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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

COMMISSIONERS:

William A. Anders, Chairman
Marcue A. Rowden
Edward A. Mason
Victor Gilinsky
Richard T. Kennedy

)
In the Matter of )

)
RULEMAKING HEARING )

)
NUMERICAL GUIDES FOR DESIGN OBJECTIVES ) Docket No. RM-50-2
AND LIMITING CONDITIONS FOR OPERATION )
TO MEET THE CRITERION "AS LOW AS PRAC- )
TICABLE" FOR RADIOACTIVE MATERIAL IN )
LIGHT-WATER-COOLED NUCLEAR POWER )
REACTOR EFFLUENTS )

)

OPINION OF THE COMMISSION

CHAPTER I

SUMMARY AND STATEMENT OF CONSIDERATIONS

3ackground

The Nuclear Regulatory Commissionb! erewith announces itsh

decision in the rulemaking proceeding concerning numerical

guides for design objectives and limiting ccnditions for

operation to meet the criterion "as icw as practicable" for

radioactive material in light-water-cooled nuclear power

reactor effluents.

-_/ The licensing and related regulatory functions of the
Atcmic Energy Cc= mission have been transferred to this
Ccmmission. Energy Reorganization Act of 1974, i 201(f) ,
SS Stat. 1243.
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On December 3, 1970, 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 power reactors to

keep levels of radioactivity in effluents "as low as

practicable." The amendments provided qualitative guidance,

but not numerical criteria, for determining when design

objectives and operations meet the specified requirements.

The Commission noted in the Statement of Considerations

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 of establishing compliance with the "as

1cw 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 :echnical specification requirements for limiting con-

ditions for operation for light-water-cooled nuclear power
reactors.
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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, Esq.,
Chairman, Dr. John C. Geyer, and Dr. Walter H. Jordan. The

primary participants in the rulemaking hearing included the

Commission's Regulatory Staff, a consolidated utility group,
the Consolidated National Intervenors, General Electric

Company, and the State of Minnesota. In addition, 18 persons

or organizations, including the Environmental Protection

Agency, made limited appearances.
.

The hearing was suspended in May of 1972 pending preparation

of an Environmental Impact Statement concerning the proposed

rulemaking in implementation of the National Environmen:.1

Policy Act of 1969. A Draft Environmental Statement was

forwarded to the Council on Environmental Quality on Jan-

uary 15, 1973, and circulated for comment to interested

Federal agencies and members of the public, including the

hearing participants. Notice of public availability of the

Statement and an invitation for comment were published in

the Federal Recister. Comments on the Draft Environmental

Statement were received, and a Final Environmental Statement

was issued on July 26, 1973. In November 1973, the public

j2b7
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hearing was resumed for consideration of the Environmental

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 some 25 days of hearings,

4172 pages of hearing transcript, and 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 developed 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 of 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-

making hearing in reaching the decision announced herein.1'/

It should be emphasized that the Appendix I guides as here

adopted by the Commi.ssion are not radiation protection

standards. The numerical guides of Appendix I which we

2,/ Some of the parties to this proce.eding sent unsolicited
letters to individual members of the Commission, express-Theseing views on the subject matter of this rulemaking.
communications, not a part of the hearing record, have been
placed in the public document room and served upon allandparties in the manner described in 10 CFR 2.780 (b) ,

,have not been considered in reaching the decision announced
today.

1257 062
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announce today are a quantitative expression of the meaning
oC the roquirement that radioactive material in effluentsi

released to unrestricted areas from light-water-cooled
nuclear power reactors be kept "as low as practicable."3/

The Commission's radiation protection standards, which are

based on recommendations 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.d[ Ac in the

case of parallel recommendations of the National 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 radiation
standards for the protection of the general environment
from radioactive materials. The Nuclear Regulatory
Commission is responsible for implementation 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 generally applicable standard hereafter established
by EPA, these objectives and limits will be modified as
necessary.

4/ The radiation protection guides established by the FRC for
individual rembers of the public are 500 millirems per year
to the total body and bone marrow and 1500 millirems per year
to the thyroid and bone. The guide for average dose to the

"

population is 5 rems in 30 years to the gonads (an annual
average dose of 170 millirems per person averaged over the
population) . .these guides and recommendations apply to
exposures from all sources other than medical procedures
and natural background.

The FRC provides no specific radiation protection guides with
respect to other organs of the body. The ICRP recc= mends
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 to the thyroid of children up
to 16 years of age; and 1500 millirems to other single organs.

1257 063



.. ..
,

. . .

.

.. ,

.
,

-6-

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

Commissien 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 ebser-

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 ene in the

field of radiation protection for many years. The term "as

low as practicable" is defined in the Commission's regula-

tions [10 CFR 50. 34a (a)] to mean "as low as is practicably

achievable taking into account the state of technology, and

the economics of improvements in relation to the benefits to

the public health and safety and in relation 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 Protection, in ICRP

1257 064
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Publication No. 22, has replaced the phrase "as low as

practicable" with "as low as is reasonably achiavable" in

its recommendation on dose limitation. Its 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 considerations,

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 objectives of

dose limitation, but rather a choice 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

ccmn.ent a proposed rule that substitutes the currently

accepted phrasing - "as low as is reasonably achievable" --

for the older, less precise terminology in the many places

throughout our regulations and regulatory guides where it

appears. The numerical values of Appendix I quantifying "as

low as practicable", will not, of course, be affected by the

forthcoming change in terminology.

1 >5
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The principal changes from the proposed amendments published

in the Federal Register on June 9, 1971, are as follows:

1. Liquid Effluents

The design objectives in the proposed rule for radioac-
tive mat 3 rial in liquid effluer.ts were based on: (a)

an annual release of not more than 5 curies, except

tritium, from each reactor, 03) specified concentration

limits on tritium and other radioactive materials
released to the environment, and (c) 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
radioactivity released from each light-water-cooled

nuclear power reactor to a level that limits the annual
dose or dose commitment from liquid effluents from 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 organ.

The adopted design-objective guides contain no numerically

specified limits upon quantities of racicactive material

1257 066
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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 provision that the estimation

of exposure be made with respect to such potential land

and water use and food pathways as could actually exist

during the term of plant operation.

2. Gaseous Effluents

The principal difference in the design objective in the
Appendix adopted by the Commission dealing with external

dose from radioactive material in gaseous effluents is

the separate treatment of total-boMv dose and skin dose.

The proposed design objective limited both the annual

total-body and the annual skin dose from all reactors on
a site to 5 millirems, whereas the new design objective

incorporates an aanual total-body dose limit from gas acus
effluents of 5 millirems per light-water reactor and

increases the annual dose limit to the skin to not more
than 15 millirems per light-water reactor. The design-

objective annual dose to the skin has been increased from

5 millirems to 15 millirers on the basis of evidence in

17E7 qe7
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the Final Environmental Statement and the hearing

.

record showing 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.1/ It is

noted by way of comparison that an annual dose to the
skin of 15 millirems is one-half of one percent of the

radiation dose limit for a member of the public recom-

mended by the International C.ommission on Radiological

Protection.

3. Radioactive Todine and Particulate Matter
The proposed design objective for radioactive iodine
and radioactive material in particulate ferm released

in gaseous effluents was exprensed as a limit on the

average concentrations of radi' iodines and radioactive

material in particulate form at or beyond the site

boundary. The preposed concentra: ion values were

designed to limit the annual dose to the thyroid or

The dose rates specified in the rule of 10 millizads
-5/ per year for gamma radistion and 20 millirads per year for

beta radiation are to be based on calculated annual airThese calculated annual air doses would normallydoses.be considered to meet the objective as limiting doses to
individuals in unrestricted areas to not more than 5millirems to the total body or 15 millirems to the skin.
Provisions.are made to increase or decrease the annualdose rate if, for a particular site, there are special
circumstances where the specified dose rates should be
adjusted to limit the exposure of an individual in an
unrestricted area to 5 millirems total body exposure or
15 millirems to the skin.

1257 068
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other organs from all reactors on a sits to not more

than 5; millirems. The design objective in the new

Appendix I is expressed as the annual quantity of

radioactive iodine and radioactive material released

which limits the annual dose or dose ecmmitment to

any organ, including the thyroid, of any individual

in an unrestricted area from all pathways of exposure

to not more than 15 millirems per year per light-water-

cooled nuclear power reactor. In determining the annual

dose or dose commitment, the applicant or licensee may

evaluate the portion due to intake of radioactive

material via the food pathways at the locations where

the food ~ pathways actually exist. The design-objective

annual dose for radioactive iodine has been increased

from 5 to 15 millirems on the basis of evidence developed

in the hearing which showed that the previous design-

objective annual dose of 5 millirems per year for doses

to the thyroid from the milk pathway was not practicable.

4. Cost-Benefit Requirements

- In addition to the numerical design-objective guides

described in paragraphs 1, 2, and 3 above, our decision

requires that the applicant include in the radwaste

systems all items of reasonably demonstrated technology

1257 069
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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 popu-

lation reasonably expected to be within 50 miles of the

reactor. The definition of as low as practicable (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 pcpulation be expressed in commensurate

units, and it seems sound that these commensurate

units be units of money. Accordingly, to accomplish

the cost-benefit balancing, it is necessary that

the worth of the decrease. of a man-rem and man-thyroid-

rem or some essentially equivalent quantities in dose

to the population be assigned monetary values.

The record, in our view, does not provide an adequate

basis to choose a specific dollar value for the
worth of decreasing the population dose by a man-rem or

a man-thyroid-rem. published values for the worth of

a man-rem were shown in the' record to range from about

1257 070
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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 information upon which to base

the choice of a proper value for worth of a man-thyroid-

rem.

Moreover, we also recognize that selection of such

values is difficult since it involves, in addition to

actuarial considerations that are commonly reduced 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 frem

radioactive effluents, and for that matter, from other

pollutants.

\ 2 ~3 I n1\a
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We pro?ose, therefore, at the earliest practicable date

to conduct a rulemaking hearing to establish appropriate
monetary values for the worth of reduction of radiation
doses to the population. We are aware that the National
Academy of Sciences - National 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. When such appropriate values (or some

other equivalent quantified, and as yet unspecified,
criteria) are available, we shall consider them for
incorporation in Appendix I.

Meanwhile, and purely as an interim measure, we believe

that we can accept the conservative value of $1000

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 to and can

make that demonstration. It is also clear to us thar

1257 072
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}
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 evaluations.

This figure is subject to 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, paragraph D of Appendix

I, shall be accomplished using the value of $1000 per

total-bo'dy man-rem and $1000 per man-thyroid-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 sarisfy

the limits (of section II, paragraphs A, B, and C of

Appendix I) on maximum dosages to individuals will be

required in all cases. Additional radwaste augments

1257 07,3
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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 achieve

for the population within 50 miles of the reactor.

5. 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-cooled nuclear

power reactors. We have chosen to express the design

objectives on a per light-water-cooled nuclear power
reactor basis rather than on a site basis, as was

originally proposed. While no site limits are being

adopted, it is expected that the dose cc mitment from

multi light-water-cooled reactor sites should be less
than the product of the number of reacters proposed for

a site and the per-reactor design-objective guides

because there are economies of scale due to the use of
common radwaste systems for multi-reactor sites which

Mor over, we noteare capable of' reducing exposures.

that the matter of'overall environmenta impact of

.

1257 074
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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.

6. Licensee and Commission Action

Revisions have been made in the guides for limiting

conditions for operation with respect to 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 quantities and concentra-

tions in effluents actually experienced over 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 provisions 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 year or

30 millirems to the skin and any organ per year, or if

the average dose rate offsite during any calendar

i257 175
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quarter from liquid effluents exceeds 6 millirems whole

body per year or 20 millirems 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
small 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

to exert his best efforts to keep levels of radioactive
material in effluents within the numerical guides for

design objectives.

1257 376
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In order to provide assurance that releases of radioactive

material's are known, the Commission has expanded the

surveillance and monitoring program beyond current

requirements for licensees to report on the quantities

of the principal radionuclides released to unre,stricted

areas. It is expected that this expanded monitoring ,

program will be used by licensees as a basis for

initiating prompt 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, to

reduce the release of radioactive material should the

rates of release actually experienced substantially

exceed the design objectives.

7. Implementation

The proposed Appendix I was silent on the method for

implementation of the numerical guides. The Commission

believes, however, that Appendix I should guide the

n]?eq
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Commission Staff and other interested persons in the

u , of appropriate calculational procedures for applying
'

the numerical guides for design objectives. Consequently,

the provision adopted 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 radioactive materials
released in effluents from licensed light-water-cooled

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 experitental 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 surveillance programs can
It isprovide data for improving these models.

recognized, hcwever, that measurements of environ-

mental exposures and quantities of radioactive materials

- - . . - . |ps' ,7c/ s,
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in the environs are complicated by the very low con-

centrations 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

calculational procedures 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 Appendix I from the

form in which it was originally proposed. The text of

Appendix I as adopted follows in Chapter II of this Opinion.
The three following chapters of text set forth the record
bases for the changes in greatly expanded detail. These

supplemental explanatory chapters (III through V), because
of their length, will not be published in the Federal
Register with the text of Appendix I and the Summary and

Statement of Considerations, but will be published in the

1257 079
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April issue of Nuclear Regulatory Commission Issuances.b!

Single copies of this volume may be purchased at a cost of

S4.00 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 Commission's Public Document Room, 1717 H

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

.

p/ copies of tne complete five-chapter Opinion of the
Commission have been filed with the original document
submitted for publication in the Federal Recister, anc
may be examined by members of the public at the Offices
of the Federal Register.

1257 080



'
. . . __ _ __.

.

#
e

- 23 -

CHAPTER II

APPENDIX I

Pursuant to the Atomic Energy Act of 1954, as amended, and

Sections 552 and 553 of Title 5 of the United States Code,

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, 1975.

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 he kept as low as practicable. These

numerical guides for design objectives and limiting

conditions for operation are not to be construed as

radiation protection standards.

* * * * *

2. Section 50.36a of 10 CFR Part 50 is amended by adding

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

1257 081
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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 radioactive 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 CONDITIONS FOR OPERATION TO MEET-

THE CRITERION "AS LOW AS PRACTICABLE" FOR

RADIOACTIVE MATERIAL IN LIGHT-WATER-COOLED

NUCLEAR PLWER RNCTOR EFFLUENTS.

SECTION I. INTRODUCTION

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 radioactive materials in gaseous and

liquid effluents produced during normal reactor operations,

including expected operational occurrences. In the case of an
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application filed on or after January 2, 1971, the application

mkW; alue identify the design objectives, and the means to be

employed, for keeping levels of radioactive material in efflu-

ents to unrestricted areas as low as practicable.

Section 50.36a contains provisions designed to assure that

releases of radioactive material from nuclear power reactors

to unrestricted areas during normal reactor operations,

including expected operational occurrences, 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 requirements of Sections 50.34a

and 50.36a that radioactive material in effluents released
from these facilities to unrestricted areas be kept as lev as

practicable. Design objectives and limiting conditions for

operation conforming to the guidelines of this Appendix shall
be deemed a conclusi e showing ef compliance with the "as low

as practicable" requirements of 10 CFR sections 50.34a and

50.30a. Design objectives and limiting conditions for oparation

i257 083
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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 approcriate
_

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 10 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 total quantity of all radioactive

material above background ! to be released from eachb

light-water-cooled nuclear power reactor to unrestricted

-1/ Here and elsewhere in this Appendix background means
radioactive materials in t:.e environment and in the
effluents from light-water-cooled power reactors not
geners ed in, or attrihetable to, the reactors of which
specific account is required in determining design
obj ect ives .

n

12(/ 189
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areas will not result in an estimated annual dose or
_

dose commitment from liquid effluents for any indi-

vidual in an unrestricted area from all pathways of

exposure in excess of 3 millirems to the total body or

10 millirems to any organ.

B.l. The calculated annual total quantity of all radioactive

material above background to be released from each

light-water-cooled nuclear power reactor to the atmo-

sphere will not result in an estimated annual air dose

from gaseous effluents at any location near ground

level which could be occupied by individuals in un-

restricted areas in excess of 10 millirads for gamma

radiation or 20 millirads for beta radiation.

2. Notwithstanding the guidance of paragraph B.1:

(a) The Commission may specify, as guidance en design

objectives, a lower quantity of radioactive material

above background to be released to the atmosphere if

it appears that the use of the design objectives in

paragraph B.1 is likely to result in an estimated

annual external dose from gaseous effluents to any

individual in an unrestricted area in excess of 5

millire=s to the total body; and
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(b) Design objectives based upon a higher quantity of

radioactive material above background to be released

to the atmosphere than the quantity specified in

paragraph B.1 will be deemed to meet the requirements

for keeping levels of radioactive material in gaseous

effluents as low as practic=ble 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.

C. The calculated annual total quantity of all radioactive
iodine and radioactive material in particulate form

above background to be released from each light-water-

cooled nuclear power reactor in effluents to the atmo-

sphere will not result in an estimated annual dose or

dose commitment from such radioactive 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 grgan.

D. In addition to the provisions of paragraphs A, 3, and

C above, the applicant shall include in the radwaste

system all items of reasonably 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 reasonably expected to be within 50 miles of

the reactor. Es an interim measure and until establishment

and adoption of better values (or other appropriate cri-

teria), the values S1000 per total body man-rem and $1000

per man-thyroid-rem (or such lesser values as may be demon-

strated to be suitable in a particular case) shall be used

in this cost-benefit analysis.

SECTION III. IMPLEMENTATION-

A.l. Conformity with the guides on design objectives of Sec-

tion II shall be demonstrated by calculational procedures

based upon models and data such that the actual exposure

of an individual through appropriate pathways is unlikely

to be substantially underestimated, all uncertainties

being considered together. Account shall be taken of

the cumulative effect of all sources and pathways within

the plant contributing to the particular type of effluent

being considered. For determinaticn of design objectives

in accordance with the guides of Section II, the estimation

of exposure shall be made with respect to such potential

l23/ 0< 0 7
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land and water usage and food pathways as could actually

exist during the term of plant operation, provided that,
if the requirements 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 radioactive 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.

2. The characteristics attributed to a hypothetical 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 phenomenon or factors actually

affecting the estimate of radiation exposure, including

the characteristics of the plant, modes of discharge of
'~

radioactive materia 1s, physical processes tending to

attenuate the quantity of radioactive material to which

an individual would be exposed, and the effects of

averaging exposures over times during which determining

factors may fluctuate.

B. If the applicant determines design objectives with re-

spect to radioactive iodine on the basis of existing

conditions and if potential changes in land and water
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usage and food pathways could result in exposures in

excess of the guideline values of 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 radioactive iodine 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 individ-

ual exposures greater than originally
estimated have occurred; and

3 the content of radioactive iodine 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 LICENSED UNDER 10 CFR PART 50

The guides on limiting conditions for operation for light-water--

cooled nuclear pcwer reactors set forth below may be used by

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

1257 389
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nuclear power reactor as guidance in developing technical

specifications under section 50.36a(a) to keep levels of

radioactive materials in effluents to unrestricted areas as

low as practicable.

Section 50.36a(b) provides that licensees shall be guided by

'certain considerations in establishiag and implementing

operating procedures specified in technical specifications

that take into account the need for operating flexibility

and at the same time assure that the licansee will exert his

best effort to keep levels of radioactive material in efflu-

ents as low as practicable. The guidance set forth below

provides additional and more specific guidance to licensees

in this respect.

Through the use of the guides set forth in this Section it is

expected that the annual releases of radioactive material in

effluents from light-water-cooled nuclear pcwer reactors can

generally be maintained within the levels set forth 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 dependable

257 290
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source of power even under unusual operating conditions

which may temIporarily result in releases higher than such

numerical guides for design objectives but still within

levels that assure that the average population exposure 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 exert his bent efforts to keep levels of

radioactive material in effluents within the numerical

guides for design objectives.

A. If the quantity of radioactive 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:2,/

-2/ section 50.36a(2) requires the licensee to submit
certain reports to the Commission with regard to the
quantities of the principal radionuclides released to
unrestricted areas. It also provides that, on the
basis of such reports and any additional information
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.

I257 091
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1. Make an investigation to identify the causes

for such release rates;

2. Define and initiate a program of corrective

action; and

3. Report these actions to the Commission within

30 days from the end of the quarter during

which the release occurred.

B. The licenste shall establish an appropriate surveillance

and monitoring program to:

1. Provide data on quantities of radioactive

material released in liquid and gaseous

effluents to assure that the provisions of

paragraph A of this section are met;

2. Provide data on measurable levels of radia-

tion and radioactive materials in the environment

to evaluate the relationship between quantities

of radioactive material released in effluents

and resultant radiation doses to individuals

from principal pathways of exposuze; and

3. Identify changes in the use of unrestricted

areas (e . c . , for agricultural purposes) to

pernit nodifications in monitoring programs

125? 192
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for evaluating doses to individuals from

principal pathways of exposure.

~

C. If the data developed in the surveillance and monitoring
program described in paragraph a of this section and in

paragraph B of Section III or from other monicoring pro-

grams show that the relationship between the quantities of

radioactive 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 objectives pursuant to Sections II and III,
the Commission may modify the quantities in the technical

specifications defining the limiting conditions for operation
in a license authorizing operation of a light-water-cooled
nuclear power reactor.

SECTION V. EFFZCTIVE DATES

A. The guides for limiting conditions for operation 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-cooled 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

Commission: .

.

1. such information as is necessary to evaluate the

means employed for keeping levels of radioactivity
. . . ..

in e~ffluents 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 radioactive

materials to unrestricted areas during normal

reactor operations, including expected operational

occurrences, as low as practicable.

.

.

.

1257 N
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CHAPTER III

GUIDES ON DESIGN OBJECTIVES

Section 50.34a of 10 *ER Part 50 contains provisions to

ensure that releases of radioactive material from nuclear

power reactors 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 Rulo
,

Section II of Appendix I defines design objectives for

effluents from light-water-cooled power reactors. 'When used

by an applicant for a permit to construct a light-water-

cooled 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 radioactive materials (1) in liquid effluents,

(2) in gaseous effluents, and (3) as radiciodine and par-

ticulate emissions and (4) a requirement is imposed that the

radwaste systems include all items of reasonably demonstrated

technology that for a favorable cost-benefit ratio can

effect a reduction in the radiation dose to the general

population.

1257 095
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The total quantity of all radioactive material above back-

ground to be released each year from each light-water-cooled

nuclear power reactor to unrestricted arcas shall not result

in an estimated annual dose :: dose 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 radioactive material above

background to be released to the atmosphere annually from

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

an estir.ted annual air dose from gaseous 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 radioactive

material to be released to the atmosphere if such smaller

quantity appears necessary to prevent an annual external

total-body dose from gaseous effluents in excess of 5 millirems

to any individual in an unrestricted area. Conversely, if

the al-plicant can provide reasonable assurance that a larger

quantity of emitted radioactivity will not result in an

estimated annual external dose from gaseous effluents to cny

individual in unrestricted areas in excess of 5 millirems to

1257 a96
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the total body or 15 millirems to the skin, such larger

quantity of emitted radioactivity may be deemed to meet the ,

requirements of "as low as practicable."

The calculated annual total quantity of all radioactive

iodine and radioactive 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 radioactive iodine and radioactive material

in particulate form from all pathways of exposure for any

individual in unrestricted areas in excess of 15 millirems

to any organ. As described in more detail in Chapter V, that
~~

portion of the dose or dose commitment due to intake of

radioactive material through food pathways may ae evaluated

at the locations where the food pathways actut ly exist.

In addition to these limits on liquid, gaseous, and radiciodine

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 vell 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 va]ues.

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

our assessment of the record, and report our resolution under

individual headings below.

1. Shall Quantity and concentration Limits Be Included

in Addition to Dose Limits?

The hearing record shows an almost complete consensus that

the basic purpose of the design-objective values is the

1257 098
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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 quantities and concentrations

of radioactive materials in effluents from light-water-

coole. nuclear power plants.1,2/

The Regulatory Staff modified this position during the course

of the hearing. The version of Appendix I presented in the

Staff's concluding statement 1! did not specify concentration

limits on tritium and otner radioactive materials 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 radioactive material (except
tritium and dissolved' gases) in liquid effluents and on the

quantity of iodine that could be released.

The Regulatory Staff's final position, i.e., that quantity

limits, in addition 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 quantities of radionuclides a't sites

where the environs were unpopulated at the time the reactor

1/ Regulatory Staff, Exhibit 1, Tab. 1, pp. 13-19.
2/ Tr., pp. 25-26.
3,/ Regulatory Staff, Concluding Statement of Position,

Feb. 20, 1974.
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was built; such releases might preclude future use of these

environs.4,5/.

The General Electric Company (GE) argued throughout the
6-9/hearing that specification of quantities (and concentrations)

of radioactive materials released in effluents is unnecessary

in view of the primacy of the dose limitation. They insisted

that such quantity limits protect no public interest and

provide no significant saving of calculational effort in

demonstrating compliance with dose limits.7/ And they argued 9/

that quantity limits on radioactive materials in liquid

effluents would jeopardize the advantages that a dose formu-

lation alone would provide, namely, an "as low as practicable"

(ALAP) ragulation that enceurages the applicant's choice of

a favorable site.

The Consolidated Utility Group (CU) also argued 0,11/ censis-

:antly that quantity and concentration limits be emitted

from Appendix I. They took the position 1S! that, though

dose should be the primary basis for numerical guidance en

ALAP, they had no quarrel with the principle that quantity

4/ Ibid., pp. 50-53.
T/ Tr., pp. 343-344.
T/ General Electric, Exhibit 1, Mar. 17, 1972, pp. 7-13.
7/ Tr., pp. 1435-36.
0/ General Electric, closing Statement, Jan. 21, 1974, p. 13.

'

?/ General Electric, Reply, Mar. 14, 1974, pp. 43-48.
10/ Consolidated Utility Group, Statement of position,
-- Jan. 19, 1974, pp. 51-52.
11,/ Consolidated Utility Group, Reply, Mar. 7, 1974, p. 17.
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limits on releases frc., spec;f;c plac. us migh: be needed.
They insisted,10/ however that saca uantity li.-!-

-
3

not be incorporated .1 th.+ r :la .-- +reby be standard. cd

for all light-water-cooled nuclear pc' der plants without

regard to the environmental fa:: ors and potential pac. 1.3

associated.with a particular si:a. -c4:end, Oner 1 :rr '-

endo sed ir.1:sion ir- t.. - : ? :' . ':c- ..'
~

. .
. .. :

operating licenses of n- d - r s .
.

- -

l_ai r. : - -

each plant so as to acht.e", - . -

.ectivas c ng:.

. _

on the basis of actual site conditions and actual exposure
pathways.

Ecth GEti'/ and CU13/ argued strongly against the Regula:ory
s, *

-. o
3taff's prcposed limit 0. of I curie of iodine-131 per reactor.
Both argued that the progesa! haf ne fiendation in the :cccrd
and that it was based solely on the beid e f t h a * " " " '- - - - -'

a quantity limi licensees wottle ' ' - Id ,d cpe--- - - -

which did not use readily aval tele ternnology and whien

would, consequently, release large quantities of radiciodine

at sites where no milk pathways exist within miles of the
reactor. Both CU and GE insisted that such an eventuality
was not a realistic one.

12/ General Electric, Reply, Mar. 17, 1974, p. 46.
IT/ Consolidated Utility Group, Reply, Mar. 7, 1974, p. 13.
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The propriety of dose limits rather than quantity limits

was strongly supported by Lauriston Taylor,14,15/ on behalf '

of the National Council on Radiation Protection, by Merril

Eisenbud,15/ who made a limited appearance on behalf of the

Atomic Industrial Forum, and by R. M. Hartman,17/ who made a-

limited appearance on behalf of Ebasco Services, Incorporated.
Dr. Edward P. Radford,bE! who testified on behalf of the '

Consolidated National Intervenors, also endorsed this position.

bE! estified toIn addition, limited participant Andrew P. Hull t

his belief that the specification of release and concentration

limits, 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

20-22/argued that quantities and concentrations of emitted

radioactive material should be minimized. Although it is

clear that Minnesota's objective is the protection of

individuals, and especially those individuals near nuclear

14/ Tr., pp. 1737-38.
TT/ Tr., pp. 2055-56.
II/ Tr., p. 88.
T7/ Tr., pp. 109-116.
T8/ National Intervenors, Exhibit 3, p. 2.
--II/ Andrew P. Hull (Limited Participant) , Final Statement

of Position, Feb. 11, 1974, p. 4.
20/ Tr., pp. 1778-79.
2T/ State of Minnesota, Final Statement of Position, Feb. 1, 1974.
]];/ Oral Argument, Tr., pp. 159-160.

.
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facilities, the language recommended in its final statement 21/

suggests that Minnesota would give primary attention to

quantities and concentrations of radioactive materials

released.

The overriding purpose of Appendix I is to establish limits.

on radiation doses to people. Whether additional limits on

quantities of emitted radioactive materials should be

included is a more complex question.

We agree that the Regulatory Staff was correct in recem-

mending removal of concentration limits for radioactive

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 measurement, the

quantities and concentrations of the radioactive 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 quantities.

--23/ State of Minnesota, Final Statement of Position,
Feb. 1, 1974, pp. 21-22.
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Not all the arguments against inclusion of such limits are
.

'

persuasive. We are not impressed, for example, by the GE2/

claim that guides containing quantity limits will lead to

substantial misunderstanding and confusion regarding compliance

with effluent-emission criteria.

We do find persuasive, however, the arguments advanced by
GE2! and CUBS! that 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 indicatedb/ 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 quantity nor concentration limits for the effluents

from light-water-cooled nuclear power plants. As recommended

by CU,bS/ it seems reasonable to us that limits on quantities

of emitted radioactive materials compatible with dose limits

and the characteristics of specific sites might be incorporated

in the technical specifications of the individual plant

operating license.
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Though we do not include quantity limits in Appendix I, we
do agree with'the Regulatory Staff argument 2! 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 GEbS[ and cub 2[ declare that no such actions will be
taken. We consider it plain, however, that our public

responsibilities cannot be satisfied by an Appendix I that
depends for its efficacy upon the continuing good 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 quantity limits, we believe that by these

means and by inclusion of the requirement that all augments

1257 '05
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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 u.ses of the environs.

2. Shall Primarv Consideration Go to Neighboring Individuals
or to the General Population?

The record contains considerable controversy on whether the

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 snall. Accordingly, statistically signifi-

cant risks from very low levels of radiation can be calculated

~^
.nly for large population groups.

',-

the other hand, it is equally clear that the individual, . ., ,

(. <
' V,, .'.iving near the light-water-cooled nuclear power plant is

'?()N' , , . , concerned about the risk to himself and to his family and has
.

only a secondary interest in the (obviously lower) average
. risk to the general population.3 ,

, > jy *te Consolidated Utility Group (CU) argued that the controlling
'

.

.-. ,":.. consideration in establishing numerical dose objectives should,d%
, ],, { be radiation doses to the general population rather than to*

_.
C.

(>*
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individuals. They held 3d./ 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 individaal

to whom it applies should reflect the paramount importance of

the population dose objective and should not be more stringent

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

regulatory simplicity, stated its recommendations on design

objectives in terms of dose to individuals. However, CU would

make the individual dose compatible with a primary population

dose objectiveSE'I and would specify 1/ that the individual2

selected for dose calculation be one whose living and recrea-

tional habits, including the source of his water and food

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.

SE[ Ibid., pp. 26-27.
26/ Ibid. , 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 limit. In his views 2/ the available biological data

would not justify going beyond the specification of an overall

population limit, and, since the benefit of 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, Incorporated,also argued that population

dose should be recognized as an important factor in decisions

regarding Appendix I. R. M. HartmanEE/ 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 dose to a sizeable nearby population
group.

General Electric (GE), on the other hand, would specify the

numerical guides for the nearest neighbors. The GE closing

SE/ suggested that the ALAP numerical guides bestatement

established in terms of dose-limiting objectives for the

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 body organ.

27/ Andrew P. Hull (Limited Participant), Feb. 11, 1974, p. 4.
77/ Tr., pp. 111-114.
7[/ General Electric, closing Statement, Jan. 21, 1974, p. 13.
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The State of Minnesota clearly supported the position that

individual dose levels and not the average doses to a large
population should be the controlling factors.2SI In this

conn'ection 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 disproportionate amount of the risk."2E/

The Regulatory Staff has taken the position that, although

average population exposure is important rid should be minimized,

primary attention must be given to limitations on the dose to

individuals living in close proximity to the reactor site.31,32/
The record shows that this position did not substantially
change throughout the hearing. During oral argument, Lester

Rogers statedS$[ 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 exist 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."

--30/ State of Minnesota, Final Statement of Position, Feb. 1, 1974,
pp. 12-17.

31/ Regulatory Staff, Exhibit 1, Tab. 1, Jan. 7, 1972.37/ Regulatory Staff, Exhibit 1, Tab. 3, Jan. 7, 1972.]]/ Oral Argument, Tr., pp. 23-24.
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We agree that radiation dose levels to the general population
are important considerations and that these levels should be

kept 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 reactor 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-cooled nuclear

power station in a very remote location (or even one employing
tall stacks instead of augments for removal of radioactive

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-objective 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

Minnesota 3/ that no group of individuals should be expected3

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, individualc --

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 non-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 types of indus-

trial facilities. We believe, however, that the design-

objective 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-objective guides should be applied to each

water-ccoled nuclear reactor or to all such reactors on a site

1257 i11
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is a fundamental question that provoked strongly contested and

conflicting positions 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-cooled power reactors at a
site.34,35/ The Regulatory Staff position is based in part
on the argument that near neighbors of multi-reactor sites

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 e7 '.ndividuals should be expected to assume a dispro-

portionate amount of the radiation risk" supported this
position.ES/

Both the General Electric Company (GE) and the 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 contended b! that a per-reactor design-objectived

guide that is as low as practicable for a single reactor will
remain as icw as practicable even if several reactors are

congregated on a single site and that equipment augments
34/ Regulatory Staff, Exhibit 1, Tab. I
35/ Regulatory Staff, Concluding Statement of Position,-~

Feb. 20, 1974, p. 61.
36/ General Electric, Reply, Mar. 14, 1974, 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. Indeed, GE suggested b[ that the environmental

and other advantages of multi-reactor siting indicate that more

- lenience should be allowed for per-reactor emissions from a

multi-ret tor facility since these advantages will offset any

added per-reactor radiological detriment and the added

lenience would encourage the desirable clustering of power-

generating installations.

General Electric contended further 2! that per-reactor appli-

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

37-39/considerations that control Appendix I and argued that

the Regulatory Staff has performed no cost-benefit analyses

indicating the contrary.

In its statement of position,dS/ 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 reactor 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.
3T/ Tr,., pp. 3479-80 and 3482.
39/ Tr., pp. 3486-87.
40/ Consolidated Utility Group, Stacement of Position,
-~

Feb. 19, 1974, pp. 57-58.
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engineering, licensing, construction management, and operating

supervision an~d that environmental advantages flow from

minimizing the inevitable environmental impacts associated

with the development of new industrial sites.

dS! nsisted that, at the doseThe Consolidated Utility Group i

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 veind1/ 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 statementi2/ 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 Statemenr, 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 question of whether the limits should have a per-

,

reactor or per-site basis. Consolidated National IntervenorsS2/
(in their belief that, since we cannot prove that radiation
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

4 3/ Anthony J. Roisman to Algie A. Wells, et al., Feb. 15, 1972.
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a preference for a strict limit upon emissions from all

reactors at a site. Andrew P. Hull, who advocated $d/
.

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 be made

concerning the testimony of R. M. Hartman in a limited
$1!appearance for Ebasco Services, Incorporated, who reco= mended

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
b5! thatdoses from multi-reactor sites,-but they insisted

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 multiple

44/ Andrew P. Hull (Limited Participant) , Final Statement of
Position, Feb. 11, 1974, p. 4.

--

.

45/ Tr., pp. 109-116.
4T/ Consolidated Utility Group, Statement of Position,
~~

Feb. 19, 1974, p. 16.
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light-water-cooled nuclear reactor site. In its closing

bstatement 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 any organ."

In support of that recommendation, GE argued 48/- that the recog-

nition in 10 CFR Part 50.34a that "as low as practicable" must

be defined "in relation to the utili=ation 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

I_ 3eneral Electric, Closing Statement, Jan. 21, 1974, p. 28.
4b' ; bid. , pp. 28-29,
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that allowing the nearest-neighbor dose resulting from a number

of closely located 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 s'uch 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 qualitative 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 calculations on the basis of 'tes containing

$two reactors. In its concluding statement -' the Staff

discussed the effects its recommended design-objective (per

site) doses would have on limiting the number of reactors per

bS! thatsite. From these considerations the Staff concluded

49,/ Regulatory Staff, Concluding Statement of Position,
Feb. 20, 1974, pp. 84-131.

50/ Ibid., p. 62.
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the design-objective dosen for liquid and gaseous effluents,

other than iodine, pose no practical limitations on the number

of reactors per site. The design-objective thyroid dose for

iodine poses linitations on the nunber of reactors per site

for those 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:51/ "while

neither we nor the staff have done the refined calculations

necessary to establish the effect of m21tiple reactors on

doses frcm liquid effluents, we would not expect that the

proposed site linit on such doses would be a major factor

in liniting the number of reactors per site."

However, CU argued that the situation for doses from iodine

and noble gases is entirely different and pointed out that the

Staff's findings, which confirm the CU calculations,5 / show

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

51/ Consolidated Utility Group, Reply, Mar. 7, 1974, p. 22.
{{/ Ibid., pp. 22-24.
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proximity to a 500-meter site boundary the site limits od

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 a~11 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-dose limit would permit no reactor to be
built. Adding 100-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 desigrates dose
e

limitation guides to any individual in an unrestricted crea en
a per-reactor basis alone. The hearing record does not, we

believe, provide quantitative information that can substantiate
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the values that a per-site 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-objective 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.

Our 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.

1 7 r, 7 *pi\ua1
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We do not know. By the time such multi-reactor sites are

necessary or desirable, technologies not now known may be
,

available for minimizing radioactive 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 radioactive 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 of minor disagreement is illusory. In fact, the

general similarity of the design-objective values recommended

by the several parties tends to mask the considerable differences
in the bases on which those values are suggested. This is another

question on which we have had to decide among conflicting

views.
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The proposed Appendix I limited the annual dose to any

individual from radioactive materials in each effluent type

(liquids, gases, and as radiciodine and particulate matter)

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

or to any organ.53,54/

55!General Electric (GE) recommended 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 urged 16/ the adoption of

a per-reactor value equal to 1% of ICRP whole-body and organ
.

dose values for individuals in the general population for each
,

effluent type including ICRP values for organs other than

the whole body. They suggested that the individual thyroid-

dose objective should be changed to 15 millirems for childrca

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 Staff, Concluding Statement of Position, p. 48.
[I/ General Electric, Closing Statement, Jan. 21, 1974,

pp. 13, 26 and 28.
56/ Consolidated Utility Group, Statement of Position,
--

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 organ.5EI Douglas

LaFollette has also indicated his strong support of this

position.EEI

Several other suggestions were made. The Tennessee Valley

Authority suggestedbE! that "the costs and consequences of

achiev1 a 1% of Port 20 limits should be carefully 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 bone marrow and 15 millirems to

all other organs.60,61/ Consolidated National Intervenors,b !

argued that no radioactive discharges should be permitted.

At the other extreme, G. Hoyt Whipple ! considered that'

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

--57/ State of Minnesota, Final Statement of Position,
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.
6T/ Tr., p. 86, Statement by Merril Eisenbud, p. 5.

52/ Anthony J. Roisman to Algie A. Wells, et a.l., Feb. 15, 1972,
p. 7.

63/ Final Environmental Statement, WASH-1258, July 1973,
Vol. 3, p. 94.

64/ G. Hoyt Whipple, Testimony on the Proposed Appendix V
to 10 CFR Part 50, Feb. 20, 1972.
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unnecessary since the interpretation of 10 CFR Part 20 by the

nuclear industry has resulted in perfornance so excellent that

there is no need for further incentive.

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

Hearing, argued 65/ 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 year limit for population

dose from each 1000 megawatt (electric) reactor.

The Regulatory Staff modified its original position as a result

of the Hearing. In its concluding statement 66/ the Regulatory-

Staff agreed that the limiting dose to the thyroid from radio-

icdine and particulate matter in gaseous effluents should 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 objectives; evidence

developed in the record shows that a design objecti e of

5 millirems per year is not practicable with respect to the

state of technology and the costs of iodine-removal equipment,

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

The Regulatory Staff also recommended 11, that the skin dose
--

due to external exp.osure from beta and gamma radiation released

in gaseous effluents from all reactors on a site be changed

3 5 f' Andrew P. Hull, Final Statement cf ?osition, Jan. 30, 1974.
II/ Regulatory Staff, Concluding Statenent of Position,

Feb. 20, 1974, pp. 48-49 and 25-30.
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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 radioactive materials in liquid effluents

from all light-water-coo' led nuclear power reactors at a site

be kept at 5 millirems per year to the total body or to any

organ.51/ The Staff argued that both CU5E/ and GE5E! agree

that this design objective is practicable for liquid effluents.

In its reply statement, however, CU insisted that it no
70/
~~

longer agreed completely with that summation. CU indicated

its agreement with that assessment for standard river sites.

CU contended, however, that at standard lakeshore and seashore

sites, with some combinations er 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) to meet

the per site design objective of 5 millirems to the total

body and to any organ. Careful consideration of the testimony

sl/ bid., p. 50.I

5E/ r., pp. 3996-98.T
69/-- General Electric, Closing Statement, Jan. 21, 1974, p. 16.
70/-- Consolidated Utility Group, Reply, Mar. 7, 1974, pp. 15-17.
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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 standard river sites are used on all standard sites
the calculated doses to maximally exposed individuals are quite
low. Maximum total body dose to an individual appears to be

about 1.1 millirema per year for a two-reactor PWR station

with cooling towers on a lakeshore site; all other total

body doses from two-reactor stations 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-

reactor BWR station with cooling towers on a seashore site

and 1.3 millirams to the thyroid from a two-reactor PWR

station with c.coling towers on a seashore site; all other

cases show maximum organ doses well below, with many markedly
below, these values.

70/
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
of data in Dr. Rodger's testimony suggests that effective
radwaste augments that can be justified on a cost-benefit

basis (at the high man-rem and man-thyroid-rem worths

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

71/ Tr., p. 3909, Additional Testimony of Walton A. Rodger on
Behalf of the Consolidated Utility Group, Nov. 9, 1971,
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stations with cooling towers at seacoast sites. /* 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-body dose and

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

on the per-reactor basis proposed 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

too restrictive; this limit is not met for a two-reactor station
using BWRs 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 combination, radwaste augments of the type proposed
:or other twin-PWR stations can provide very low doses; they are
not cost-beneficial (at $1000 per total-body man-rem and S333 per
man-thyroid-rem) for this case because the population dose for
ene base case is very low and its further decrease has a low
monetary value.

1257 ;28
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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

prncticable" which requires "taking into account the state of

technology and the economics of improvements in relation to benefits

to the public health and safety", we have chosen to adopt as the

design-objective guides for liquid effluents from each light-water-

cooled power reector the requirement that the annual dose or dose-

commitmect from all pathways of exposure shall not exceed 3 milli-

rems to the total bcdy or 10 millirems to any organ. For calculation

of such doses, it is assumed that rivers are used as sources of

drinking water and that rivers or other pertinent bodies of water

are used as sources of fish 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
objective can readily be met.

The design objective to control exposure from gaseous 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 objective, in

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

? G ~I' '79,
us .-
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The Regulatory Staff recommended in its Concluding Statement

that the skia dose due to external exposure from beta and

gamma radiation released in gaseous effluents be set a: 15

millirems per year and that the total-body dose from these

sources be held at 5 millirems per year. The Staff, however,

maintained that these should be the limiting dosus from all

reactors at a site. GEE 5! and CU55! argued, in effect, that

the total-body dose limit should be 5 millirems per year,

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 S1000 per man-rem and S333

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

gaseous radwaste augments can barely meet the skin dose

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

i257 i30
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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 be 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. Provision 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 lighc-water-
cooled power reactors at essentially all sites.

i
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The design-objective guide for limits upon individual dosages
from radiciodine and radioactive material in particulate form

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

In its concluding statement 55! 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 cl'ose proximity to the site. Walton

Rodger21! testified that two-reactor stations with either PWRs

or BWRs and with all gaseous radwaste augments justified on his

cost-benefit basis (S1000 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 close to the 500

meter site boundary. Indeed, Dr. Rodger's testimony shows

that very expensive augments would be required to approach 15

millirems / year to the child's thyroid where milk cows graze
close to the site.

As indicated under Implementation (Chapter 5), the design-
cojective quantity is to be calculated at the location of the
nearest milk cows that are actually present at the time of

1257 i32



~

. .
.

,-

-.,
. .

. .
.

- 75 -

licensing of the reactor. As a consequence we see no basis

for increasing the limit on design-objective dose to any organ-

from radiciodine and radioactive materials in particulate form

above 15 millirems par 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 radioactive material in particulate

form from each light-water-cooled nuclear power reactor 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 food 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,

including the modification of land uses, would be required if

monitoring programs during operation indicate that the design-

objective guide levels are being exceeded.

As a further requirement, in addition to the design-objective
guides described above, the radwaste systems shall include all

items of reasonably demonstrated technology that can for a

favorable cost-benefit ratio effect reductions in total-bcdy

1257 i33
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and thyroid dose to the population within 50 miles of the

reactor. Such.a provision will ensure that selection of a very

large and isolated site or of a site where the nearest milk

cows are far away cannot justify the release of large quantities

of radioactive materials, and especially radioiodine, simply

because no substantial individual doses would result.

5. What Are the Bases on Which Cost-Benefit Evaluations
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 decisions

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 operation of an augment to the

radwaste system is generally expressed in dollars; to

establish such costs -- and the annuali=ed cost -- is easy

in principle and (as described in section 5a, below) is only

moderately difficult in practice. Calwalation of the decrease

in radiation dose to the population within 50 miles of the

reactor that would result from addition of an augment also seems

to be relatively seraightforward (see section 5b, below).

7 F, 7 }f
*
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A recent and generally accepted evaluation 22/ of the effects

of ionizing ra.diation is available; it was used by the
Regulatory Staff in preparation of its Final Environmental
Statement.23/ It is accordingly possible to estimate in a

straightforward and almost certainly conservative 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 equivalent 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

believe that cost-benefit balances should be used to define
the limiting population dose from a light-water-cooled power
reactor 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 general population.

72/ National Academy of Sciences - National Research Council.--

The Effect on Populations of Exposure to Low Levels of
Ionizing Radiation (The BEIR Report), Report of the
Advisory Committee on the Biological Effects of Ionizing
Radiations, November 1972.

73/ 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 radwast.e system sequentially,

and in order of diminishing monetary worth.

We intend that radwaste augments necessary to satisfy the

limits on maximum doses to individuals will be required in all
cases. Additional 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 Monetarv Costs of Augments to
Radwaste Systems?

Curing the initial phase of the ALAP Hearing (prior to May 6,
1972), the Regulatory Staff presented preliminary information 4' $!

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

125, $3b7
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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 CU76,77/ and to a

limited extent by GE.28/ Walton Rodger, who presented what

might fairly be called the only comprehensive formulation of

costs 26/ and of annualized costs 22/ uring this period,d

criticized 12/ the Staff's data.

The Regulatory Staff's publication of the Draft Environmental

Statement, its consideration of the many diverse comments on

this document, and its subsequent publication of the Final

Environmental StatementSS! were important steps in providing

a basis for proper costing of radwaste systems and for cost-
benefit analyses. Comments on the Draft Environmental Statement
showed, as might have been expected, some disagreement with the

estimated cost of radwaste equipment.

Consolidated Edison Company of New York, Inc., stated $1! that

the cost estimate in the Draft Environmental Statement seemed to

76/ Walton A. Rodger, Statement on Behalf of the Consolidated-~

Utility Group, Mar. 17, 1972, incorporated in Tr., pp. 1748-52.
77/ Walton A. Rodger, Supplemental Statement on Behalf of the~~

Consolidated Utility Group, Apr. 26, 1972, incorporated in
Tr., p. 2753.

73/ General Electric, Exhibit 3, Apr. 26, 1972, items 4 and 5.
79/ Walton A. Rcdger, Statement on Behalf of the Consolidated-~"

Utility Group, Mar. 17, 1972, p. 41.
80/ Notice of Availability of the Draft Environmental Statement-~

was published in the Federal Register, Jan. 16, 1973 (38
F.R. 1616).

31/ Final Environmental Statement, WASH-1258, Vol. 3, July 1973,pp. 311-312.

T
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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,S ! CU

had only minor criticisms of the estimated costs of individual
items of radwaste equipment. However, CU argued stronglyS [

that the 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 insisted $$! that,
since costs in the FES were nearly a factor of 2 less than

,

in the draft statement, they could no 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 de ficient, CU concludedSS/ that the FES

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.

32/ Ibid., p. 243.
337 Ibid., p. 244,
347 Tr., p. 3909; Walton A. Rodger, additional testimony on~~

Behalf of the Consolidated Utility Group, Nov. 19, 1973,
pp. 38-39. '

85/ 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. In its concluding

Sb! the Staff pointed out that the CU data werestatement

based on " industrial experience" and included overtimc and

other exceptional factors and that CU had included backfitting

experienec87,88/ and optional redundant equipment. The Staff

8!/argued 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. E!

The Consolidated Utility Group took the position that redundant

radwaste equipment is often necessary. They pointed outES/

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 do otherwise.

86/ Regulatory Staff, Concluding Statement of Position, Feb. 20,--'

1974, pp. 43-45.
37/ Tr., p. 3975.
SF/ Tr., p. 3985.
8{/ Regulatory Staff, Concluding Statement of Position,

Feb. 20, 1974, pp. 44-45.
90/ Walton A. Redcer Additional Testimony on Behalf ofConsolidated Otility Group, Nov. 9, 1973, p. 49.
--

1257 i39
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After consideration of the several differences between the
Staff and the CU estimates, the Staff concludedE1/ that there

were no significant unexplained differences with r2spect to
cost estimates.

We believe after consideration of the record that the Staff's
cost estimates for construction and operation of radwaste

systems may be 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 reasonable to include costs of overtime or other
special features that may have in specific instances contributed

to higher than normal costs of installation. On the other

hand, the costs of operating the augmented equipment should

be realistically estimated; such estimates should include

reasonable allowances for maintenance of equipment and for

the increased work force and payroll based, insofar as is

possible, on actual experience as this experience exists or

becomes available.

91/ Regulatory Staff, Concluding Statement of Position,
Feb. 20, 1974, p. 45.
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b. How Should Cost-Benefit Balances Be Calculated?

The cosrs 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 Staff has, in effect, added for each effluent

type the several radwaste augments as a unit to the base-case
dual light-water-cooled nuclear power reactor system.ES/

From estimates of the cost of the radwaste augment package

and of the resulting decrease 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 the base-case.

SS!As Walton Rodger stated for CU:

"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

32/ Tr., p. 3912; Walter A. Rodger, Summary of Additional
~-

Testimony dated Nov. 9, 19.73, on Behalf of the Consolidated
Utility Group, p. 1.
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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-

culational models and the Staff's values for annual releases
of radioactivity 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.

We agree that by this technique of sequential addition of the

.ost effective radwaste augments (so that in effect each

addition constitutes with the other augments already present

s 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 total-body
r.an-rem and in man-thyroid rem for which the augment is
responsible. The cost-benefit calculations required by Appen-

fix I should include assessnent of the verth of each augment
by this procedure.

1257 42
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c. Can the Monetary Value of Cose Reduction to the
General Population Be Determined?

The Regulatory Staff agreed that it was desirable to express

the cost-benefit balance .in dollars on both sides of the
equation,E3/ 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 positionEA[ that
there is no agreement on monetary values for the reduction

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.:c overriding moral values
that cannot be quantified.

The Staff cites in the recordE5/ the several published esti-

mates of the monetary cost of radiation exposure of the public;
these range from S10 to $980 per man-rem. No values have

haen suggested for dose to single organs, such as the thyroid.

Ecwever, the relative risk of the dose to the thyroid compared

to the total body might suggest a lower value for a man-thyroid-
rem than for a man-rem.

cn the other hand, the Staff holds that despite the inherent

difficulties in the direct use of monetary values, it appears
:J/ Final Environmental Statement, WASH-1258, July 1973,~~

Vol. 1, p. 8-3.
94/ Ibid., pp. 8-2 and 8-3.
]I/ Ibid., p. 83.
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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.

In both the FESSb/ and its concluding' statement,S2[ the Staff

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 records / 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 would be

given weight along with other considerations in the ALAP ruling.
,

99 101/:n contrast, the Consolidated Utility Group did choose
-

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

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

Vol. 1, p. 8-2.
97/ Regulatory Staff, Concluding Statement of Position.
77/ Tr., pp. 3472-73.
II/ Consolidated Utility Group, Exhibit 5, Walton A. Rodger,

Additional Testimony on Behalf of the Consolidated Utility
--

Group, Exhibit 9, 1973.
100/ Consolidated Utility Group, Exhibit 6, Summary of Additional

Testimony dated Nov. 9, 1973, of Walton A. Rodger on Behalf
of the Consolidated Utility Group, p. 2.

101/ Tr., pp. 3913-15.

1257 :44



.... .

*'. . * ,

. .

* *
.

- 87 -

100/stated

-

"You may duck the issue .111 you want but in order to

make a meaningful cost-benefit analysis you 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 involved, and

that this is an area in which reasonable persons may

reasonably disagree. Nonetheless, we chose a value.

We chose 51000/ 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 allowance for 'cVerriding moral values'

and other intangibles which are hard to quantify."

102,103/
As the record makes clear these values of $1000 per

total body man-rem and S333 per man-thyroid-rem represent no

independent assessment. They were obtained by CU simply by

taking a value somewhat higher than the range of values 21#

102/ Tr., pp. 3944-45.
103/ Consolidated Utility Group, Statement of Position,

Jan. 19, 1974, p. 31.
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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 a man-rem.

The State of Minnesota made no assignment or decision as to

the worth of a man-rem.104/ 3innesota has argued consistently
.

that releases of radioactivity should be minimized but it has

not tied this recommendation to the resultant dose effect
nor has it made cost-benefit analyses in support of its
recommendations.104/ However, it seems clear from the record

that the State of Minnesota would put a very high value on a
=an-rem.105/

We agree with the Regulatory Staff and with CU that there are

great subjective factors to be censidered 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

for decision concerning a portion of the guidance in Appendix
I.

104/ Tr., pp. 1778-79.
105/ State of Minnesota, Final Statement of Position,

Feb. 1, 1974, p. 14.
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We are, however, of the view that the hearing record provides

an insufficient basis for a decision as to the monetary
sorth for reduction in radiation dosage to the population.

The hearing record contains previously published estimates

of worth of a' total-body man-rem, but no comparable figures

for worth of a man-thyroid-rem were presented. One of the

participants 100/ selected a value of S1000 per total-body man-

rem and arbitrarily set the worth cf a man-thyroid-rem at cae
third of that value. The hearing record, accordingly, contains

no evidence of its own regarding monetary values for either
of these quane.ities.

We are mindful that Appendix I applies onli to effluents from
light-water-cooled nuclear power reactors and cannot -- based

as it is on a record so limited -- be construed to apply co
reactors of other types or to other facilities in the nuclear

luel cycle. But we are also mindful that the choice of a
value for the monetary worth of a man-rem reduction in popu-

.ation dose to the general public cannot be reasonably claimed

to apply to only a single class of nuclear facility. We are

therefore convinced that this (properly) limited record cannot

;e used to establish appropriate general values for the mone-

:ary worth of a man-rem reduction in tocal-body or of a man-
:.:yroid-rem organ cose to the pcpulacion.

1257 147
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Sound and unambiguous values for the worth of these quantities

(or some 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.106/ When such better established values

cecome available for adoption, we incand that they be used in

the cost-benefit analyses required in this Appendix I.

Meanwhile, 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

total-body dose to the pc.pulation.

It can be argued that the worth of reducing the thyroid dose

by a man-thyroid-rem is smaller. However, the record offers

insufficient guidance upon this point. In this context we

have accepted, as an interim measure, the value $1000 per man-

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

106/ Ne are aware that the National Academy of Sciences - National
Research Council Advisory Committee on Biological Effects
of Ionizing Radiations is currently studying and developing
methodologies for benefit-risk-cos: analysis for activities
involving radiation exposure. It is possible that informa-
tion on monetary values for the worth of reduction of
radiation dose, as well as useful methodology, may be
provided by this study.

e7 'k-
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We emphasise 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 quantities

will be smaller.

Consistent with the foregoing, as an interim measure and until

more suitable values or other criteria can be established, we

have decided that $1000 per total-body man-tem and $1000 per

man-thyroid-rem -- or such lesser values as may be demonstrated

by the applicant to be suitable in a particular case -- shall

be used in the required cost-benefit balances.

6. Shall Exceptions to the Design-Objective Guides Be Allowed
If Radwaste Systems Contain " Baseline In-Plant Control
Measures"?

In its concluding statement the Regulatory Staff introduced the

recommendation that exceptions to the design-objective guides

for liquid effluents 107/ and for radioicdine and radioactive
l08/raterials in particulate form be allowed if certain " baseline

in-plant centrol measures" were included in the radwaste-systems

design.

For liquid effluents the design-objective guides proposed by

-he Staff stated that"07/ the calculated annual total quantity1

of all radioactive material from all light-water-cooled nuclear

v7/ Regulatory Staff, Concluding Statement of Position,
Feb. 20, 1974, pp. 26-27,

105/ 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 5 millirems, and the calculated annual total

quantity of radioactive material, except tritium and dissolved

gases, should not exceed 5 curies for each light-water-cooled

reactor at a site. However, if the applicant had proposed

baseline in-plant control measures (of which several typical

examples were listed), the calculated annual total quantity

could be permitted to exceed the 5-curie limit for each light-

water-cooled nuclear power reactor provided the design-objective

guide for the dose limit was met.

The Staff has proposed no increase in its design-objective

(per site) dose level even if the baseline in-plant control

iceasures are included in the liquid-radwaste system. We

believe that inclusion of such measures would certainly not

Oustify an increase in the (per reactor) design-objective

dose lavels that we have adopted. Accordingly, since we

nave not included quantity limits in our design-objective

guides,109/ we include no provision for baseline in-plant

centrol measures for liquid effluents in the Appendix I that

ue adopt.

_J9f section S4 of this chapter, above.
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For emissions of radioactive iodine and radioactive material

in particulate form, the Staff proposed that an exception to the

design-objective dose be allowed if the baseline in-plant

control measures were included in the radwaste-system design.108/

The Staff recommended that the (per site) annual dose limit

from radiciodine and radioactive material in particulate form
~

should not exceed 15 millirems to 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) ,

he could be permitted releases of radiciodine and radioactive

=aterial in particulate form in quantities that did not exceed

four times the quantity that would yield the 15 millirem dose

to any organ of an off-site individual.

3oth GE and CU argued strongly against inclusion of such

:23eline in-plant control measures in Appendix I. They claimed

that the baseline in-plant control measures approach is un-

varranted since the ALAP record shcws that most of the
l10-ll3/' measures" are unjustifiable on a cost-benefit basisi

_10/ General Electric, Reply, Mar. 14, 1974, pp. 22-23.
_21/ Walton A. Rcdger, Additional Testimony on Sehalf of the

Consol. dated Utility Group, Nov. 9, 1973, pp. 1-38.
112/ Consolidated Utility Group, Statr:asnt of Position,

Jan. 19, 1974, pp. 29-41.
__3/ Consolidated Utility Group, Reply, Mar. 7, 1974, pp. 6-7.
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that monitoring data at operating light-water-cooled nuclear

power reactors show that most of these " measures" are unneces-
*

sary to meet the design cbjectives;'14'115/ and that, acccid'

augmentation for building air ventilation releases be neces-
'

sary, most of the suggested " measures" would be technically and

economically inappropriate for reducing such emissions.ll5/

il6/:n addition, GE argued that, until the release of the

Regulatory Staff's concluding statement, the guides of proposed

Appendix I and the alternative provisions proposed by other

parties 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

and their engineering consultants--without reference to the

jerformance and cost-benefit status of the equipment prescribed.

Ne deem it the sounder course that the design-objective guides

should be drawn as performance goals and should not, unless
"

.ecessary for the protection of the public health and

safety, incorporate requirements for specific equipment. Cur

:ssessment of the record does not suppcrt a conclusion that

'.14 / Regulatory Staff, Exhibit 24, Oct. 1973.
ITI/ General Electric, Exhibit 5, Nov. 9, 1973.
116/ General Electric, Reply, Mar. 14, 1974, p. 21.
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installation of the baseline in-plant control measures -- and

the consequent relaxation of the design-objective guides on

doses to individuals -- is necessary or desirable for such

protection of the public health and safety.

We note that CU has stated 117# ~

that PWR's and BWR's using

the assumptions in the FES and with the radwaste augments
- ustifiable on a cost-benefit basis (ind which we would

require) would release about 0.6 and 0.3 curies per year of

iodine-131, 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 population

within 50 miles. Additional radwaste augmentation may well

da required to limit the thyroid dose to specific individuals

/ia the milk pathway where cows graze close'to a site. How-

aver, we believe that, with the design-objective values of our

sdcpted Appendix I, the near neighbor of the light-water-

::cled nuclear pcw?r reactors will be adequately protected and

tha: the baseline in-plant control measures would seldom, if

aver, be necessary. Accordingly, we have not included

provisions for such =aasures in the Appendix I that we adopt.

_l'/ Consolidated Utility Group, Reply, Mar. 7, 1974, pp. 12-13.

' E 'J
7- ,

) JJ.



-
.

*
.

,

* '

.

.

-
.

- 96 -

7. Shall Limits Upon Direct Gamma Radiation From Reactors
and Associated Ecuipment Be Included?

The State of Minnt 4sta took the position that Appendix I

boundary-dose calculations should specifically include the

contributions from direct gamma radiation from the reactor
site (ghmma shine).118I Consolidated National Intervenors !-

also raised this point concerning radiation other than that

from radioactive materials in effluents from light-water-
cooled nuclear power reactors. An early position of the

Environmental Protection Agency (EPA) ! also included the
suggestion that direct gamma radiation should be considered.

The Environmental Protection Agency no longer holds this
view; it states:121/ "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 locations. 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 hns shown the

highest radiation dose rate at the site boundary to be

generally less than 10 millirems per year from this source:

118/ State of Minnesota, Final Statement of Position,
Chapter II-E, Part 3, Feb. 1, 1974.

119/ Anthony Roisman to Algie Wells, et al., Feb. 15, 1972,
p. 6.

120/ Final Environmental Statement, WASH-1258, July 1973,
Vol. 3, pp. 263-264.

121/ W. D. Rowe to L. Manning Munt:ing, received Mar. 12, 1974,
p. 3.

17C' c5
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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 the population dose.122/

This hearing has been concerned from the beginning with

keeping "as low as practicable" the risks to the public from

radioactive materials in effluents from light-water-cooled

!power reactors. Moreover, as the Regulatory Staff testified,

proposed Appendix I was not intended to include direct radiation

from the nuclear facility.

We agree that such direct or scattered gamma radiation from

the turbine building and from waste storage tanks and other

equipment containing radioactive 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 and 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 Appendix I.

8. Will Increased Occupational Exposure to Radiation
Prejudice the Favoreble Effect of Appendix I?

The Consolidated Utility Group (CU), the Atomic Industrial

122/ Regulatory Staff, Concluding Statement of Position,
Feb. 20, 1974, p. 65.

123/ Tr., pp. 595-598.

crr7 *
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Forum (AIF), and to a lesser extent the General Electric

Company showed concern about the possible effect of proposed

Appendix I on occupational exposure.

in commenting on the Draft Environmental Statement,124/The AIF,

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 radioactive materials neces-

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

In its closing position statement,125/ 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 statement 6/ 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

124/ Final Environmental Statement, WASH-1258, July 1973,
Vol. 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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127,128/extent on the testimony of Morton I. Goldman concerning

likely increases in occupstional exposure due to augments to
.

radwaste 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 occupational

exposure, the Regulatory Staff attempted an analysis of data

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 occupational exposure by visiting 11 selected

operating nuclear power plants, reviewing exposure records,

and holding discussions with utility personnel.1 9/ This study

suggested that augmentation of the radwaste-treatment systems

to 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

127/ Morton I. Goldman, Additional Testimony on Behalf of the
Consolidated Utility Group (Part 1), Occupational
Exposure, Docket RM-50-2.

128/ Tr., pp. 3605-14 and 3999-4048.
12T/ Charles A. Willis, A Study of the Occupational Radiation

Exposure Due to Radwaste Treatment Systems at Nuclear
Powcr Plants, Docket RM-50-2, Exhibit 23.

1257 '57



'

.

* .'
. .

8

- 100 -

occupational exposure".130/ This conclusion seems not to be

challenged in the replies by CU131/ and GE132/ to the con-

cluding statement of position of the Regulatory Staff.

We continue to be concerned about the level of occupational
_

exposure in nuclear power plants, and steps are 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 impreve 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

objective. 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.

130/ Regulatory Staff, Concluding Statement of Position,
Docket RM-50-2, Feb. 20, 1974, p. 64.

131/ Consolidated Utility Group, Reply, Mar. 7, 1974.
132/ General Electric, Reply, Mar. 14, 1974.

1257 i58
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CHAPTER IV

GUIDES ON TECHNICAL SPECIFICATIONS FOR
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 ptocedures 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 radioactive

materials in effluents as low as practicable. The Appendix

I that we adopt provides more specific guidance to licensees

in this respect.
'

A. The Rule

Section IV of Appendix I specifies action levels for the

licensee. If, for any individual light-water-cooled nuclear

pcwer reactor, the quantity of radioactive 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 one-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 situation, and report

these actions to the Commission within 30 days of the end

1?;7, *59.
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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 radioactive 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 radioactive materials in the environment so
that the relationship between quantities of radioactive

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 develegad in the sur-

veillance and monitoring program described above sho,' the

relationchip between quantities of radioactive 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 limits, the

Ccamission 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-iodine 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

1. Action Levels and Licensee and Commission Action
,

We expect that the annual releases of radioactive 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 radioactive materials in effluents from light-

water-cooled nuclear power reactors within the design-objective

1257 161
.
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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 radioactive materials higher than those

specified as the design-objective guides.

- The Regulatory Staff has consistently argued '2/ that operating1

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 opinion on
the formulation of guidelines in this regard.

The Consolidated Utility Group has argued,1/ "the degree of

operating flexibility provided in [the originally] proposed
Appendix I is too restrictive and may threaten power system

reliability." Similar arguments were presented by the Atomic

Industrial Forum,1! the Gulf General Atomic Company,1! the

Bechtel Power Corporation,b! Ebasco Services,1! and the American

M Regulatory Staff, Exhibit 1, Tab. 1.
32 and-! Regulatory Staff, Concluding Statement of Position, pp.

68-70.

1/ Consolidated Utility Group, Statement of Position, p. 16.
1# Tr., p. 86; Merril Eisenbud, Statement, p. 6.
b/ Final Environmental Statement, p. 61.
5# Final Environmental Statement, pp. 91-92.
1! Tr., pp..109-116.

125,7 in
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Electric Power Service Corporation.S! On the other hand,

Consolidated' National Intervenors contended that no provisions
for operating flexibility were necessary or desirLble.S!
Moreover, the State of Minnesota in its final statementbEI

argued that there has been no showing by the utilities of a

need for operating flexibility, that subh' 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, Minnesota

recommended guidelines for limiting conditions for cporation.

The evidence shows 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 radioactivity in effluents which exceed the design-

objective guide values, and that operational flexibility,
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

$/ Letter from Robert S. Hunter to Secretary, U. S. Atomic
Energy Commission, Feb. 22, 1972.

S/ Anthony Roisman to Algie A. Wells et al., Feb. 15, 1972.
ES! State of Minnesota, Final Statement of Position, pp. 4-5.
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too reatrictive were specifically directed to the guidelines

originally proposed. In 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 suggest that the
~

Commission would be inattentive to" releases of smaller

magnitude.

2. 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 1970.11/ The quantitative

data that can be acquired in the future through programs of

measurement and surveillance in the plant as well as in the

environment have been noted by several participants as being

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

ticable" policy and Appendix I.

Quantitative measurement of radioactive materials released

in effluents has always been required of persons liceased to

11/35 F.R. 5414 and 18387.
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operate nuclear power plants. Indeed, the amendments to

Part 50, published December 3, 1970, require that all such

licensees periodically report to the Commissien "the quan-

tity of each of the principal radionuclides released to

unrestricted areas in liquid and in gaseous effluents...and such

other information as may be required by the Commission to

estimate maximum potential annual radiation doses to the

public resulting from effluent releases."12/ It is clear

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 paragraph

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 Consolidated National Inter-

venors, would prefer higher design-objective doses if that

were necessary to make measurement of human dose practicable.13/
'

This preference for measured confirmation of estimates was

shared by other participants. As discussed in Chapter V,

the incentives for improving calculational models, which

12/ 10 CFR 50. 36a (a) (2) .
11! 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 objectives

for each reactor, are strong. E/ Measurements at operating

reactors are.a means for making improvements.E/ 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 en.vironmental

radioactivity are generally small in comparison with values

calculated from known or presumed release rates. E/

Deviations of measured from calculated doses are not alto-

gether a result of deficient 4:alculational methods. Mea-

surements of environmental exposures and quantities of

radioactive materials in the environs are complicated by the

very low concentratior.= encountered, ccmpared to background,

and by the fact that a multitude of factors, many varying in

time and space, affect the concentration. Thus the corre-

lation of the best of measurements with the best of cal-

culations is tedious and difficult. E/

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

E/ Regulatory Staff, concluding Statement, p. 16; Lester Rogers,
Testimony for the Regulatory Staff, Tr. , p. 3409.

E! Consolidated Utility ,a p, Statement of Position, p. 36;

General Electric, Rep.1, pp. 16-18.

E! See the discussion of the iodine pathway study in the Final
Environmental ** atement, Regulatory Staff, Exhibit 21, Vol. 1,

pp, 9-16 to 9-21; Regulatory 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-objective

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 utilities;1EI owever, weh

are assured that surveillance and monitoring are feasible

for the more sensitive pathways to radiation exposure.19/-

Studies involving environmental measurements are not likely

to be of practical value in relating emissions to dosage

except in cases of those specific radionuclides and exposure

pathways which make major contribution to design objectives;SS/

accordingly, licensees should be expected to make environ ~.ttal

studies only of the sensitive pathways.

The pathway of greatest concern is the radiciodine course

frem air to grass to cow to milk *o child. The Commission

and the Environmental Protection Agency made a study of this

pathway, including a program of independent measurements in

the vicinity of three operating light-water-cooled nuclear

power plants.21/ This study and further evidence in the

18/ James M. Smith, Testimony for General Electric, Exhibit 7,
pp. 12-21, and Regulatory Staff, 2:thibit 26.

ES/ General Electric, Closin; Statement, p. 41; James M. Smith,
Testimony for General Electric; General Electric, Exhibit 7.

SS[ National Intervenors, Exhibit 3 CDr. Radford), pp. 2-3.
S1/ Final Environmental Statement, Regulatory Staff, Exhibit 21,

Vol. 1, pp. 9-16 to 9-21;, Regulatory Staff, Exhibit 24;
Tr., pp. 3522-84.
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record show the practicability of making useful measurements

perteining to the radiciodine pathway in situations in which

radiciodine releases at' substantial. b 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.

e/
See for example Regulatory Staff, Exhibit 26. ./O
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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 the Commission to the Regulatory Staff and to

applicants in applying the numerical guidelines to the

dr. sign objectives of a specific reactor. This is discussed

under the heading " Numerical Guidelines." Appendix.

I i corporates these two matters in Section V, Effective

and Section III, Implementation, respectively.' ' *

A. Applicability

1. 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.

2$7 ih.9J i i
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For each :ight-water-cooled nuclear power reactor constructed

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 Commission:

(1) such information as is necessary to evaluate the

means employed for keeping levels of radioactivity

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 radioactive

materials to unrestricted areas during normal reactor

operations, including expected operational occurrences,

as low as practicable.

2. 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

construct nuclear power reactors;

17r7
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(b) information contained in applications for licenses to

operate such reactors; and

(c) 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 radioactive 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 to operate nuclear power reactors

conform to the specific provisions of section 50.34a -- i.e.,

17F7 4 7
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to submit " design-objectives" for already-constructed facilities.

In its original statement of considerations, the Commission

stated:b/
"The Commission believes that, in general, the

releases of radioactivity 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.l(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 would 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-cooled nuclear pcwer reactors, may ccmply

with the "as low as practicable" requirement.

b/ 35 Fed. Reg. 5414.

*7312e,a: : a



.:.

* *
. ,

. .

- 115 -
.

It should be noted that all licensees who may not other-

wise be required to establish design objectives relative

to radioactive materials 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.2/ The other is concerned with " limiting
conditions for operation" to be included in technical

specifications.3/ 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 esse,nce of the Regulatory Staff's position is:$!

"...that the limiting conditions for operation de-

scribed in Section IV of Appendix I be applicable

-2/
10 CFR 50.34a(a).

-3/
10 CFR 50.36(c) (2) and 50.36a.

4/
-

Regulatory Staff, Concluding Statement, pp. 73-74.

1257 173
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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 appl,ication was filed on or

after January 2, 1971. For all other 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-cooled nuclear power

reactor. The amendments to Part 50, sections 50.34a and

50.36a requiring that levels of radioactivity in effluents

from light-water-cooled nuclear power reactors (be kept as

low as practicable] have been in effect for more than three

years and substantial progress has bean 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 be 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 of plants

already constructed or in operation with additional control

equipment.5/ They argued that the facts require that the

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

1/ General Electric, Reply, pp. 34-35.
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with the basic standard, must make special allowance for

currently operating plants and that guides and ILnits that are
"as icw 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.5!

Although the backfitting issue arose over the part of

proposed Appendix I that dealt only with " limiting conditions
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 compliance involved back-
fitting.2! We note that the record shows that some such

licensees had already undertaken steps, including backfitting,

to comply with proposed Appendix I, even though it was not an
effective part of the Commission's regulations.S/ The Regulatory

Staff agreed, however, that backfitting should be considered on
a case-by-case basis.E/

5/ Consolidated Utilities, Reply, p. 25.
2/ Lester Rogers, Testimony for the Regulatory Staff,

Tr., pp. 340-341.

E/ Tr., p. 4147.

S[ Lester Rogers, Testimony, Tr., pp. 3591-92.
17r7 17r
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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.y_

plant that is still being designed.10,11/ Furthermore, the

information on the quantities of radioactive material in

effluents of these plants indicates no need for any pre-

cipitous action that would be ap 'icable to all existing
plants alike.12/ These two factots lead vs to conclude

that the licenses for existing ple.nts 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: an holding a license to

operate an existing plant has no less right to follow
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
by General Electric,bS[ the methods that would be permissible

ES/ Final Environmental Statement, Vol. 1, pp. 3-4 and 3-5.
bb/ Regulatory Staff, Exhibit 25, pp. 4 and 10.
ES/ Regulatory Staff, Exhibit 27.
12[ General Electric, Closing Statement, pp. 54-56.
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as bases for establishing design objectives. We agree

that it would be preferable to base evaluations of design
objectives on actual operating experience with the reactor

in question in cases where substantial relevant information

has been accumulated during plant operations.
.

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 conclud!.ng 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

1

proposed a 24-month period.^4'15/ General Electric prcposed

that 36 months be allowed for compliance;16/ while the

Consolidated Utility Group would set no deadline except

for a 12-month period within which holders of permits or
licensees would have to file plans with the Commission.12/

Ad/ 36 FR 11113.
15/ egulatory Staff, Concluding Statement,R p. 35.
15/ General Electric, closing Statement, pp. 54-57.
b1[ Consolidated Utility Group, Statement of Position, pp. A7-AS.
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In view of the facts already noted, namely, that there is

no hazard presently and generally being imposed 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 needed. 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 besn undis-

puted or a part of the evidentiary record.1S/ 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 for

compliance is adequate.

B. Implementation of Numerical Guidelines

1. The Rule

We have decided that Appendix I should explicitly include

Commission guidance to the Regulatory Staff and to other
,

18/
-~

Regulatory Staff, Concluding Statement, p. 73 and Annex.
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interested persons with respect to the use of conservative

or realistic calculational procedures in the application

of the numerical guides for design objectives. Accordingly,

Section III of Appendix I states that compliance with the

guides en design objectives shall be demonstrated by cal-
-

culational procedures based on models and data such that

the actual exposure of an individual through apprcpriate

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 objectives in accordance with the guides of Section

II of Appendix I, the estimation of exposure shall be made

with respect to such potential land and water use and food

pathways as could actually exist during the term of pla't

operation, provided that, if special surveillance measures

are carried out, the requirements of paragraph C of Section

II with respect to radioactive iodine may be made on the

basis of such food pathways and individual receptors as

actually axist 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 reasonable deviations of individual

i257 '.79
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habits from the average. The applicant may take account

of any real phenomena or factors actually affecting the

estimate of radiation exposure, including the characteristics

of the plant, modes of discharge of radioactive materials,

physical processes tending to attenuate the quantity of

radioactive z.aterial 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 respect

to radioactive iodine on the basis of existing conditions

and if potential changes in land and water use and food

pathways could rasult 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 quantities of radioactive iodine actually released

to the atmosphere and deposited relative to those

estimated in the determination of design objectives;

(b) whether changes in land and water use and food path-

ways which would result in individual exposures

greater than originally estimated have occurred; and

(c) the content of radioactive iodine an foods involved

in the changes, if and when they occur.

i257 ~80
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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 requirements

that radioactive material in effluents released to unre-
stricted areas from licht-water-cooled nuclear power
reactors be kept as low as practicable. These guidelines,

particularly with respect to design objectives, 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 rer.lism 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 of nuclear power reactors in

conformance with Appendix I is sufficiently small that no

i257 ~31
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additional expense could be justified for reducing the

exposure of an individual further~than required 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

question with respect to section 50.34a. It is just as

essential that Appendix I be anderstood 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 evalus'4ons.

The numerical guideline values were adopted in the light

of numerous evaluations of typical nuclear plants at

various types of sites. These evaluations, presented by

varions parties, were based on calculations of radiation

dosas which generally could be understood as estimates of

_evel of expecure of individuals in the general public'

from hypothetical releases of radioactive material.

Similar estimates will have to be made on a case-by-case

basis by applicants for licenses for light-water-cooled

nuclear power reactors in order to establish appropriate

\23,i g74
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design objectives. Thus the use of calculational procedures

based at least partially upon hypotheses is unavoidable.
.

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 consonance with

the process of their adoption. The necessity and importance

of adequate attention to numerical calculational procedures

was aptly expressed by Hearing Board member Walter H.

Jordan:19/ "[t]he 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

Regulatory Staff and proposed that Appendix I include

guidance on implementation in order to ensure that applicants

have the opportunity to use reasonably realistic assumptions

--19/
Tr., pp. 2547-48.
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in their procedures for estimating radiation exposure.20-22/

The necessity of explicit guidance is suggested in the

argument that the procedures used by the Regulatory Staff

for calculating doses show a predisposition to make unnec-

essarily conservative assumptions. The draft Regulatory

Guides circulated by the Directorate of Regulatory Standards

with the Staff's concluding statement reflect 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;3S/ 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
progressed.SE/ 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

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

Sb! Consolidated Utility Group, Statement of Position,
pp, 13-14, 71, and A-4.

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

S$! 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.

SS/ Consolidated Utility Group, Statement of Position, p. 44.
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to be applicable to the analysis of individual applications

for .'icenses in the implementation of Appendix I. Examples

of allegedly unnecessarily conservative implementation

methods, as they have been used in current licensing, include:

excessive cource-term assumptions with regard to radiciodine

emissions; 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 radiciodine on forages; and postulation

of nonexistent dairy cows and unrealistic milk-consumption

patterns.21/

Following the filing of the Regulatory Staff's concluding

statement, General Electric noted what it believed to be

important improvements in the Staff's proposed Appendix I,

including some dealing with calculadional models; but GE

further noted that the Staff's proposed Appendix I still

failed to specify whether the calculational assump* ions and

models to be used in implementation are to be established on

a " conservative" basis or, as GE urged, on the basis of

best-estimates of the relevant physical phenomena.S5/
.

The Staff argued neither for nor against including guidance

on calculational assumptions in Appendix I, although in

A5/ General Electric, Closing Statement, p. 5.

S1/ General Electric, Reply, pp. 2-3.
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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

attained.32/

We believe the evidence at hand supports the decision that

Appendix I phould 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 proceduras require the

skillful use of mathematical 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 models which are conceived to describe an ideali=ed case.

52/ Lester 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 describe, albeit approximately:

(a) sources of radioactive 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

(c) the model receptor, i.e., a real or hypothetical in-

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 receptor 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

properly identifies this as a means of expressing regulatory

intent.SEI Second, models and data must be found which

represent the physical phenomena involved with some useful

S$/ Regulatory Staff, Closing Statement, p. 52.

1257 '87
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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.29-33/

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, although 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 concluding statement was filed. W

We believe we have developed a suitable resolution of the

differences for all practical purposes. Our resolution

strongly favors the suggestions that calculational methods

be realistic, which in turn has influenced our adoption of

particular numerical guidal.ine values for dose objectives.

This resolution, thus, has been a strong factor in our

reconciliation of the differences among parties as to those

values for, as one party stated: E/ "The evidence is clear

E General Electric, Closing Statement, pp. 26-45.
3_0,/ Ned R. Horton, Testimony, General Electric, Exhibit 6.
3.1/ James M. Smith, Tescimony, General Electric, Exhibit 7.

3,2,/ Oral Argument, Tr., pp. 110-127.
b! Consolidated Utility Group, Statement of Position,

pp. 13-14 and 71.

b General Electric, Reply, p. 2.
N/ eneral Electric, Reply, p. 24.G
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that, realistically applied, the dose objectives now pre-

sented _a (the Staff's proposed] Revised Appendix I can be

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

The essence of our conc 1psions 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 phenmena, including plant perfomance,

as he considere useful. An applicant n::y take into acccunt

situations not adequately characterized by such standardized

models as may be available t.n'th respect to specific features

of plant design, proposed modes of plant operation, or local

natural ewironmental features uhich are not likely to change

significantly during the tem of plant cperation.

General Electric noted several effects that should be recog-

nized,E/ and we restate some of them here to illustrate '

natural phenomena that might be partially or entirely

neglected in standard models but could be properly con-

sidered:

(a) radioisotopic composition of effluents;

(b) radioactive decay of released nuclides prior to

exposure of the receptor;

E# General Electric, Concluding Statement, pp. 28-32.
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(c) waterway flow and the associated diffusion and

dilution;

DS) removal of radioactive material from solution or
suspension in the water by sedimentation or other

naturally occurring mechanisms or by water-treatmer>

processes;
.

.

De) exposure modes and occupancy or use factors;

(f) release conditions (to the atmosphere) including

elevation of release point, effluent stream buoy-

ancy and momentum, and building geometry;

Og) local meteorolcgical and aerodynamic conditions

influencing airborne effluent plume dispersion;
(h) be~ta and gamaa radiation energies for the radio-

isotopes released and the associated dose effects;

(1) chemical form and physical behavior of the efflu-

ent constituents;

(j) plume elevation, size, and depletion;

(:k) shielding effects;

(1) partitioning, filtration, and other retention and

depletion effects;

On) deposition rates and velocities for the various

chettical forms of released radiciodine on offsite
vegetation, ground, and other surf aces, with

r, .
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appropriate apportionment to the vegetation of its

capture fraction; and

(n) weathering and other loss factors for radiciodine

on grass and other vegetation.

Clearly other 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.22/ In their concluding

statement the Staff quoted from the statement published

with each Regulatory Guide:SS/

" Regulatory Guides are not substitutes for regulstions

and compliance with them is not required. Methods and

solutions dirferent from thoss 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 Commission."

21/ Lester Rogers, Testimony, Tr., pp. 3391, 3411; Peter O.
Strom, Tr., p. 3447; Earl H. Markee, Tr., p. 3380.

$$/ Regulatory Staff, Concluding Statement, p. 83.
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The models last proposed by the Regulatory StaffE! are

different from the highly criticized versions used in the

evaluations presented in the Final Environmental Statement.40/

Testimony of the Staff indicates that the models used by the
Staff and described in Regulatory Guides will continue to

change.41/ We believe Regulatory Guides to be useful;

however, Regulatory Guide models should not be applied as a

norm to be abandoned at the peril of the applicant. We

believe the testimony of Staff witnesses in this hearing
might, by some reasonable persons, indeed be construed as

indicating that the Staff has been excessively zealous in
applying Regulatory Guide models. We particularly expect

all parties to licensing actions to which Appendix I applies
to note both the potential utility of Regulatory Guides and

their subordinate status relative to Commission regulations
and opinions.

.

(2) Where selection of data is strictly a :~.atter of interpreting

e=perimental evidence, both the applicant and the Regulatory

Staff si:culd use prudent scientific expertise to select those

values which uculd be e=pected to yield estimates nearest the

reat case.

N! Attachment to Concluding Statement of Position of the
Regulatory Staff.

N/ egulatory Staff, Exhibit 21.R
41/

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.42-45/ The -

Staff has conceded that conservatisms existed ard were being
reevaluated continually.S5/ It is our judgment in consider-

ation of the detailed discussions of the modelr and data in
.

testimony, in closing statements, and in oral argument that

specific models and data should not be standardized by

incorporation in Appendix I, as proposed by the State of
Minnesota.S2/ 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 gui.delines. We believe that the opportunity to
modify m'odels and data as new experimental information ecmes

b2[ General Electric, Closing Statement, pp. 5 and 29-43.
AdI Ned R. Horton, Testimony, General Electric, Exhibi t 6.
SA! ConJolidated Utility Group, Statement of Position,

pp. 13-14 and 42-50.
SE/ alton A.W Rodger, Testimony, Tr., 3909.
15[ Lester Rogers, Testimony, Tr., pp. 3409, 3439-40, and 3460;

Earl H. Markee, Tr., pp. 3432-33; and John T. Collins,
Tr., pp. 3449-52.

E1! State of Minnesota, 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 R3gulatory
Guides and by case-by-case evaluations.

(3) If approrime. dons implicit in a model can produce a deviation

from the true result the direction of which is either uncer-

tain or vould tend to underestimte dosage o- if available

ecperimental information leaves a substantial range of un-

cartainty a to the best estimate of scme parcmeter values,
'

or bot', data should be chosen so as to make it unlikely,

' h att such deviations and uncertainties taken into

account together, that the true dose would be underestimated

substantialiy.

Two potential sources of deviation from a realistic dose
estimate u.:e of concern here. One is the use, at an appli-

cant's p:efarence, of a simplified model, which necessitates,

in good judgment, the use of some conservatism in setting
design objectives. The other is the existence, in spite of
the best efforts of all parties, of experimental uncertain-
ties in parameter values. *

Mathematical models describing the various sequences of

natural phenomena which relate releases of radioactive

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

)20
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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
cas3 so easily. There is no regulatory necessity for per-
forming the most realistic dose estimates that are tech-

nologically achi evable if a less complex and less expensive

analysis can be made to demonstrate compliange with licensing
requirements. The use of the simpler procedure may, hcwever,
introduce a wider range of uncertainty in estimated doses

,

than a more complicated analysis. Hence the proper choice

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 oral arguments.dS/ 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 preci,se definition of
"best estimate." We also are reluctant to propound a precise

general rule on this point 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

SS/ Oral 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 phenomenon

to phenome,non.

The modela 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 procedurcs 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.SE!

Surveillance and quantitative monitoring of effluents are

already required by existing regulations; additional guide-
,

lines for collection of data for each operating plant

necessary for this purpose are included in Appendix I.

d2/ Regulatory Staff, Concluding Statement, pp. 60-61.

| 2 G ,7 * g o-;
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(4) The modele used in describing effluent rcleases should take

into account att reat sources and pathways vithin the plans;

and the estimated releases should be characteristic of the

capacted average releases over a long period of time, uith

account taken of normat operation and anticipated operational

occurrences over the lifetime of the plant.

. The record is free from significant controversy as to the
general model of an cperating plant which should be assumed

for the purpose of datermining design objectives. The

schedule of operation assumed by an appliennt, if it turns

out to be unrealistic, may later impose some inconvenience

or expense on him through the influence of limiting conditions
of operation ad' opted in accordance with Appendix I. This

possibility is one to which the applicant would normally be

sensitive, but it would not diminish the protcetion of tne
public from the effects of radioactive diccharges.

(5) Tne model of the caposed indiv~* dual ard the ascred

characteristics of the envircna uith reepect to h:can

occupancy and to land and uater use 9.ould be deter ~:ned

in each case in accordance with the in:ent indica:ed belcu

for each particular category of effluent for which design-

objective guidelines are given.

(a) For design objectives affected by assw:ptions as to

cons:cytion of water or food (other than m'ik) produced

in the environs, one shculd consider :he model individual

1257 '97



.

\. ..
-

.

- : .

- Aeu - . .

.

to be that hypothetical indivihat who uould be ma=icatty

exposed with account taken only of such potential occupancies

and usages as could actually be realized during the tem of

plant operation.

(b) For design objectives affected by e=posure as a direct

result of human occupancy (i.mersion e=posure), the model

individual should be the hypothetical individual ma imally

exposed with account taken only of such potential occupancies,

including the fmetion of time an individual vould be e= posed,

as could actually be realized during the tem of plant

opension.

We are persuaded by the evidence that, at most sites with

realistic modeling of the natural phenomena affecting these

exposure pathways, design objectives based on reasonable

occupancy times and intake values could conform to guideline

values at reasonable cost of control, even for a hypothetical

receptor.50/

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 augmen' ed as justified on a cost-benefit basis inc

E General Electric, Reply, p. 24.

1257 '98
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terms of population dose reduction would meet the individual
whole-body dose objective of 5 millirems.E1/ We note that

the Consolidated 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
used.j2/ While we are not adopting their opinion as our
own, this conclusion and the further conclusions of the

Consolidated Utility Group in this same place ! with respect
to justification 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

of actual human occupancy at the time of plant design, as

was proposed by the Consolidated Utility Group.53/ To adopt

guidelines that would generally leave all consideration of

EAI Regulatory Staff, Statement of Position, p. 33.52/
Consolidated Utility Group, Reply, pp. 15-17.--

53/ Consolidated Utility Group, Statement of Position, items
2 and 3, pp. 33-34.

5d/ Consolidated Utility Group, Statement of Position, items
2 and 3, p. A-4.
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. ,

, .,

. . .

.'Av. -

future use of the environs to post-licensing regulation

would be unwise in the instances where it has been clearly

shown that an accommodation of reasonable potential future

uses can be accomplished at reasonable cost. This is the

case for all effluents except radioactive 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 5:ith respect to potential future uses.

This takes not only the economic balance into account but

also the less tangible but equally important values of

environmental 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 hypothesen. We are mindful, as already mentioned, 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 adrantageous to the

applicant to base his case principally on a cost-benefit analysis.
Such circumstances may involve: currently operating reactors for

which the cost-benefit status of equipment augments is highly

}257
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site-dagendent 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.55/ We believe thia
option will provide adequate relief in such cases. The

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.EII

There is substantial controversy in the record on the proper
assumptions respecting such factors as the location 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 phenomenology and, therefore, should be

dealt with in accordance with points 1-3 above. For example,

dilution of effluents in receiving waters, fish habits, and

normal human intakes of food 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

/ General Electric, Reply, pp. 23-24.
55/ Consolidated Utility Group, Reply, p. 10.

1257 'O1
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and real deparuure 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--

ceasing, as was assumed for some of the evaluations of the

Final Environmental Statement. W

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.

(c) For design objectives relative to thyrcid dose as af-

facted by conswption of mith, the iodine pati.xy through the.

*entrons of a plant and the ci-mteristics of the model

receptor should be essentially as they actually e:ist 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 consumption of milk would be the

E Tr., pp. 3402-03 and 4329-30.

1257 202
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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 exceptional case.

The estimated economic costs of instituting in-plant controls

of iodine emirsions 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 account.

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 envirens.

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-thy'roid

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

to receptor, there would be many plants that could not meet-

the numerical guideline on the basis of a hypothetical food

pathway to an individual without in-plant controls the cost

i257 '03
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of which outweighs the incremental benefit to the population

at large.
.

In adopting this guideline for radioactive iodines and

particulates discharged into the atmosphere, we have con-

sidered the following special questions:

Is every individual adequately protected from excessive

o josure? Is individual freedom of access and use of

unrestricted areas assured? Is the likely cost of

implementation la this way less than that of providing

additional in-plant controls at the outset? Is the

possible curtailment of future productivity of the

environs justifiable?

The record supports an affirmative answer to eacr of these

questions. Individual protection for real persons is

accomplished by existing radiation protection standards; the

design objectives adopted here for as low as practicable

purposes for each reacter amount to 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 design objective =. If such changes were

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

1257 204
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be obligated to take appropriate action, namely, to control

emissions or other elements of the exposure pathway in such

a way as to maintain individual exposures in conformance
~

with design-objective 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 closing

statements of these three parties. General Electric expresses

the principal arguments in one place as follows:5S!

"In the extremely rare instance where, after licensing,

plans are developed and actions are taken to 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 normally

cause actual emissions to remain below their design
basis values.... Even if doses exceeding the numerical

guides should result, reasonable and inexpensive steps

51/ General Electric, closing Statement, p. 35. See also
further argument on pp. 39-41.

1257 205
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would almost certainly be available at that time to

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."
_

Furthermore 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.ES/ 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 sim ' 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 radioactive 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

5S/ ee Regulatory Staff, Final Environmental Statement, Vol. 1,S

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.
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plant so as to control or restrict 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.

f *

1

q CaIz
' SAMUEL J. C ILK
Secretary the Commission

Dated at Washington, DC

this 30th day of April, 1975.

.
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g| TABLE _3

AIRBORNE EFFLUENT COMPARISON BY YEAR

q BOILING WATER REACTORS riOBLE GASES (TOTAL CURIES)

O Facility 1970 1971 1972 1973 1974 1975 1976 1977

2

E Big Rock Nint 1 2.80E+05 2.84E+05 2.58E+05 2.30E+05 1.88E+05 5.06E+04 1.52E+04 1.34E+04
6.40E+04 9.24E+04 <8.05E+04 <1.66E+05$ Browns Ferry 1,2&3 - - - -

1.90E+02 1.90E*04 2.46E+05: Brunswick 1&2 - - - - -

2.00Et03 1.98E+04 3.80E+04 1.27E+03S Cooper - - - -

$ Oresden 1 9.00E+05 7.53E+05 8.77E+05 8.40E+05 9.80E+04 5.20E+05 4.52E+05 5.20E+05
5.80E+05 4.29E+05 8.80E+05 6.27E405 3.69F+05 3.23E+04 3.13E+05Dresden 2&3* -

1.'EEt03 5.26E403 3.87E+03Duane Arnold - - - - -

J. A. Fitzpatrick - - - - - '.uute03 4.41E404 2.33E+04!

Edwin I. Hatch - - - - - ?.700:02 2.60E+03 1.90E+03
i

Humboldt B4.y 3 5.40E+05 5.14E+05 4.30E+05 3.50E+05 5.72E+05 2.9/tt05 9.30E+04 4.40E-05*

Lacrosse 1.00E+03 1.00E+03 3.10E+04 9.10E+04 4.90E+04 5.71E+04 1.24E+05 4.25E+04
2.76E+05 7.26E+05 7.90E+04 9.12E+05 2.97E406 5.07E+05 6.20E+05Millstone Point 1 -

Honticello 7.60E+04 7.51E+05 8.70E+05 1.57E+06 1.55E+05 1.14Et04 6.87E+03-

Nine Mile Point 1.00E+04 2.53E+05 5.17E+05 8.72E+05 5.58E*05 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 1.77E405-
- - - <1.00E*03 <1.00E+03 1.30E+04 2.09E+05 7.11E+04Peach Bottom 2&3
- - 1.80E+04 2.30E+05 5.46E+05 4.60E+04 1.83E+05 4.13E405Piir im
- - 1.32E+05 9.00E+05 9.50EiO5 1.10E+05 3.36E+04 2.56E+04Quau Cities 1&2

5.50E+04 1.80E+05 6.40Et04 4.08E+03 3.03E+03 3.35E+03Vermont Yankee - -

i
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TABLE 4

AIRBORNE EFFLUENT COMPARISON BY YEAR

PRESSURIZED WATER DEACTORS NOBLE GASES (TOTAL CURIES)

Facilf?y 1970 1971 1972 1973 1974 1975 1976 1977

1.96E+02 1.03E+03 5.69E+03 1.39E404 *

Arkansas 1 - - - -

1.075+00 4.73E+01Beaver Valley 1 - - - - - -

7.72E+03 9.40E+03 2.23E+04Calvert Cliffs 1 a - - - -

2.64E+00 9.75E+02 3.80E+03
Cook 1 - - - - -

3.35E+03- - - - - - -Crystal River
1.27E+0s- - - - - - -

Davis Besse
6.70E+01 ..aJE+02 4.29E+02 1.94E+03 3.81E+03Fort Calhoun - - -

R. E. Ginna 1.00E+01 3.20E+01 1.20Et01 5.76E+02 7.57Et02 1.04E+04 5.52E4P 3.20E+03

Haddam Neck 1.00E+00 3.00E+00 1.00E400 3.20E+01 7.00E+00 4.80E+02 4.52E+0L 3.12E+03
- - - 1.50E+01 5.58E+03 8.20E+03 1.16E+04 1.60E+04Indian Point

3.35E+03 2.45E+03 1.40E+03 2.4% e)3
Kewaunee - - - -

| Maine. Yankee <1.00E+00 1.61E+02 6.36Et03 4.09E+03 1.30E+03 2.86E 02- -

1.57E+03 2.28EC'3- - - - - -

Millstone Point 2
Oconer 1,2&3 - - - 9.30E+03 1.94E+04 1.51E+04 t.39E+04 3.56E+04

1.00E+00 4.54E+02 <1.00E+00 2.61E+03 .39E+01 r 950 01Palisades - -

<1.00E+00 3.00E+00 5.75E+03 9.74E+03 4.45E+04 .91E+03 1.13r'03Point Beach 1&2 -

8.72E+00 3.62E+02 2.17E+03 1.74E+0L 6.73it02Prsfrie Island 182 - - -

1.18E+02 1.27E+02 2.00E+03
Rancho Seco - - - - -

H.B., Robinson - 1.00Et00 <1.00E+00 3.10E+03 2.31E+03 1.17E+03 S.40E+02 4.76E+02
<l.00E-02 1.96E+01- - - - - -

Salem
San Onofre 1 <1.00E+00 8.00E+00 1.90E+01 1.10E+04 1.78E+03 1.11E+03 4.16E+02 1.54E+02

1.72E+03 2.54E+04- - - - - -

St. Lucie
:1.00E400 8.66E+02 6.86E+03 8.04E403 1.91E+04 1.90E+04___

g Surry 1&2 - -

9.16E@2 3.63E+03 2.76E+03 1.66E+04Three Mile Island 1 - - - -

g 6.66E+02 3.07E+03- - - - -Trojan
5.30E+02 4.66Et03 1.34Et04 1.56E+04 1.33E+04y

Turkey Point 3&4 - - -

Yankee Rowe <l.00E*00 <1.00EiOO <1.00E+00 3.50E+01 4.00E+01 2.24Et01 2.57E+01 1.25E+02
4.00E+00 2.99E403 4.88E404 1.14E+05 3.22E+04N Zion 1&2 - - -

O
O
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TABLE 7

LIQUID EFFLUENT COMPARISON BY_ YEAR (CURIES 1

TRITIUM
BOILING WATER REACTORS

i
Facility 1970 1971 1972 1973 1974 _ 1975 1976 1977

I 5.40E+01 1.03E+01 1.04E+01 1.97E+01 5.10E+00 5.73E+00 2.41E+00 8.83E+00

| Big Rock Point 1 - 2.80E+00 1.04E+01 <4.02E+00 2.40E+01

3.20E+00 5.90E+00 8.93E+00
--Browns Ferry 1.2&3

- -

-' --

Brunswick 1&2 1.70E+00 8.25E+00 8.43E+00 9.04E+00-

-

Oresden 1 5.00E+00 8.70E+00 4.33Et01 1.85E+01 1.88E+01 2.70E-01 2.00E-02 8.90E-02---

Cooper

Oresden 2&3 3.10E+01 3.85E+01 2.59E+01 2.58E+01 2.26E+01 5.40E+01 1.97E+01 5.00E+00
3.30E-01 3.40E-01 2.13E-01--

Duane Arnold 5.03E+00 4.20E+00 3.35E+00
-- -

--

6.12E+00 8.98E+00 1.20E+01
-J. A. Fitzpatrick

- -

- -
--

Humboldt Bay 3 7.00E+00 7.50E+00 1.30E+01 5.13E+01 3.17E+01 2.01E+01 1.30E+01 5.26E-01Edwin I. Hatch -

Lacrosse 2.00E401 9.14E+01 1.20E+02 1.03E+02 1.15E+02 1.27E+02 4.10E+01 4.86E+01

1.27E+01 2.09E+01 3.70E+00 2.41E+01 8.03E+01 2.01E+01 4.41E+00'

Hillstone Point 1
5.92E-01 <1.00E-01 0.0 0.0 0.0 0.0 0.0-

Nine Hile Pointi 2.00E+01 1.24E+01 2.78E+01 4.65E+01 1.87E+01 2.81E+01 2.46E+00 2.49E+00Honticello -

Oyster Creek 2.20E+01 2.15E+01 6.16E+01 3.59Et01 1.41E+01 1.79E+01 3.86E+01 1.88E+01

<1.00E-01 1.00Et01 3.08E+01 7.37E+01 7.09E+0)

4.20E+00 4.00E-01 1.0SE+01 1.82E+01 4.67E+01 3.27E+01
-

Peach Bottom 283 - -

4.70E+00 2.45E+01 3.40E+01 5.37E+01 4.98E+01 2.64E401Pil9 tim
- -

1.00E-01 0.0 0.0 1.60E+00 8.44E-01Quad Cities 1&2
- -

- -

Vermont Yankee -
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! TABLE 8

I
LIQUID EFFLUENT COMPARISON BY YEAR (CURIES)!

TRITIUM
PRESSURIZED WATER REACTORS

Facility 1970 1971 1972 1973 1974 1975 1976 1977
m

2.56E+01 4.60E+02 2.12E+02 2.45E+02-

Arkansas 1 - - -

8.60E+00 1.08E+02
Beaver Valley 1 - - - - - -

2.63E+02 2.74E402 5.75E+02
Calvert Cliffs 1 - - - - -

5.64E+01 1.92E+02 2.86E+02
Cook 1 - - - - -

1.66E+02,
- - - - - -

i Crystal River 9.01E+00
-

|-
Davis Besse - - - - - - -

1.58E+01 1.24E+02 1.11E+02 1.22E+02 1.57E+02
Fort Calhoun - - -

i R. E. Ginna 1.10E+02 1.54E+02 1.19E+02 2.86E+02 1.95E+02 2.60E402 2.42E+02 1.19E+02

I Haddam Neck 7.40t+03 5.83E+03 5.89E+03 3.90E+03 2.24E+03 5.67E+03 4.85E+03 6.67E+03

2.75E+01 4.79E+01 7.94E+01 3.32E+02 3.71E+02
Indian Point - - -

9.24E+01 2.77E+02 1.80E+02 2.95E402--.

Kewaunee
- -

Phine Yankee - - 9.20E+00 1.54E+02 2.19E402 1.77E+02 3.67E+02 1.53E+02 I
7.60E+00 2.77E+02 2.11E+02- -

- Millstone Point 2 - - -

7.07E+01 3.50E+02 3.55E+03 2.19E+03 1.9?E+03
-

- Oconee 1,2&3 - -

2.08E+02 1.85E+02 8.10E+00 4.16E+01 9.63E+00 5.58E+01
Pal *sades

- 2.66E+02 5.63E+02 5.56E+02 8.33E+02 8.85E+02 6.94E+02 9.99E+02
- -

Po'.nt 8each 1&2 <1.00E-01 1.42E+02 4.54E-01 1.00E-01 1.35E+03
-

reairie Island 1&2
- -

-

1.32E+02 0.0 8.55E-02-

- -

1.18E+02 4.05E+02 4.32E+02 4.49E402 6.24E+02 9.80E+02 6.85E+02Rancho Seco
-

4.00E-02 2.96E+02H.8. Robinson
- -

-

- - -

-- San Onofre 1 4.80E+03 4.57E+03 3.48E+03 4.07E+03 3.81E403 4.00E+03 3.39E+03 1.79E+03Salem'
-

1.33E+01 2.42E+02- - -
- - -

- - 5.00E+00 4.88E+02 2.45E+02 4.42E+02 7.82E+02 4.08E+02St. Lucie
- - - - 1.30E+02 4.63E+n2 1.89E+02 1.92E+02

_

J urry 182
-- hree Mlle Island 1,

3.60E+01 3.11E+02
- - -

rojan
- 3.29E+02 5.80E+02 7.97E402 7.71E+02 9.24E+02- -

(-? urkey Point 3&4
' Yhnkee Rowe 1.50E+03 1.68E+03 8.03E+02 6.94E+02 3.14E+02 2.47E+02 1.56E+02 1.39E+01- -

.

1.00E-01 2.74E+02 1.03E+03 7.47E+02 7.24E+02
- -

Zion 1&2 - -

cJ
-
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TABLE 9 i

LIQUID EFFLUENT COMPARISON BY YEAR (CURIES)

BOILING WATER REACTORS HIXED FISSION AND ACTIVATION PRODUCTS
.

Facility 1970 1971 1972 1973 1974 1975 1976 1977

Big Rock Point 1 4.70E+00 3.50E+00 1.10E+00 2.70E+00 1.10E+00 2.02E+00 7.70E-01 3.92E-01
8.00E-01 2.70E+00 <3.95E+00 1.19E+00Browns Ferry 1.2&3 - - - -

Brunswick 1&2 - - - - - 1.89E+00 3.29E+00 6.22E+00
1.40E+00 1.74E+00 7.00E-02 7.50E-01Cooper - - - -

Dresden 1 8.20E+00 6.20E+00 6.80E+00 9.20E+00 6.90E+00 8.40E-01 3.60E-01 6.00E.01
2.30E+01 2.20E+01 2.59E401 3.31E+01 8.10E-01 1.21E+00 4.40E-01Dresden 2&3 -

<l.00E-02 <1.00E-02 2. ''E-03Duane Arnold - - - - -

5.32E+00 6.01E+00 8.85E-01J. A. Fitzpatrick - - - - -

- - - - - 6.00E-02 4.00E-02 2.50E+01Edwin I. Hatch
Humboldt Bay 3 23.0E+00 1.80E+00 1.40E+00 2.40E+00 4.40E+00 3.79E+00 9.90E-01 9.17E-01
Lacrosse 6.40E+00 1.71E+01 4.85E+01 3.59E+01 1.31E+01 1.42E+01 <5.78E400 2.13E+01

1.97Et01 5.15E+01 3.34E401 1.98E+02 1.99E+02 9.65E+00 5.27E-01Millstone Point 1 -

<1.00E-01 <1.00E-01 0.0 0.0 0.0 0.0 0.0Monticello -

Nine Mlle Point 2.80E+01 3.22E+01 3.46E+01 4.08E+01 2.56E+01 2.10E+01 2.14E+00 3.03E-01
Oyster Creek 1.85E+01 1.20E+01 1.00E+01 4.20E+00 7.00E-01 4.10E-01 2.20E-01 9.81E-02 i

<l.00E-01 9.00E-01 9.30E-01 3.38E+00 2.23E+00 iPeach Bottom 2&3 - - -
!

Pilgrim - - 1.50E+00 9.00E-01 4.20E400 8.01E+00 2.33E+00 3.41E+00 ?

2.40E+00 2.14E*01 3.88Et01 1.71E+01 6.99E+00 1.34E+00Quad Cities 1&2 - -

<1.00E-01 0.0 <1.00E-02 <1.00E-02 1.55E-01 ;Verr.ont Yankee - - -

;
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ENCLOSURE D
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.. .

TABLE 1. Reactor Characteristics and Dose Commitments * *

. .

Electric Avg.
Licensed Energy Augmented Indtv.
Thermal Generation Red-slette Pop. Oose Comitment C/8 Cose

Power 1975 System f oersen-es-i) / person-eem \ Comitment5tte Unit M (W) (TW.hr) (1975) icuto Air Total ( r..ar j (er,m)

3tg Rock Point 1 8WR 240 0.291 No 3.1 1.5 4.6 16 3.5E 2-

' owns Ferry 1 8WR 3293 1.38 No
2 BWR 3293 1.43 No

TOTAL 6586 2.80 0.90 2.0 2.9 1.0 4.5E-3

+.unswick 2 BWR 2436 1.41 No 0.011 0.0073 0.018 0.01) 1.CE5

} cmer 1 BWR 2381 3.85 No - I8I 0.18 0.18 0.047 1.CE-3

;r=1 den 1 BWR 700 0.697 No
2 8WR 2527 2.94 No

f 3 BWR 2527 2.19 No
'

TOTAL 5754 5.83 360 360 62 5.7E 2--

*
. w e Arnold 1 BWR 1658 2.30 no 0.0052 0.17 0.18 0.078 3.0E-4

3. A. Fitz;atrick 1 BWR 2436 2.15 No 0.062 0.028 0.090 0.042 1.CE-4

. saten 1 BWR 2436 3.10 No 0.0056 0.0027 0.0083 0.0027 3.0E-5

~4eldt Bay 3 BWR 220 0.383 No 0.0041 18 18 47 1.6E 1

ts rosse 1 922 165 0.253 No 5.4 1.6 7.0 27 2.!E 2
'

r *t11 stone Point 1 BWR 2011 3.90 No
2 PWR 2560 0.135 No

TOTAL 4571 4.04 0.15 7!0 750 190 3.CE-1

'*se t t e ello 1 8WR 1670 2.88 Sept 75 5.2 5.2 1.8 2.5E 3--

4tae Mile Potat i 8WR 1850 3.94 No 14 55 69 23 8.3E-2

3/ ster Creek 1 SWR 1930 3.15 No 0.080 47 47 15 1.4E 2
#ea:N Bottom 2 8kR 3293 5.08 No

3 8WR 3293 5.28 No

q TOTAL 6586 10.4 0.71 1.7 2.4 0.23 5.9E-4
8 tl rte 1 SmR 1C8 2.59 Jan 75 0.080 6.' 6.2 2.4 1.4E-3

3
,

4

148 Cities 1 8WR 2511 4.27 May 753
2 8WR 2511 2.48 May 75

TJTAL 5022 6.75 16 8.7 25 4.0 3.7E 2
g .'ermont Yankee 1 SWR 1593 3.56 Yes 0.077 0.077 0.022 5.5E 5--

artansas 1 PWR 2568 4.88 No 0.37 0.013 0.2 0.078 2.4b 3
94 ~ 1*ert C1tffs 1 P'4R 2560 4.39 No 0.23 0.22 0.50 0.11 2.CE-4

4

* *cticut Yankee 1 NR 1825 4.12 No 0.42 0.12 0.54 0.13 1.6E-4
,1

1
'

: ace
1 PWR 2632 4.-6 No 0.21 0.21 0.047 1.9E 4--

' * "" I P'aR 1420 2.08 No 0.12 0.0052 0.13 0.C62 1.!E-4s

"S*" 1 PWR 2200 4.17 No 9.3 0.058 9.3 2.2 1.5E-2
i * sten a ing I NR 61 5 0 No

s

2 PWR 2758 4.39 No

j TCTAL 3373 4.39 0. 71 3.1 3.3 0.78 2.4E-4
.

|
m %,

1 1 PWR 1650 3.34 No 8.5 0.036 3.5 2.5 1.4E-2l *e , er," I AR 2440 4.50 Ao 0.025 0.070 0.095 0.021 2.0E-4

<

! _

tml jouies*, *.
j * " '*eicates ft<tj8

,8" 000Wlation acte comitment is <0.001 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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TABLE 1. Reactor Characteristics and Dose Comitments (Continued)

Electric evg.
Licensed Energy Aug: rented Indiv.
Thermal Generation Rad-daste Pop. Oose Cormitment C/5 Cose

Power 1975 System (oerson-ree) / persen-en \ Connitmerit
5fte Unit TZ29 ("WI (Td'hr) (19751 U quid Air Total I Ta ar farem)

Oconet 1 PWR 2568 5.29 No
2 PWR .2568 4.97 No
3 PWR 2568 5.04 No

TOTAL 7704 15.3 8.5 0.70 9.2 0.60 1.3E 2

Palisades 1 PWR 2100 2.43 No 0.59 0.032 0.62 0.25 6.0E 4

Point teacN 1 PWR 1518 2.92 No
*

2 PWR 1518 3.74 No

TOTAL 3036 6.66 0.044 1.2 1.2 0.18 2.CE-3

Prairie Island 1 PWR i550 3.69 No
2 PWR 1650 3.18 No

TOTAL 3300 6.37 0.049 0.C67 0.12 0.017 5.7E-5

R.E. Ginna 1 PWR 1520 3.04 No 0.13 0.15 0.28 0.092 2.3E-4

Rancro Seco 1 PWR 2772 1.33 No 0.041 0.0059 0.047 0.035 3.4E-5

San Onc,fre 1 PWR 1347 3.25 No 0.22 0.056 0.23 0.086 7.6E-5
' ~~

Surry 1 PWR 2441 3.92 No
2 PWR 2441 5.05 No

TOTAL 4882 8.97 5.1 0.34 5.4 0.60 3.1E-3

Th>4e Mile Island 1 PWA 2535 5.54 No 0.13 0.44 0.57 0.lu 3.2E-4

Tvrtey Point 3 PWR 2200 4.37 No *

4 PWR 2200 2.99 No

TOTAL 4400 S.36 0 .01 6 0.20 0.22 0.025 1.1E 4

Yankee towe 1 PWR 600 1.19 'o 0.048 0.060 0.11 0.092 5.9E-5.

Zion 1 PWR 2760 4. 91 No
2 PWR 2760 4.33 No

TOTAL $520 9.?4 0.84 5.3 6.1 0.63 9.1E 5

Total for all
Sites 7 76 I300 1300 ** **

Average 4.3 2.0 33 34 10 2.CE-2

1 Td.nr = 3.6E15 joules

4
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BACKGROUND INFORMATION ON ASSUMPTION OF
LINEAR NON-THRESHOLD HEALTH EFFECTS MODEL

.

For more than four decades, radiation has been the most threroughly 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 precisely 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 being 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 confnunding 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 continuonly by teams
of scientific experts which evaluate radiological information and provide
recomendations. 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 recomendations 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 Comittee 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 biologists and epidemiologists,
but the data have been evaluated independently by their peers. -

In lieu of precise knowledge. of this relationship, a linear non-threshold
extrapolation from high radiation levels to the lower levels is assumed for
radiation protection purposes. This means that it is cssumed 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
Comission, 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.

)[[ \
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

*
RADIATION STANDARDS FACT SHEET

Atomic radiation ic 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 fo'm of high-energy particles that come fromr
outer space and are known collectively as cosm,ic rays. The
other natural source is radioactive substances present in
commonplace materials found in the ear 4h (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 radioactive.

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

Radionuclides 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 radioactive materials present in the
environment and differences in elevation. The c'ose from
radiation is higher in certain states, for ey >1e, 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.
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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 radiation levels also are higher in certain
local areas because some common materials are radioactivo.
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 radioactive. :-;,. .

MAN-MADE RADIATION

Individuals also receive radiation doses as a result of
the use of man-made radiation and radioactive materials for
various purposes. Such doses result from additional expos-
ures to exactly the same kinds of radiation found in nature.
Many people are exposed to radiation for medical reasons,
for example. In 1970, an estimated 212 million x-ray examina-
tions were performed in the United States. The dose to the
skin from one 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. In 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 man-made radioactive material is subject
to the control of the U.S. Nuclear Regulatory Commission
(NRC), which licenses individuals to use radioactive 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, such 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

T 7.r 7
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time (such as about 400 rems in one day) would probably
cause death within several weeks to about half of the persons
so exposed, but 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, radiation dose limits were based on
recommendations of two groups, the International Commission
on Radiological Protection (ICRP) and the National Council
on Radiation Protection an'd 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 roentgen per week from
x-rays. (A " roentgen" is a unit of measure similar to a
rem but used only for x- or gamma radiation.) In 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 occupational limit. All of these recom-
mended dose limits were in addition to radiation doses from
natural background and medical sources.

'3 } \en
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In 1959, with atmospheric weapons 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 respect to
all radiation matters directly or indirectly affecting
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 generally applicable environmental radiation standards -

for uses of man-made radioactive materials regulated under
the Atomic Energy Act also was transferied to EJA. 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 radioactive
material in the environment, and the FRC, with the approval
of the President, 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
surveillance 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 PRC, 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.

7992r7j' /L
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CURRENT STINDARDS,

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 13-week period 3 rems

a
Lifetime #5' 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.

1257 123-
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IMPLEMENTATION OF STANDARDS

Initial responsibility for licensing and regulating
nuclear facilities and for implementing Federal radiation
standards for workers in the nuclear industry was assigned
to the former Atomic Energy Commission. The NRC 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 material's from nuclear facilities, and (31 on the

'
dose to workers inside licensed facilities. These limits
are based on the Radiation Protection'GQide dose limits for
radiation workers and for the population and on information

about}hebehaviorofradioactivematerialsintheenvironment.
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 t6:

(1) Restrict the amount of radioactive mat'erial released in
liquid effluents from any light-water-cooled nuclear
power reactor to levels that would keep the annual dose
to an individual in an unrestricted 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 radioactive material in gaseous
effluents from any light-water-cooled power reactor to
keep annual doses to an individual in an unrestricted
area to a maximum of 0.005 rem to the whole body and
not more than 0.015 rem to the skin.

(3) Restrict the releases of radioactive iodine and other
radioactive 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.

'll k7. n
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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
objectives. (The man-rem is a measure of dose to radiation
of large numbers of people; for example, 100 people receiving
an average dose of 0.01 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 mileg of a nuclear plant,

receiving an average of 0.001 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 worRers 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 exposures; measuring the
radiation levels within the facility and allowing employees
to spend only a limited amount of tiae 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.

#
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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 rem

Further, the releases of krypton-85, iodine-129 and plutonium-23k
will be limited to selected values by 1983. These limits are applicable>

.

only 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
electricity by a light-water-cooled nuclear power plant and reprocessing
of the fuel.
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August 30, 1979

424 Laurel Drive !
Hershey, 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 and misleading to the public. Firs t,

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?"

Secondly, you " anticipate" no environmental impacts. M.ay 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 h'appens, it stays with us for generations.

Thirdly, it is time to tell the public the truth regading the "norunl operationa
releases" from nuclear plants. How much " normal" radiation will be or is proj ected
to be released by the Berwick plant, how much " normal" radiation is currently being
released by the operati,ng plants in this country, and who sets these, ar d how are
these " normal" release ceiling levels set?

The current standards were initially set in order to justify atomic bomb testing.
Those standards were kept in order to justify nuclear power plants because che
nuclear industry and our government recognizes that no plant operates w ~.thout " normal'
releases c i radiation.

Recognizing that the AEC, NRC, and other scientific studies have proven that
there is no safe level of radiation exposure; negates the " normal" relesse standards
currently used. Normal may be normal for a nuclear plant, but not for a clean
environment and certainly not for the health and safety of th public.

,
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Mr. Joseph M. Hendric
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 remotean accident of any kind may be, a chance is still there, especially with a newdesign. It only takes one accident to release dangerous radiation.
equipment and men at the Berwick plant are untried and unproven just as they were

The safety
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 fishand wildlife currently living near the site.

an added burden and danger not needed by the people of Central PennsylvaniaIn summary, the Berwick plant is another threat to the Susquehanna River Valley.
,

as a nuclear facility, should not be licensed and operated. The plant,.

It is not safe to thenormal environment of the people in Central Pennsylvania.

It is incumbent on the NRC in its charge "to protect the health and safety ofthe public" to tell us the truth about
Please inform me in whatever scientific or non-scientific terms you wish:the Berwick plant and the other nuclear power

plan ts .

1. What is your definition of significant, and how was it arrived a t?
2.

On what basis do you calculate the "anticinated" 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 dif ferent 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 radiationhave increased over the past 30 years.

4. What individuals, by name, set these " normal" 1cvels?

5. . How much " normal" radiation will be expected to be released in Berwick?.

6.
What are the NRC's recorded, documented levels of "nornal" radiation
releases from the operating plants in the United States?

.
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Mr. Joseph M. Hendrie
August 30, 1979
Page 3

.

Thank you for your anticipated prompt response to the above.

Sincerely,

Warren L. Prelesnik
Richard T. Kennedy, Commicsionercc:
John F. Ahearne, Commissioner

* Peter A. Bradford, Commis'sioner
Victor Gilinsky, Commissioner
Richard S. Schweiker
H. John Heinz, III
Allen E. Ertel
George W. Cekas
Rudolph Dininni
Stephen R. Reed
Pennsylvania Power & Light
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