical specifications were included in the amendments.

The requirement that applications for construction permits
identify design objectives and the means to be employed

for keeping levels of radicactive material in effluents to
unrestricted areas "as low as practicable" applies, accord-
ing to those amendments, to cases in which applications

are filed on or after January 2, 1971. Other provisions

of the amendments became effective on January 2, 1971.

Neither the language of section 50.34a nor the accompanying
statements of consideration required that persons who
already held licenses tc operate nuclear power reactors

conform to the specific provisions of section 30.34a == i.e.,
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to submit "design-objectives" for already-constructed facilities.
In its original statement of considerations, the Commission
statod:L/
"The Commission believes that, in general, the
releases of radicactivity in effluents from light-
water-cooled power reactors now in operation have

been within ranges that may be considered 'as low

as practicable'."”

Rather, the formal imposition of the "as low as practicable"
requirement on all categories of licensees and applicants was
achieved through the combined application of sections 20.1(¢c),
50.34a and 50.36a. Furthermore, while section 50.36a does not
explicitly exclude preexisting licensees from its sphere of
applicability, the specific requirements of this section all
refer to certain actions that are required of applicants or
licensees only under section 50.34a. One of these is the
identification of design objectives, an action which wculd be
untimely for a licensee whose plant is already operating and
for which no further modification is planned. It is desirable
to provide clear guidance in Appendix I on the procedures by
which persons who hold permits to construct or licenses to
operate light-water-cocled nuclear pcwer reactors, may cemply

with the "as low as practicable" requirement.

1/ 35 red. Reg. 5414.
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It should be noted that all licensees who may not other=-
wise be required to establish design objectives relative
to radioactive.matctials in effluents must establish
equivalent objectives with respect to quantities of radio-
active material released in effluents in order to comply

with section 50.36a(a) (2).

Appendix I as now adopted contains two types of guidance“
pertaining to the amendments cited above. The first is
concerned with determination of "design objectives" and
"means to be employed” that would be acceptable to the
Commission.z/ The other is concerned with "limiting
conditions for cperation" to be included in technical
spocifications.éf The manner and timing for applying the
additional guidelines cf Appendix I to various cases are

matters that stimulated considerable debate in the hearing.

The essrnce of the Regulatory Staff's position is:i/
"...that the limiting conditions for operation de-

scribed in Secticn IV of Appendix I be applicable

2/
10 CFR 50.34a(a).
/
10 CFR 50.36(c) (2) and 50.36a.
/
Regulatory Staff, Concluding Statement, pp. 73-74.
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upon publication to technical specifications included

in any license authorizing operation of a light-water-
cooled nuclear power reactor constructed pursuant to a
construction permit for which application was filed cn or
after January 2, 1971. For all cther operating licenses,
technical specifications in conformity with the guides in
Section IV should be developed within 24 months from the
effective date of Appendix I and included in any license
authorizing operation of a light-water-ccoled nuclear power
reactor. The amendments to Part 50, sections 50.34a and
50.36a requiring that levels of radiocactivity in effluents
from light-water-ccole¢d nuclear power reactors [(be kept as
low as practicable] have been in effect for more than three
years and substantial progress has be2:n made by licensees in
augmenting radwaste systems. It is the staff's view that

24 months is a reasonable period of time to complete
modifications that may be required to meet the Appendix I
limiting conditions of operation to ke included in technical

specifications of operating licenses."

General Electric, in its reply to this Staff proposal, commented
only on the merits of backfitting, that is augmenting ¢f plants
already constructed or in cperation with additional control

S/

equipment.=~ They argued that the facts require that the

numerical guides of Appendix I, if tney are to be consistent

7 General Electric, Reply, pp. 34-35.

- Y
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with the basic standard, must make special allowance for
currently operating plants and that guides and limits that are
"as low as practicable” for plants that still exist only on
paper must necessarily be lower than "practicable"” for plants
that can install augmented effluent-treatment systems only on
a more costly backfit basis. The Consolidated Utility Group

also favored a case-by-case consideration of backfitting.é/

Although the backfitting issue arose over the part of
proposed Appendix I that dealt only with "limiting conditicns
for operation,”™ it is clear that the implication of this part
of Appendix I would have been that persons holding licenses
for light-water-cooled nuclear power plants now in operation
would have been required to comply with the design-objective
provisions as well, even if such compllance involved back-
titting.Z/ We note that the record shows that scme such
licensees had alrzady undertaken steps, including backfitting,
to comply with propocsed Appendix I, even though it was not an
effective part of the Commission's requlations.g/ The Regulatory
Staff agreed, however, that backfitting shculd be considered on

9/

a case-by-case basis.=~

8/ consolidated Utilities, Reply, p. 25.

14 Lester Rogers, Testimony for the Regulatory Staif,
Tr., pp. 340-341l.

8/ pr., p. 4147.
Y Lester Rogers, Testimony, Tr., pp. 3591-92.
e IRET
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The record clearly shows that the costs of augmenting an
existing plant would generally be substantially greater

than the cost of installing similar control equipment in a
plant that is still being dcsiqncd.lg&lé/ Furthermore, the
information on the quantities of radicactive material in
effluents of these plants indicates no need for any pre-
cipitous action that would be ap ‘icable to all existing
plants alikc.lg/ These two factoc.s lead vs to conclude

that the licenses for existing plents should be considered
case-by-case. As noted elsewhere in this opinion, the
design-objective guidelines of Appendix I do not preclude

an applicant from prosecuting his case on the fundamental
definition of the term "as low as practicable" in 10 CFR
sections 20.1(c) and 50.34a(a). Under the terms of Appendix
I as presently adopted, a ‘>n holding a license to
operate an existing plant has no less right to “ollow

such a course. Hence, it is unnecessary and would be re-
dundant to include any statement for this special case
specifically permitting a case-b; -case evaluation. Likewise,
we consider it superfluous to state, in the detail suggested

Ly General Electric,il/ the methods that would be permissible

7

— Final Environmental Statement, Vol. 1, Pp. 3-4 and 3-5,
21/ Regulatory staff, Exhibit 25, pp. 4 and 10.
2/

—_ Regulatory Staff, Exhibit 27.

L3/ General Electric, Closing Statement, pp. 54-56.

’—4
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as bases for establishing design objectives. Wwe agree

that it would be preferable to base evaluations of design
objectives on #ctual operating experience with the reactor
in question in cases where substantial relevant information

has been accumulated during plant cperations.

The scheduling of compliance with section 50.36a in the
light of the new guidance of Appendix I is a further

matter for which varying resolutions were proposed. All
parties considering this point in concluding statements
agreed that guidelines with respect to both design objectives
and limiting conditions for operation should be applicable,
as soon as effective, to all cases for which an application
for a construction permit was filed on or after January 2,
1971. For all other cases, the Regulatory Staff originally
proposed a 36-month period for compliance and finally
proposed a 24-month period.ii&ki/ General Electric prcposed
that 36 months be allowed for compliance;lé/ while the
Consclidated Utility Group would set no deadline except

for a l2-month pericd within which holders of permits or

licensees would have to file plans with the Commission.iZ/

2%/ 36 FR 11113,

i3/ Regulatory Staff, Concluding Statement, p. 35.
18/ General Electric, Closing Statement, PP. 54-537.
17/

Conscolidated Utility Group, Statement of Position, pp. A7-AS8.
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In view of the facts already noted, namely, that there is
no hazard presently and generally being impcsed by plants
that were not licensed in accordance with the specific
guidelines of Appendix I, we have concluded that it is
reasonable to allow 12 months for development and submission
of plans for Commission approval. In arriving at this
time allowance, we have little factual evidence from any'
party as to the time actually needec. The information in
the Regulatory Staff's concluding statement on the actions
of licensees to comply with "the staff's interim licensing
design objectives and guidelines" would have been of
little value for this purpose, even if it had be=n undis-
puted or a part of the evidentiary record.iﬁ/ We believe,
however, that with official notice being taken of the
times actually elapsed from dates of application to dates

of issuance of permits and licenses the period allowed fcr

compliance is adequate.
B. Implementa’ion of Numerical Guidelines

1s The Rule
We have decided that Appendix I should explicitly include

Commission guidance to the Regulatory Staff and to other

b7y

Regulatory Staff, Concluding Statement, p. 73 and Annex.
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interested persons with respect toc the use of conservative
or realistic calculational procedures in the applicatiun
of the numerical guides éor design objectives. Accordingly,
Section III of Appendix I states that compliance with the
guides con design objectives shall be demonstrated by cal-
mulational procedures based on models and data such that
the actual exposure of an individual through apprepriate
pathways is unlikely to be substantially underestimated,
all uncertainties being considered together. Account
shall be taken of the cumc.ative effect of all sources and
pathways within the plant contributing to the particular
type of effluent being considered. For determination of
design 2bjectives in accordance with the guides of Secticn
II or Appendix I, the estimation of exposure shall be made
with respect to such potential land and water use ané food
pathways as could actually exist during the term of pla-t
operation, provided that, if special surveillance measures
are carried cut, the requirements of paragraph C of Section
II with respect to radiocactive iodine may be made on the
basis cf such focd pathwa2ys anu individual receptors as
actually 2xist at the time the plant is licensed. The
characteristics attributed to a hypothetical receptor for
the purpose of estimating internal dose commitment shall

take into account .‘easonable deviations of individual

——n
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habits from the average. The applicant may take account

of any real phenomena or factors actually aff{ecting the
estimate of radiation exposure, including the characteristics
of the plant, modes of discharge of radiocactive materials,
physical processes tending to attenuate the quantity of
radiocactive waterial to which an individual would be

exposed, and the aeffects of averaging exposures over times

during which determining factors may fluctuate.

If the applicant determines design objectives with respect
to radicactive iodine on the basis of existing conditions
and if ?otential changes in land and water use and £ood
pathways could :2sult in exposures in excess of the guide-
line values of paragraph C of Section II, the applicant
shall provide reasonable assurance that a monitoring and
surveillance program will be performed to determine:

(a) the gquantities of radiocactive iodine actually released
to the atmosphere and deposited relative to those
estimated in the determinaticn of design objectives;

(b) whether changes in land and water use and food path-
ways which would result in individual exposures
greater than criginally estimated have occurred; and

(c) the content of radicactive iodine .n foods involved

in the charges, if and when they occur.
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2. Discussion

The numerical guidelines of Appendix I, when applied in
accordance with the conditions specified therein, are a
quantitative expression of the meaning of the reguirements
that radioactive material in effluents released to unre-
stricted areas from light-water-cooled nuclear power
reactors be kept as low as practicable. These guidelines,
particularly with respect to design cbjectives, are
expressed as specific numerical limits for three types of
effluents. The numerical aspects of this translation of
the basic rule of section 50.34a, standing alone, are
clearly a compromise of the rule in the sense that a
quantitative level that might be precisely as low as
practicable in one case would not necessarily be so in
another. The numerical guidelines were chosen on the
basis that the record shows these limits to be practicably
achievable for almost all cases to which we consider them
applicable. Furthermore, in view of the elements of
conservatism and rezlism inherent in the evaluations
presented in the hearing, we believe the record supports
the conclusion that the maximum individual exposure likely
to ensue from operation cf nu;lear.power reactors in

conformance with Appendix I is sufficiently small that no
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additional expense could be justified for reducing the
exposure of an individual further than regquired by Appendix

I.

It must be understood in discussing the matters of calcula-
tional conservatism and realism that Appendix I means,
implicitly, that any facility that conforms to the numerical
and other conditions thereof is acceptable without further
gquestion with respect to section 50.34a. It is just as
essential that Appendix I be understood as not implying,
conversely, that any facility not conforming is necessarily
unacceptable. The numerical guidelines are, in this

sense, a conservative set of requirements and are indeed

based upon conservative evaluz*~‘ons.

The numerical guideline values were adopted in tu2 light
of numerous evaluations of typical nuclear plants at
various types of sites. These evaluations, presented by
various parties, were based on calculations of radiation
dos:s which generally could be understocd as estimates of
-+ _avel of exposure of individuals in the general public
from hypothetical releases cf radiocactive material.
Similar estimates will have tc be made con a case-by-case
basis Dy applicants for licenses for light-water-cooled

nuclear power reactors in order to establish appropriate

a 7
!
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design objectives. Thus the use of calculational procedures

based at least partially upon hypotheses is unavcidable.

It is evident from the record that numerical estimates of
radiation exposure may vary widely, depending upon the
particular assumptions made. These assumptions involve

the selection of appropriate mathematical expressions of
natural phenomena, including the assignment of numerical
values to the parameters contained in the expressions.
Inasmuch as results of calculations can vary widely, an
issue nas been raised by some participants as to how the
numerical guidelines can be implemented in consconance with
the process of their adoption. The necessity and importance
of adequate attention tc numerical calculational procedures
was aptly expressed by Hearing Board member Walter H.
Jordan:ig/ "(tlhe interpretation of Appendix I is almost
going to be as important a factor in what is practicable

as the regulation itself."

Some parties severely criticized the conservatism of the
Regulateory Staff and proposed that Appendix I include
guidance on implemencation in order to ensure that applicants

have the opportunity to use reascnably realistic assumptions

37
Tr., pp. 2547-48.
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20-22/

in their procedures for estimating radiation exposure.
The necessity of explicit guidance is suggested in the
argument that the procedures used by the Regulatory Staff
for calculating doses show a prediséoaition to make unnec-
essarily conservative assumptions. The draft Regulatory
Guides circulated by the Directorate of Regulatory Standards
with the Staff's concluding statement reflact a tendency
toward the use of unnecessarily conservative calculational
assumptions. The calculational methods described in the
Final Environmental Statement and in draft Regulatory

Guides are opposed in some particulars;zz/ furthermore it
was also argued that the Staff has, in the course of

reactor licensing actions, generally been quite conservative

in its quantitative assessment of effluent controls.

Particular areas of controversy shifted as the hearing
proqressed.zg/ It was not clear to participants whether
or not models and assumptions used in the Final Environ-

mental Statement were also intended by the Regulatory Staff

29/ General Electric, Closing Statement, pp. 26-45, Reply,
p. 10.

3/ Consclidated Utility Group, Statement of Position,
pp- 12-14, 71, and A-4.

22/ Andrew P. Hull, Final Statement of Position, p. 4.

23/ Closing Statement of General Electric and Statement of
Pcsition by Consolidated Utility Group referenced above:
see also Testimony in General Electric, Exhibits 6 and 7
and the Oral Argument, Tr., pp. 110-127.

24/ Consclidated Utility Group, Statement of Position, D. 44.
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to be applicable to the analysis of individual applications
for Yicenses in the implementation of Appendix I. Examples
of allegedly unnecessarily conservative implementation
methods, as they have been used in current licensing, include:
excessive source-term assumptions with regard to radioiodine
enissions; neglect, with regard to such emissions, of their
chemical form, actual release points and modes, and expected
plume behavior; overestimation of deposition rates and
retention factors for radioiodine on forages; and postulation
of nonexistent dairy cows and unrealistic milk-consumption

pattcrns.gé/

Following the filing of the Regulatory Staff's concluding
statement, Genecsal Electric noted what it believed to be
important improvements in the Staff's proposed Appendix I,
including some dealing with calcul: :ional mecdels; but GE
further noted that the Staff's proposed Appendix I still
failcd to specify whether the calculational assump*ions and
models to be used in implementation are tc be established on
a "conservative" besis or, as GE urged, on the “asis of

best-estimates of the relevant physical phenomena.gé/

The Staff argued neither for nor against including guidance

on calculational assumptions in Appendix I, 2lthough in

22/ General Electric, Closing Statement, p. 5.
28/ General Electric, Reply, pp. 2-3.

L0
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testimony the Staff's principal witness conceded that
particularly critical points had been raised in the hearing
with respect to implementation and that at the time of
issuance of Appendix I some specific understanding should be

attainod.ZZ/

We believe the evidence at hand supports the decision that
Appendix I should include Commission guidance respecting the
use of conservative or realistic calculational procedures in
the application of the numerical guides for design objectives.
We summarize below the matters involved in reaching this
conclusion and in applying the guidelines in accordance with

Commission intent.

Calculational procedures used in the application of Appendix
I for making the numerical estimates of radiation doses have
been variously called by such terms as "calculational assump-
tions and models,"” "models and input data," "assumptions and
models,"” or simply "models." Such procedures require the
skillful use of mathematica. expressions characterizing
natural phenomena. It is evident that such expressions are
generally expected to yield quantitative results that are,

at best, approximations to reality. Some models are capable
of providing estimates more relevant to real situations than

are mcdels which are conceived to describe an idealized case.

ZZ]ﬁLcstor Rogers, Testimony, Tr., p. 3412.
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Simpler models, for example, ones that would lack facilities
for taking into account differences in plant design, would
not be expected to produce estimates as close to reality for

a wide variety of designs as would more complex models.

Calculational procedures used for dose estimations in

essence daescribe, albeit approximately:

(a) sources of radiocactive materials and the pathways
inside a plant by which such materials are released:

(b) the natural processes by which released material is
transported through the environs; and

(¢) the model receptor, i.e., a real or hypothetical ir-

dividual ultimately exposed to radiation.

The selection of specific models for each of these three
portions of the procedure involves two types of determina-
tions. First, one must select models and data that represent
the situation deemed to be important. For example, the
choice of a hypothetical recertor rather than an existing
individual might reflect, in part, the intent to use the
guidelines as a mechanism to provide for future changes in
occupancy of areas near the site. The Regulatory Staff
oroperly identifies this as a means of expressing regulatory
28/

intent,= Second, mcdels and data must be found which

represent the physical phencmena involved with some useful

ZE/ Regulatory Staff, Closing Statement, p. 352.
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precision. Conflicting views have been advanced, in evi-
dence and in argument, on all portions of the calculational

procedures and for both types of selections.22=33/

It was observed by both General Electric and the Consolidated
Utility Group that considerable progress toward agreement on
models was made in the course of the hearing, alithough the
intent of the Regulatory Staff in future implementation of
the numerical guidelines on a case~by-case basis remained in
doubt after the Staff's concludin¢ statement was filed.li/
We believe we have developed a suitable resolution of the
differences for all practical purposes. Our resolution
strongly favers the suggestions that calculational methods
be realistic, which in turn has influenced our adoption of
particular numerical guideline values for dose objectives.
This resolution, thus, has been a strong factor in our
reconciliation of the differences among parties as to those

d:gi/

values for, as one party state "The evidence is clear

zzzfceneral Electric, Closing Statement, pp. 26-45.
30/ Ned R. Horton, Testimony, General Electric, Exhibit 6.

i/ James M. Smith, Tescimony, General Electric, Exhibit 7.
2/

3

w

Oral Argument, Tr., pp. 110-127.

Consolidated Utility Group, Statement of Position,
Pp. 13-14 and 71.

General Electric, Reply, p. 2.
General Electric, Reply, p. 24.
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that, realistically aprlied, the dose cbjectives now pre-
sented _.2 [the Staff's proposed] Revised Appendix I can be

met without reliance on exceptions or special provisions....

The essence of our conclusions on how calculational pro-
cedures should be used in determining design objectives is
given in the five following points.

(1) An applicant should be free to use as realistic a model for
characterizing natural phenrmena, including plant performance,
as he comsiders useful. An applicant may take into account
situations not cdequately characterizec by such standardized
models a8 may be available with respect to specific features
of plant design, proposed modes of plant operatiom, or local
natural envirommental features which are not likely to change
significantly during the term of plant cperatiom.

General Electric noted several effects that should be recog-
nized.éé/ and we restate scme of them here to illustrate
natural phencmena that might be partially cr entirely
neglected in standard models but could be properly con-
sidered:

(a) radioisotopic compesition cf effluents;

(b) radiocactive decay of released nuclides prior to

exposure of the receptor:;

28/ General Electric, Concluding Statement, pp. 28-32.
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(d)

(e)

(£)

(g)

(h)

(1)

(3)

(k)

(1)

(m)
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waterway flow and the associated diffusion and
dilution;

removal of radiocactive material from solution or
suspension in the water by sedimentation or other
naturally occurring mechanisms or by water-treatmer
processes;

exposure modes and occupancy nr use factors:
release conditions (to the atwosphere) including
elevation of release point, effluent stream buoy-
ancy and momentum, and building geometry;

local meteorolcgical and aerodynamic conditions
influencing airborne effluent plume dispersion;
beta and gamaa radiation energies for the radio-
isotopes released and the asscciated dose effects;
chemical form and physical behavior of the efflu-
ent constituents;

pPlume elevation, size, and depletion;

shielding effects;

partitioning, filtration, and other retention and
depleticn effects;

depositicon rates and velocities for the variocus
chenical forms of released radiciocdine on offsite

vegetation, ground, and cther surfaces, with
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appropriate apportionment to the vegetation of its

capture fraction; and
(n) weathering and other loss factors for radioiodine

on grass and other vegetation.

Clearly nther natural phenomena must also be adequately
taken into account in models used for determining design
objectives, but these are sufficiently established in prac-

tice that they need not be repeated here.

Although both General Electric and the Consolidated Utility
Group asserted that the Regulatory Staff's intentions are
uncertain, Staff testimony clearly shows that case-by-case
consideration of realistic models different from standard
models is an acceptable practice.él/ In their concluding
statement the Staff quoted from the statement published

with each Regulatory Guide:gﬁ/

"Regulatory Guides are not substitutes for regul::tions
and compliance with them is not fequired. Methods and
solutions dirferent from thos2 set out in the guides
will be acceptable if they provide a basis for the
findings requisite to the issuance or continuance of a

permit or license by the Commissicn."”

377

~—' Lester Rogers, Testimony, Tr., pp. 3391, 34l1l; Peter O.
Strom, Tr., P. 3447; Earl H. Markee, Tr., p. 3380.

3&/ Regulatory Staff, Concluding Statement, p. 83.

-
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The models last proposed by the Regulatory scazzli/ are
different from the highly criticized versions used in the
evaluaticns presented in the Final Environmental Statemcnt.ig/
Testimony of the Staff indicates that the models used by the
Staff and described in Regulatory Guides will continue to
chanqd.iié We believe Regulatory Guides to be useful;
however, Regulatory Guide models should not be applied as a
nerm to be abandoned at the peril of the»applicant. Ne
believe the testimony of Staff witnesses ir. this hearing
might, by some reasonable persons, indeed be construeéd as
indicating that the Staff has been excessively zealous in
applying Regulatory Guide models. We particularly expect
2ll parties to licensing actions to which Appendix I applies
to note both the potential utility of Regulatery Guides and
their subordinate status relative to Commission regulations
and opinions.
(2) Where selaction of data is strictly a matter of interpreting

experimental evidence, both the applicant and the Regulatory

Staff should use prudent scientific expertise to select those

values which would be expected to yield estimates nearest the

real case.

(o

/

== Attachment to Concluding Statement of Posi-ion of the
Regulatory Staféf.

39/ Regulatory Staff, Exhibit 21.
4 Lester Rogers, Tr., p. 3409.

&
.
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The matter of how to deal with uncertainties in choosing
data has been an implicit part of the evaluations made by
participants in the hearing. The data used by the Staff in
the evaluations presented in the Final Environmental State-
ment were considered by General Electric and the Consoli=-
dated Utility Group to be overly conservative.iz:ii/ The .
Staff has conceded that conservatisms existed ari were being
reevaluated continually.iﬁ/ It is our judgment in consider-
ation of the detailed discussions of the models and data in
testimony, in closing statements, and in oral argument that
snecific models and data should not be standardized by
ancurporation in Appendix I, as proposed by the State of

Minnesota.il/

Neither do we intend to judge in this decision
which of the many controversial parameter values would be
particularly appropriate for use in implementing the design-
objective guidelines. We believe that the opportunity to

modify models and data as new experimental information comes

'
~
ey

General Electric, Closing Stateinent, PP. 5 and 29-43.
Ned R. Horton, Testimony, General Electric, Exhl-=it 6.

Coniolidated Utility Group, Statement of Position,
pPpP. 13-14 a-d 42-50.

Walton A. Rodger, Testimeny, Tr., 3909.

Lester Rogers, Testimony, Tr., PP. 2409, 3439-40, and 3460;
Earl H. Markee, Tr., pp. 3432-33: and John T. Collins,
Tr., pP. 3449-52.

State of Minnescta, Concluding Statement, p. .1.
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to light could have substantial advantages over a rigid
rule, which is a persuasive argument for permitting this
matter to be dealt with by the preparation of Ragulatory
Gui.es and by case~by-c2se evaluations.

(3) If approwimc.ioms implicit in a model ocan produce a deviation
from the true result the direction of which is either wrcer-
tain or would tend to underestimate dosage o if available
experimental information leaves a substantial range of un-
certainty ag to the best estimate of some parameter values,
or bogie] data should be chosen so as to make it wnlikely,

Fth all such deviations and wncertainties taken into
account logether, that the true dose would be underestimated
substantially.
Two potential sources of deviation from a realistic dose
estimate a.e of concern here. One is the use, at an appli-
cant's prefarence, of a simplified model, which necessitates,
in good judgmnent, the use of some conservatism in setting
design objectives. The other 1. the existence, in spite of
the best efforts of all partiaes, of experimental uncertain-

ties in parameter values.

Mathematical models describing the various sequences of
natural phenomena which relate releases of radiocactive
material to radiation dose vary in detail and complexity.
This was frequently observed in the hearing. Through cir-

cumstances peculiar to his case, one applicant may be able
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to present to the Regulatory Staff adequate support for his
Proposal through the use of simple models and conservative
parameter values, while another applicant cannot prove his
cas: so easily. There is no regulatory necessity for per-
forming the most realistic dose estimates that are tech-
nologically achisavable if a less complex and less expensive
analysis can be made to demonstrate compliance with licensing
requirements. The use of the simpler procedure may, however,
introduce a yidcr range of uncertainty in estimated doses
than a more complicated analysis. Hence the proper checice
of parameter values for a simple calculation might be more
conservative than values appropriate for a more pracise

calculation.

The matter of dealing with uncertain data was discussed at
several points in the cral arguments.iﬁ/ There was an
apparent reluctance of participants to express in concise
language a general definition of the degree of conservatism
Or realism considered appropriate or a precise definition of
"best estimate."” We also are reluctant to prepound a precise
general rule on this pc.n. because the situations presented

vary too widely to permit us to do so. The record shows

that the quality and quantity of experimental data are far

¥ ois) Argument, Tr., pp. 21, 35-40, 104-110, and 129-130.
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from uniform from case to case, site to site, and phenomencn

to phenomenon.

The models described in the hearing record and the evidence
and arguments advanced with regard to numerical estimation
of dose lead us to the conclusion that one should try to
attain realistic estimates; but, where uncertainties exist,
one should choose calculational procedur.s that are unlikely
to produce substantial underestimates. We be.ieve, fur-
thermore, that it is in the best interest of the public to
make realistic estimates, even with uncertain data, and to
depend upon the programs for improving models and data,
particularly programs of in-plant measurements, to determine
whether proper case-by-case design decisions were made.ig/
Surveillance and quantitative monitoring of effluents are
already required by existing regulations; additiongl guide-
lines for collection of data fcr each operating plant

-

necessary for this purpose are included in Appendix I.

85/ Regulatory Staff, Concluding Statement, pp. 60-61.
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(¢) The models used in describing effluent rcleases should take
into account all real sources and patiways within the plant;
and thc estimated releases should be charactaristic of the
expected average relecses over a long period of time, with
account taken of normal operction and anticipated operatioral
occurrences over the lifetime of the plant.

‘The record is free from significant controversy as to the
general model of an cperating plant which shculd be assumed
for the purpose of determining design objectives. The
schedule of operation assumed by an applicin*, if it turns
out to be unrealistic, may later impcse scme inconvenience

Oor expense on him through the influence of limiting conditiocns
of operation adopted in accordance with Appendix I. This
possibility is cne to which the applicant would normally be
sensitive, but it would not diminish the pro‘zction of tne
public from the effects of radioactive discherges.

(§) The model of the exposed individual @l tre zswemed
characteristics of the emviroms with respest to human
cecupancy and to land and water use should be determined
in each case in accordance with the intent indicated below
for each particular category of effluent for which design-
objective guidalines are jiven.

(@) For design objectives zffacted by asswrptions as to
econgumtion of water or food (other than milk) produced

in the enviroms, ome should sonsider she model individual

™~ =y « N
12- |
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to be that hypothetical individual who would be maxrimally
ezposed with account taken omly of such potential occupancies
and usages as could actually be realized during the term of
plant operation.
(b) Por design objectives affected by exposure as a direct
result of human occupancy (immersion exposwure), the model
individual ehould be the hypothetical individual mazimally
exposed with account taken omly of such potemtial cccupancies,
ineluding the fraction of time an individual would be exposed,
a8 could actually be realized during the term of plant
operation.
We are persuaded by the evidence that, at most sites with
realiscic modeling of the natural phencmena affecting these
exposure pathways, design objectives based on reasocnable
occupancy times and intake values could conform to guideline
values at reasonable cost of control, even for a hypothetical

receptor.ég/

The Consolidated Utility Group presented substantial evidence,
as an extension of Regulatory Staff evaluations presented in
the Final Environmental Statement, to establish a level of
effort they consider to be "justified on a cost-benefit
basis."” They concluded that in-plant controls for liquid

effluents augmeziiced as justified on a cost-benefit basis in

Egyrccncral Electric, Reply, p. 24.
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terms of population dose reduction would meet the individual
whole-body dose objective of § millircns.él/ We note that
the Consonlidated Utility Group presented further conclusions,
after the evidentiary hearing concluded, that certain lake-
shore and seaccast situations would require unjustifiably
costly augments to conform to the guidelines for liquid
effluents if "the staff's conservative dose models” were
ulod.gz/ While we are not adopting their opinion as our

own, this conclusion and the further conclusions of the
Consolidated Utility Group in this same placeéé/ with respect
to justificatior of noble-gas effluent controls, when con-
Sidered with the numerical guidelines of Appendix I now
issued, point to a fortunate capacity to control effluents
from the light-water-cooled reactors in most expected cir-

cumstances on the basis of a hypothetical individual.

We considered and rejected the possibility of specifying
that all design objectives be determined solely on the basis
cf actual human occupancy at the time of plant design, as
was propcsed by the Ccnsolidated Utility G:oup.éﬁ/ To adopt

guidelines that would generally leave all consideration of

az/ Regulatory Staff, Statement of Position, p. 33.
32/ Consolidated Utility Group, Reply, pp. 15-17.

33/ Consolidated Utility Group, Statement of Position, items

2 and 3, pp. 33-34.

38/ Consolidated Utility Group, Statement of Position, items

2 and 3, p. A-4.
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future use of the environs to post-licensing regulatiocn
would be unwise in the instances where it has been clearly
shown that an accommodation of reasonable potential future
uses can bhe aéconplishnd at reasonable cost. This is the
case for all effliuents except radicactive iodines and par-
ticulates released to the atmosphere. We believe the record
shows it would be better in these instances to determine the
design cbjectives with respect to potential future uses.
This takes not ?nly the economic balance into account but
alsc the less tangible but equally important values of

environmeatal quality and protection of the individual.

We have taken into account the fact that the analyses that

have led to such a general conclusion were based on conserv-
ative hypotheses. We are mindful, as already menticned, that
numerical guidelines cannot coincide exactly with the effects

of measures that are "as low as practicable" .n every case.
Therefore, the Appendix I guidelines should not and do not
prohibit an applicant for whom the guidelines are not practi=-
cable from proceeding on the basis of the definition of "as

low as practicable" alone. We anticipate that some special
circumstances may arise which would make it advantageous to the
applicant to base his case principally cn a cost-benefit analysis.
Such circumstances may involve: currently operating reactors for

which the cost-benefit status of equipment augments is highly
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site-dapendent and differs substantially from that for
plants in the design stage; multi-reactor sites to which
certain environmental and economic considerations not fully
explored in the hearing may apply; or unique or highly
unusual sites or reactor installations.>>’ We believe thiu
option will provide adequate relief in such cases. Th,
record shows that licensees are generally willing to include
a requirement that all in-plant control measures which can
be justified by a cost-benefit analysis for a particular
site be included.28/

There is substantial controversy in the record on the preoper
assumptions respecting such factors as the locaticn of the
source of drinking water, the habitat of fish caught and
consumed locally, and individual intake of water, fish, and
other foods. Some of these assumptions, in our view, are in
the realm of natural phencmenclogy and, therefore, should be
dealt with in accordance with points l-3 above. For example,
dilution of effluents in receiving waters, fish habits, and

normal human intakes of focd and water should be considered

on the basis of scientifically evaluated experimental evidence.

We do believe, however, that the particular habits of the

hypothetical receptor should take into account a reasonable

EE/ General Electric, Reply, pp. 23-24.

36/ Consolidated Utility Group, Reply, p. 10.
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and real depariure of the habits of some people from the
average. We do not think it reasonable, on the other

hand, to assume such bizarre characteristics as those of a
hypothetical gardener who receives all his fresh vegetables
from a hypothetical fence-post garden and consumes them
immediately upon harvesting without washing or other pro-
¢eeging, as was assumed for some of the evaluations of the

Final Environmental Statem.nt.21/

Such extreme assumptions have served their purpose in
simplifying the evaluations involved in reaching a decision
on Appendix I but would not be appropriate in case-by-case
implementation of the guidelines. With realistic calcula-
tional models, food chains, and occupancy taken into account,
we believe the record shows that one should and can account
for persons who are not average, even in a local sense.
(e) For design objectives relative to thyroid dose as af-
fected by comsumption of milk, the itodine patimuay through the
environs of a plant and the characteristics of the model
receptor should be essentially as they actually exist at the
time of licensing.
There was strong agreement among participants throughout
much of the hearing that the iodine pathway .ading to

thyroid exposure through ccnsumption of milk would be the

527713,, PP. 3402-03 and 4329-30.
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most difficu’t one to accommodata in the context of orig-
inally proposed numerical guidelines for establishing design
objectives. At this time it is still an exceptiocnal case.

The estimated economic costs of instituting in-plant controls
?f iodine emissions are high enough to change the overall
balance of the decision in favor of requiring that only
actually existing food pathways need to be taken into accouut.
Of course, this does not deny to any applicant who considers
it practicable the privilege of acsuming more conservative
hypothetical pathways and thus avoiding the task of keeping

up in detail with future changes in the envircas.

Many elements of conservative estimates of radiation exposure
discussed in points 1 to 4 above were of serious concern to
the parties only with respect to the iodine-milk-thyroid
pathway. The implementation guidance respecting attainment
of more realistic estimates will permit many plants to

confc m to the thyroid-dosage guidelines irrespective of
whether a real or hypothetical environmental pathway is the
basis of design objectives. Nevertheless, on the basis of
present knowledge of the entire pathway from in-plant source
t0 receptor, there would be many plants that couléd not meet-
the numerical guideline on the basis of a hypothetical food

sathway to an individual without in-plant controls the cost
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of which outweighs the incremental benefit to the population

at large.

In adopting this guideline for radicactive iodines and

particulates discharged into the atmosphere, we have con-

sidered the following special questions:
Is every individual adequately protected from excessive
¢ gosure? Is individual freedom of access and use of
unrestricted areas assured? Is the likely cost of
implementation i.u this way less than that of providing
additional in-plant controls at the outset? 1Is the
possible curtailment of future productivity of the

environs justifiable?

The record supports an affirmative answer to eac: of these
questions. Individual protection for real persions is
accomplished by existing radiation protection standards; the
design objectives adopted here for as low as practicable
purposes for each reactcr amount tc only 1% of the radiation
protection guides recommended by the Federal Radiation Council.
Special requirements for surveillance are included to detect
any important changes in land uses that would lead to exposures
that exceed these desian ocbjectives. If such changes were

to occur, the licensee, not the member of the public, would



be obligated to take appropriate action, namely, to control
emissions or other elements of the exposure pa:hway in such
a way as to miintain individual exposures in conformance
with design-cbjective guidelines. Thus an individual would
be free of any infringement upon his rights to use the

environs. -

The practicability of deferring some controls until real
necessity is imminent is evident from the evaluations of the
Regulatory Staff, General Electric, and the Consolidated
Utility Group. Such a course was recommended in the clesing
statements of these three parties. General Electric expresses
the principal arguments in one place as follows:ég/
"In the cxtremely.:aze instance where, after licensing,
plans are developed and actions are taken o bring
about such production and consumption patterns, doses
as large as those predicted by the staff will, in all
probability, still not result because the design mar-
gins customarily built into LWR equipment will normall
cause actual emissions to remain below their design
Dasis values.... Even if doses exceeding the numerical

guides should result, reasonable and inexpensive steps

527 General Electric, Clesing Statement, p. 35. See also
further argument on pp. 39-41.
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would almost certainly be available at that time tc
reduce such exposures without the necessity of expen-
sive equipment augmentation such as that which the
staff's approach would mandate in each instance during

initial plant construction."”

Purthermore the evidence shows that with additional experi-
ence and data from operating plants the most likely result
will be that estimates based upon present-day models and
assumptions are unrealistically high.ig/ This factor will
be of transitory value, however, in providing a buffer
against having to backfit because, as models used at the
time of plant design become more realistic, there is less
chance of proving sicr ‘ficant improvement in computational
methods with further experience. It is our judgment, there-
fore, that the most beneficial use of resources in control
of these particular effluents will be attained by permitting

the use of actually existing pathways in determining design

objectives for radiocactive iodine release to the atmosphere.

It should be noted that it would be permissible for a licensee
to effect compliance with Appendix I by making arrangements

with persons holding land rights in the vicinity of a nuclear

527§;. Regulatory Staff, Final Znvironmental Statement, +ol. 1,
P. 9-16; Regulatory Staff, Exhibit 24; Henry L. Loy,
Testimony, General Electric, Exhibit 4; Paul R. Hill,
Exhibit 5; and Paul R. Hill and James M. Smith, Tr.,
pp. 3750-93.

o
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plant so as to control or restric+t the production and con-
sumption of milk. The impact of ary such controls on the
potential productivity of a local region would, at worst, be

negligible.

By the Commission.

Secretary the Commissicn
Dated at Washington, DC

this 30th day of April, 1975.
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BOILING WATER REACTORS

TABLE 3

AIRBORNE EFFLUENT CUMPARISON BY YEAR

#UBLE GASES (TOTAL CURIES)

Facility 1970 1971 1972 1973 1974 1975 1976 1977
Big Rock Puint 1 2.BOE+0S 2.B4E+05 2.58E+05 2.30E+05 1.88E+05 5.06E+04 1.52E+04 1.34E+04
Browns Ferry 1,283 - - B - 6.40E+04 9.24E+04  <B.05E+04 <1.66E+05
Brunswick 142 - - - - - 1.90€+02 1.90E+04 2.46E+05
Cooper - - - - 2.00E+03 1.98E+04 3.80E+04 1.27E+03
Dresden 1 9.00E+05 7.53E+05 B8.77€+05 8.40E+05 9.BOE+04 5.20E+05 4.52E+05 5.20E+05
Dresden 243 - 5.80E+05 4,.29E+05 8.80E+05 6.276405 3.69F+05 3.23E+04 3.136+05
Duane Arnold - - - - - .Y 2E 403 5.26E+03 3.87€+03
J. A. Fitzpatrick - - - - - e QK] 4.41E404 2.33E+04
Edwin 1. Hatch - - - - - 2.700102 2.60E+03 1.90E+03
Humboldt By 3 5.40E+05 5.13E+05 4, 30E+05 3.50E+05 5.72E+05 Z.976105 9.30E+04 4.40E-05
LaCrosse 1.00E+03 1.00E+03 3.10E+04 9.10E+04 4.90£+04 5.71E+04 1.24E+05 4 ,25E+04
Millstone Point 1 - 2.76E+05 7.26E+05 7.90E+04 9.12E405 2.97E406 5.07E+05 6.20E+05
Monticello - 7.60E+04 7.51E+05 8.70E+05 1.57E+06 1.55E+05 1.14E+04 6.87£+03
Nine Mile Point 1.00E+04 2.53E+05 5.17E+05 B8.72E+05 5.58E405 1.30E+06 1.76E+05 3.53E+03
Oyster Creek 1.10E+05 5.16E+05 8.66E+05 8.10E+05 2.79E+05 2.06E+05 1.67E+05 1.77E+05
Peach Bottom 243 - - - <].00E+03 <1.00E+03 1.30E+04 2.09E+05 7.11E+04
Pilcim - - 1.80E+04 2.30E+05 5.46E+05 4.60E+04 1.83E+05 4.13E+05
Quau Cities 142 - - 1.32E+05 9.00E+05 9.801405 1.10E+05 3.36E+04 2.56E+04
Vermont Yankee - - 5.50E+04 1.80E+05 6.40E404 4.08E+03 3.03E+03 3.356+03

»J JUNSOTIN3



PRESSURIZED WATER REACTORS

TABLE 4
AIRBORNE EFFLUENT COMPARISON BY YEAR

NOBLE GASES (TOTAL CURIES)

Faciliy 1970 1971 1972 1973 1974 1975 1976 1977
Arkansas | - - - 1.96E+02 1.03E+403 5.69E+03 1.39E+04
Beaver Valley 1 - - - - - - 1.07%+00 4.73E+01
Calvert Cliffs 1 “ - - - - 7.72E+03 9.40E+03 2.23E+04
Cook 1 - - - - - 2.64E+00 9.75E+02 3.80£+03
Crystal River - - - - - - - 3.35E+03
Davis Besse - - - - - - - 1.27€+0.
Fort Calhoun - - - 6.70E+0] . 36402 4,29E+02 1.94E+03 3.81E+03
R. E. Ginna 1.00E+01  3.20E+01 1.20E+401 5.76E+02 7.57E+402 1.04E+04 5.52E47 3.20E+03
Haddam Neck 1.00E+00  3.00E+00 1.00E+00 3.20E+01 7.00E+00 4 BOE+02 4.52E+0C 3.12E+03
Indian Point - - - 1.50E+01 5.58E+03 8.20E+02 1.16E+04 1.60E+04
Kawaunee - - - - 3.35E+03 2.45E+03 1.40E+03 2.427°)3
Maine Yankee - - <1,00E+00 1.61E+02 6.36E+03 4.09E+03 1.30E+03 2.86¢- 92
Millstone Point 2 - - - - - - 1.57€+03 2.28E-71
Ocone: 1,283 - - - 9.30E+03 1.94E+04 1.51E+04 ‘L. 39E+04 3.56E+04
Palisades - - 1.00E+00 4, 54E+02 <] .0CE+00 2.61E+03 . 995+01 ”.,95¢401
Point Beach 142 - <].00£+00 3.00E+00 5.75E+03 9.74E+03 4.45E+04 L91E+03 1.13r903
Prairie Island 142 - - - 8.72E+00 3.62E+02 2.17E403 1.74E+403% 6.73 +02
Rancho Seco - - - - - 1.18E+02 1.27€+02 2.00E+03
H.B Robinson - 1.00E400  <).00E+00 3.10E+03 2.31E403 1.176+03 5. 40E+02 4.76E+02
Salem - - - - - - <].U0E-02 1.96E+01
San Onofre 1 <1.00E400 8.00E+00 1.90E+01 1.10E+04 1.78E+03 1.11E+03 4.16E+02 1.54E+02
St. Lucie - - - - - - 1.72E+03 2.54E+04
Surry 182 - - :1.00E400 8.66E+02 6.86E+03 8.04E+03 1.91E+04 1.90E+04
Three Mile Island 1 - - - - 9.16E 02 3.63E+03 2.76E+03 1.66£+04
Trojan - - - - . - 6.66E+02 3.07£+03
Turkey Point 334 B - - 5.30E+92 4 .66E+403 1.34E404 1.56E+04 <. 33E+04
Yankee Rowe <).00E+00 <1.00E+00 <1,00E+0C 3.50E+0) 1.00E+01 2,24E+01 2.57E+01 1. 25€+02
Zion 182 - - - 4.00E+00 2.99E+03 4.88E+04 1.14E+05 3.c2E+04
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TABLE 7
LIQUID EFFLUENT COMPARISON BY YEAR (CURIES)

BOILING WATER REACTORS TRITIUM
Facility 1970 1971 1972 1973 1974 1975 1976 1977
| Big Rock Point 1 5.40E+01 1.03E+01 1.04E+0] 1.97E+01 5.10E+00 5.73e+00 2.41E+00 8.83E+00

2.80E+00 1.04E+0) <4.02E+00 2.40E+01
- 3.20E+00 5.90E+00 8.93£+00
1.70E+00 8.25E+00 8.43E+00 9.04E+09

Browns Ferry 1,283
Brunswick 182 - - - -
Coaper

Dresden | 5.00E+00 8.70E+00 4,33E+01 1.85E+01 1.8BE+01 2.70€-01 2.00£-02 8.90E-02
Dresden 243 3.10E+01 3.85E+01 2.59E+01 2.58E+0] 2.26E+0) 5.30E+C) 1.97€£+0! 5.00E+00
Duane Arnold B - - - - 3.30E-01 3.40E-0) 2.13e-01
J. A. Fitzpatrick - - - - - 5.03E+00 4.20E+00 3.35E+00

6.12E+00 8.98E+00 1.20E+01

Edwin 1. Hatch - - » .
.30E+01 5.13E+01 3.17E+01 2.01E+01 1.30E+01 5.26E-01

Humboldt Bay 3 7.00E+00 7.50E+00

1

LaCrosse 2.00E+0Y 9, 14E+01 1.20E+02 1.03E+02 1.15E+02 1.27E+02 4.10E+01 4.86E+01
Millstone Point 1 - 1.27E+01 2.09E+01 3.70E+00 2.41E+01 8.03E+01 2.01E+01 4.41£+00
Monticello - 5.92e-01 <1.00E-01 n.o 0.0 0.0 0.0 0.0

Nine HMile Point 2.00E+0Q] 1.24E+01 2.78E+01 4.65E+01 1.87E+0" 2.81E+01 2.46E+00 2.49E+00
Oyster Creek 2.20E+01 2.15e+01 6.16E+01 3.59E40) 1.41E+0] 1.79€+01 3.86E+01 1.88E+01
Peach Bottom 283 - - - <1.00E-01 1.00E+01 3.08E+0) 7.37E401 7.09€+0)
Pilgrim - - 4.20E+00 4.00€-01 1.05E+01 1.82E+01 4.67E+01 3.27E+01
Quad Cities 182 - - 4.70E+00 2.45E+01 3.40E+01 5.37E+01 4.98E+01 2.64E+01

- 1.00€-01 0.0 0.0 1.60E+00 8.44£-01

Vermont Yankee

.
i 4%
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TABLE 8

LIQUID EFFLUENT COMPARISON BY YEAR (CURIES)

PRESSURIZED WATER REACTORS TRITIUM
Facility 1970 1971 1972 1973 1974 1975 1976 1977
Arkansas 1 - - - - 2.56E+01 4,60E+02 2.12E+02 2.45E+02
Beaver Valley 1 - - - - - - 8.60E+00 1.08E+02
Calvert Cliffs 1 - - - - - 2.63E+02 2.74E+02 §.75E+02
Cook 1 - - - - - 5.64E+01 1.92E+02 2.86E+02
Crystal River - - - - - - - 1.66E+02
Davis Besse - - - - - - - 9.01E+00
Fort Calhoun - - - 1.58E+01 1.24E+02 1.11E+402 1.22E+02 1.57€+02
R. E. Ginna 1. 10E+402 1.54E+02 1.19E+02 2.86E+02 1.95E402 2.60E+02 2.42E+02 1.19E+02
Haddam Neck 7.401+02 5.83E403 5.89E+03 3.90E+03 2.24E+03 5.67E+03 4.85E+03 6.67E+03
Indian Point - - - 2.75E401 4.79E401 7.94E+01 3.32E402 3.71E402
Kewaunee - - - - 9.24£+01 2.77€402 1.BOE+02 2.956+402
Maine Yankee - - 9.20E+00 1.54E+02 2.19E+02 1.77E402 3.67E+02 1.53E+02
Millstone Point 2 - - - - - 7.60E+00 2.77E+02 2.11E+02
Oconee 1,283 - ~ - 7.07E+0] 3.50E402 3.55E6+03 2.19E+03 1.9%E+03
Pal’sades - - 2.08E+02 1.85E+02 8.10E+00 4.16E+01 9.63E+00 5.58E+01
Po.nt Beach 142 - 2.66E+02 5.63E+02 5.56E+02 8.33E+02 8.85E+02 6.94E+02 9.99E+02
reairie Island 182 - - - 1.00€E-01 1.42E+02 4.54E-01 1.00€-01 1.356+03
Rancho Seco - - - - - 1.32E+02 0.0 8.55E-02
H.B. Robinson - 1.18E+02 4.05E+02 4.32E+02 4.49E+02 6.24E+02 9.80E+02 6.85€+02
Salem - - - - - - 4.00€-02 2.96E+02
San Onofre 1 4.80E+03 4.57€E+03 3.48E+03 4 .07E+03 3.81E403 4.00E+03 3.39E+03 1.79E+03
St. Lucle - - - - - - 1.33E+01 2.42E+02
Surry 182 - - 5.00E+00 4.88E+02 2.45E+02 4.42E+02 7.82E+02 4.08E+02
] {hrae Mile Island 1 - - - - 1.30E+02 4.63E+"2 1.89E+02 1.92E+02
'“1rojan - - - - - 3.60E+01 3.11E+02
Turkey Point 384 - - - 3.29E+02 5.80E+02 7.97€402 7.71E402 9.24E+02
Yzokee Rowe 1.50E+03 1.68E+03 8.03E402 6.94E+02 3.14E+02 2.47E+02 1.56E+02 1.39E+02
Zion 182 - - - 1.00€E-01 2.74E+02 1.03E+03 7.47E+02 7.24E+02




TABLE 9
LIQUID EFFLUENT COMPARISON BY YEAR (CURIES)

BOILING WATER REACTORS MIXED FISSION AND ACTIVATION PRODUCTS

Facility 1970 1971 1972 1973 1974 1975 1976 1977

.92e-01
.19E+00
. 22E+00
.50E-01
.D0E-0i
.40€-01
. "£-03

81g Rock Point 1 4.70E+00 3.50E+00 1.10E+00 2.70E+00 .10E+00 .02E+00 .70E-01 3
Browns Ferry 1,283 - - - - .00E-01 . 70E+00 .95€+00 1
Brunswick 182 - - - - - .89E+00 .29E+00 (3
Cooper - - - - .40E+00 .74E+00 .00E-02 7
Dresden 1 8.20E+00 6.20E+00 6.80E+00 .20E+00 .90E+00 .40E-0) .60E-01 6
Dresden 243 - 2.30E+01 2.20E+0) .59E+01 L31E+01 .10E-01 L21E+00 4
Duane Arnold - - - - - <].00E-02 .00E-02 ¢
J. A. Fitzpatrick - - - - - .32E+00 .01E+00 8.85E-01
Edwin 1. Hatch - - - B .00E-02 .00E-02 2.50E+01
Humboldt Bay 3 2.40E+00 1.80E+00 1.40€+00 .40E+00 .79E+00 .90E-01 9.17e-01
2
5
0
3
9
2
3
1
1

.40E+00
.59E+01
.34E+0)
.0

.08E+0]
. 20E+00
.00E-01
.00E-01
.J4E+0)
.00E-01

LaCrosse 6.40E+00 1.71E+01 4 .85€+0) LJ1E+0] .42E+01 . 78E+00 136401
Millstone Point 1 - 1.97€+01 5.15£+01 .98E+02 L99E+02 .65E+00 L27E-01
Monticello - <]1.00E-0) <1.00E-01 .0 .0 .0 .0

Nine Mile Point 2.80E+01 3.22E+01 3.46E+01 .56E+0) .JOE+01 .J4E+00 .03E-01
Oyster Creek 1.85E+01 1.20E+01 1.00E+0) .00E-01 .10E-01 .20E-01 .B1E-02
Peach Bottom 283 - - - .00E-01 .30E-01 . 3BE+00 L23E+00
Pilgrim - 1.50E+00 .20E+00 L01E+00 .33E+00 LA1E+00
Quad Citfes 142 - 2.40E+00 .8BE+0] J1E+0) L99E+00 .34E+00
Vermont Yankee - - .00E-02 .00E-02 .55E-01

A

2
3
3
0
4
4
q)
9
2
1
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ENCLOSURE D

Reactor Characteristics and Dose Commitments™

TABLE 1.

Electric Avg

Licensed Energy Aygmented hm;.
Thermal  Generation Rad-waste Pop. Dose Commitment c/8 Dose
Power 1975 s{u- - (m Commt tment
Site Unit  Type _ (M) (Td-nr) (1975) ir 0t \ ahr ) (mrem)
113 Rock Point 1 BWR . 20 0.29 ~o 3.1 1.5 4.5 % 1.58-2
"“owns Ferry 1 ELL 3293 1.38 o
2 R 1293 1.43 o
TOTAL 6586 2.80 0.90 2.0 2.9 1.9 4.5€-3
. nswick 2 B 2836 1.4 %o 0.011 0.0073 0.018 0.013 1.0€-4
aer 1 s 28 1.88 o -0 g 0.18 0.047 1.06-3
~urden 1 sur 700 0.697 o
2 B8R 2527 2.9 No
1 s 2527 2.19 o
TOTAL 5754 5.83 . 160 160 52 §.78-2
sa7e Arnold 1 B4R 1653 2.30 o 0.0052 0.17 0.18 0.078 3.06-4
. Fitzpatrick 1 BWR 2436 2.15 o 0.062 0.028  0.090 0.042 1.06-4
L1 datch 1 B 2436 .10 o 0.0056 0.0027  0.0083 0.0027 3.0€-5
Loldt Bay 3 8RR 220 0.283 o 0.0041 18 18 47 1.6€-1
Crasse 1 W 165 0.263 ‘o 5.4 1.6 7.0 27 2.18-2
“{11stone Point 1 Pl on 31.% No
2 PR 2560 0.135 o
TOTAL s 4.04 0.15  7%0 7%0 190 3.08-1
‘anticello 1 8WR 1670 2.88 Sept 78 - 5.2 5.2 1.8 2.5€-3
iine Mile Point 1 3R 1850 3. o 14 55 69 2 3.36-2
lsster Creek 1 SR 1930 .15 No 0.080 47 a7 15 1.48-2
“each 3ottom 2 ECE 29 5.08 No
1 B8R 3293 5.28 “o
TOTAL 5586 10.4 0.7 1.7 2.4 2.2 5.9E-4
“igrm | MR 1538 2.59 Jan 7% 0.080 6. 6.2 2.4 1.48-3
c«48 Cittes 1 WR 2N .27 May 7§
2 MR 28T 2.48 way 75
TITAL 5022 §.7 6 8.7 25 4.0 3.78-2
‘ermont Yankee 1 3R 1593 3.56 Yes * 0.077 0.077 0.022 §.58-5
Aruansas 1 PWR 2563 4.88 ‘o 0.37 0.013 2.2 ).078 2.48-3
-alvers Clifrg 1 PR 2860 .29 o 0.28  0.22 0.50 0.1 2.08-4
SPRecticut Yamkee 1 AR 1828 .12 Yo 0.42  0.12 0.54 0.12 1.68-4
‘50 1 PR 2632 4.46 o 0.21 - 0.21 0.047 1.9€-4
Pape »
1% 241 houn 1 R 1820 2.08 e 0.12  0.0082 0.13 0.062 1.86-4
* 3. eninson 1 R 2200 17 ‘o 9.1 2.088 9.3 2.2 1.56-2
“$an 35mg 1 MR 815 3 Yo
2 a7 3.39 “o
ToTaL 337 4,39 0.7 3.1 3.8 0.78 2.4E-4
~ .
-~ 1R 1680 3.4 %o 8.5 9.0% 4.5 2.5 1.48-2
.. ‘ . 2
i I MR 2840 4.50 No . 2.028  0.070  0.09% 0.02! 2.06-4
. o :,3"‘75 ioules.
cates fifey sear sopulation d0s@ commitment 15 <0.J0) person-rem.

This table is from a document entitled, "Population Dose Commitments Due to
Radioactive Releases from Nuclear Power Plant Sites in 1975," D.A. Backer,
J.K. Soldat and E.C. Watson, Battelle Pacific Northwest Laboratories, PNL-

2439,

October 1977.
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TJABLE 1. Reactor Characteristics and Dose Commitments (Continued)
Electric Avg.
Licensed  Energy  Augmented Indiv.
Thermal  Generation Rag-<aste Pop. Dose Commitment c/8 Jose
Power 197% System - - Commi tment
Site it Ipe . OM) . _(Tene) (1378) : (P e
Oconee 1 PR 2568 5.29 o
2 PR 2568 4.97 No
3 PuR 2568 5.04 No
TOTAL 7704 15.3 8.5 0.70 9.2 0.60 1.38-2
Palisades 1 PR 2100 2.43 Yo 0.59 0.032 0.82 0.28 6.0E-4
Point Beach 1 AR 1518 2.92 %o i
2 PuR 1518 LN No
TOTAL 3036 6.66 0.044 1.2 1.2 0.18 2.0E-3
Prairie Islang ! TwR 550 3.89 No
2 PR 1650 3.18 N
TOTAL 3300 6.97 0.043% 0.067 0.12 0.017 §.7¢-§
R.E. Ginna 1 TR 1520 3.04 No 0.i3 Q.15 0.28 0.092 2.3€-4
Rancro Seco 1 PWh am 1.33 No 0.04! 0.7089 0.047 0.03§ J.4€-5
San Ongfre 1 PuR 1347 3.28 No 0.22 0.056 0.28 0.086 7.8E-5
Surry 1 PR 244 3.92 No
2 PWR 234 5.08 No
TOTAL 4882 8.97 5.1 0.34 5.4 0.80 1.1E-3
Thise Mile Island 1 AR 2838 5.54 "o 0.13 0.44 0.57 0. 3.28-4
Turkey Point 3 wR 2290 .37 Ne
& PWR 2200 1.99 N
TOTAL 4400 3.36 0.016 0.20 0.22 0.028 1.18-4
fankee Rowe 1 R 600 1.19 %o 0.048  0.060 o.n 0.092 §.9€-5
Zion 1 MR 2760 4.3 Ne
2 MR 2760 4.33 No
TOTAL §320 ..¥ 0.84 5.3 5.1 0.83 3.1E-5
Total for ail
Sites ™ 1% 7300 1300 - -
Average 4.3 2.9 3 3 10 2.08-2
1 TWenr = 3.6E15 joules
-
4
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ENCLOSURE 2

BACKGROUND INFORMATION ON ASSUMPTION OF
LINEAR NON-THRESHOLD HEALTH EFFECTS MODEL

For more than four decades, radiation has been the most throroughly studied
carcinogen. Numerous major biological research programs have been completed
and others are in progress. These programs have been well documented and may

be found in the open literature. While the United States has been the fore-
runner in radiation research, many other countries also have pursued similar
programs and have contributed substantially to the knowledge. While the
relationship between ionizing radiation dose and biological effects among

humans is not greciselz known for all levels of radiation, the principal
uncertainty exists at very low dose levels where natural sources of radiation
(cosmic and terrestrial) and the variations in these sources are comparable to
the doses beiny evaluated. The most important biological effects from radiation
are somatic diseases (principally cancer) and hereditary diseases. Both of these
are identical to those which occur normally among humans from other causes. It
is this last point in combination with other confrunding factors, e.g., magni-
tude and variations (1) in normal incidence of diseases, (2) in doses from
natural radiation sources, (3) in radiation doses from man-made sources other
than the nuclear industry, and (4) in exposures to other (non-nuclear) carci-
nogens, which is responsible for much of the uncertainty in the dose-risk
relationship at low dose levels.

Data from studies of animals and humans are reviewed continuo.-ly by teams
of scientific experts which evaluate radiological informatior. and provide
recommendations. In the United States, the principal expertise in radio-
logical matters lies with the National Council on Radiological Protection
(NCRP) and the National Academy of Science/National Research Council (NAS/
NRC). Federal agencies also retain expertise in the radiologic disciplines
in order to fulfill their responsibilities, however, these agencies rely
heavily on recommendations of these advisory organizations. Other countries
have national advisory organizations similar to those of the United States.
Further, there are cooperative international organizations which evaluate
data from all sources and present recommendations and conclusions, for
example, the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) and the International Commission on Radiological
Protection (ICRP). In summary, not only have the radiological data been
ascertained by the world's outstanding binlogists and epidemiologists,

but the data have been evaluated independently by their peers.

In Tieu of precise knowledge of this celationship, a linear non-threshold
extrapolation from high radiation levels to the lower levels is assumed for
radiation protection purposes. This means that it is zssumed that any dose
of radiation, no matter how low, may be harmful.

Several federal agencies, principally the Environmental Protection Agency,
Occupational Safety and Health Administration and the Nuclear Regulatory
Commission, have responsibilities for regulating exposures to radiation or
radioactive material. In all cases, the staffs of these agencies are well
aware of the potential health effects and have expertise in biology and the
other disciplines needed either within the staff or available to them.

. A
7 y 4

125
e e S T e A A T



ENCLOSURE 3

UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

RADIATION STANDARDS FACT SHEET

Atomic radiaticon is not new to the world; it-is part
of our natural "background" environment. This background
of natural radiation comes from two sources. One is radia-
tion in the form of high-energy particles that come from
outer space and are known collectively as cosmic rays. The
other natural source is radicactive substances present in
commonplace materials found in the earth (such as granite),
in living matter (such as our bodies), in air, and in water.
Part of the hydrogen, potassium, and carbon in the human
body, for example, is radicactive.

NATURAL RADIATION

The amount of radiation an individual receives is called
the "dose" and is measured in units called "rems." The
average individual in the United States accumulates a dose
of one rem from natural sources about every 10 years. The
following table shows a breakdown of the estimated radiation
dose typically received by an individual in the United States
from natural, sources. The doses indoors would be somewhat
lower due to shielding by housing.

Annual Radiation

Source Dose Received
(in rems)
Cosmic radiation 0.04
Terrestrial radiation
Radicnuclides in the body 0.02
External radiation 0.04
Total 0.10

The exact amount of natural background radiation varies
from place to place -- mainly because of differences in the
amounts of natural radicactive materials present in the
environment and differences in elevation. The cose from
radiation is higher in certain states, for e¥- ,le, primarily
because of cosmic radiation. Since cosmic r ,s lose strength
as they pass through the earth's atmosphere, cosmic radiation
doses are higher at high altitudes than at low altitudes.

The annual dose from cosmic radiation varies among the
states from about 0.03 rem in Hawaii to 0.13 rem in Wyoming.

- 1 N
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The annual dose from materials existing naturally in the
ground also varies among the states, ranging from about
0.03 rem in Texas to about 0.115 rem in South Dakota.

Background radiaticn levels also are higher in certain
local areas because some common materials are radicactive.
For example, the potential annual dose from working 8 hours
a day near a granite wall at the Redcap Stand in Grand Cen-
tral Station, New York City, is 0.2 rem. A dose of 1 rem
may be received in some areas on the beach at Guarapari,
Brazil, in only about 9 days because the sand in that region
is naturally radiocactive. .

-

MAN-MADE RADIATION

Individuals also receive radiation doses as a result of
the use of man-made radiation and radiocactive materials for
varicus purposes. Such doses result from additional expcs-
ures to exactly the same kinds of radiation found in nature.
Many people are exposed to radiation for medical reasons,
for example. 1In 1970, an estimated 212 million Xx-ray examina-
tions were performed in the United States. The dose to the
skin from cne chest x-ray is usually in the range of 0.03 to
0.05 rem, and the average dose to the skin from an abdominal
x-ray is about 0.6 rem. X-rays are also used extensively,
of course, for dental examinations. The radiation dose to
the skin from one dental x-ray is about 1 rem. 1In all,
radiation used for the purpose of medical diagnosis accounts
for about 90 percent of the total man-made annual radiation
dose received by the population of the United States.

Much of the nan-made radiocactive material is subject
to the control of the U.S. Nuclear Regulatory Commission
(NRC) , which licenses individuals to use radicactive mate-
rials for purposes such as producing electrical power, con-
trolling the rate of heart beat (pacemakers), and other
medical and industrial uses. Other sources of man-made
radiation, suck as nuclear weapons testing, radar, x-ray,
and TV sets, are not subject to NRC's control.

To protect the public health, the Commission requires
that its individual licensees meet certain standards for
the control of radiation. The reason for these requirements
is that radiation, like many things, can be harmful. A
large dose to the whole body received in a short period of



time (such as about 400 rems in one day) would probably
cause death within several weeks to about half of the persons
so exposed, vut such large doses can result only from rare
accidents.

Control of exposure to radiation is based on the assump-
tion that any exposure, no matter how small, involves some
risk. The exposure limits are set so low, however, that
medical evidence gathered over the past 50 years indicates
that the actual health effects due to exposure to radiation
when the doses are within the established limits will
usually be so low that they will not be listinguishable
from natural occurrences of ill health in the population.
The risk to individuals at the current exposure levels is
considered to be very low. However, it is impossible to
say that the risk is zero. To decrease the risk still fur-
ther, NRC licensees are expected to keep actual doses as
far below the limits as is reasonably achievable.

HISTORY OF CURRENT STANDARDS

In the past, radiaticn dose limits were based on
recommendations of two groups, the Internaticnal Commissicn
on Radioclogical Protection (ICRP) and the National Council
on Radiation Protection and Measurements (NCRP). Both
include in their memberships recognized experts in science
and medicine. '

The ICRP's recommendations on radiation protection have
been widely adopted and form the basis for radiation protec-
tion practices throughout the world. In the United States,
the NCRP, which is federally chartered, provides recommenda-
tions for interested industries and federal and state
agencies.

The first recommended radiation exposure limits were
offered in 1925, when scientists suggested limiting expos-
ures of radiation workers to 0.5 roentgeun per week from
x-rays. (A "roentgen" is a unit of measure similar to a
rem but used only for x- or gamma radiation.) 1In 1934
the ICRP recommended a maximum of 1 roentgen per week and
the NCRP 0.5 per week, in 1949-50 the two groups recommended
0.3 rem per week, and in 1956-57 they recommended 5 rems
per year. This latter recommendation still stands as the
basis of today's occupatioral limit. All of these recom-
mended dose limits were in addition tc radiation doses from
natural background and medical sources.




In 1959, with atmospheric weapcns testing underway and
with the growing use of nuclear energy under the Atons for
Peace program, President Eisenhower established the Federal
Radiation Council (FRC) to provide guidance with respec’. to
all radiation matters directly or indirectly affectirg
health, including guidance for all Federal agencies in the
formulation of radiation standards for protection of humans
from radiation. When the Environmental Protection Agency
(EPA) was formed in 1970, this responsibility was transferred
to that agency. In addition, the responsibility for estab-
lishing gunerally applicable environmental radiation standards
for uses of man-made radicactive materials regulated under
the Atomic Energy Act alsc was transferred to E’A. The NRC
has responsibility for implementing and enforcing these
standards.

A principal feature of the FRC guidance was the defini-
tion of Radiation Protection Guides and Radiation Concentra-
tion Guides which are similar to the previously discussed
radiation limits. These guides establish maximum values
for annual radiation doses and concentrations of radiocactive
material in the environment, and the FRC, with the approval
of the Presicent, has stated that these limits should not be
exceeded without careful consideration of the reasons for
doing so. The FRC also provided guidance concerning the
surveiliance and control actions' that should be undertaken
if radiation levels in the environment became such that
individuals could receive more than a certain fraction of
the Radiation Protection Guides.

In addition, the FRC, as well as the NCRP and ICRP,
recommended several furthar limitations, including:
(1) that no single source of man-made radiation should be
allowed to consume the total dose limits and (2) that all
exposures to radiation should be kept as far below the
recommended limits as is reasonably achievable.

Federal agencies such as the Nuclear Regulatory Commis=-
sion are responsible for ensuring that licensees under their
regulatory control keep radiation levels as low as is
reasonably achievable and within the limits recommended by
FRC and any generally applicable environmental standards
established by EPA.




CURRENT ST?NDARDS

The following Federal standards currently apply to all
sources of man-made radiation except those used for medical
purposes:

Category Dose Limit
Workers in nuclear industry--
Any l3-week period 3 rems
Lifetime . S rems times number of

years beyond age 18

Individuals who are not
radiation workers--in 1 year 0.5 rem

Average population exposure--
in 30 years 5 rems

As a practical matter, the annual dose limit for radiation
workers is 5 rems and the annual dose limit for the popula-
tion is 0.17 rem. '

Note that the limit set for an individual in the general
population is only one-tenth of that allowed for an individual
radiation worker. Moreover, the limit for the general popu-
lation as a whole is only about one-third of that for indi-
vidual members of the population. Thus, the standards for
the population as a whole are some 30 times more strict than
the standards for workers in the nuclear industry.

The above standards were recommended by the FRC and
approved by the President and are reflected in NRC's regula-~
tions. The current standards also include recommended limits
for radiation exposures to individual parts of the body,
such as hands and feet, skin, bone, and the lung. In
general, these limits are higher than those for the body as
a whole.

The NCRP and ICRP also have recommended derived limits
related to the dose standards for concentrations of specific
radioactive materials in air and water. ™hese limits reflect
the physical and chemical nature of the materials and are
included in the NRC's regulations.



IMPLEMENTATION OF STANDARDS

Initial responsibility ‘or licensing and regulating
nuclear facilities and for inplementing Federal radiation
standards for workers in the nuclear industry was assigned
to the former Atomic Energy Commission. The NRCT assumed
this responsibility under the Energy Reorganization Act of
1974. The Federal radiation guides and guidance established
by FRC are included, therefore, in the NRC's regulations.

To implement the guides, NRC has set limits (1) on radiation
at the site boundary, (2) on the routine release of radio-
active materials from nuclear facilities, and (3) on the

dose to workers inside licensed facilities. These limits

are based on the Radiation Protection Guide dose limits for
radiation workers and for the population and on information
about the behavior of radicactive materials in the =2nvironment.

To implement the guidance, operators of nuclear facili-
ties licensed by NRC are required to keep releases of
radioactive material in effluents as far below the recom-
mended guides as is reasonably achievable. Under NRC
regulations, radiation levels in the area surrounding a
nuclear power plant are expected to be only a few percent
of the natural background level. Specifically, licensees
are required to: ‘

(1) Restrict the amount of radicactive material released in
liquid effluents from any light-water-cocled nuclear
power reactor tc levels that would keep the 2nnual dose
to an individual in an unrestsicted area to not more
than 0.003 rem for the whole body and not more than
0.010 rem to any organ.

(2) Restrict releases of radicactive material in gaseous
effluents from any light-water-cooled power reactor to
keep annual doses to an individual in an unrestricted
area to a maximuwm of 0.005 rem to the whole body and
not more than 0.015 rem tc the skin.

(3) Restrict the releases of radicactive iocdine and other
radicactive material in particulate form from any
light-water-cooled power reactor to keep annual doses
to the thyroid of an individual in an unrestricted
area to no more than 0.015 rem.
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The NRC has also set an interim dollar value to be used
in cost-benefit evaluations to determine, on a case-by-case
basis, if reducing doses to the population even further is
reasonably achievable. That interim value is $1,000 per
total body "man-rem" of dose reduction below the design
objeciives. (The man-rem is a measure of dose to radiation
of large numbers of people; for example, 100 people receiving
an average dose of 0.0l rem, or 1,000 people receiving an
average dose of 0.001 rem -- each would result in one man-
rem.) Thus, if spending $1,000 on extra equipment would
result in 1,000 people within 50 miles of a nuclear plant
receiving an average of 0.00l1 rem less radiation dose,
licensees would be required to install the extra equipment.
Conversely, if an expenditure of $2,000 would be needed to
achieve the lower radiation dose, licensees would not be
required to install the extra equipment.

In addition to these controls on exposures of the
general population, the NRC requires its licensees to con-
duct a comprehensive monitoring program within nuclear
facilities and the surrounding area controlled by the
licensees to ensure that occupational dose limits for
individual workers are not exceeded. This program includes
requiring employees who work in radiation areas to wear
instruments to measure the amount of radiation that they
receive; keeping records of such expcsures; measuring the
radiation levels within the facility and allowing employees
to spend only a limited amount of ti.e in areas having high
radiation levels; and, in major facilities, employing a
professional health physicist to advise the licensee and
employees on radiation protection matters.

s
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In January 1977 the EPA enacted a regulation which by the end of
1979 will limit the annual radiation dose to any member of the public
from the normal operation of licensed uranium fuel cycle facilities*
to the following values:

whole body dose-- 0.025 rem
thyroid-- 0.075 rem
any other organ-- 0.025 . 2m

Further. the releases ~f krypton-85, jodine-129 and plutonium-232
will be limited to selected values by 1983. These limits are applicable
unly to the United States.

-

*Uranium fuel cycle facilities, as used here, means the operations of
milling of uranium ore, chemical conversion of uranium, isotopic
enrichment of uranium, fabrication of uranium fuel, generation of
e}ec;r1$1t¥ by a 1ight-water-cooled nuclear power plant and reprocessing
of the fuel.
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August 30, 1979

424 TLaurel Drive
Herstiey, PA 17033

Mr. Joseph M. Hendrie

Chairman

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Hendrie:

I note with much apprehension, that the NRC has recommended licensing of the
Berwick Nuclear Plant on the Susquehanna River. You reassure us that "no significant
environmental impacts are anticipated from normal operational releases of radioactive
materials."

I find this statement to be both arrogant anl misleading to the public. First,
please define for me what "significant" means. Any low level radiation releases are
significant as has been admitted and proven, even by the old AEC and the NRC's own
studies. There is no safe level of radiation exposure. How can you say then that
releases are of "no significance?"

Secendly, you "anticipate" no environmental impacts. May I remind you that
Three Mile Island was not "anticipated”" or planned for either. Where man is in-
volved, there will never be a safe nuclear power plant. The nuclear way is an
unforgiving way. Once the unanticipated happens, it stays with us for generationms.

Thirdly, it is time to tell the public the truth regzrding the "nora:! operationa
releases" from nuclear plants. How much "normal" radiation will be or is rrojected
to be released by the Berwick plant, how much "normal" radiation is currently being
released by the operating plants in this country, and who sets these, ard lLiow are
these "normal" release ceiling levels set?

The current standards were initially set in order to justify atomic boub testing.
Those standards were kept in order to justify nuclear power plants because -he
nuclear industry and our government recognizes that no plant operates vittout "normal®™
rfleases ¢( radiation.

Recognizing that the AEC, NRC, and other sciectific studies have proven that
there is no safe level of radiation exposure, negates the "normal" relezse standards
currently used. Normal may be normal for a nuclear plant, but not for a clean

E environment and certainly not for the health and safety of th@‘public
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Mr. Joseph M. Hendrie
August 30, 1979
Page 2

Moreover, the boiling reactor cores at the Berwick plant are untried and un-
proven as to their overall safety and functioning. It does not matter how remote
an accident of any kind may be, a chance is stili there, especially with a new
design. It only takes one accident to release dangerous radiation. The safety
equipment and men at the BerwicY plant are untried and unproven just as they were
at TMI. '

Lastly, let us use honest, straightforward language and tell the truth.
"The temporary loss of habitat may have significant adverse impacts on the aquatic
community in the vicinity of the site," really means that it would kill all fish
and wildlife currently living near the site.

In sumiary, the Berwick Plant is another threat to the Sesquehanna River Valley,
an added buraasn and danger not needed by the people of Central Pennsylvania. The plant,
as a nuclear facility, should not be licensed and operated. It is not safe to the
normal environment of the people in Central Pennsylvania.

It is fncumbent on the NRC in its charge "to protect the health and safety of
the public" to tell us the truth about the Berwick plant and the other nuclear power
plants. Please inform me in whatever scientific or non-scientific terms you wish:

1. What is your definition of significant, and how was it arrived at?

2. On what basis do you calculate the "anticipated" occurrences?
The Rasmussen Report has already been Proven to be incorrect.

3. How do you define "normal"? Normal operational levels of radiation
emission are quite different and separate from normal background levels
of radiation already existing in the environment. Also, because of
bomb testing and power Plants the "normal" levels of background radiation
have increased over the past 30 years.

4. What individuals, by name, set these "normal” levels?
5. How much "normal" radiatior will be expected to be released in Berwick?

6. What are the NRC's recorded, documented levels of "normal" radiation
releases from the operating plants in the United States?
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cc:

Thank you for your anticipated prompt fesponse to the above.

Sincerely,

P

Warren L. Prelesnik

Richard T. Kenredy, Commi:sioner
John F. Ahearne, Commissioner
Peter A, Bradford, Commissioner
Victor Gilinsky, Commiss?ioner
Richard S. Schweiker

H. John Heinz, III

Allen E. Ertel

George W. Gekas

Rudolph Dininni

Stephen R. Reed

Pennsylvania Power & Light
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