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in Part 20 of its regulation

e Federal Radiation Council

ion (NC2P) and the Inter-

|8 -

rotec n (IC2P). The FRC radiation

national Cornission on Radiological f
protection guides, approved by the President in 1960 and 1961, limit dosages
for individual member he public 500 millirems per year to the total
body and bone marrow, the thyroi Aver~-
age dose to the population in 30 years to the gonads

(or an annual average dose © ) ;i "ems P erson averaged over the popu-
lation). These guides ’ endations apply to exposures from all radi-

ation sources other than the background- nd those employed in Bevavas

procedures. However, these
every effort be made to maintain radiation
level as is practicable.
Oo December 3, 1970, the Atomic Energy Commission published in the
‘ 4/ : v ; -
Federal Register— amendments to 10 CFR 50 that specified design and operating

requirements for nuclear power reactors to keep levels of radiocactivity in

: 5/ . »
effluents as low as practicable.=~ The amendments provided qualitative guildance,

1/10 CFR 20.101 et. seq.

2/ . ‘
Z/The FRC's function were transferred to the Environmental Protection Agency
pursuant to the President's Reorganization Plan No. 3 of 1970.

3/
<" Average total body doses due to natural background radiation in the United
States are in the range of 100-125 millirems per year.

&
“,10 CFR 50.34a, 50.36a, 35 Fed. Reg. 18385.

E/Thc term "as low as practicable" is Jefined regulation to mean "as
low as practicably achievable taking into account the state of technology
and the ecoromics of improvements in relation to the benefits to the pub
health and safety and in relation to the utilization of atomic energy in

the public interest.

79
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bt nor mAnmardaan eriticiy, lor ﬁecermxning when désign objectives and opera-
tions ﬁeec the reguirchents for keeping levels of radioactivity in efflucars
53 ~ow as practicanle,

The Cormission aoted, in its Statement of'Considera:ion for those amend-
ments, the deSirability of developing more definitive guidance for definition
of "as low as Practicable" znd that {1t was initiating discussions with the
nuclear power industry and other competent_;:gups to achieve this goal.,

In the FEDERAL REGISTER on June 9, 137, the Commission published’ for
public comment Proposed amendments to 10 CFR Part 50 that would supplement
that part of the regulation with a pew Appendix I to Provide numerical guides

" for design objectives and technical specification requirements for limiting
"eonditions for operation for light-water-cooled nuclear power reactors to keep

— @

';éidiolctivity in effluents as low as Practicable. - = .

Sﬁbicquéntly. through noticezl published on November 30, 1971 in the FEDERAL

.;IEGISTER. the Commission announced a public hearing to commence in early 1972

"6§'the matter of the proposed numerical guidance. The rule making hearing
'2onvened on January 20, 1972 before a Hearing Board consisting of Chairman

Algie A. Wells, Esq., Dr. Joha C. Geyer, and Dr. Walter Jordan, . -

8270 semis : ‘
Appearing in the Proceedings were the following § Primary participants:

Spsre =

id AEC Regulatory Staff SR b L o ol
$i R ewi® S ~ Comsolidated National Int~rvenors

_ Consolidated Utility Group
" General Electric Company

State of Minnesota

a0 A ition, eighteen Peérsons or organizations, including the Environmental

-

_ Protection Agency, made limited appearances.

y36 PD.R. 11113. r. ’ L. ‘. L O SR 2 & R b i -
‘/36 F.R. 22775, ¥ : i
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As orisinally conceived, the hearing was to have been strictly legislativa

- ; 1
{s characte. ., However, as a matter of discretion, the Commission provlded—/

for certain ilmportant adjudicatory features to be used in the rule waking

hearing. These features included the opportunity for questioning of the

vitnesses of other participants, requirements for participants to make appro-

priate docuzents available, and "to produce on request documeats on which they

rely"+ Moreover, the Comnission provided that its "determination in the rule

making proceeding will be suppdtted by the record."zl
The hearing, beginning on January 20, 1972 continued intermittently for

17 hearing days until May 6, 1972, at which time proceedings were suspended
for preparation of, and receipt of comments on, a Draft Environmental State-
pent (DES) and subsequent preparation of a Final Environmental Gtatement

(FES). The DES concerning the p;oposed rule making was forwarded to the Corneil
oa Environmental Quality on January 15, 1973 and was circulated for coumment toO
pltttcipants.}n the.hearing and to in:et;sted Federal Agencies on January 16,
1973.2l Some 36 individuals or otganizgtions submitted written comments on the
nzs.if After receipt and consideration of these couments, the FES was issued
on July 26, 1973. In November 1973, as provided for by the Commission, the
public hearings were resumed for consideration of the (3 volume, 1400 page) Final
Impact Statement and other aspects of the rule making which did not duplicate
matters dealt with in the earlier pﬁase of the hearing. Consolidated Natlonal

Intervenors, who were -

L/
-"Supplemental Notice of Hearing dated Jan. 8, 1972 (37 F.R. 287).

2/
“"Supplemental Notice of Hearing dated Jam. 8, 1973, Rule 2 (37 F.R. 287).

e
i Notlce of availability of the Draft Environmental Statement was published
i,ln the Federal Recister for Jan. 16, 1973 (38 F.R. 1616

See Final Environmental Statement; Volume III.




active during tne first phase of the proceedings,chose not to participate in
the environmental portion of the hearing on the ground that it had limited
resources znd "confidance 1a the ability of the Regulatory Staff to adequately

1
"/

protact the public interest. The evidenciary hearing was concluded on Dec.
6, 1975.- The entire proceeding covered 25 days of public hearing and produced
41iz pages of hearing transcript and thousands of pages of writtea testimony

and exhibits.

e R
” .- s -
- C e — - - - -

Each of the ptimary participantn, other than the AEC Regulatory Staff
was encouraged to submit written Concluding Statements of Position following
Foncitsion of the hearing. Each of the three primary participants and one
}1;;tqd\pqtticipant filed such statementqz’é"ﬁ“éj on or before Feb. 1, 1974.
,Aftct receipt and consideration of this material the AEC Regulatory Staff
prepared its Concluding Statement,gl which conta%ned a revileq proposed

I.Aﬁhpndix I differing in several important regards as suggested by evidence at
the hearing, from that originally ptoposcd.zj The Regulatory Staff published,
at the same time as an Appendix to its Concluding Stltement; a set of draft

regulatory guides for implementation of the revised proposed Appendix I.éj
___ Bach of the primary participants was encouraged, as previously artnnged.gl
to submit written comments on the Concluding Statement of the Regulatory Staff.

Two of the primary participants, the Consolidated Utility Gtouplg/ and the General

1/ Letter of October 11, 1973 from Karin P. Sheldon to Hearing Board.

2/ Statement of Position by the Consolidated Utility Group, Jan. 19, 1974.

j/ Closing Statement of the General Electric Company, Jan. 21, 1974,

‘/ Final Statement of Position of the State of Minnesota, Feb. 1, 1974.
/ Final Statement of Position, Andrew P. Hull (Limited Participant). Jan. 30, 1974.

z/ Concluding Statement of Position of Regulatory Staff, Feb. 20,1974.

1/ See F.R. 11113.

3/ Draft Regulatory Guides for Implementation, Feb. 20, 1974.

9/ See Hearing Transcript, p o

lol Reply of the Consolidated Utility Group to Concluding Statement of the
Repulatory Staff, March 7, 1974.



Electric Co:pany%’ and two limited p#rcicipants, the Egvironmental Protection
A;.ncyzl and Dr. Andrew P. Hulll/ subritted such written comments.

Finally, the Coc=ission arrangad forﬁj and, on June 6, 1974, heard
Oral Argument from the Regulatory Staff, three primary participants (Consolidated
Uetilities Group, Ceneral Electric Company, and the State cf Minnesota) and from
one limited participant (Dr. Andrew P. Hull).

The Commission noted in the Notice of Proposed Rule Making 3/ that:

"rhe Comnission has alwafs subscribed to the general principle that,
vighin established radiation protection guides, radiation exposures
to the public should be kept as low as practicable. This general
principle has been a central onme in the field of radiation
protection for many years. Operating licenses include provisions

to limit and control radicactive effluents from the plants. Experi-
ence has ;hown that licensees‘have generall§ kept exposures to
radiation and releases of radiosactivity in effluents to levels well
below the limits specified in 10 CFR Part 20. Specifically,
experience with licensed light-watet-céoled nuclear powaer reactors
to date shows that radiocactivity in water and air effluents has been
kept at low levels - for the most part small percentages of the Part
20 limits. Resultant exposures to the people living in the immediate
vicinify of opetating.power reactors have been small percentages of

Federal radiation protection guides . . .

1/ Reply Statement of the Cemeral Electric Company, March 14, 1974.

2/ Letter with attachment, W. D. Rowe to L. Manning Nuntzing, received
March 12,1974.

3/ Reply tc the Concluding Statement of the Regulatory staff, Andrew P.

p Mull, March 15, 1974.

e

3/ 36 p.r. 22775.
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"o amand=ments of Part 50 nwblished on December 3, 1970, were
1n:endcd to give approprizte regulatory effect, with respect to
rahioactivity in effluents from nuclear power reactors, to the
qualitarive guidance of the Federal Radiation Council that
" radiation doses shquld be kept 'as low as practicable'. The

propesed guides set out below are intended to provide quantita=-

. . tive guidance to that end for light-water-cooled nuclear power

- -

reactors."”

We conclude that, while we might possibly have differed with the
Hearing Board on occasional proce&ural deiiils, the Board exercised its dis~-

: ctctio;.in an appropriate manner to develop a record == tested by abundant cross
cza.in‘kion -- that is more than adequate for formulation of a sound rule.
Accordiﬁgly._}nd after careful consideration ~f the hearing record, we have
adopted a new Appendix I to 10 CFR Part 50 in the form set forth below to provide
nunoriéil guidance for design objectives and limiting conditions for operation
to meet the criterion "as low as practicable" fof radicactive material in light-

Ultcr-EBSIed nuclear power relctors.l/

1/ The words "as low as practicable” with the definition given in Footnote $.
supra has been used throughout the rule-making hearing and, for that obvious
~———yeason, we use that language and definition throughout this document. The
Federal Radiation Council and the National Council on Radiation Protection
: use the same words and the same definition. The International Commission
on Radioclogical Protection has, in recent years, preferred the wording "as
. low as readily achievable, economic and social considerations being taken
into account.” While individuals mcy well have a preference for either of
these phrases, we believe that the intent of the two wordings 1is identical
amd that the two phrases are, for all practical purposes, Synonymous .
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BACKCROUTD O RADIATION PROTECTION
A. Iadiatisn Protection Standards
since its inception, the Atomic Energy Commission has, as a matter of policy,
depend2d upon the recommendations of the International Commission on Radiological
Protection (ICKP), the National Council on Radiation Protection and Measurements

(4CRP), and since 1959, the Federal Radiation Council (FRC), for basic radiation

protection gstaadards and guidance. Standards of these groups are compatible.
They hav: bzen ysed by the Cezmission 28 tha basis for regulations and safety
requirements in the AEC's reguiatory program. The principles on which exist~
ing radiation protection standards are based are extensively discussed in the
‘hearing recordl’z”—/and are summarized by the FRC in their Memorandum for the
President dated 18 May 1960 which provides official radiation protection
guidance for Federal agencies as follows:

"l&sic biological assumpticns. There are insufficient data to

provide a firm basis for evaluating radiation effects for all

types and levels of irradiation. AThere is particular uncertainty
5 wvith respect to the biological effects at very low doses and low-

dose rates. It is vot prudent therefore to assume that there is

a level of radiation exposure below which there is absolute

certainty that no effect may occur. This considzration, in addition

to the adoption of the conservative hypothesis of a linear relation

b:tween biological effect and the amount of dose, determines our

hasic approach to the formulation of radiation protection guides."

1
'!NCWI Exhibit 1, The Development of Radiatfom Protection Standards,
Lasriston S. Taylor, Feb. 16, 1972.

2lyearing Transcript 2034-2061 and 2274-2291.

3li1AP AEC Regulatory Exhibit 1 Tab 1.
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as a cusult of the epineizley enwmapized above We, the Atomic
Energy Comni.sion, are faced with a situation in which no level of
exposure toO ~adiation can be considered to be without risk, and activities
gesulting in eiposuzes to radiation should be carried out under conditions
guch that:

(a) the risks resulting from exposures to radiation are less
- important than the benefits to individuals and to society

e from activities which result in the exposures; and

(b) any further reductions in risk become less important than

the effort that would be required to accomplish such

-

reductions.
_____ Taking into account these considetations} the stanﬁards groupr (FRC,
NCRP, ICRP) have recommended radiation procection guides, pumerical maximum
poruicsible doses for workers, limits for exposure to individuals in the popu-
lation, and limits for average exposures to the total population. The numerical

maximum permissible dose recommended for radiation workers is A working life-

time average of 5 rems per year to the total body; 30 rems {n a year to the

; skin, bone, and thyroid; and 15 rems in a year to most other single organs.

thg_gumcrical dose limit recommended for individual members of the
public varies to some degree among the thr;u ;roups. Thc ICRPl/ recommends
annual dose limits of 0.5 rem to the total body, gonads, and red bone marrov;
3 rems to the skin, bone, and thyroid, except 1.5 rems to the thyroid of

children up to 16 years of age, and 1.5 rems to other single organs.

Tho NCRP recommendszl an annual dose of 0.5 rem to the total body or any

-

~ organ with the following qualifications:

’ 1'IICRP Publication 9, September 17, 1965.

z’ncnr Report No. 39.
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"It is, thereiore, logical to comsicer 0.5 rem per year £

as an upper linit with very few exceptions. Special .
limits such as for skin or hands, should be set on ;'A ;
'Jowest practicable' basis rather than automatically at '
ora=tenth the corresponding occupational limit. To have

no'otgan or tissue exceed 0.5 rem per year is a reason~

able target, but it is arbitrary, of course, and may not

alwvays be achievable."
The FRC has teconmendedlﬁ.dose to the individual of 0.5 rem per year;
1.5 rem per year to the thyroid; 0.5 rem per year to the bone marrow; and
1.5 rem per year to the bone. The FRC provides no specific radiation M

protection guides with respect to other organs of the body.

dose to the total population not exceed 5 rems in 30 years, which is an

sverage annual per capita dose of 0.17 rem. These dose limits apply to the

sum total of exposures from all sources qf radiation other than natural back-

|
\
|
All three of the standards groups have recommended that the average }
|
ground and those used in medical procedures. All of the standards groups

emphasize that no one source of exposure should be permitted to contribute a

disproportionate share of the total.
The etandards groups have condifioned\the pumerical dose limits witgr o
qualitative guidance of which the following are typical examples:
From the International Council on Radiation Protectiom
"(52) As any exposure may involve some degr?e of risk, the Commission
recommends that any unnecessary exposure be avoided and that all doses

be kept as low as is readily achievable, economic and social comnsider-~

ations being taken into account..."

1/
~'FRC Reports 1 and 2, May 13, 1960 and geptember 1961, respectively.
2/

. = BCRP Publication 9 - Recommendations of the International Commission on

Radlological Protection (Adopted September 17, 1965).
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' AJFRC Memorandum for the President - May 18, 1960.

10

and from the Federal Radiation Councill/

]

"(5) There can be no single permissibie or acceptable level

of exposure without rezard to the reason fer permitting the
exposure. It should be general practice to reduce exposure

to radiation, and positive e¥fort should be carried out to ful-
£111 the sense of these recommenﬁations. It is basic that
exposure to radiation should result from a real determination
of its necessity."

We, the Atomic Energy Commission, now adopt and as set forth below

4n Appendix I to 10 CFR pPart 50, limits on dosages to individuals from

effluents from light-water-cooled nuclear power plants that are markedly
Jower than indicated in the radiation protection standards described above.

We do this because no one type of tadiation source should be permitted to

. contribute a disproportionate share of the allowable dosage to the popu-

lation and because experience hAs.shown it to be practicable for radio~-
sctive materials in effluents from light-water-cooled power reactors to
be maintained at these low levels. We wish to make emphatically clear
that our setting of these markedly lower limits is not the result of any
ﬁcv evidence, discovered by us or by others, that would indicate that
current radiation standards described above are in any way improper.
Accordingly, the limits set in Appendix 1, which apply only to radioactive
materials in light-watet-cooled nuclear power reactors ; do not represent

& change in the basic radiation protection standards.




B. The Lin.ac Kypothesis

e 1,2,3/ |
As/hearing record makes abundantly clear,='='=' virtually all of the

dats shouinj real effects of radiation on the human population are derived
from studies of persons exposed to doses greater than tbose'that are
prcsumabie under current radiation standards and far greater still than the
low doses projected from light-water-cooled povwer plants conforming with
proposed Appendix I. Effects upon the human population of tadiatidn dosage
levels below 500 millirems per year are so small that the; cannot be demon~
strated with certainty. It is, accordingly, necessary to extrapolate by
some model or hypothesis from the known effects at high dosages to the
experimentally unobservable effects of small dosages.

Two hypotheses have been developed to predict whether or not effects
occur from dosages at these very low levels. One holds that a threshold may
exist at low dosages and dosage rates below which no damage occurs. A
second, the so-called linear hypothesis, assumes that damage is proportional
to dose down to zero dose levels. Neither hypothesis can be proved or dis-
proved. Data om radiation effects on the human population are insufficient to
demonstrate whether the magnitude of damage is or is not proportional to the
- magnitude of dose for all dose levels; if the linear hypothesis were true
effects would be so slight at low doses that unmanageably large exposed

populations would be required to demonstrate the effects in a statistically

significant way.

l']AEC Exhibit 2, Statement on the Somatic Effects of lonizing Radiationm,
Leonard A. Sogan, Jan. 12, 1972.

2!NCRPH Exhibit 1, The Development of Radiation Protection Standards, .
Lauriston S. Taylor, Feb. 16, 1972.

3/
< CUG~T1, Statement on Behalf of the Consolidated Utilities Group,

Morton I. Goldman, March 17, 1972.
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National Intervenors (NT) soonéoted testimonyl, by Dr. Ermest J.
sternglass that would seem, at the least, to cauce serious doubts as to the
conservatisz of the linear hypothesis. However, the recordz’gﬁi, shows
strong disacreement with this testizeny; portions of the Sternglass calcu-
lations are Shownz'ﬁj to contain serious errors. Moreover, careful
cxaminationll of the same data used by Sternglass as well as of additional
material aprecars to produce quite different conclusions. Accordingly, we
f4nd the NI testimony unpersuasive on this point.

The State of Minnesota also sponsored testimonygj to indicate that the
1inear hypothesis lacks any element of conservatism, but the State seems to
suggest that the linear hypothesis should be used.

Neither General Electric Company (GE) mor the Consolidated Utilities
Group (CU) spokeszen attacked the linear hypothesis directly, but both appear,
l:‘tinns, to challenge this assumption of a direct linear relationship be-
tween biological effect and amount of the dose. CcU statesgj "Proposed
Appendix I fails adequately to reflect the negligible and possibly nonexis=-
tent bfological impact fo {ndividuals and populatiocn groups of the dose levels

7/

at which its proposed numerical values are aimed. GE states— '"Indeed these
dose levels are so low that {ncreasing the levels by factors of 5~ 10 would

result in no detrimeat to the public and hence such an increase could be

¥ NI-2 Summary Testimony of Dr. Ernest J. sternglass, Marc 17, 1972.

¥ AEC-15 Rebuttal Testimony Concerning the Direct Testimony of Dr. Ermest
J. Sternglass, Dr. Marvin Goldman. ;

3/ AEC-14 Rebuttal Testimony Concerning the Direct Testimony of Dr. Ernmest
J. Sternglass, Dr. Edythalina Thompkins.

GCE-2 Rebuttal Testimony, Dr. Richard I. Fost, April 28, 1972.

w

w |
~-

-~

Minn-1: Testimony of Arthur R, Tamplin.

/ Statement of Position by the Consolidated Utilities CGroup, Jan. 19,
1974, p. 8. . . ¢
Y Summary of General Electric Company Clocing Statement, Jan. 21, 1974,

p. 4.

o~ |
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.justifiea. if necessarv, on the grounds of administrative convenicznce alona.”
It is clear from these and similar statements from GE and CU that they are
convinced that the linear model is excessively conservative.
Limited participant Andrew Full presented testimenyl/

to 1nhicate tﬁat the linear hypothesis overstates the population damage by a
considerable and, perhaps, excessive nargin.
- _ . .Dr. Lauriston S. Taylor,'Presiden: of the National Council on Radiation
Protection and Measurements, stated of the linear hypothesis in his written
testimony:z/
e "It is well known that such a simple relationship usually
. - . does not hold, and that simple extrapolations from high-dose

effects to low-dose effects are most likely to err in varying

. - degrees on the safe side; that is, the effects at low dose and

: =.*low dose-rates will almost certainly be less than predicted on~

& basis of simple extrapolation. Such a model ignores the
. __existence of dose-rate effects and, hence, biological recovery
.- 4n 8 blo-syscem exposed to radiation. Nevertheless the model is

_ useful for giving some kind of upper limit of dose effect.”

="’ Ye have, in keepiﬁg with Eﬂé pteponderancé of evidence on the record,
sysumied the usefulness of the linear hypothesis that damage is proportional to
4933_5;”111_;eve13._”We_do this, in common with the ICRP, the NCRPM and the FRT,

to assure a reasonable conservatism in assessment of radiological damage; our

!!;;nal Statement of Position, Andrew P. Hull (Limited Participant), Jan. 30,
1974. . A it

Z-/Lauriston S. Taylor, "The Development of Radiation Protection Standards,"
NCRPM-1, February 16, 1972, pp. 19 and 20.

. - ‘ o wwe pea " Secw -
* - A% P - - - V.o "% i chea .
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assuzption, as theirs, implies no endorsement of the scientific validity of
the lineaf hypothasis. Indeed, we recognize that assumption of this hypoth-
esis deviat>s from the approach generally used in toxicology. -We, neverthe-
less, accept the linear hypothesis, for purposes of this rule-making and at
least until such time as an alternate hypothesis can be scien:ifically sub=
ltautiatéd. because we firmly believe that it is prudent to assume a mouel
that 4s likely to establish the maximum level of risk to the population. We
believe that the actual risk associated with any small dose probabiy falls

somewhere between zero and the level defined by the linear hypothesis.
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¢. Estimates of Risk from Radiation

1f radiatio: effects are to be understood in proper perspective, it
is important to remember that people are continually exposed to radiation
from several matural sources. These sources include: cosmic radiation
from outer space, radiation from natural sources in the ground and in the
air, ana radiation from within their bodies that has as its source the
patural radiocactivity in water and foods. The contribution from each of
these sources varies, depending upon such factors as altitude, geographic
location, personal habits of individual personms, and diet. Within the
United States the average yearly exposure from all such natural sources is
sbout 125 millirads. To this "background" (and inescapable) exposure the
radiation dose from other human activities - principaliy that from medical
x-rays - must be added. The average annual dose from medical x-rays in the
United States is estimated to be approximarely 150 éill;rads to the bone '
mArrow nné 90 millirads té the gonads.l/ Accordingly, radiation exposure
from human activities, coupled with that from natural sources, results in
an average annual exposure to individuals in this country from all sources
of approximately 300 millirads.lj

It is, of course, well known that exposure to very high levels of
radiation produces biological effects thﬁt can be detected both in animals

or in persons exposed (somatic effects) as well as in their off-spring

(genetic effects).

Dr. Lecnard A. Saganl/ and Dr. Dean A. Parkerzl testified on behalf

of the AEC Staff on the somatic and genetic risks, respectively, associated

with low level radiation to population groups in the population dose ranges

17ALAP AEC Exhibit 2, "Statement on the somatic Effects of Ionizing
Radiation," Leonard E. Sagan, Jan. 12, 1972.

ZIALAP AEC Exhibit 3, "Statement on Cen:tic Cffccts of lonizing Radiatl o,
Dean R. Parker, Jan. 7, 1972.
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estimated for Appendix I. Both stressed the absence of any scientific
.cvidence of biological effect at these dose levels and both emphasized
that their estimates were extrapolations from observed effects at dose
levels many orders of magnitude higher. Both also stressed that their
calculations were based on the conservative linear hypothesis that
biological effects were linearly proportional to the dose received and
were independent of dose rate. :

On this basis Dr. Sagan concluded:

"*o: each one million people exposed to 1 millirad a maximum of

‘0.14 cases of cancer would occur during the lifetime of the
exposed populatioﬁ%/in addition to those which would normally be
expected in 2 population exposed only to natural background
ragiaction (about 250,0C0).

.It is emphasized that the estimates discussed above are upper
estimates based on highly conservative hypothesis. The true value
for increase in incidence of cancer at these vefy low dose levels
1ies somewhere between 2ero and ihese upper estimates."

Similarly, Dr. Patkerl/ estimated the possible increase in congenital
' dil?as?s associated with low level exposures to large population groups.
Assuming 4 million 1ive births per year in the United States, he concluded:

"yith no added exposure, above nnturallbackground, the annual rate
would be 240,000 (6.0 x 10‘2 x 4.0 x 106). After a single generation
of exposure of the total population to an extra 1 mrem per year, this

‘ nunﬁir would increase to ﬂeatly 240,002, and when equilibrium is

';!ALAP AEC Exhibit 3, “Statement ‘on Genetic Effects of lonizing
Radiation," Dean R. Parker, Jan. 7, 1972.

szpplication of the linear hypothesis would yield the result that exposure
Af 1 mitlian nonnle each to 1 millirad per year would cause an additional
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reached after some 10-20 écnerations of exposure the incidence would

plateau at about 240,019 (6.0004 x 1072 x 4.0 x 10%).

1 wish to temper this estimate by again stating that it is based on

the assumption that linear extrapolation'to low doses will truly

predict genetic effects. The existence of dose-rate effects and

other evidences of repair of premutational damage do not lend credi-

bility to the supposition.”

Both Dr. Saganl, and Dr. Parkerg/ testified that if the average
population dose were to be assumed to be 0.1 millirad or millirem, their
calculation of biological effects would < lowver by a factor of ten.

The State of Minnesota both in cross-examination.oflbr. Sagauil and
in the direct testimony of Dr. Arthur Tamplinﬁ/ contradicted Dr. Sagan's
position that effects on humans were observed only ;t dqsages qonsiderably
higher than the tadia:ion'protection guidelines of 500 mu/year. Br. Tamplin,
primarily on the basis of publications of Scawartéié/ and MacMahonl/ ine
dicating an increase in childhood cancer and leukenia following in utero
irradiation, presented evidence that effects on humans have been observed
at dosage levels at or below the previous 500 millirem/year guideline dosage.

]

zynearing Transcript, p. 1061.
Zjnearing Transcript, PP 1064-65.
2!Hcaring Transcript, PP 453-57.

; QJALAP Minnesota Exhibit », Testimony of Arthur R. Tamplin.

EIStewart,A., and G. W. Kneal, The Lancet 1, 1185-1187 (1970).
‘
LIStewatd. A., J. Webb, and D. Hewitt, Brit. Med. J. 1, 1495-1508 (1958).

2/yactahon, B., J. Natl. Cancer Inst., 28 1173-1191 (1967).

— —
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In {ts Final Statement,l/ The State of Minnesota, relying upon the
- BEIR Raport,z/ indicated risks differing slightly from those prescntéd by
Drs. Saszan and Parker. For example, Minnesota quotes:l,.

'“éucﬁ caleulations based on these data from irradiated humans lead
to the prediction that wdditional exposure of the U.S. population
of 5 rem per 30 years could cause from roughly 3,000 to 15,000 cancer
deaths annually, depending on the assumptions used in the calculations.
The Committee considers the most likely estimate to be approximately
6,000 cancer deaths annually, an increase of about 22 in the

spontaneous cancer death rate which is an increase of about 0.3% in

the overall death rate from all causes."

And, 1o addicion?/

.- "A—ﬁajorfconcern of the Subcommittee is the possible existence of a
. eclass of radiation-induced genetic damage that has been left out of
______ the estimates. By relying so heavily on experimen;al data %p t@e
«-: - WOUSE We may have overlooked important effects that are not readilf
___detected in mice, or the mouse may not be & proper laboratory model

for the stq@y_of man."

:7??7?;";;;u1d be noted that the BEIR Report's "most likely estimate" o

. 6,000 additional cancer deaths annually per 200 million people exposed to 5
rem per 30 years is equivalent to 0.176 additional cancer deaths annual’y per
-1i110n people expesed to 1 millirem per year; this figure agrees clescly

with Dr. Dagan's estimate of 0.14 additional annual cancer deaths per million

3oop1e exposed to 1 millirad per year quoted above.

l’?inal Statement of Position of The State of Minnesota, Feb. 1, 1974,
pp. 5-8.
z’NAS-NRC, The Effects on Populations of Expesure to Low Levels of Ionizing
Radiation (The BCIR Report), Repert of the Advisory Committee on the
3/!1010;1::1 Cffcc.s of lonizing Radiation, November, 1972,

2 'M:'NRC. Ll!.ii' P 2:
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Soln'zestimonyl! presented for National Intervenors, Incorporated

(NI) gave a sligh;ly different estimate of the risk to the population from

low levels of radiation. In this testimony Dr. Edward P. Radford stated:
"on the assumption of the linear dose-response hypothesis 2 continuous
exposure to 1 mren/yr would on the other hand increase the cancer risk
by only 0.004% to 0.02%, a risk which I believe any reasonable person
would conclude to be sufficiently small to be considered negligible.
The new proposed standards attempt toO reach a level of risk which is

still acceptable and yet not so unniecessarily restrictive as 1 mrem/yT

would be. ey L

Given this o;@er qf risk, the decision of the figure to adopt for
acceptable levels of exposure to man becomes 2 matter of judgement.
In Q; opinion the proposal of a whole oody dose of 5 mrem per year
is quite acceptable, and indeed may be too restrictive, if only be-
cau;;-it will_é; difficult to monitor effluents at levels consistent
with this 1;w exposure rate."
Dr.-kadfotd's testimony, both wri;tén and under cross examination%”l/

made clear, however, his personarll concern that present radiation protection

otlndaths may be too lenient: Dr. Radford statedrl/

‘“prom the most recent evidence of cancer risk to man, 1 consider that a
continuous lifetime dose of 500 mrem per year would increase the risk
of cancer by 2 to 10%, in my opinion an unacceptable risk te an

4ndividual not directly benefitting from the source of the risk."

l'/’AI.AI’,NI Exhibit 3, Testimony for U.S. Atomic Energy Commission Hearings
on Standards for Release of Radionuclides toO the Environment from Nuclear

_ Facilities.
2!Heating Record, PP. 2067-2068.
Ajﬂaaring Transeript, p. 2090.
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It 45 clear fze= the tc:::il'z/ shat tha nurbers quoted irmediately
above are Dr. Radfords' own escimateszl derived through his participation
in preparation of-the BEIR report whose conclusions (and the similarity
of these conclusions to those of the Regulatory Staff witnesses) were
briefly summarized above. It is also clearll that the phtése "new
evidence" is intended to mean reworking and improved modeling of data‘
ﬂltcady in the published literature, and that Dr, Radford's estimates
do not-diffef substantially from those of Dr. Sagan and of the BEIR report.
ther testimony presented for National Intervenorsﬁl seemed to indicate
considerably hisher risks to the population from low levels of radiatiom.
Dr. Sterngla.s assertsi'zl .
“as will be shown below, all the recent statistical studies on large
Humni popu 1itions Catti;d out by a numbef'of indepenaent invesiigators
dgt:éodﬁx :d with any gerrnment agencies lead to approximately the
same corc. .siom, namely that an additional dose of only 1 millirad per
i;it from fission products in the environmeni or 1% of normal background
radiation, leads to about a 1/4% of 1% increase in mortality rates both

for the mewborn and the total population.”

N A - - . - s . -
¢ @ - .viw - 2l . - m—— e e - . - - .

;;Jlturther.if ¢
:i”ln effect, the data as summarized below suggest that the radioactive
-‘tori;l created in the course of nuclear operations are somewhat more
toxic than the f;dioactive elements normally found in our environment,
since the typical background radiation of close to 100 mr per year is

believed to be responsible for only some 5-.20% of all chronic diseases,

B e

— — b | - w— —— — —— - —

ljﬁearing Transcript, 2064, : 4 e e
zjﬂearing Transcript, 2090.

_léjﬂcatlng Transcript, 2096-99.

QIALAP NI Exhibit No. 2. Summary of Testimony by Dr. Ernest J. Sternglass,
March 17, 1972. '

3 tcaring Transcript, 1913-1919,
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cancers and genetic defects, while the radiocactive materials created

in the course of nuclear operations seem to lead to a 25% to 1007

‘4nercase in mortality for a similar annual dose of 100 ﬁillirad."

Again the record indicates strong disagreenent with the conclusions
of this testimony. Rebuttal wiCnessesl’g‘EL/ seem to us to present and
sustain the positicn that there are serious shortcomings in the statistical
methods, the choice of data, and the intervretations indicated in this
testimony. While we are aware that, as Dr. Sternglass and others point out,
the developing enbryo and the young are more sensitive to radiation than is
the adult population, we are unable to give weight to the risk estimates
provided by Dr. Sternglass.

Mr. Andrew P. Hull, a limited participant, also presented written
testimonyﬁlas to radiation risks. His calculations suggested that exposure
of 2 million people to 1 millirem per year would produce a mortality rate
of 0.2 per year and contrasted this value with the value of 400 per year
from natural disasters. .

In its Final Environmental Statement tie AEC Staff based its estimates
of the upper 1limit of bislogical risk on the BEIR repert rather t.han on the
ﬁcotimony of Drs. Sagan and Parker noted above. However, the conclusions
of the BEIR report are not, as suggested in the preceding paragraphs, sub-

stantially different from those of Drs. Sagan and Parker.

é-’ALAP Regulatory Staff Exhibit 15 Rebuttal Testimony Concerning the Direct
Testimony of Dr. Ernest J. Sternglass, Dr. Marvin Goldman.

<3!ALAP Regulatory Staff Exhibit 14 Rebuttal Testimony Concerning the Direct
Testimony of Dr. Ernest J. Sternglass, Dr. Edythalina Thompkins.

2!ALAP G.E. Exhibit 2 Rebuttal Testimony, Dr. Richard 1. Post, April 28, 1972.
i-’Final Statement of Position, Andrew P. Hull, Jan. 20, 1974.
2jALAP Final Onvironmental Statement, Wash-1258, July 1973, Vel 1, p
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It is apparent that, although there are disagreements regarding the
degree of conservatism in the calcula:ions, and altﬁough the State of
Minnesota varnsll "Prudent public health praétice requires the upper limit
estimate of effects in The BEIR Report to be used when setting standards
and regulations," there seems to be a gratifying consensus as to the magni-
tude of the risks to the population from small levels of radiation.

Moreover, it seems to be very unlikely that effluents from light-
wvater-cooled nuclear power plants will in the foreseeable future, if ever,
expose the population at large to dosage levels as high as 1 millirem per
year. Mr. Rogers and Dr. GCamertsfelder have statedgj that, assuming a 500
millirem per year dose from noble gases to the most exposcd imndividual at
the boundary,

"[u]sing realistic population distributions and wind direction

frequencies for 11 different power reactor sites, the theoretical

lveragé population dose rate for the whole population included
- within a circle with a radius of 50 miles of these plant: would be
approximately 1 millirem per year."
Thus, in terms of Appendix 1's much lower dose objective to the "worst
case" individual. the average annual dose from noble gases to the general

population within 50 miles would be less than 0.05 milliren.

-

Alrinal statement of Position of The State of Minnesota, Feb. 1, 1974, p 7.

EIALAP AC Staff Exhibit 11, L. Rogers and C. Gamertsfelder, U.S.A.
Regulations for the Control of Releases of Radioactivity into the Eaviron-
ment in Effluents from Nuclear Facilities 133 (1570).
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group generally confirm that

gascous effluents would be in the range suggested by

Mr. Rogers and Dr. Gamertsfelder. Dr. Walton A. Rodger's calculatinns,l,

ghowed that for noble

gases assuming 5 millirem to the worst case

{ndividually at the boundary, the average annual dose

population within 50 miles would be 0.02 millirem.

/
pr. Morton I. Goldman'sa
gaseous effluents show that for over fi

butions to dose toO the

about 0.01 percent of

correspond to a general

to the general

treatment of general population dose from
fty plants evaluated, plant contri-

general population within 50 miles would average

background doses within the same regionm, and would

year due to gaseous effluents.

As to contribution
sources, Dr. Camertsfelder in his written test
that testimonyﬁl estimate
drinking water from the natural bodies of wate
currently operating reactor

Gamertsfelder added that since populations pear

or under coumstruction

population dose of about 0.01-0.014 millirem per

s to general population dose from liquid effluent
imonyll and in his summary of
4 that the average annual dose to populations using
r into which the effluents of
s flow is less than 0.01 millirem. Dr.

some reactors presently planned

will be higher than the populations around existing

l"Statcmcnt of Positio

n by Consolidated ytility Group,

z!ALAP Uc-T1, Statement by Morton I. GColdman on Behalf

Croup, March 17, 197

2 9 37

2'IALA:‘ AEC Staff Exhibit A

i,Hcaring Transcript,

pp 39-40.

Jan. 19, 1974, p 28
of Consolidated Utilities
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_pllats, the total population dose could be higher than 0.01 millirem,
provided these larger populations actually obtain their drinking water
from the water bodies into which liquid effluents flow. Even for any
planned sites where the general population doses from liquid effluents
might be higher than 0.01 millirem, Dr. Gamertsfelder stated: "[i]t 1s not
expected that the average annual whole body dose to individuals in a large
population would be any larger than abort 0.1 millirem for individual
reactors operated within the proposed design objectives."

_ From the foregoing it seems clear that operation of light-water-cocled
nucleaé.power plants - even in very substantial numbers - under the
Appendix 1 guide lines should not expose the population to levels as high

Al-p.l millirem per year. That fact when coupled with the risk estimates
i-dctailed above should lead to a very small (though not completely

::negligible),risk to the public health and safety.



BASIS FOR DESIGN OBJCCTIVE VALUES

A. Dosage limits or Dosage Plus Quantity Limits

The AEC Regulatory Staff originally contended that, although dosage
levels to oif-site individuals were the basic criteria for the design
objectives, such dosage levels should be limited by specifying limitations
on quantities and conceqtrations of radiocactive materials in effluents

2
from light-water-cooled nuclear power plants.l/ For cxzample, it was stated—

"As explained in the preamble to the Notice of Proposed Rule Making the
design objectives are expressed in the proposed guide as limitations on
quantities and concentrations of radioactive material in effluents. The
power reactor apd associated waste treatment equipmeqc would be designed
to make it unlikely that the specified quantities or concentrations would
be exceeded during normal operation, including anticipated uanusual occur-
rences. The epecified quantities and concentrati;ns would generally limit
exposures to members of'the public living near the site boundary to about
S millirems per year from radicactive material in liquid effluents and
about 5 millirems per year from radioactive material in gaseous effluents.
As a practical matter it is not likely'that a given individual would be

exposed to both liquid effluents and gaseous effluents at a level approach-

ing 5 millirems per year from each source." '

and, fhrther:z'ﬁl

“The basic criteria for the design objectives are the limiting dose of

§ millirems per year to individuals offsite from radicactive material

AJALA? AEC Regulatory Staff Exhibit No. 1, Tab 1, pp. 13-19.
gjlafcrence 1, this page, p. 13. i
z!ALAP AEC Regulatory Staff Exhibit No. 1, Tab 1, p. 14,

ﬁ-/Hearing Transcript pp 25-26.
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4n 1iquid effluents and 5 millirems per year to 1§d1viduals offsite
‘ from radicactive material in gaseous effluents. The specified quanti-
ties and concentrations are substantially more conservative than would
be reqqired to meet these dose limiting criteria for many sites."”

During, and as a consegquence of, the Hearing the Regulatory Staff modi-
fied its position. The version of Appendix 1 presented in the Staff's
Concluding Scntementlj no lenger specified concentration limits on tritium
and other radicactive materials released to the enviroament but did inlcude
e in addition to limitatinas to the dose to any individual in an unrestricted
area -- limits uporn the quantity of radicactive material (except tritium and
dissolved gases) in liquid effluents and upon the quantity of iodine which
could be released.

The Staff position that both offsite Cuve ond guontity limitations should
be required is clearly {ntended to remove the possibility that future land use
patterns in the neighborhood of reactor sites might be prejudiced. The staff
states :-2-/

"Basically at issue here is the extent to which site-released parameters

should dictate design objectives and the nature of the assumptions that

should be used with respect to those p;tameCers, such as the present and

future uses of the environment."

andtgﬁi,
"I¢ 4s the Staff's position, for example, that for purposes of design
objectives for nuclear power reactors it {s inadequate to base parameters
only on uses of the environment as of the time the reactor is designed
1/,

='Hearing Transcript pp 25-26. :
Z/Concluding Statement of Position of the Regulatory Staff, Feb. 20, 1974, p 50.

%’Ibtd.. ’. 52,
~'see also ilcaring Transcript, pp 343344,
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and cunstructed. Racher, futufe uses of the environment should be taken

{nto a-count and those uses not foreclosed by installing inadequate waste

treatment systems based on offsite dose calculations that take into ac-

count only present uses of the eavironment."
and, furthet:l/

"I1f design objectives are based on estimates of individual doses offsite

alone, failure to assume in models future uses of the environment could,

for some particular sites where the siﬁe environs are not being used at
time of construction of the reactor, result in designs of radwaste systems
that do not use even the rudimentary, readily available technology to
reduce releases so that large quantities of radionuclides could be released.

As future uses of the site environs develop, backfitting might well be

required to meet the dose objectives."

The General Electric Company (GE) argued consistently throughout the hear-
1ng£'l‘£”2/ that specification of quantities and concentrations of emitted
radioactive materials is unnecessary in light of the primacy of the dose criteria
and is, furthermore, undesirable for several reasons. On this aspect of the

3/

original Appendix I, Mr. Smith testified~ as follows on behalf of the General

~

Electric Company: e
"The General Electric Company feels that Sections II-A and B of Proposed
Appendix I, the sections containing the emission quantity and concentration

guides, should be eliminated. Failing that, these quantity and concentra=

i;Concluding Statement of Position of the Regulatory Staff, Feb. 20; 1974, p. 53.
;,ALAP CE Exhibit No. 1, March 17, 1972, pp 7-13.
; learing Transcript, pp 1435-36.
;ICIoslnn Statement of the Ceneral Electric Company, Jan. 21, 1974, p 13.
Reply Statement of the General Electric Company, March 14, 1974, pp 43-48.
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n

t4om 3.4daz aheutd a2t least be romoved

rom thoir present position of
promineace in Appendix I.
"We believe these changes are desirable, siﬁce first the quantity and
concentration guides lack independent significance. They do not protect
any public interest in their own right, but are merely offered as a
shortcut means of demons:rating compliance with the dose objectiveg of
Section II-C.
"Second, the quantity and concentration guides do not perform'their
{ntended function. That is, they do not provide any significant savings
of calculational effort.
"Thirdly, if applied, the guides of Section II-A and B would lead to
costly overdesign of nuclear poﬁer plant effluent treatment systems.
"And fourth, although they are intended to provide merely one alternative
method of satisfying Appendix I, inclusion of the quantity and concentra-
tion guides is affirmatively undesirable, especially if they retain their
present position of prominence. These guides will lead to substantial
misunderstanding and confusion regarding cémpliance with effluent emission
eriteria. This confusion will inevitably adversely affect public accep-
tance of nuclear facilities, and it will distort the evaluation of plant
applications during licensing." o

GE continues to urzek'zl that the remaining quantity limits be eliminated from

Appendix I. They argue;gl in the case of the limit upon radiocactive materials

in liquid effluents:

llClosing Statement of the General Electric Companv, Jan. 21, 1974, p 13.
£,R¢ply Statement of the General Electric Company, March 14, 1974, pp 43-48

Bl
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:oactbrs that 'do not use even the rudimentary, ;eadily available tech-

" nmology to reduce releases' and consequently will 'releasé large quanti-
ties of [radio]iodine simply on the basis that no cows are located within
many miles of the reactor &t the time of comstruction.' The ALADY record,
however, demonstrates that such an eventuality is not a realistic pos-
eibility with regard to LiR's."

The Consolidated Utilities Groun (CU) also argued consistently that
quantity and concentration limits be omitted from Appendix I. In its Conclud-
ing Statementl/ CU argues as follows:

"Although there was uniform support for the belief that dose is and should

be the primary basis for numerical guidance on the "as low as practicable”

concept, there was also recognition of the administrative difficulry
associated with practical application of the dose objective, since at the
range of very small exposure levels contemplated under Appendix I, it is
generally agreed that most doses are not subject to accurate measurement
with presently available techniques and equipment. Consequently, from
the standpoint of measurement and control, we have no quarrel with the
principle that limits must be set on releases from specific nuclear power
plants.

fhn 1ﬁportant {ssue is therefore not whether the Commission should es;ab-

14sh limits on radicactive effluents for inclusion in individual plant

operating licenses, but how those limits are to be established. One
approach, which we believe to be wrong, is to stindardize effluent limits

at a level which for most, if not all, plants would assure compliance with

l’Stltemen: of Position by the Consoljdated veility Group, Jan. 19, 1974, pp
51"52. i :
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Staff's sudden proposal that a 5 curie 1ix!t be superimposed on the §
mrem dose objective as a limit in its o right."

And in its discussion of the limit on release of 1311 from each reactor,

CcuU arsueszl/
“The Staff further proposes an over-ride limit on I-131 which can be
released from each reactor of one curie per year. The proposal is ncw
and has no foundation in the record of the proceeding. The Staff justi-
fication for a“ding this limit is in essence that there could be reactor
sites so remotely located that the measures required to meet Appendix I
dose objectives for the nearest individuals could be so minimal as not
not-to include even those augnments which.qan b; justified on the basis
of tctal population dose reduction.- As a practical matter we believe
there will be very few sites at which this condition could oeccur."

The propriety of this emphasis on dose was strongly supported by Dr.

Taylor, testifyingz’ll on behalf of NCRP, by Dr. Eisenbud,il who made a limited
appearance on behalf of the Atomic Industrial Forum and by R. M. Hartman} who
made a limited appearance on behalf of Ebasco Services, Incorporated. The
National Intervenors endorsed this position;RDt. Radfordgl stated that:
- "The concept proposed by the Atomic Energy Commission that the standard
shculd indicate an acceptable millirem dose per year... is superior to
the idea of maximum permissible concentrations, formerly applied by the

/

Atomic Energy Coumission."

!!ﬁeply of Consolidated Utility Group to Concluding Statement of Regulatory
Staff, March 7, 1974, p 13.

zlﬂearlng Transcript, pp 1737-38.

A/Hearing Transcript, pp 2055-56.

51Hear1ng Transcript, p 88.

i’"carlnn Transcript pp 109-116.

ULAP Sortinat torervasess Bkines 3 .o o
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In addition, limited participaat Andrew P. Hull said in his final statcment:ll

“Purtharmore, considering the highly variable nature of nuclear reactor
sites, I believe that the specification of release and concentration
limits, over and abeve an overall exposure limit, is also unwarranted
and in many if not most cases would lead to significant expendiiures

for protection against non-existent or completely inconsequential risks."

On the other hand, the State of Minnesota has consistently argued=’ 2.3,4/
that quantities and concentrations of radioactive material released should be
minimized. Although it is clear that Minnesota's intent is the protection of
individual" and especially those near nuclear facilities, the language recommended
in its Final Statementi/ suggests that Minnesota would give primary attention to
quantities and concentrations of radioactive materials released.

We, the Atomic Energy Commissionm, certainly agree with the overwhelaing
preponderance of evidence upon the record that the primary purpose of Appendix I
1s the protection of the public from radiation dosages resulting from radio-
active materials in effluents from light-water-cooled nuclear power plants. We
further agree that Appendix I should be written to make clear the primacy
of controlling such dosages. We agree that the Regulatory Staff was correct
in removing the concentration limits for radiocactive materials in liquid effluents
from light-water coied nuclear power reactors from its version of recommended
Appendix I.gj Wheiher limits upon quantities of radioactive materials to be

released should be spec!.fied in addition to limits upon doses to people is 4

more complex qustion.

1/Final Sta:ement of l051 ion, Andrew P. Hull {(1imited Participant) Feb. 11, 1974,
’/ucaring Transcript ¢p 17176-1779.
)/Final Statement of Position of State of !linnesota, Feb. 1, 1974.

ut
. llearina T L 159-160
'/T1n|1 ri%?;&%n:bgr " rdzacgipthgpSthg of Minnesota, Feb. 1, 1974, pp 21-22,

5/Conf}udin" Statement of position of the Repulatory Stuff, Feb., 20, 1974,
pp and ¢ ;

13

’
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It is obvious that, especially at the low levels of Appendix I, many of
- the doses are not in themselves subject to accurate measurement with existing
techniques and equipment. Consequently, the quantities and concentrations as
well as the identities of the radiocactive materials released must be measured,
and the doses must be {nferred by‘calculations from these data. This is, of
course, a basis for argument for inclusion of limits upon such quantities in
the rule. We are not, moreover, impressed with some of the arguments against
{nclusion of such 1imits. We are, for example, not persuaded of GE's clainl/
that:

“These guides {that is those containing quantity 14nits] will lead to

substantial misundérstanding and confusion regarding compliance with

effluent emission eriteria.”

we do find persuaéive, however, the arguments advanced by GEz/and C“3/
that imposition of quantity limits of the magnitude proposed by the Rggulatory
'Staff could jeopardize the advantages that the dose limitation wouid otherwise
provide (namely a regulation that is fitted t;) tﬁe particular characteristics
of individual plants and sites and that encourages the applicants choice of
a favorable site). It is clear that the Regulatory staff in statingi, about an
-carlief formulation of the rule

"The specified quantities and concentrations are substantially more

conservative than would be required to meet these dose limiting criteria

for ur(y sites."

recognize sqmé.validity to this argument. We have, accordingly, adopted an

:]kefe:ence 3, page 27.
Zjleference 2, page 28.
2',Rci‘.emm:e 1, page 30,
4/

2/ peferences 3 and &4, page 25 of this Statement .
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Appendix i tnat does noc speciiy yuanciiy or concentration limits for the
effluents from light-water-cooled nuclear power plants. We expect: as
recommended by CU.l/ that limits on gquantities of radioactive materials, other
than tritiunm and dissolved gases in liquid effluents, would Se incorporated
in the technical specifications of ¢he individual plant operating license.

Though we do not include quantity limits in Appendix I, we do agree with
the Regulatory Staff argurent that "it is inadequate to base parameters only on
uses of the environment as of the>iime thé r;accot is deéign;d ;nd constructed.”
é. certainly wish to assure that the rule cannot result in approval of "designs
of radwaste systems that do not use even the rudimentary, readily available
technology to reduce felease «==," We do not believe that the nuclear industry

we note that

has intgntions of doing this, and/both GE and CU declare that pothing of the
gort will be done. We consider {t obvious, however, that our responsibilities
to the people-cannc: be satisfied by an Appeﬂdix 1 that depends upon the
continuing good will and good 1~teﬁtions of any other party. Accordingly,
although we have not included quantity limits, we believe - as described in

detail in a subsequent tion - we have by another and more justifiable

pechanism obtained the necessary'protection for potential £uture uses of the

- e .. - - - s - - o - . e -
J ~

I]lntorence 1, page 30 of this Statement.



B Individual vs Population Dose

The C-nsolidated Utilicy Group (CU) holds that the controlling consider-

es should be population rather

than individual radiation exposures. In its Statement of Positicnl/ Cu

ation in establishing numerical dose objectiv

states:

%2, The controlling consideration in establishing nurerical dose

objectives should be sosulation rather than individual radiation

exposures. At dose levels below accepted radiétion standards,
the levels of risk to individuals are negligibly small. Statis~

ticeily significant risks wan be calculated onlv for large

population groups. For regulatory 51mplicity it nay be desirable

that Appendix I continue to express its design objectives in

tewms uf off-site individuals, However, the choice of the indivi~

dual dose objective, and of the individual to whom it applies,

should reflect the paramount importance of the population dose

objective and should not be more stringent than can be justified

on a cost-benefit basis in terms of population dose rcdcction."
:In spite of this contention CU, apparently for the sake of "cegulatory
' linplicity" in its Statement of Position states its recommendations on
dclﬂgn objectives in terms of dosage to {ndividuals. CU would,however, make

t'¢ individual dosage compatible with a primary population dose objective

aid would specify an individual other than the one "maximally exposed" for

i’ gtatement of Position by the Consclida

ted Utility Croup, Jan. 19, 1974, . %



3

2/

the dosage calculation. To that end they sta:c:l’—
"We believe that if an individual dose is to be used, the proper
_ approach is to comsider first a population dose objective which
can reasonably be justified as "practicable" on a cost-benefit
basis and then to detérmine a compatibie individual dose objective.
#he selection of an extremely low individual dose objective as an
end in itself, without reference to population dose effects, cannot
we believe be justified. Itlis even less justifiable when the
i{ndividual qhosen for doss estimating is one whose living and
recreational habits, including food and water consumption, are
wholly unrepresentative of the population group in the general
;icinity of the plant.” : i
and, in ddditions Pt
"3. Dose Assumptions. In addition to requiring that realistic
ailumptions be used for individual_dose calzulations, Appendix
1 should specify that the individual selected for dose calcula-
tion be one whose living and recreational habits, including the
'oource and quantity of his water and food consumption, are

representative of a significant number of individuals living in

the general vicinity of the plant."

é[Stntemenc of Position by the Consolidated Utilities Croup, Jan. 19, 1974,
pp. 26'27 .

1pi4., p 69.

— ———— ———— e
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Linited Participant, Andrew P. Hull also favored primary consideration

to total population dose and subordination of individual dose limits to that

1imit. In his concluding statement Dr. Hull s:ates:l/

"In my judgment, the available biological data do not justify going

beyond the specification of an overall population limit. Since the

bencfit 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. A logical scheme for such

a limit was suggested in an earlier critique of Appendix I (Hull-1972).

It was based on a proposed design guide of 2 man-re3 per year per

megawatt of {nstalled electrical capacity. This would lead to an inte-

grated dose of 2,000 man-rem for a typical 1000 MW(e) plant. At a
-4

risk level of 2 x 10  per mao-rem, CAiS would Jead to an estimated

risk of less than one additional cancer case per year per 1000 MW(e)

plant. 1f the Regulatory Staff estimate that a 5 wrem/yr "boundary"

1imit would lead to 400 man-rems per year is accepted, then a boundary

limit of 25 mrem/yr would be consistent with the proposed 2,000 man-

rem population 1imit."

~

Ebasco Services Incorporated, as a limited participant, a.so argued that

popuiation dose should be recognized as an important factor in decisions re-

garding Appendix I. Mr. R. M. Hartman stated for Ebasco that, in his opinion,

AEC had gone too far in details for implementing the dose limit to the nearest

offsite individual and not far enough in considering the dose to a sizeable

nearby population group. Mr. Hartmar suggested:2

ks

ll!lnal Statement of Position, Andrew P. Hull (Limited Participant) Feb.
11,1974, p 4.

& llearing Transcript, p 111.
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"To consider population dose more specifically than the current appendix,
we believe that the applicant should additiomally be requested to real-
istically calculate man-rems to the population from planc releases in a
25-mile perimeter of tne plant. Lower release quantities or concentra-
tioﬁs (as derived from consideration of dose to the nearest off-site

{adividezl) would be necessary {f 1t appears that such releases would

result in greater than 0.1 man-rers/yr per MWT reactor power level during

normal operation."l/

General Electric (G.E.), on the other hand, would specify the
pumerical guides for the nearest neighbors. In its Clasing Statemerc
GE affiresy
"), Dose Objectives. The ALAP n__..ical guides should be estab-
11shed in terms of éosé—liniting objectives for the nearest
peighbors of light-water reactors and should equal one percent of
the present Federal Radiation Council Guides for the whole body and
each body organ. Specifically, the objectives should be 5 milli-
rems per year for the total body, 15 millirems per year for the

thyroid and 30 millirems per year for the skin."”

zjuearing Transcript P» 114.
EIClosing statement of the General Electric Company, Jan, 21, 1974, p. 13.
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The State ot Minnesota ciearly supports toe position that {adividual

dosage levels and not the average doses to a large population should be the

In this connection, Minnesota quoteslj from the

Federal Radiaticn bouncxlg/

controlling factors.

VEspecially, {t is noted that the use of the average figure, 2s

a substitute for evidence concerning the dose to individuals, is

permisstble only when rhere is a probability of appreciablg homo-

geneity concerning the distribution of the dose qithin the

population included in the average."

and ltates:l/

- - “The important point here is that, in keeping with the American

o _tradition nf the importance of the {ndividual, Bno one (and one night

add " ore's of £-spring) should be required to assume a disproportion-

ate amount of the risk.” L2 g

The AEC Regulatory staff has taken the position that, while average

population exposure 1s i{mportant and should be minimized, primary attention

pust be given O 1imitations upon dose to individuals 1iving in close

ptoximity to the reactor site. ll The records‘shows that this position has

not substancially changed throughout the hearing. In Oral Argument, Mr.
Rogers statedﬁl for the Regulatory staff
w1 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 ¢ime near the site, to as low as prac:icable

1evels."

—7final gtatement of position of the state of Minnesota, Feb.l, 1974, PP- 12-13.
Z,FRC Backeround 1 v terial for the pevelopment of Radiation Protection
st‘ndJ‘db, l\val» No. l- l\by 13’ 1960’ P- 27.

Q/Sce. for example, ACC staff Exhibit No. 1, Tab 1, Jan. 7, 1972 and, AEC



; S s

g

41

and, in its Concluding Statement the Staff notedl,
"The individual living near the power plant is wost concerned about

the risk to himself and his fawily, not the average exposure to the
general population."il
.The Staff has further indicated that exposures to éocential future
users of the environs of nuclear reactor facilities must be comsidered.
Mr. Rogers atatedg‘;-
“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 environ-
ment. I don't think that you éan assume that the environment is not
going to change and is not going to be used in the future; and I think that

the proper approach is to base design objectives and limiting conditions of

operation on the basis that the environment will be used in the future."

We, the Atcomic Energy Commission, agree with the Regulatory Staff's
position that, though the population dose is important and should be minimized,
the primary thrust of Appendix I shouid be protection of those individuals who
live near the light-water-cooled nuclear power plant facility. It seems quite
clear that if such "maximally exposed" individuals are suitably protected
do:aii,levels to the public at large will be very lov.é/ We further agree, as
ofated'abovqgl with the_Regulatory Staff position that account must be taken of

potential near neighbors of the facility and that future users of the immediate

reactor environs should not be prejudiced by emissions from the reactor facility.

!jConcluding Statevent of Position of The Regulatory Staff, Feb. 20, 1974,
pp 47-48. 2

2’0:11 Argument Transcript, p 23-24.

3/ ALAP Regulatory Staff Exhibit 1, Tab 1, p 1.

i’See Section C, Lstimate of Risk from Radiation p. 15. above.

3/

~ See page of this Statecment.
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¢. Direct Camma Radiation from Nuclear Power Reactor and Associated
Equipr-nt

The State of Minnesnta takes the position that Appendix I boundary dose
calculations should specifically include the contributions from "'gamna shin:".l’

Consolidated National Inteivenorszl also raised this point concerning radiation

other than that from radioactive materials in effluents from 1ight-water-ccoled

puclear power reactors. An early position of the Favironmental Protection

Agency (EPA)AI also included the suggestion that direct gamma radiation should

be considered; EPA apparently no longer holds this view since it states:i—

"ye recognize thar the scope of the present rulemaking is limited to
paterial effluents, and that for this reasom did not address the
i{ssue of direct and indirect ga==a radiation frou onsite locations.
We suggest the Commission deal with this category of exposure through
early issuance of limiting criteria for doses toO such radiation."
Experience tO date has shown that the highest radiation dose rate at the
gite boundary is generally 1ess than 10 millirems per year from this source
nnd that, since this dose rate decreases rapidly to negligible levels with
distance from the site boundary, this source contributes only a freation of a

man-rem per yeai to the population dose.z

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

17?1na1 Statement of Position of the State of Minnesota, Chapter 11 E, Part .
reb. 1, 1974.
2,Anthony Roisman to Mr. Algie Wells, et al., Feb. 15, 1972, p 6.

llrinal Environmental statement, Wash. 1258, July 1973, Vol. 3, PP 763-.6.

5/w. D. Rowe, PhD to Mr. L. Manning Muntzino' Received March 12, 1974, 0 .

2,Concludins gtatement of Position of the Regulatory staff, Feb. U, PR

p. 65.
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In its closing position statemenc;l/ CU concludes that:
‘#rhere is a serious danger that the reduction in off site doses
gought to be accomplished by proposed Appendix I will be more
than offset by an increase {n occupational exposure.”
The General Electric Company closing statement.g/ in objecting to equipment
required as a result of "farfetcged assumpfions," comments:
"Sych equipment could, inm fact, produce 2 net increase in the
cxposﬁte of.thé human gene pool to radiation by increasing the
doses to the employees of the LWR facility."
These positions of CU and GE seem.to be based to a substantial extent on the
testimony of Dr. Mortom L. Goldmané"ﬁj concerning likely increases in occupa~
tional exposure due to augrents to radwaste systems and of the relative
importance of such radiation expesure compared to radiation exposure to the
population. In his testimony Dr. Goldman asscrtsil "Thus the International
Compission for Radiation Protectionvconsidcrs that the occupational population
dose may be about 10 times as significant as that to the general public"...
and Dr. Goldman seems tO base much of the fhrust of his testimony on his belief
that such is the case. Dr. Goldman gives as the basis for his view an excerpt

from a publicationé, of the International Commission Radiat on Protection.

I]gtatemeut of Position by the Consolidated Utility Ceoeo," Docket No. RM-50~2,
‘Jan. 19, 1974, p 17.

EICIOsing statement of the General Electric Company, Docke: No. RM-50-2,
Jan. 21, 1974, p 34.

2/Additional Testimony of Ur. Morton 1. Goldman on Behalf of the Consolidated
Utility Croup (Part 1) Occupational Exposure, Docket No. RM=50-2.

i’Hearing Transcript pp 3605-3614 and 3999-4048.

élAddttional Testimony of Dr. Morton 1. GColdman on Behalf of the Consolidated
Utility Group (parts 1 and 2) Docket No. RS-SOGZ.

'EIICRP Punlication 22, paragtaph 18.
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“(18) It is then helpful to express the populacion dose not only
4n man-rems, but also in social and economic terms, for
example, in terms of detriment or monetary units, so that
the advantage of a reduction in collective dose can be compared
directly with the detriment or cost of achieving this reduction.
In this way, the metgods of Appendix III can be directly applied.
In the region of iadividual dose near the dose limit, the need
for the'additional effort can be indicated by arbitrarily
increasing the monetary equivalent of the man-rem, perhaps by
a factor of 10 or so. GSome published estimates of the possible
monetary equivalent of the man-rem are given in Appendix 3 S
4 " The recordl/ geens to maﬁe clear that Dr. Goldman has misinterpreted

the intent of the pertinent Paragraphs of the International Commission for

Rgaiation Protection document.. We believe th;t, vithé@t ;uch a factor to
givc'idcteased weight to occupational exposure, the data presentedal do not
au?ﬁgrt the conzlusion that the probable impact of Appendix I on occupational
cxposu;e will outweigh the probable reduction of exposure to the population.
In assessing the probable impact of Appendix I on occupatiqnal exposure,
tﬁé AEC Regdlagory Staff at;empged an analysis of data equivalent‘ﬁo fhat
pé;lentea by Dr. Goldman. Tt Qa;'found fﬁaf no coﬁclusioﬁs were warranted on
the basis of the data, and that a more detailed evaluation was necessary. .
The staff proceeded to study occupational exposure vy visiting eleven
selected operating nuclear power plants, reviewing exposure records, and

holding discussions with utility personnelfi, This study suggested that

augmentation of the radwaste treatment systems to meet the objectives of

1/ llcaring lranscript pp 4015-4018. , 3 LRy :
2/ "Additional Testimony of Dr. Morton I. Goldman on Behalf of the Consolidated
Utility Grovp (Parts 1 and 2) Docke. No. RM=50-2.

) Chartes A, Willis, "A Study of the Occupational Radiation Exposure Due to
Radwiate Treatment Systems at Nuclear Power plants,"”" Docket No. RM=50-2,



sed Appendix I might be expected to increase occupational exposure by;

propo

some 7 percent. Of more significance was the observation that little if any
of the increase in exposurc would be unaveidable. Much of the occupational

exposure in nuclear power plants is due to such things as inadequately shielded

tanks, lack of access for maintenance, lack of remote controls, and lack of
remote viéwing equipmené; The general conclusions of the AEC Regulatory
staff, which seem not to be challenged in the replies by the Consolidated
Ucility Gtoupii and by General Electricaj to the Concluding Statement of
Position of the Regulatory staff, are that "implementation of Appendix I

peet not significantly increase occupational exposure.'=

We, the Atomic Energy Commission, nevertheless, concinu; Lo be concerned
about the level of occupational exposure in nuclear power plants, and steps are
being taken to reduce occupational exposures to levels that are "as low as prac-
¢dcable.”" Regulatory Guide 8.8 , issued in July 1973, details the occupa=
tional exposure control information that should be provided in license applica-
tions. This information is now being reviewed in the licensing process, and
applicants are being asked to improve plans, procedures, and designs where appro-

priate to reduce exposure. The SAR Standard Format document is being revised to

}nercase emphasis on occupational exposure control. Thus, the importance of keep-
ing occupaticnal exposure "as low as practicable" is recognized, and progress is
being made toward that objective, but we do believe that implementation of Ap-

pendix I 4s compatible with the reduction of occupational exposure.

/
*’chly of the Consolidated Utility Group te Concluding Statement of the
Repulatory Staff, March 7, 1974.

-

*Ikuply Statement of the Ceneral Electric Company, March 14, 1974.

/
Concluding Statement of Position of Regnlatory staff, Docket No. RM-50-2,
Feb, 20, 1974, p 064,
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. Per Site versus Per Reactor
The AEC Regulatory staff has, throughout the hearing, taken the
position that the design objective doses chould be those resulting from
radiocactive materials in eff’uents from all lighé-water-céoled power
reactors at a site.l’ll The State of Minnesota, apparently én the ground
that ";..no group of individuals should be expected to assuue a dispro-
portionats amount of the radiation risk" supports this poaitiongj
. Both the General Electric Company (GEZ) and the Consolidaced Utility
Group (CU) reccmmend that the design objestive dose valueé apply oply to
{ndividual r-actors and not to.all reactors on a site. CU, in its Conclud~-
ing Statenenc%/ argues:
"Under proposed Appendix I the limitations on dose are applicable to
the combined relcases for all reactors on a single site. At the dose
levils ;unt¢mp1;ted in the proposed rule (particularly with respect
to gaseous relezses), the effect of a site limitation will be to dis-
courage and possibly prevent the placing of multiple reactor unite on
a single site. It will also work amn unnecessary hardship on existing
pulti-unit stations, including sevefal three or four unit stations
which are now planned or under construction.
We believe there are strong economic and environmental reasons for
encouraging maximum utilization of existing sites and the planning
and development of new sites for two or more reactor units. Cbvious

economic advantages lie in the sharing of a large tract oflland, in

the sharing of facilities, and in the sharing of much of the expense

s o

X/\!Al ALC Regulatory Staff Exhibit 1, Tab 1

;,Cvucludln; Statement of Position of Regailatory staff, Feb. 20, 1974, » 61.
Vinal Statement of Position of the State of Mimnesota, Feb. 1, 1974, p 17.

of .
Satatencat of Position by the Consolidated Utility Croup, Feb. 19, 1974,



ment and operating supervision.

232458, 1icansing, construction

nnnnn -
Lalage="

Environmental advantages flow from

minimizing the inevitable environmental impacts associated with the

developnent of

< CU would apparently place no

"per reactor’

"sites would still be a small
accepted radiation standards

to their health."

-

““"fIn its Reply Statemenc,g/

geverely limit the number of react
cases,

basis are employed.

rad-waste augnments wihich 1t

GE'htgueszl that per-reactor

that the heiuiéébfy staff has perf

the contrary.

‘-.'. .. - - - "

limit - on doses from multi-reactor sites,

ors at a site unless stacks and,

new inlustrizl sites."

1imit - other than that cbtained by the

but they insisczl/

"The resulting offsite dose to individuals living near pulti-unit

fraction of Part 20 limits and generally

and constitute a trivial incremental risk

CU points out that, wnile the proposed
1imits on doses from liquid effluents may not prove uyaduly burdensome for

multi-reactor sites, the linits on doses from noble gases and iodine may

for some

considers unjustified on a cost-benefit

justified by
s/

application of the guides is

the Aka‘£55i-benef£t consiécrations ¢hat control Appendix I and pointsl”ﬁ”— out

ormed no cost-benefit analyses indicating

I]Sutement of Position by the Consolidated Utility Group,
llkeply of Consolidated Utility Group tO

Regulatory staff, March 7, 1974,

2/Reply statement of the General

Electric Company,

Feb.19, 1974, p 16.

Concluding Statement of the
pp 21-25.
March 14, 1974, p. 32.

8yearing Transcript 3429-80. and 3482,

éjﬂearing Transcript 3486-87.
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GE contendsil that:

", ... aper-reactor design objective suide that is ;as low as
practicabla' for a single reactor=-and the numerical guides of
Appendix I meet and surpass that standard--will remain as low as
practicable even if several reactors are congregated on a siggle
eite. On the same reasoning, equipment augments unjustified on a
cost-benefit basis for a single reactor can never be justified on

a cost-benefit basis for multiple reactor facilities-il Indeed,

the environmental and other advantages of multi-reactor siting
suﬁgest that, if anything, more lenience should be allowed for per-
reactor emissions from a multi-reactor facility since these advan-
tages will off-set any added per-reactor radiological detriment, and
the added leniency would encourage the desirable clustering of pover

generating installations.

® Scale economies beyond th two-unit facilities analyzed in the ALAP;th—;;e
unlikely in view of plant availability considerations, plant physical size
parameters, and other factors.”’ '

Nevertheless -~ and to scome extent in spité.of this argument - GE would
place an additional limit on the dosage levels for a multi-reactor site.
.In its Closing Statement, GE recommends:ll
"For any combination of nuclear power reactors on one site, on adjacent
sites, or oo nearby sites, the applicant‘or applicants shall, in addi-
tion, provide reasonable assurance that the total incremental annual
exposure (from either airborme or waterborne effluents) to any indivi-

dual in unrestricted areas will not exceed four (4) percent of the

l’kzply statement of the Ceneral Electric Company, March 14, 1974, p 33.
zélosing statement of the General Electric Company, Jan. 21, 1974, p. 28.



50

Federal Padiation protection Culdes, as sct forth in Federal
Radiation Council Reports Nusbers 1 and 2, May 13, 1960 and

September 1961, for doses to the total bedy or any organ."

¢
and further scaces:l'

“Both the Consolidated Utility Group and C E took the position in
the ALAP hearings that the Appendix I pumerical guides must make
special allowance for multi-reactor installations at a single site
in order to preserve the overall environzmental and economic ad-
vantages of minimizing the total number of power generation sites.
The FES analyses, even when carried out with a "pest-estimate' dose
evaluation, show that applicaticn of ALAP design objectives as over=
all site limits, regardless of the number of reactors present, may
14mit the number of units on a site

below that number that.may be desirable for environmental and
econoaic reasens., Such a forced geographic distribution of reactor
gites of onc or two units e;ch will not reduce total populationm
radiation dose from LWR effluents; in fact, it couid increase total
population dose if the distributed sites in toto have a lesser degree
of local isolation than would the probably mote‘favorable sites that
would be selected for multi-unit use.

Allowing the nearest neighbor dose resulting from waterborne or air-
borne effluenﬁ; from a number of closely-located light-water reactors,
each meeting the regular single-reacter ALAP guides, to approach four

(4) percent of the Federal Radiation Protection Cuides would

éj01051ng Statement of the Ceneral Electric Company, Jan. 21, 1974, pp 28-29.
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still Timit such doses to 3 small fraction of pernissible dose
and a fractlon of natural background exposure, and it wquld keep then
within the variation in natural background radiation within the United
States. : A I g e el ge il
» Ov;}all; the proposed multi-unit dose objective recognizes the-more
desirable eavironmental characteristics, the greater electrical power
contribution, and the reduced overall site investiéation and licensing
time 1§heten: in multi-unit siting, and it preserves these benefits
witﬁBﬁt‘sacrificing considerations of minimizing pdblic radiation
expcsure. The proposal also addresses the subject of total dose to
4ndividuals from nearby but separate sites, which was not covered in
p;éééseaiAppéndix ¥ ‘the recognition in 10 CFR 50.34a that "as-low=
e practicable” must be defined “in relation to the utilization of
aib&ic energy in the public {nterest" requires allowance of slightly
1;cteased, but still trivial, exposu;es in order to achieve a doubling
6f:lilplin5 of electrical output at a site and the other environmental
‘aviﬁﬁages of multiple unit alttngs™ <. eIV 7*5--;7 e
Our éxnmiﬁation of the record indicates \hat none of the other parties
i{n this hearing has directly addressed this question of whether the limits should
be based on a per reactor or per site basis. National Intetvenorsl/(in its belief
that, since the AEC could not prove that radiation at any level is harmless, Ve

should permit no radiation releases at all) would seem certainly to prefer

1,
’]Anthony J. Roisman to Algie A. Weils, et al., Feb. 15, 1972. -



rhis would ?resuﬂably imoly a

p:efetence for a stringent 1imit upon emission from all reactors at a site.

pr. Andrew p. Hull, who has, as {ndicated above,l/ advocated limits based

ptimatily upon dosages to the population at large and who has suggested 2

pan~-rem per 1000 ifi(e) as a 1imiting design objective,seems to favor a3 per
reactor limitation. A similar observation may be made concerning the testimony
of Mr. R. M. Hartman in a limited appearance for Ebasco gervices, Incorporacad%

who recomnended that a limit of.O.l man-rem per 1000 MW(t) be employed as 2

1imit on population dosage.

it is our belief that there are genuine advantages to the utilization of
atomic eneréy {n the public interest from grouping of light-water-cooled nuclear
power reactors on sound sites, that Appendix 1 should certainly not discourage
such a practice, and that the Hearing Record clearly does nothing t2 refute this
viewl We have, accordingly, written Appendix 1 so that the design objectives
and limiting conditions of operation are applied to each 1ight-water-ccoled
aguclear reactor. Ry

We are pindful of, and have sympathy for the position, expoused by the
state of Minnesota, that "'no group of indiv;duals should be expected to assume
a disproportionate amount of the radiation risk." But it must be obvious that
guch a.situation. however desirable, can seldom if ever be realized on earth.
Even if radiocactive releases (or, for that matter pocentitlly harmful materials
released from any other nuclear oT non-nuclear facility) were kept Yas low as
poscible" pnear neighbors of the facility would assume 3 disgroportionace share
of the risk. It is clearly our responsibility, however, to assure that the

risk, disproportionate though it may be, {s "as low as is practicable." To

that end we have, as set forth belovw, set =< {n addition to the restrictions on

a—

l/l‘iual gratement of Position, Andrew p. Hull (Limited participant) Feb. 11,
1974, p 4.
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on each lizht-water-cooled nuclear power reactor -=- stringent, but we believe
juscifiabie, ilimits upon tne dosages to individuals from radicactive materials

in effluents from all light-water-cooled nuclear reactors capéble of affecting

those individuals.

SELECTION OF SPECIFIC DESIGN OBJECTIVE VALUES

A. Cost Benefit Considerations

The general benefits to be derived through gemeration of electricity
from light-water-cooled nuclear power plants is not a consideration in the
decisicns concerning Appendix I. Such benefits and the associated costs
are a real consideration in the process of licensing and siting of power
stations. The cost-benefit balance appropriate to decisions regarding
‘Appendix I deal with the costs for and the benefits from installation of
sophisticated radwaste treatment systems., This need to balance the cost
for each incremental reduction in dose and the bemefit to protection of
human health aéd well being from the resultant reduction in risk is clear-
1} inherent in any judgment of whether a given dose level is "as low as
practicable." For such decision making both sides cf the cost-benefit

balance should be expressed in commensurate units such as dollars.

~

_1. Worth of g man-rem

.. -The Regulatory Staff agrees with the desirability of doing thisl/

: but have in practice been very reluctant to assign a dollar value to a

man~-rem for this purpose. The Staff sta:esl/
"There is no agreement on monetary values for reduction of risk
to human life or to suffering or how such values should be applied.
It i{s not possible to reflect properly the worth of reduction of
risk to human life in monetary terms since there are overriding

moral values that cannot be quantified.”

l’?lnal Environmental Statement, Wash. 1258, July 1973, Vel. 1, p 8-3.
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Wiy e AR o
The Staii cxtes“, tue Sévelas puvlishizd estizates for worth of a

man-rem;these range from about $30 to $980 per man-remd. They note thatz

“rhe majority of the estimates were in the range from $100 to

$600 per person-rad. ‘1o values have been suggested for dose to

single organs such as the thyroid. However, the relative risk

of the dose to the thyroid compared to dose to the total body

would suggest a lower value for a person—thytoid-rem than for a

person-rem."

but continue to make clear the fact that they do not endorse any absolute

value for the worth of a dose reduction. For example they s:atez

"At the same time it ;usﬁ be recognized that many aesthetic, human

and environmental factors are not quantifiable and must be given

weight in the decision-making process by informed, though subjective,

judgments. Thus, references to dollar cost per unit of reduction of

dose used by the staff in the FES and in the record of the hearing

are intended for comparison purposes only without implication of

recommended absolute monetary value worth of such dose reduction.”

Ino cpite of this reluctance the Staff statesl/

"In spite of the inherent difficulties in the direct use of

monetary values, it appears useful to express, toO the extent practic-

able, both costs of reduction of risk and benefits to society from

such reduction in monetary units as at least one of the factors to

ljrinal Environmental Statement, wash 1258, July 1973, Vol. 1, PP 8§-2,-3

zjlbid. pp 83.

3/Concluding statement of Positien of Regulatory staff, Feb. 20, 1974, P 43.
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be considered in arriving at judsments onadlh bk bl o PO BT P B

as practicable levels."

In both the Final Environmental Statemencl/ and its Concluding st to=
ncntz/ the Staff does calculate, from its estirates of Cid=wante uvaten
costs and the resultant reduction in population dose, values for cout p.rVrgn-
rem reduction. They do not, however, appear to acecept or reject radwante
systems because of the cost of such reduction.

Indeed, it is clear from the tescimonyl/ that the Staff would leave
to us, the Atomic Energy Commission, the decision as to dollar value of
the man-rem to be used and the exteat to which such a value would be piven
weight along with other considerations in the decision.

: 45,6/
The Consolidated Utility Group (CU), on the other hand, did choose—"="*

8 value for the worth of a man-rem. For CU, Dr. Walton Rodger statch!
“You may duck the issue all you want but in order to make a meaninn-
ful cost-benefit analysis you sizply have to 'bite the bullet' and
assign a value to a man-rem. We recognize that this isn't casily
done, that there are great subjective factors involved, and that
this is an area in which reason#ble persons may reasonably disagrec.
Nonetheless we chose a value. We chose $1000/man-rem (and 1/3 of
that for a man-thyroid rem). The FES quotes a number of estimatcs

for this value ranging from $10 to $980 with most being in the range

of $100 to $600. A very current new estinate is $250. We deliberately

ll?inll Environmental Statement, Wash 1258, July 1973, Vol. 1, p 8-2.
szoncluding Statement of Position of Regulatory Staff

éjﬂearing Transcript pp 3472-73.

i/ALAP UG Exhibit No. 5, Additional Testimony of Dr. Walton A. Roduer on
= Behalf of the Consolidated Utility Croup, lo. 9, 1973,

zlALAP UG Exhibit No. 6, Summary of Aiditional Testimony dated Nov. 9,
of Dr. Walton A. Rodger on Behalf of the Consolidated Utility Group, p ..

ﬁjﬂearing Transcript pp 3913-15.

1971,
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A
chose a value above the range quoted for two reasons: i
1) to be conservative in our assessment of the value of augments, .

2) to make allowance for "overriding moral values" and other
{ntangibles which are hard to quantify.”

As the record makes clearllzl these valuzs of $10C0 per man-rem and
$333 per man-thyroid-rem represent no independent assessment but were
obtained by CU simply by takihg a value somewhat higher than the range of
values suggested by the several studies ci:ed.l/

The General Electric Company, while generally accepting the cost~
benefit analyses presented by CU, seems to have made no recommendations
for the worth of a man-rem.

The State of Minnesota also made no assignment or decision as to worth
of a nan-rem.ﬁl Minnesota has argued consistently that rcleases of radio-
activity should be minimized but has not really tied this recommendat ...
to the resultaﬁ: dose effects nmor has it made cost-benefit analyses in
support of its recomzendations.ﬁ/~ However, it seems clear from the record
that the State of Minnesota would put a high value on the worth of a man-rem.
In its Final Statement, it states:zl

"Minnesota also believes that the»actual costs, as described by

both AEC witnesses and the utilities, seem less reasonable than when

expressed in terms of their impact on individual consumers. Testi-

mony by a Minnesota witnessﬁf showed that typical augments might:

& :

-!Supplemcnc Testimony for the State of Minnesota at the Atonmic Energy
Commission's Rulemaking Hearings, "As Low As Practicable," by Kenneth
Dzugan.

1/
“'learing Transcript pp 3944-45.

3.
i/htutcmcnt of Position by Consolidated Utility Group, Jan. 19, 1974, p 31.

.,Finnl Environmental Statement, Wash 1258, July 1973, Vel. 1, p 82-83.
.,Hvurlug Transcript pp 1778-1779.

. .

¥ loal Stutement of Position of the State of Minnesota, Feb. 1, 1974, p. 14.



R

i

57

represent an addition of several percent to the average residential

ueer's cost. Minnesota believes such increments in cost are

reasonable, when they go to protect the public heaith. Minnesota
urges the Commission to consider the cost-benefit analyses of both
. the regulatory staff and the utilities in this 1ight."

We certainly agree with the Regulatory Staff and with the Conmsolidated
Utility Group that there are great subjective factors to be considered in any
judgment of the worth of a man-rem. On the other hand, it is clear that a
dollar figure for such worth is necessary for the cost-benefit analysis that
pust form a part of the basi# for the decision as to the specific minimal
guides of Appendix I. After careful consideration of the
several points of view expressed in the record, it seems to us prudent 0
pecommend that the worth of a man-ren be assigned the value of $1500 and the
worth of a man-thyroid-rez be assigned the value of $500. Accordingly, we
go recomzend and these values will be used where appropriate in cost-benefit
considerations for this Appendix I. 4 4 wili develop,in a )
later section of this Statement of Considerations, that a me “ningful cost-
benefit study can be made only for the dose benefit to a large population.
It seems manifest to us that those augments to a rad-waste system that have a
favorable cost-benefit ratio for reduction of dose to the population at
large should be required of all light-water-cooled power reactors. We
have already decidediéhat those individuals living near to the light-water=
cooled power reactor must be properly protected. Accordingly, as we arcue
below, installation of equipment vith a favorable cost-benefit ratio for
dosage to the population at large is necessary, but it may, in several

cases, not be sufficient €O satisfy the requirements of Appendix I.

l'/Page of this Statement of Consideration
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Consol“dated Edison Company of Yew York, Inc. statedl’ that cost esti-
until in tﬁe Draft [nvironmental Statement seemed to be generally lower than
their experience would indicate and showed a few specific examples where the
estimated costs appearad to be low by at least 3-fold.

The Consolitsted Utility Group (CU) in its comments om t. Draft Environ-
mental Statement Btated:zl
“The DES has preseated, we balieve, a reasonably good set of cost asti-

mates for the additions proposed for the vatious cases discussed. To the
extent possible we have tried to cross check these cost estimates against
other estimating procedures and against act al instzlied equipment of
similar design. We conclude that the cost values presented are generally
on the low side of the expected ramge but not drastically so. We believe
that all of the costs should be increased by 10 to 20% largely because we
do not believe that the estimates presr--~-d “n the DES properly reflect
the increasing demands of the Directorate of Licensing for higher code
classifications and.increaSed quality control. These requirements typically
can add from 50 to 100% to the cost of individual equipment pieces."
However, CU argues strongly that the cost picture is badly distorted by using -~
as was done in the Draft Environmental Statement and the Final Environmental
Statement - a two reactor site in which much of the radwaste equipment was shared
brtwien the two reacto;s. CuU arguesa, that the sﬁggested capital cost savings
can be realized only if two reactors are built at the same site and at approxi-

mately the same time.

llfinll Environmental Statement, Wash 1258, July 1973, pp 311-312.
2/ 1p14., p 243.
2'll"inal Environmental Statement, Wash 1258 July 20, 1973, p 244,



1bid.,




61

the costs alloved for in the FEE. Takinz into consideration the need

for redundancy and thg fact that the FES estimates are based on two

reactors builtvsimultaneously and sharing radwaste equipment, a more

likely cost is three to four times that given in the FES." _

In {ts Concluding Statement CU continues to maintainl/ i:s belief "that
chd cost of installing and operating waste treatment systems has been under-
lt;ted perhaps by a factor of 3 or 4."

The Regulatory Staff, om the other hand continues to defend the cost esti-
mates presented in the Final Envirconmental Statement (FES). In its Concludiag
statemcnt the Staff points out that the CU data was based on "{adustrial
experience"” and included overtime and other exceptional factors, that cu
inciuded backfitting experience,é’i/ and included optional redundant equipment.
The Staff argueszl that none of these items should be included in cost of rad-
waste systems for cost-benefit Qnalysis.

The Staff did include rodundant components in costing the radwaste systeas
in the Draft Eavironmental Statement but, at least partly because of criticisms
in corments on the DES, removed such redundancy frem the systems evaluated in t
Final Environmental Statemgnc.zj The Rzgulatory-Staff says of optional redun-
dant equipment?z/ ; ‘ :

", ....<hich is not required for meeting ALAP or licensing requirements

and therefore should not be included in costs for meeting dose reduction

in cost-benefit épalyses."

ZIStatemenc of Position by the Consolidatec Utility Group, Jan. 1974, p 36.

3-',C:om:ludi.ﬂg Statement of Position of the Regulatory Staff, Feb. 20, 1974,
pp 43-45.

AIHearing Transcript p 3975.
4

;“earing Transcr.pt p 3985.
5

Concluding Statcment of Position of the Regulatory Staff, Feb. 20, 1974,
pp 44-45.
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"It is not ;hé practice of utilities to install such syséems without
the provision of adequate redundancy for safe and teliable operation
aor is it likely in actual practice that AEC liceunse conditions would
permit them to do otherwise. The technical specifications of existing
1icences as well as the proposed Appendix I }imiring conditions of
eperation could force the shutdown of a auclear power plant in the

gvent of an outage of important radwaste systems. For mosl radwaste

systens, a utility simply cannot afford to allow op

o depend on the availability of a simple piece of radvaste equipment.”

-

After consideratica of the soveral differences between the staff and the
o ¥ el ;
€U pstizates, fne dEIEL pelicves™ ''that there a¥2 20 sigeificant unexplained
differpnces with Fespect to COst estimates.

se, the Atomic Energy Commission, believe after consideration of the record
ghat the Staff cost esiinates for construction and operatiocn of yadwaste systeus
gay be low by an appreciable amount but that these estimates by the Staff are

guite unlikely to be in error by factors « 3 or 4, 1t seems fo uS thet to the
gxteat = gad only to the gxtent = that equipment redundancy is required oy the
iicensing process the cost of such redundant items should be included in the

total costing of the system. It seems equally clear that the additional costs,

if aay, due to increased attention te quality assyrance should be included in

£]A§§§§§ona; Testimony of Dr, Walton A. Redger on Behalf eof Consolidated Utility
2,croup, Nov. 9, 1973, p 49.
£/ concluging Statement of Position of the Regulatery Staff, Feb, 20, 1974, p 45.
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the radwuste system costs. On the other hand, 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 othus hand, the costs of operation of 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.
" We mote and are impressed with the CU Cﬂnclusionl’z/ that even though the
Regulatory Sta‘f's cost estimates are low by some factor this difference makes
1ittle if any change.in the 1list of radwaste augments that are justifiable on
a cost-benefit basis. Dr. Rodger s:ateszl

"gome of the augnments which appear 'justified' using FES values might

become 'unjustified' 1f ‘the costs doubled or trebled, but the degree

of 'unjustification' would not becé:e so great as to give rise to

conclusive argunents that any of the augments listed in Exhibits II and

111 should be removed."

Ijﬁea:ing Transcript p 3912, Summary of Additional Testimony Dated November 9,
1973 of Dr. Walton A. ~odger on Behalf of the Consolidated Utility Croup, Nov.

28, 1973, p 9.
zj“zlring Transcript 3927-3928.
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¢, The Cost Benefit Balance

Thoui ) the costs of imstallatien and operation of radwaste systems were,
w3 indicared above, a matter of iontroversy, an even more fundamental differ-
1tce of opinion existed ﬂprimarily between the Regulatory staff and the

(lonsolidated Utility Group) over the manner in which cost-benefit balancirg

tas to be cone.

In effect, the Regulatory staff has, for each effluent type, added the
several radwaste augments as & unit to the bace case dualvlight-water-coclcd
puclear power reactcr system.k’z/ From estimates of the cost of the radwaste
augment package and calculation of the resulting decrease in radiation exposure
to the populaticn the Staff obtained a value in dollar cost per man~-ren of
resulting reduction in population dose. The Staff also 1ncludedl'z/ in the
total cost of the radwaste system the cost of the residual population dose;
for this calculacion the Staff showad costs resulting from a wide range of
dollar vzlues for cost of a man-rem 65 radiation exposure. This added cost,
vhich is very small for all except quite ungcceptable cets of radwaste augments,
peems not to have been objected to by other parties who replied to th: staff's
(loncluding Statement.

After publication by the Staff of the Final Environmental Statement, the
{aitial position of CU {ncluded a real objection to the Staff's choice of the
base case radwaste systems. In his written Ces:imony. Dr. Walton A. Todger

characterized as “completely uarealistic"” the base case radwaste systems for

PWR liquidsll and for BWR liquids.i, lle alsv argued that the base case for

L]Final Environmental Statement, Wash 1258, July 1973.
llConcluding Statement of Position of the pegulatory “ aff, Feb. 20, 1974.

/
2 Hearing Transcript p 3909, Addit‘onal T::timony of Dr. Walton A. Rodger on De-
half of the Consolidated Utility Group, Ve 9, 1973, p 25.

i',lbld.. 2. 32.

-
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: _
PWR gases wés uurealistic;’ but stated that the base case for BWR gases was

/

)

yeasonably reprasentative of an unaugzmented LWR. In the Summary of this
testimony Dr. Bodger made the same claim of "unrealisa" for the base case PR
and BWR ligu‘d rad-aste systemszl but suggested thaﬁ the base case gaseous
radwaste gystens for both reactor cypes were rcasonuble.ﬁl In response to
questioning, Dr. Rodger stated that the degree of unrealism for the PWR base
case gaseous radwaste system "is not really enough to argue about."il

It is clear that if the base case radwaste system were improperly chosen
so as to lead to large fcalculated) doses to the population the subsequent cost-
benefit balance might show that unrealistically expensive radvaste augments
could be justified. This could be true especially if the cést-benefit balance
were done by considering several radwaste augments as a unit. We believe
that the recor¢ shows clearly that the base cases for gageous radwaste systens
are not unrealistic. It is enéirely possible that the liquid radwaste base caces
gelected by the Staff are somewhat unrealistic in that they do not represent
the systems employed in modern light-water-cooled nucle.r power gystems. How-
ever, as it wiil develop in tue following discussion, this "unrealisa" - if it
exists - has little or no effect upon the actual cost-benefit conclusions.

The major thrust of the CU argument against the Staff's cost-benefit

salance. however, concerns the practice of adding the several radwaste augments

to the base case as a unit. As Dr. Walton Rndger stated for Cvzéj

ljﬂearing Transcript p 3909, Additional Testimony of Dr. Walton A. Rcdger on
Behalf of the Consolidated Utility Group, Nov. 9, 1973, p 8.

Ibid., p 16.

éjucaring Transcript p 3912, Summary of Additional Testimony dated November S, 1973,
of Dr. Walton A. Rodger on Behalf of the Consolidated Utility Group, Nov. 28,

1973. p 4.
é!Ibid., p 6.
1/Bnlr1ng Transcript p 2950.

2/

8/ Hearing Transcript p 3909, Dr. Walton A. Rodger, Nov. 9, 1973, p 1.
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"or+ of the major comments wnich the Utility Group made concerning
the cost-benefit analyses of the Draft Eanvironrental Statement was
th-t the dﬁta were presented in such a manner as to hide the extra=
ordinarily high ratio of cost-to-public benefit received for most
of the cozmporents of the cases which were chosen for presentation.
In the preparation of the Final Environmental Statement the Staff
not only ignored this corment, they went even farther in masking
the fact that some of the additional treatments ptoposed are vascly.
more expensive than others. This was done by eliminating even the
rudimentar; case-by-case differential costs which were included in
the DES."
‘1o the Summary of his written testimonyl/ Dr. Rodger stated:
“The thrust of the Testimony which we filed on November 9, 1973
was to bresk cown into their couponent parts the cost-benefit
enalyses presented in the FES. The first purpose for doing this
was to demonstrate that while some augments to the gascous and
1iquid radwaste systems of PWR and BWR are justified on a cost~
; benefit bLasis, others are not. In fact many of the augments con=
{ sidered in the FES result in the expenditure ofvincredibly large
| punbers 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 calculational
models and the Sta £'s values for annual releases of radioactivity and annual

costs for the radwa. e augments and coﬁducted the cost-benefit study by adding

1-7Hear1ng Transeript p 3912, Summary of Additional Testimony Dated Nov. 9, 1973
on Behalf of the Consolidated Utility Group, p 1.
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augments individually and sequentially to the 1iquid, the noble gas, and the
jodine and particulate radwaste systems.

By this technique of sequential addition of the most effective radwaste
augment (so that in effect each addition constitutes with the other augments
already preseat a new base case to which the next is added) the cost-benefit
evaluation can show the true wor:ﬁ of each individual augment.

We, the Atozic Encrgy Co=mission, =ust agree that the cost-benefit
balancing methods employed by CU are superior to the approach used by the
Regulatory Staff. Accordingly, where Appendix I, below, directs that augments
that show a fuivorable cost-benefit ratio for reduction of population dose be
{ncluded in the rodwaste systems for light-water-cooled power reactors, we
intend that the worth of the augment be assessed by this procedure.

In the cases, and it appears that there are several, where the radwaste
system consistency of all items showing this favorable cost-benefit balance for
decreased dosage to the population will also ensure that doses to individuals
pear the light-water-cooled nuclear power reactor facility is within the design
objective guides no further augments appear necessary ot desirable. Where such
a system, and it alsu appears that there may be several such cases, does not
meet the design objective guides for doses to neighboring individuals then

additional augments are required even though they cannot be shown by this or

other techniques to have a favorable cost-benefit ratio.
B. Choice of Specific Design Objective Guides

In its original version of Appendix V the Regulatory Staff proposed to
1imit the annual dose to any {individual from radioactive materials in both

1iquid and gaseous effluents from all light-water cooled power reactors on a
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control and treatment systems which are entirely unwarranted in terms

of pépulation dose reduction." |

The State of Minnesota in its Final Statement appears te endorse the
original Regulatory 5taff position to limit the annual dose from all reactors
at a site to S millirem to the total body or any o:gan.lj Douglas LaFollette
has also iundicated his strong support of this positicn.zl

Several other suggestions Qere made. The Tennessee Valley Authority
su;gcstedzl that "the costs and comsequences of achieving 1% of Part 20 limits
shcild be carefully balanced against the costs and consequences of achieving
{nstead, for example, 10% of Part 20 limits." Dr. Merril Eisenbud suggested
on behalf of the Atomic Industrial Forum the value, 5 millirem to the whole
body, gonads or bone wmarrow and 15 millirem to all other organs.ﬁ’il National
Intervenors, 8/ while agreeing that it is technologically possible for plants
to be operated =r 17 of Part 20 limits argues that no radiocactive discharges

’ /

should be permitted. At the other extreme, C. Hoyt Jﬁipple- considers that
pumerical guide lines other than those given in 10 CFR Part 20 are unnecessary
since "the interpretation of 10 CFR Part 20 by the nuclear industry has resulted
in performance so excellent that there is u5 need for further incentive."
Andrew P. Hull, who was a limited participant throughout the hearing,

ax;uedg/

that a boundary limit of 25 millirems per year whnle body dose would
be consistent with his proposed population dose of 2000 saa-rem per year limit

for population dose from each 1000 MWe reactor.

llfinal Statement of Position of the State of Minnesota, Feb,l, 1974, pp 8 and 17.

zlflnal Environmental Statement, Wash-1258, July 1973, Vol. 3, p 38.

M1psa, p 314,
“Iibiq. p 96.

Q/ucartng Transcript, p %6, Statement bv Merril Eisenbud, p 5.

4/
Anthony Z. Roesman to Algie A. Well et al., Feb. 15, 1972, p 7.
i fnal lnv1r0n~cntal Statcncnt. wush. 5258, Julv 1973 ¥ol. 3, 9 94.
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Bovever, ia its Raply= the Concalidascd Utility Croup -stated:
"In our testimony at the hearing on the FES, due to time limitations,
we confined ourAcommencs on the liquid cases to River Sites., We have

pow been able to analyze in detail the 1iquid cases for both PVR's and

BWR's for all three site regimes and for both cace-through cooling and

"eooling towers. It is true that for River Sites, for either PWR or

"BWR and for either cooling node, there is no cost penalty, over and above

costs of augments which are justified on a population cost-benefit basis,
to meet a lirit of 5 mrem/year to an individual even using the Staff's
conservative dose models. When the analysis is expanded to include Lake
and Seacoast Sites, however, this is no longer true. Using the staff's
models, bases, and cost estipates, additionzl augments, over and above
those which can be justified on a cost-benefit basis, are required to

meet the design objective dése of 5 mrem/year for the following combi-

nations:
Reactor Type Regime Cooling Mode b
FWR Lakeshore Cooling Tower
PWR Seacoast Cooling Tower
BWR Lakeshore Cooling Tower
BWR Seacoast Once-through
BWR Seacoast Cooling Tower

" The dominance of cooling tower cases in the above listing reflects the

spaller discharge streams and therefore higher conceatrations of radio-
guclides in those streams. These higher concentratione in turn increase

the dose to the "maximum individual" reflected in Staff models."

LfContolidated Utility Group Reply
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i. Tex Individual Ligh:-water-Cooled Muclear Power Reactors
We have decided, largely in recognition of the relative weighting of

total body and organ dose limits recommended by the FRC,the ICRP and the

NCRP, to adopt as our basic design objective guides the 1imits for dosages

to individuals from effluents from each light-water-cooled nuclear power

reactor of 3 millirem per year to the total body, 30 millirem per year to

the skin and % ~ llirea per year { e thyroid. Such adoption, which

{s only partially respensive to the recormendations of the Regulatory Staff,

essentially adopts as the design objective guide for an individual light-wacer-

cooled nuclear power reactor a value equivalent to 1% of the FRP staudards.

For liquid effluents the design objective limits the radioactive material

that may be released from each 1ighc-watcr—cooled nuclear power reactor to

that annual total quantity that will result in an annual dose to any individual

{n warestricted areas nct in excess of 5 millirexs to the total body, 30

willirems to the skin, and 13 millirems tc any other organ. It i{s assumed

that rivers are used as sources of drinking water and rivers or other partiment
bodies of water are used as sources of fish or other seafood unless positive
evidence tp prove otherwise is provided. The podels also assume (as discussed
ig more detail under Implementation, below) that near neighbors of the
light-water-cooled nuclear power reactor include individuals with habits
differing significantly from the average. We believe that the record indi-
cates that it is practicable to meet this design objective and that for

many 1f not all reactor sites this design objective can be met wigh radwaste

systems which show favorable cost-benefit balance for reduction of dosage to

the general population.



The design objective te control cxternal exposure from gaseous effluents
has bzen expressed in terms of 4 linitation on the annual dose rate due to
gagma radiation or beta radiation fzom each reac or at or beyond the boundary
of the site. This design objective, in effect, ,~ovides fléxibility for
considering site-r.iated =« cology and the distance from the reactor to

the site boundary, but requires the assuaption be made that people may live
just outside the site boundary. The specified dose rates of 10 millirads

. per year for gamza radiation and 20 millirads per year for beta radiation
would normally be considered to meet the objective of limiting dores to
4ndividuvals in unrestricted areas to not more than 5 millirems to the total

‘body and to less than 30 millirems to the skin. Provisions are made to

decrcase this annual dose rate if, for a particular site, there are special

eircusnstances that nevessitate such a declease to assure that an individual

{n an unrestricted area snall not receive more than 3 millirems total body

permit release
Provision is made to /increase in this/ rate should special site

exposure.
characteristics or circumstances indicate that such increase will not lead to
individual dosages above 5 millirems per year to the total boly or 30 milli-
rems to the skin., In practice, such an increase seeus énlikely to be invoked

since the additional requirement for all radwaste equipment with favorable

cost benefit balance for decrease of population dose is expected to be

controlling. We believe that the record indicates that this design objective

is practicable for individual light-water-cooled éower reactc~s at essentially
all sites.

The design objective for radioi;dine and radioactive material in particu-
late form was, as indicated in many places in this statement, probably the

most difficult issue in this proceeding. The design objective has been set
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to insure that emission of radioiodine and radioactive material in particu- .
late ftom‘each light-water-cooled nuclear power reactor shali not result in

an annual dose'for any individual in unrestricted areas from all pathways

of exposure in excess of 15 millirens to any organ. For virtually all cases

the thyroid dose will be the only one of real consequence from this source.

As 1nd1cated in detail under Implementation, below, the design objective

quﬁntity is to be calculated at the location of the nearest milk cows that
are wctually present at the time of design and construction of the reactor.
The design objective is not required to be based on an assumption that cows
are present where there is potential pasture land in the vicinity of the reactor
if they are not actually present at the time of design and construction of the
reactor. The future uses of the environment with respect to food pathways will
be protected by the limiting. condicions of operation that require monitoring
and surveillance progrnms that are designed to identify changing land uses
with respect to food pathways that may result in exposure from ilodine. Appro-
priate control measures, including the modification of land uses, would be

\ required if monitoring prograums during operation indicate that the design
oblective 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 effect reductions in dose to the general
population for costs not in excess of $1500 per man-rem OF $500 per man-
thyvroid-rem. Such a provision will assure that selection of a very large
and Isolated site cannot justify reléase of large quantities of radioactive
raterlals and, especially radioiodine, simply because no subst antial individ-

ual doses would result.
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2. Multiple Light-Water-Cooled Nuclear Power Reactor Systems

In a previous Section of this Statement of Considerations we announced,
after consideration of the several points of view in the Recor&, a decision
in favor of design objective guides to be met by each light-water-cooled
nuclear reactor with an additional limit upen releases by all such reactors
on a site or on nearby sites. ?o‘this end, Appendix I, which we now adopt,
would require the applicant to provide reasonable assurance that the proposed
reactor, in combination with all other light-water-cooled nuclear power
reactors on the site and on nearby sites, would meet the several design objec~-
tives. In this rule "other light-water-cooled nuclear power reactors" is to
mean light-water-cooled nuclear éower reactors for which applications have
been filed with the Commission for construction pernits aud which are expected
to operate while the proposed reacior operates.

As indicated in detail in a preceding portion of this Statement of Con-
sideracionsl/ the AEC Regulatory Staff and the Statement of Minnesota have con-
sistently favcred @esign objective guides that would limit releases from all

reactors on a site. CU and GE have favored guides on a per reactor basis, and

all other participants (though one can infer a preference in this matter) have

remained silent upoun this question.

- The Consolidated Utility Croup argues for no additional limit on radio-

active releases other than that imposed by the per-reactor 1imit. General

Electric, on the other hand, suggestedz/ that:
"For any combination of nuclear power reactors on one site, on adjacent
sites, or on nearby sites, the applicant or applicants shall, in addi-~

tion, provide reasonable assurance that the total incremental annual

l’BASIS FOn DESIGCHN OBJECTIVE VALUES: D. Per Site versus Per Reaction, PP 47-53.

2101osing statement of the GCeneral Electr ¢ Company, Jan. 21, 1974, p 28-29.
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exposure (from either airborne or waterborne effiuents) to any in-

divisual in unrestricted areas will not exceed four (4) percent of

the Federal Radiation Protection Guides, as set forth in Federal

Radiation Council Reports yumbers 1 and 2, May 13, 1960 and

September 1961, for doses to the total body or any organ."

Ve, the Atomic Energy Cornmission, are convinced, as stated in a
previous section of this Statezent, that tha Record amply justifies design
objective guides for multi-reactor sites that differ from those for an indi-
vidual light-water-cooled nuclear power reactor. However, the Record
scarcely addresses the question of = and presents 1ittle if any specific

" 4nformaticn concerning = the quantitative evaluation of what such limits
ghould be. It is, accordingly and after careful consideration of the Hearing
chOtg; nezessary that we nse our collective judgement upen this question
8nd/:e ;ronounce a decision that must be, Co some extent, an arbitrary one.

We believe that the design objective guides proposed by the Ceneral
Electric Company =-- that is that the releases from a site and from nearby
sites should be permitted to be as much as & times the permitted releases per
reactor - are too liberal to be construed as "as low as practicable.” We

"have instead chosen to set the limits upon all light-water-cooled nuclear
power reactors ou a site and on nearby sites in the following way:

For liquid effluents the calculated annual quantity of all radioactiQe
gpaterial above background to be released from the proposed reactor in combi-
pation with all other light-water reactors on the site or on nearbyv sites
gust not result in an estimated annual dose for any individual in unrestricted

areas from all pathways of exposure in excess of 10 millirems to the total

— — —— ——————
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body, €0 pillirems to the skin, OF 40 millirems to any other organ. This
guide - which effectively 1imits the dosage to an {ndividual from all light-
v;tet-coolcd nuclear power geactors capable of giving him an appteciable
dosage to twice the permitted level from a single reactor -'seems to us,

after consideration of the Record to be readily achievable at most if not

all sites.

The design objective guides for release of the noble gases to unrestric~

ted arcas from all light-water-cooled nuclear power reactors on a gite or on

nearby sites are alsn set at values thct are twice the values for an indivi-

dual reactor of this type. As in the case for {ndividual reactors, there
are provisions for increasing OF decreasing this release rate for poble gases
ghould special circunstances pernit such an increase without exceeding an
{pdividual dose of more than § zillirems t~ '“:'toﬁai body or woTe than 30
aillircm: to the skin of should special circunstances require such a
decrease toO {inpsure that no {ndividual should receive a dose in excess of 10
pillirem to the total body. We believe that the Record substantihtes the
view that these design objectives are practicable for virtually all sites
and combination of sites. We are also of the opinion that increases in
release rates permitted under special circumstances indicated above will
geldom occur since the requirement that radwaste systems {nclude all augments
jultifiable on a cost-benefit basis for total population exposuré will

gcnerally be controlling.

The design objective values for release of radiocactive {odine and

radioactive material in particulate form from all reactors on 2 ¢ite or on

nearby sites have been set tO assure that mo {ndividual receive from this
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gsource organ doses in excess of 45 millirem per year. This value is equiva~-
lent to three (3) times the design objective guide for am individual light-
water-cooled nuclear power reactor. This guide is somewhat more liberal

(3x rather than 2x) than those for 1iquid effluents and for noble gas efflu-
ents beczuse the Record makes abundantly clear that for most sites this

guide is by far the most diffiéuit to meet, It scems to us that, while there
may well be several sites when this guide will require radwaste augments over
and above those justifiable on a cost-benefit basis for doses to the total
population, this guide as stated will not unduly restficc grouping of light-
water-cooled nuclear power plants on favorable sites.

The language of this porticn of the rule ic such, and we the Atomic
Energy Ccamission intend, that the burden of compliance should be upon the
applicant for (an) additional reactor(s) at a site or at a nearby site.
Should the applicant have control of (owr) the "other light-water-reaccors"
he would clearly have a choice as tc.thé extent he wished to change their
radwasts systems to ease the requirements upon the new teaccbr(s) entering
the complex. Should the aﬁ}licanc be proposing a rééétor on a site nearby
to other light-water-coolad nuclear reactors that he does not control he would
of necessity have to show that his proposed reactor would meet not only the
design objective guides for {ndividual resctors but would not result (in
combination with others already approved, planned, or operating) in releases
above the design objeccive guides for the total system. Since a
separation distance of a very few miles seems adequate in nearly all cases
to avoid appreciable additive effects for dosage to any individual it does
not seem to us likely that this rule w111 often prevent use of generally

favorable sites by applicants.

b



€. Baseline In-Plant Control Measures

In the revised version of Appendix I imcluded in its Concluding Statement,
the.Kegulatéry Staff introduced for the first time in this Hearing the position
that exceptions to certain of tne numerical guides for design abjective values
would be allswed if certain "baseline in-plant control measures" were proposed
by the applicant in his radwaste system design.ij Those exceptioms were avail-
adble for liguid radwaste systems_apd for systems for control of radioiodine and
radioactive materials in particulate form.

The Staff's proposed design objective guides for liquid effluents are set
forth in the following:gj ; "
"A, For radiocactive material above sackground:/ in liquid effluents to be
released t- unrestricted areas:
1. The calculated annual total quantity of all radiocactive material from
all light-water-cooled nuclear power reactors at a site should not result
4{n an annual dose or dose cé::ic:ent to the total body or to any organ of
&n ind#vi@ual in an uarestricted area from all pathways of exposure in
excess of 5 mi;lire:s; and AN '
2. The calculated anoual total quantitx of radiocactive material, except
tritium and dissolved gases, should not exceed 5 curies for each light-
waLer-cooled reictor at a site.
*"Background," means the quantity of radioactive material 1h the effluent

from light-water-cooled nuclear power reactors at a site that did not

originate in the reactors.”

!JConcluding Statement of Position of the Regulatory Staff, Feb. 20, 1974,
pp 26,27 and 30.
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3. Notwithstanding the guidance im paragraph A.2, for a particular site,

reactor has proposed baseline in-plant coatrol measures:/ to reduce the
possible sources of radioactive material in liquid effluent releases and
the calculated quantity exceeds the quantity set forth in paragraph A.2,
the requirements for design objectives for radioactive material in liquid
effiuents may be deemed to have been met provided:

a. the applicant submits an evaluétion of the potential for effects
from long-term buildup in the environment in the vicinity of the
site of radioactive material, with a radicactive half-life greater

- than one year, to be releases; and

b. the provisions of paragraph A.l are met.

if an applicant for a permit to construct a light-water-cooled nuclear
#Such measures may include treatment of clean liquid waste streams
(nornklly tritiatcd, uonaerated, low concuctivity equipment drains
and pump séal leakoff), dirty liquid waste streams (normally non-
tritiated,'aetatcd, high condhctivity buildiné sumps, floor and sample
station drains), steam gencrator blowdown streanms, chemical waste
streams, low purity and high purity liquid streams (resin regenerate
and laboratory wastes), as appropriate for the type of reactor.”
It is clear from this proposed rule that incorporation of these baseline
i;-plant control measures would permit annual releases of more than 5 curiles
;f radioactive material (other than tritium and dissolved gases) per reactor.
However, the Staff has not proposed exceftions to the dosage limit even if these
measures are used. We, the Atomic Energy Commission do not believe that inclu-
sion of "baseline in-plant control meas;resd would justify an increase in the
permitted design objective values, which we have set for dosages to individuals,

NoF do we believe that the record would just .fy such an action. Accordingly,

and since ve have already (as described abov:) removed the quantity limits from
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GUIDELINES

The numerical guidelines of Appendix I, when applied in accordance with
the conditions specified therein, are a quantitative expression of the meaning
of the rcqui:émcnt that radiocactive material in effluents released to unre-
stricted lre;s from light-water-cooled nuclear power reactors be kept as low as
practicabic. These guidelines,'particulatly with respect to design objectives,
are expressed as specific nunerical limits for three types of effluents. The
pumerical aspects of this translation of the basic rule of Section 50.34a, stand~
ing along, 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 neces-
sarily be so in another. The numerical guidelines were chosen om the bagis that
the record shows these limits to be.practicably achievable for almost all cases
to which we consider them appliéégle; Furtheréore. in view of the elements of
conservatism and reglism inherent in the evaluations presented in the proceeding,
we believe the record supports the cou;luﬁion that the paximum individual ex-
posure likely to ensue from operation of a single puclear power reactor in con-
formance with Appendix I is sufficiently small that no additional expense could
be justified for reducing the exposure of an individual further.
| It must be understood, in discussing the\matters of calculational comserva=
tism and realism, that Appendix 1 means, implicitly, that any facility that
corforms 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 understood as not implying, conversely, that any facility not con=
forming is necessarily unacceptable. Thus the aumerical guidelines are, in this

sense, a conservative set of requirements, and are {ndeed based upon conservative

evaluations.
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Th~ numerical guideline values were adopted in the light of numerous

evaluations of typical nuclear plants at various types of sites. These evalu-

ations, presented by various parties, were based upon calculaticns of radiation

doses, which generally could be understoed as estimates of the level of exposure

of individuals in the general public from astumed releases of radioactive

paterial. Sizmilar estizates 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 design objectives.

It is evident from the record that numerical estimates of radiation exposure

way vary widely, depending upon the'particular assumptions made. These assumptions

{nvolve the selection of appropriate mathematical expressions of natural phenomena,

including the assignzeat of nucerical values to the parameters contained in the

expressions. Inasuuch as results of calculaticons can vary widely, an issue has

been raised by some ﬁatticipants as to how the numerical guidelines may be imple-

pented in consonance with the process of their adoptiocn.

of adequate attention to numerical calculational procedures was expressed by Dr.

Walter H. Jordan, a member of the ASLB:l/

"[t]he {interpretation of Appendix I is almost going to be as important a

fsctor in what is practicable as the regulation itself."

Some parties proposed that Appendix 1 include guidance on implementation

e opportunity of using reasonably real-

4/

n their procedures for estimating radiation exposure.~' == The

in order to assure that applicar.s have t!

{stic assumptions 1

necessity of explicit guidance {s suggested on the argument that the procedures used

by the Staff for calculating doses show a predisposition to make unnecessarily

zytt 2547-48.
z!CIOling stat:ment of the General Electric Company, pp 26-4°.

2!Statcmcnt of Position by the Consolidated Utility Group, PP 13-14, 71, and A=4.

4/

The necessity and importance
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A typlcal expression of such an argument is the

L conservative assumotions.

statement of General Electric:l,

"In spite of the evidence submitted by the ALAP participants, and in

sgpite of the adnissions of the Regulatory staff, the draft Regulatory

Guides circulated by the Directorate of Regulatory Standards with the

§taff's Concluding Statement confirm the previously evidenced tendency

* toward the use of overly conservative calculational assumptions.”

The methods described in the Final Environamental Statement and in draft

Regulatcry Cuides attached to the Staff's concluding statements are opposed in

gome particulars;zj furthermore it was also argued that the Staff has, in the

course of reactor licensing actionms, generally been quite conservative in its

quantitative assessment of effluent controls

Particular areas of controversy shifted as the proceeding progressed.

Both General Electric and the Utilities surmarized their areas of comcern

with regard to conservatism in closing statenents as follovs:éj CU states;

"Examples of overly couservative assumptions and models used by the Staff

are difficult to extract unazbiguously from the record for two basic

reasons:

(a) the time spanned by these proceedings has resulted in some changes

in the assumptions apparently used; and

(b) it is not clear whether or nct models and assumptions used in the

FES are also intended by the staff to be applicable to the analysis of

4ndividual applications in the implementation of Apperdix I."

!!lcply Statement, page 10.
General Electric and Statement of Position by CU above.

3!CIooing Statement of
GE Exhibit 6, and GE Exhibit 7, and Oral Argument, TR 110~

See also Testimony
127.

AISCatemenc of Position, page &4. .
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| 1 : .

| General Elec:ric:—!
wgxamples of overly conservative 1mplementation methods likely to be
employed for Appendix I-=28 they have been in current project licens=

in;--iu:lude excessive source-tern assumptions with regard to radio~-

jodine caissions; neglect, with regard to such emissions, of their

p chemical form, actual release points and modes, and expected plume
behavior; overestimation of deposition rates and retention factors for

radiolodine on forage; and postulation of nonexistent dairy cows and

unrealistic milk consumption patterns.”

Following the filing of the Regulatory staff's concluding statement,
General Electric noted important improvemente in the Staff's proposed Appendix
1, including some dealing with calculational models; but they maintained that

"[tlhe first--and in our view the most serious -- defect of Revised

Appendix I is the continued absence of any guidance therein for the

implementation of the Regula:icn.. Revised Appendix I still fails to

specify whether the calculational assumptions and models to be enployed

4n implementation are to be established on a continuing 'conservative'

basis or, as GE urges, on the basis of best-estimates of the relevant

physical phenomena."l/

o m— -em. pe- — - — — - -

The Staff argues neither for nor against including guidance or calculational as

sumptions in Appendix I, although in testimony the Staff's principal witness con=

codes:zj

" escthere are particularly critical points that have been raised in the
hearing in specific areas with respect to implementation where perhaps at
the time of issuance of Appendix I, some specific point needs to be pretty

well pinned down at that point."

1/,

='Closing Statement, page S.

Z{Reply Statement, pages 2=3. .
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wsmd + e Staff observes that linnesota advocated including a "standard set of models
" gna input d-+a" in the Regulation while both Ceneral Electric and Comsolidated
Utiiities suggest that "models, assumptions and parameters’ be put into
Regulatory Fuides.l/
We believe the evidence at hand supports the decision to include Commissicn
guidance respecting the use of conservative or realistic calculational proce~
dures in the application of the numerical guides for design objectives. We
wish to sumrarize the matters involved in reaching this conclusion and in apply=
ing the guidelines in accordance with Commission intent.
Calculational procedurec used, in the application of Appendix I, for
making the numerical estimations of radiation doses have been variously called
by such terms as "calculational assumptions and models", "wodels and input
data,” "assumptions and models" or simply "models." Such procedures require the
skillful use of mathematical exprfssions characterizing natural phenomena. Tt - |
14 also cvident that such expresgions are generally expected to yield quantita~-
tive results which are, at best appr?xiiations to reality. Siampler models,
‘for example, omes which would not embody any facility tor 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 iﬁ essence describe,

albeit approximately:

. (1) sources of radiocactive materials and the pathways inside a plant by

which such materials are released;

(2) the natural processes by which released material is transported

through the environs; and '

;jConcluding Statement, Regulatory Staff, page 74 and State of Minnesota,
Final Statcment, page 1l.
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(3) the model receptor, that is, a real or hypothetical individual ulti-

mately exposad to radiation.

-

The selection of specific models for each of these three portions of the proce-

R

dure involveq two tvpes of detorminations. First one must select models and

data which represcnt the situation deecmed to be important. For example, the

choice of a hypothetical receptor tather than an oxzsting individual might

- O Calidh v i e —— —
v -

rofleet. 1n part, the intent to use the guioelincs as a mechanism to provide

> o= P - — e

for futute changes in oCCupancy of areas near the site. The Regulatory Staff

-

. — —

yropetly jidentifies this as a means of expressing Rebulatory intent:

"It 1. the Staff's position, the example, that for purposes of design

— - e -
— - ——— - . ——

objectives for nuclear power teactors it is inadequate to base paran-

- - -~ .-

R e < a s elia
A eters oglv on uses of :He environrent as of the time the reactor is
5 ae;lgned and covstrucoed Ra:her. future uses of the elvironmenc gshould
| PSSt L Rl s T 05 3 R, 3 Ay~ iy e -
s be Fnken into ac*ounc...ﬂh—f
;eo;;dly, models aog datn—;:cthoeﬁfou.d oh¥2:'£l;}2;£n: lhe pnfsicnl phenomena

- e — .- —————— - — —— - >

1nVOIVhd with some useful procxsion. ‘Conflicting views have been advanced, in

B m—— — e —
- —— - .- - —— O - - - - ’o»

cvidcnce and in ar*unent. on all portions of the calculational procedutes and

S ap——— — —————

for both types of fﬂlection

It was ohserved by both Ganeral Electric and Consolidated Utilities that

v - - o

conaidetnble pro"reﬁs toward agreement on models was made in the ¢

B . - e e— - -

s —

ourse of the

proceeding, although the intent of the Staff in fu:ure implementation of the

- - - —— o ——

pumerical guidelines on a case-by-case basis temaxned in doubt a

Concluding Statement was filed.3l We believe we have developed a suitable

resolution of the differences for all practical purposes. although we realize

- -

1DSee Clo-lng é}ZiéaéHé"pagé'éii"“‘" i ~

leote parti*ularly the citations above to testimony, closing statement and
argument of Ceneral Electric Statemer. of T .sition by Consolidated Utilities.

2'lthmn:al Electric, Reply Statement, page - IR

ftet the Staff' s



that some othar set of "uid 1incs oig bt haxe served our purpose and pleased
one p;}iy or the other more. Our resolution strongly favors the sugzestions

that calculational methods be :ea‘tstic, which in turn has influenced our

- - p—

;dbptiou'of particular numerical guidclinc values for dose ob;ectives. This

;isolution. thus, has been'a sirong factor in our reconciliation of the dif-

ferences among parties as to thdse values; for GE states in their reply to

c&aaiuding S:A:emeut of the Staff:l/ Lk E B

-“The e@idenée is clear that, realistically applied, the dose objectives

now presentcd in Revised Appendix I can be met without reliance on ex=

ceptions or special provirions...."

—
- -

The essence of our conclusioﬂs on calculatioaal ptocedures to be used in

i ———- —— —

-~ —

determining desibn obJectivas is given in the five followinb points, which we

cufs .1 o P B
peither presume nor intend to be uniform in detail or comprehensive.

- it M e Sem

_*:.,}., An applicant should be free :o'diilize as-:ealistic-a model for

charactetiz§ng natural phenomena, inclulding plant performance,

as he considers useful,  An applicant may take into account

L S Sdp AR e

situations not adequately characterized by a standard model with

-—— -
- - - -

o Jrespect _to specific features of plant -design, proposed modes of

S plant opetation, or local matural environmental features which are

e T 30

e .mot likely to change significantly during the term of plant operation.

QQnetaL Electric notes several effects that should be recognized.z’ and

we restate some of them here to illustrate natural phenomena which mwight be
pqggi:lly or entirely neglected in atanda:d_models but properly considered:

radioisotopic composition of effluents;

s

e

T

- . - - - -
- - .—— - — - —

yaépl&. page 24. el A bl | e

2 Concluding Statement; pages 28-32.
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radivactive decay of released nuclides prior to exposure of the

receptor;
_waterway flow and the associated diffusion and dilution;

removal of radioactive raterial from solution or suspension in

the vater by sedimentation OT other naturally occurring mechanisas

or by water treatment processes;

exposure modes and occupancy or use factors;

release conditions (to the atmosphere) including elevation of
release peint, effluent stream buoyancy and momentum, and

building geconmetry;
local meteorclogical and aerodr nic conditlons influencing

airborne effluent plume dispersicn;
beta and gamna radiation energies for the radicisotopes released

and the associated dose effects;

chazical form and physical behavior of the effluent constituents;
pluxe elevation, size, and depletion; shielding effects;
parc%tioning, €iltration, and other reteation and depietion effects;

dcpositién rates and velocities for the various chemical forms of

released radioicdine on of f-site vegetation, ground, and other sur=

faces, with appropriate apportionzent to the vegetation c¢f its capture
fraction; and :
weathering and other lcss factors for radioiodine om grass and other

vegetation.

Clearly other patural phenomena must be adequately taken into account in

models used for determining design objectives. These are sufficiently estab~-

1ished in practice that they need not be repeated here.

Although both General Electric and Consolidated Utilities asserted that the

Regulatory staff's intentions are uncertain, we believe the Staff is agreeable to

-gccepting realistic models different from standard models. In their Concluding

Statement the Staff quoted from the official statement published with each

Regulatory Cuide:l/

L"Comzludlng Statement, page 83.
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"Regulu.ory Guides are not substitutcs for regulations and coumpliance
with them is not required. Methods and solutions different from those
set out in the guides will be acceptable if they provide a basis lor the
findings requisite to the issuance or continuauce of a permit or license
by the Commission."
As furtter evidence of this disposition of the Staff (but not of the validity
of their modeal) we further note that the Staff stated, in the written response
te our request during Oral Argumcnt:l/
"additional data available from staff measurements at BWRs (Ref.4) but
vhich were not received im time for inclusion in the parameters and
bases given in WASH~-1258 indicate that icdine releases from the radwaste

building are greater than that calculated by the Staff's model and chat

the model should be revised....

In summafy, the Staff has‘aitempted to devexop s model which realistically

assesses the iodine releases from proposed reactors using data obtained

from operating reactors where poésible."
We particularly expect all parties to licensing actions to which Appendix

I applies to note both the potential utility of Regulatory Guides and their sub-

ordinate status relative to Commission regulations and opinions. We believe the

testimony of Staff witnesses in this proceeding might, by some reasonable

persons, indeed be construed as indicating that the Staff has been excessively

zealous in applying Regulatory Guide models.

It seems reasonable to expect the Staff to be willing to freely consider

case-by-case deviations from standard models, for they state:=

EJAsc Regulatory Staff’s Response to Commission's Request During Oral Argument

page 28.

2/1p14., pages 37-38.
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"There are many factors which influence the release aerodynamics for

cffluents emitted from roof vents. some of these are shape and size
of the reactor facility building complex, position of natural draft
cooliny :owers. position of vents within the complex, lecal terrain
rise due to momentum and buoyancy. While it

ich will perunit

conditions, and plune

{s agreed that at evary site there are circumstances wh

the vent plume to escape wake cavity mixing, these circumstances are

Therefore, a

ao: readily defxnable for many sites froa existing data.

cedure, which is customarily described in Rezulatory Guides,

‘enetal Pro

cannot be incorporated into Regul ide 1.DD at this time. How=-

atory Gu

1 Reculatorv Guides, an adequately substantiated de-

ever, 25 with al

arture from the madels presented in the puide will be acccpted on 2

case~hv-case basis.

2. lhere selection of data is strictly a matter of interpreting ex-

petimcntal evidence, both applicant and the regulatory staff should utilize

ic expertise to celect those values which would be expected

to yleld estipates nearest the real case.

ow to deal with uncertainties in choosing data has been

The matter of h

&n implicit part of the evaluations made by participants in the proceeding.

The data used by the staff in the evaluations presented in the Final Environ-

mental Statement were considered by General Electric and Consolidated Utilitie~

to be seriously conservative. 1,2,3,4/ The staff has conceded that conserva-

tisms exir-ed and were being re-evaluated continually.il It is our judgment,

I7¢cnera1 Electric Closing Statcment, PP 5 and 29 to 43.

2, Ned R. Horton, GE Exhibit 6.

Testimony of
Consolidated Utilities PP 13-14 and 42 t

é'lt'otatemenc of Position, o 50.

51:: 3509.
EIStaff Response in discussion, Point 1, supra.
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in consideration of the detailed discussions of the models and data in testi-
mony, in closing statements, and in oral argumen?, that specific models and
data should not be standardized by {ncorporation in Appendix I, as proposed
by Minnesota.é/ 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 objeécive guidelines. We believe that the oppor-
tunity to modify models and data as new experimental information'comes to
light is a persuasive argument for permitting tl.ls matter to be dealt with by

the p;gggfégggn of Regulatory Guides and by case~by-case evaluations.

2223, .1f approximations implicit- in-z-model may produce a deviation
l#ou—the—&tue~tesu1t—the—ditecticﬂ—o£~which is either uncertain or would
tésd to underestimate-dosage or-if available experinental information
tesves-a-rherantizl range of uncertainty as to the best estimate of some
parameter values, or both, data shoul§ be chosen so as to make it unlikely,

—z=—-with all such deviations and uncertainties taken into account together,

—— - that- the true dose would be underestimated substantially.

L T Two potential sources of deviation.from a realistic dose estimate are
of concern here. One is the self-inflicted use, at an apylicant's dis~

-~ --cretion, of a simplified model which necessitates, in all propriety, the use

__. of some conservatism in setting design objectives. The other is the exis-

tence, in spite of the best efforts of all parties, of experimental un-

. certainties respecting the selection of certain parameter values.

‘“_Hachematical podels describing the various sequences of natural

é;:;phgannena.which_telate*tadiation-dosc to releases of radioactive material

——

- . - - .-
o ram . - i——- . -- - - —

E"(:o,v.\cl\.‘d:l.t\g Statement, p 1l. k ”
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vary in detail and complexity. This ﬁas been frequently observed in this
procaedtng. Through circumstances peculiar to his case one applicant may be
able to prescat to tﬁe Pegulatory stafi adequate support for his proposal'
through the use of simple model:s and conservative parameter values, while
another applicant could not prove his case S0 easily. There 1s no regulatory
pecessity for performing the most realistic dosage estimates that are tech=
uoloﬁically aschievable, if a less complex and less expensive analyais'can be
made to demonstrate compliance with 1icensing requirements. The use of the
simpler procedure may, however, introduce 3 wider range of uncertainty ie

estimated doses than a more conﬁlicated analysis. Hence the proper cholce of

parameter values for a simple calculation might be more conservative than

- - . —— 2

values used in a more vrecise ca‘cula:ion.

———— ————— =
— e — i i

- - -

_The matter of dealing with uncertain cata was discussed at several
points in the Orai Arguzents. l{ There was an apparent reluctance to
express, in concise language, & geﬂcral cc:*nition of the degree of con=
servatism or realism considered a;propri;tc or 2 p;ccxse definition of
"pest estimate." We, also, are reluctant tb propound a precise general rule
on this.peint, because the q;rcgmgtagggi_qf appliCation vary too widely to
permit us to do so. The record shows that the quality and quantity of experi-
mental data are far ffoq uniform from case to case, site to site, and
pﬁcnomenon to phenomenon.

.We believe the record contains adequate evidence that sufficient data
exist for making all the necessary dose estimates, although there are un<

certainties respecting many of the parametexrs. values that would be appro-

ptiate are sometimes said to lie between an "upper bound" and "lower bound",

g - — . w——

1[ Oral Argument TIr 21, 35-40, 104-110, &nd 129-130.
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or, in .ome cases, the value would lie sozmevhere among scattered cvperi-

mental data poiants. The Oral Argument exemplifies the difficulty of stating

. ——— -

a preci:e rule for dealing with such uncertaintics but supports the pro-

priety of striving for rcalisa while maintaining some sense of conservatism.

The Regulutory Staff's at:itude is:

"..esthat we do not take a thorough cunservative upper bound or the

lewer bound consisten:ly on these parameters.“ll

-e
- ——————

-+ Later, in the course of lengthy discussion Mr. James M. Smith of General

Electric explgined:zl

"If you nive a2 nine- .t pathway, you may have to use averages to
come up with a reasonable best estimate throughout the entire path-

___way. .If_)our puthway is# much simpler, involving only one or two

. factors, then there may be some justificatioa for being on the

- -

. —— - —

‘conservative side of the mean."

~ The models described in the rezord of the hearing and the evidence

and arguzents idvanced with repard to numerical estimation of dosage lead

4T .t Do

us to the conclusion that one should try to attain realistic estimates,
LA B 2

but where uncertainties exist one should choose calculational procedures

S — . —-

_mﬁpat are unlikely to produce substantiai underestimates. We believe,

furthermore,that it is in the best interest of the public to make realistic

- —
—-— - - - -

estimates, even vith uncertain data, and to depend upon the programs for

improving models and data, particularly prograns of in-plant measurements,

to determine whether proper case-by-case design decisions were made.=

S e A TP e

IJH:.'LesLer Rogers, Oral Argument TR 28. "Bound" was transcribed as "band'
zjntll Argument TR 129-130.
2'/SQg' Staff's Concluding Statement, pages €0-61.
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Surveillance and quantitative ponitoring of effluents are required by existing
regulations; additional guidelires for collectdion of data, for each operating

plant, have been proposed for and are included in Appendix I.

¥Ry 4. The models used in describing eifluent releases should take into
account all real sources and pathways within the plant; and the estimated
releases should be characteristic’of the expected average releases over a
long period of time, with account taken of normal operation and unticipated
operational occurrences over the lifetime of the plant.

The record is free from significant controversy as to the general model
of an operating plant that should‘be assunmed for the purpose determining
design objectives. The schedule of operation assumed by an applicant, if it
turns out to be unrealistic, may later impose some inconyenience or expense
on him through the influence of liziting conditions of operation adopted in
acco;dance with Appendix I. This possibility is one to which the applicant
would pormally be sensitive but would.no; diminish the protection of the
public from the effects of radivactive discharges.

§., The model of the exposed individual and the assumed characteristics
of the environs with respect to human ocrcupancy and to land and water use

~should be determined in each case in accordance with the intent indicated below
for each particular category of effluent for which design objective guidelines
are given.

a. For design objectives affected by assumptions as to consumption of

vater or food (other than fresh milk) produced in the environs one

should consider the model individﬁal to be that hypothetical individual
vho would be maximally exposed with account taken only of such potential
eccupancies and usages as could actually be realized during the term of

plant operation.
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considered with the pumerical guidelines of Appendix I now issued, point to a
fortunate cepacity to control eifluents from the light-water-cooled reactors

in most expected circumstances on the gasis of a hypothetical individval. We
considered the possibility of specifying that all design objectives be deter-
mined solely on the gasis of actual human cccupancy at the tice of plant design
such as was proposed by Consoliéatéd Utilicies.lj To adopt guidelines which
would leave generally all consideration of futur2 use of the envirous to post~
licen;lng regulation would be unwise in the instances where it has been clearly
shown that an accommodation of reasonable potential future uses can be accom~
plished at ;easonable cost. This is the case for all effluents except radio-
active iodines and particulates released to the atmosphere. We believe the
rzhbfd shows it would be better inm these instances to determine the design
objeétives with respect to potential future uses. This not only takes 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 which have led to such

a general conclusion were based upon conservative hypotheses. We are nindful
as already menticned, that the numerical guidelines cannot coincide exactly

Uitk_sgg effects of measures that are "as low as practicable" in every case.
Therefore, the Appendix I guidelines should not and do not prohibit an applicant
who maf have difficulty c;;plyi;g with the guidelines with respect to these
ex ure pathways from proceeding on the basis of Section 50.34a alone. Ve

anticipate that some special circumstances may arise which would make it

advantageous to the applicant to base ﬁis case upon a cost-benefit analysis.

——— - - - —— -
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We believe this option will provide adequate relief in‘such a case, for the
Consciidated Utilities stated:ij
"Je would not, of course, object to a requirement that all in-plant
control measures which can be justified by a cost-benefit analysis for

a particular site be included.”

Geaeral Electric descri ed their conception of . proper use of exceptions
to design objective guidelines as follows;gl

"Such exceptions should be restricted to unusual situations and effects
not reflected in the standard itself or ia the decisional processes lead-
ing thereto. Thus, for example, exceptions might properly be incorporated
in Appendix I for the special cases of:

(1) currently operating reactors for which the cost-benefit status

of equi;.:nt aug=eants is highly site~dependent and differs substan-

tially from that for plants io the design stage,

(2) multi-reactor sites as to which certain environmental and economic
considerations not fully explored in the ALAP proceeding may apply on

s case-by-case basis, or ;

(3) unique or highly unusual sites or reactor installations. Such
exceptions should not, however, be 1 major intended means of avoiding
the clearly unjustifiable operation of general standards for large .
numbers of plants whose characteristics were fully explored in the ALAP
proceeding and were, in fact, taken as the norm for the Staff's testi-

mony and Environmental Statements."

f;ﬁtatemcnt of Reply, page 10.
= RCPly.. Pp 23"'2‘00
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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

gealn of nz.ural phencmenology and, therefore, should be dealt with in accordance

with points 1 to 3, supra. For exarple, dilutica of effluents in receiving
waters, fish habits, and normai hﬁman intakes of food and water should be considercd
on the basis of experimental evidence scientifically evaluated.

We do believe, however, that the particular habits of the hypothetical receptor
should take into account a reasonable and real departure of the habits of
people from the average. We would not think it reascnable, on the other hand,
to assume bizarre characteristics as those of a hypothetical gardener, who receives
all of his fresh vegetables from a hypothetical fence-post parden and consumes
them irmediate's =men “arves*ing without washing or other processing, as was
assumed for some of the evaluations of the Final Eaviroamental Stacement.l
Such extreme assumptions have served their purpose in simplifying the evaluations
involved in reaching a deécision om Appendix I but would not be appropriate in
case-by-case implementation of the guidelineﬁ.

We doubt that we differ much inm this regard with the recommendation of

Consolidated Utilities, who stated:zl

“In our view the off-site individual selected for determining the limiting
'dose should instecd be one whose living and recreational habits, and whose
water and food cor amption habits, are representative of a significant
pumber of persons living in the area of maximum exposure. Further, the dose

calculational models used in estimating doses to such an individual should

be es realistic as possible."

1/r: 3402-3, 3429-30.
zlStltemen: of Position, pages 43-44.
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With realistic calculational models, food chainms, and occupancy taken into ac-
count, we believe the record shows that one should and can account for persons

who are not average, even in a local sense.

-~ @. FPor design objectives relative to thyroid dose as affected by
. consumption of milk the iodine pathway through the enviroﬁs of a
ylaﬁt‘éhd the characteristics of the model receptor should be
essentially as they actually exist at the tizme of licensing.
- There was strong agreement among participants throughout much.of the
Bearing that the iodine pathway leading to thyroid exposure through consump-
tion of milk would be the most difficult one to accommodate in the context or

originally propesed nuzerical guidelines for establishing design objectives.

At this time it is still an exceptional case. The estimated economic costs of

{nstituting in-plant controls of icdine emissions are high enough to change °
the ovarall balance of the decision in favor of requiring that only actualuiy
existing food pathw;ys peed to be taken into account. Of coufse this does not
déiy any-applican: the privilege of assuming more comservative hypothetical
p‘ihways and thus avoiding the task of keeping up in detail with {ytute changes
in the caoviroms.

~ —Many elements of comservation estimates of radiation exposure discussed'in
points 1 to 4 supra, were of serious concern to the parties only with respect

to the.iodine-milk-thyroid pathway. The implementation guidance respecting
attainment oflmore realistic estimates will permit many plants to conform 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 $e many plants that could not meet the numerical guideline on the

basis of a hypothectical ford pathway to an {ndividual without in-plant controls

the cost of which of which outweighs the {ncremental benefic to the

population at large.
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In adopting this guidance for radioactive iodines and particulates discharged

{nto the atmosphere we have considered the following special questions:

1s evesy individual adequately protected from excessive exposure?

1s ird‘vidual freedom of access and use of unrestricted areas assured?

Is the likely cost of implementation in this way less than that of

providing additional in-plant controls at the outset?

1s the possible future curtailment of productivity of the environs

justifiable?

The record supports an affirmative answer to each of these questions.

Individual protecticn of real persons is no less than that provided for other

effluents. Special requirements for surveillance are included to detect, before

pignificant exposure could occur, any important changes in land usage. If such

changes were to arenr the licencee, not the mezber of the public, woild be

ebligated to control emissions or other elements of the exposure pathway in such

a way as to maintain {individuzl exposures in confornance with design objective

guidelincs. Thus an {ndividual would be free of any infringenent upon his
rights to use the environs.
The practicabllity of deferring some controls until real necessity is

eminent is evident from the evaluations of the Staff, Ceneral Electric, and

Consolidated Utilities. Such a course was recormended in the Closing Statement
of these three parties. General Electric expresses the principle arguments in one

place as follows:ll

!!C1osing Statement, page 35. See also further argumen® on pp 39-41.
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| A "In the extremely rare instance where, after 1icensing, plans are
dgveloped and actions are taken to bring about such production and
consurmption éatterns, doses as large as those predicted by the Staff
will, in all probability, still mot result because the design margins
customarily built into LWR eguipuent will normally cause actual
emissions to remain below their design basie values....Even if doses
exceeding the numerical guides should result, reasonable and inexpensive
steps would almost certainly be ava‘lable at that time to reduce such
exposures without the necessity of expensive equipment augmentation
such as thot which the Staff's approach would mandate in each instance
during initial plant coastructiom.”
_ _ Purthermore the evidence shows that with additional experience and data from
eperating plants the most likely result will »e rhat estimates based upon present-
day source models and assumptions are unrealistically high.l, This factor will
be of tramsitory value, however, in providing 2 buffer against having to
backfit; because, as models used at the time of ﬁlant design become more
realistic there is less chance of proving significant improvement in computational
methods with further experience. It is our judgment, therefore, that the most
beneficial use of resources in control of these particular effluents will be
attainea by pe;;it:ing the use of actually existing food pathway in determining
design objectives.
It should be noted that it would be pernissible for a licensee to effect
compliance with Appendix I by making arrangements with persomns holding land
rights in the vicinity of a nuclear plant so as te control or restrict the
production and consumption of mi'k. The impact of any such controls as might

be needed to comply with the guidelines on the potential productivity of a local

region would, at worst be negligible.
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CUIDES ON TECIIICAL 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
procedures specified in technical specifications that take into account the
peed for bpetating flexibility and at the sane time assure that the licensee
will exert his best efforts to keep levels of radioactive materials in ef-
fluents as low as practicable. The Appendix I that we adopt provides more
specific guidance to licensees in this respect.

We expect that the annual releases of radioactive materials in ef-

fluents from light-water-cooled auclear power reactors can generally be

. maintained within the levels set forth in the foregoing as numerical guides

for design objectives. It is certainly expected that the licensee will,
under all circu:sta?ces, exert his best efforts to keep levels of radio~-
active materials in effluents from light-water-cooled nuclear reactors within
the design objective guldes. At the ;ame time the licensee should, in our
opinion, be pernzitted some flexibility of operation, consistent with sound
considetations of public health and safety, to assure that the public is

provided with a dependable source of power even ur = unusual conditions of

‘operation that may temporarily lead to releases of radiocactive materials higher

than those specified as the design objective guides.

The Regulatory staff has consistently arguedl”zl that such operating
flexibility is necessary, especially in view of the very low release levels
inherent in their versions of Appendix I. As the Record shows, there is

considerable disagreement as tc the need for- and/or to the quantitative

l!ALAP Regulatory Staff Exhibit 1 Tab 1.
3/Concluding statement of Position of the Regulatory Staff, pp 32 and 68-70.



s M.“
e
L

107

nature of - such operating flexibility.

The Comsolidated Utility Group has atguedl/ that "“"the degree of opera-
ting flexibility provided in proposed Appendix 1 is too restrictive and may
threaten p.wer system rcliabiliry." Dr. “erril Tisenbud, appearing for the
Atomic Industrial Forum, also indicated that the action levels proposed by
the Reguiatory Staff were unduly restrictive.z/ The Gulf General Atomic
COmpanyl/ also has argued that insufficient operational flexibility is
provided as has the Bechtel Power Corpotation.ﬁj Similar arguments were
presented by Ebasco Serviccs.gj In addition, the American Electric Power
Service Corporationéj would permit the radicactive release limits of 10 CFR
Part 20 to serve as action limits to insure adequate operating flexibilirty.

On the othar hand, National Intervenors, Inc. contended that no pro-
visions for operating flexibility were necessary or desirable.zj loreover,
the State of Minne?ota‘in its Final Statementgi argues that there has been
pno showing by the utilities of a need for operating flexibility that such
provisions for operating £lexibility should be deleted, and that the numer-

ical guides for design objectives should be treated as maximum limits never

be exceeded.

]

!JS:acemen: of Position of Comsolidated Utility Group, Jan. 19, 1974, p 16.

zjaeating Transcript, p 86, Statement by Merril Eisenbud, p 6.
AIALAP Final Environmental Statement, Wash01258, July 1973, p 61.
i"Ibi.tl.. pp 91-92.

2!Bcaring Transcript, pp 109-116.

&/

Z/Anthony Roisman to Algie A. Wells et al., Feb. 15, 1972.
!/FLnal statement of Position of State of Minnesota, Feb. 1, 1974, pp 4-5.
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We, ti.2 Atomic Energy Commissian. agree with the Regulatory écaff that
experience has shown that'thete will be variatious in fuel element perform=-
ance an§.§g gndwaste equipment performance, that these variations may, on a
transient bosis, result io levels of radicactivity im effluents that exceed
the design cbjective nuserical guide values, and that opcratiénal flexibilicy,
within the very low ranges of release rates {nvolved is necessary in order
that nuclear reactors have a high degree of reliability. We, accordinglj.
geject the arguments to the contrary presented by Consolidated National
Intervencrs and by the Jtate of Minnesota. .wa are almost equally unimpresscd
vith the arguments of the several parties whose position is that the proposed
1imiting conditions for operation are too restrictive.
=— -Accordingly, ino the Appendix I that. we adopt we have set the guide on
technical specifications for limiting conditicas, for operation of light-water~

1

cooled.-nuclear power reactors as follows:..

— {ndividual light-water-ceoled ruclear power reactor the licenses
ghall, 1f the quantity of ralioactive ;atétial actually releassd in effluents to
unrestricted areas during any calendar quartér is such that the resulting radi-
ation exposure = estimated on the same basis as the design objective exposurcs =
would exceed one half the design objective estimated annual exposure, make an
investigation to {dentify the causes for these high release rates, define and
initiate a prograd ;f action to correct the situation, and report these actions
to the Commission within 30 days of the end of the calendar quarter.

For individual liéhc—water-cooled nuclear power reactors, the Commission
will take appropriate action to assure that release rates are reduced if (1)

the quantity of radicactive material actually released during any calendar

quarter is such that the annual exposure, estimated on the same basis as the
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design objeccive expesures, would exéced twice the design objective annual
exposure, or (2) if the quantity of such radioacéive material actually
relezsed in 2ffluents to an unrestricted area during any consecutive 12 months
{s such tha* the resulting radiation exposure - estimated on the same basis

as the desi~n objective exposures - would exceed four times the design ob-

jective exposure values.

It is iutended that the limitations described immediately above shall

apply to each light—watet—cooléd power reactor. We have, in additiom, placed

a “urther restriction upon all light-water-cooled nuclear power reacters on a
gite or on néishboring sites. This limit scems to us to be practicable since
it 1s deeméd likely that individual reactors will need the advantage of this
operating flexibility for omly a relatively small fraction of their operating
time and all reactors on a multg-reactor gite could scarcely be presumed to
rtequire this operatisg flexibility provision simultaneously. Accordingly, we
have decided that the licensee shall Faké an investigation to idenfity the
causes for the increased release rates, define and initiate a program of
corrective action, and notify the Atomic Energy Commission if the quantity of
radiocactive materials from all light—sater-cooled reactors on a site or om near-
by esites during any calendar quarter is such that the resulting radiation ex-
posures during that quarter exceed 75 percent of the estimated design objective
exposures.

The Commission will take appropriate action to assure that release rates
are reduced if the quantity of radioactive materials actually released in ef-
fluents to unrestricted areas from all light-water-cooled nuclear power reactors
on a site or on nearby sites during any calendar quarter are such that (1) the
resulting radiation exposure would exceed the estimated annual design objectivc

exposure or (2) that the quantity of radioactivé material actually released in
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any consecutive 12 nonth pericd from ail light-water-cooled nuclear power
plants or oﬁ site or on nearby sites is such that the resulting radiation ex-
posure would exceed twice the annual design objective exposure.

These provisions will, we believe, assure the necessary flexibility
for operation of lignt-water-cooled nuclecr power reactors boﬁh alone and in
combination while at the same time assuring that radiation exposures to
{ndividuals in the vicinity of such nuelear reactors will be, at the most, a
small fraction of those permitted by present radiation protection standards.

The licensee is required, in addition, to conduct an appropriate sur-
veillance and monitoring program to provide data on quantitatives of radio-
active m;terial; released in liquid and gaseous effluents to assure that the
ptoviiion of this Appendix I are met, to provide data on measurable levels
of radiaczcn and radioactive materials in the emviroooent to evaluate the

:clations}ip betvcen quantities of radiocactive mater.als released and radiation

- —

dosages to individuals, and to ‘c;ntify changes in the use of unrestricted areas

to petnit nodifications in monitoring the dosas to individuals from principal

pathvays of exposure.

jol It is further provided that if the data developed in the surveillance
and monitoring program described above show the relationship between quantities
of radicactive materials relezsed in efflucnts and the dose to individuals in
uarestricted areas is significantly different from that assumed in the calcu-
lations used to determine design objective limits the Commission may modify
the quantities in the Technical Specifications defining the 1imiting conditions

for operation in a license authorizing operation of the light-water-cooled

power reactor.
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Furthermore, the information on the quantities of radicactive waterial in
effluents of these plants indicate no need for anv precipitous action that
" would be ap licable to all existing plants alikc.l/ These two factors lead

us to concl-de that the licenscs for existinz plants should be considered

case~by-cas2. As noted elsewhere in this statement, the design obje:tive
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
section 50.34a(a). Under the terms of Appendix I as presently adoéted a person
holding a license to cperate an existing plant has, inherently, mo less right
to follew such a course. Hence, it is unnecessary, and would Le redundant, to
include any state:enc.£0t this special case specifically pérmitting a case~by-
case evaluation. Likewise, we consider it superflucus to state, in the detail
suggested by General Llectric.g/ the methods that would be permissible as
lﬁales for establisliing design'cbjectivcs. We agrec that it wculd be preferable
to base evaluations of design ebjectives upon 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 1s a further matter for which varying resolutions
‘were proposed. All parties considering this point in concluding statements
agreed that guidelines with respect to both design objectives and limiting
conditions for operation should be applicable,as soon as effective, to all
cases for which an application for a construction permit was filed on or after

January 2, 1971. For all other cases, the Staff originally proposed a 36 month

AIAEC Exhibit 27.
3’01001ng Statement, pages S4and 56.
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period for compliance and finally proposed a 24 month period.lﬁz! General

Elcctric proposed that 36 months be allowed for compliance;ll while
. Cousolidacod Utiiities weuld set no deadline cxcept for a 12-month period

vithin whica hollers of pernits or licensees would have to file plans with

the Cammission.éj

Ia view of the facts alre;dy'asserted, that there is no hazard presently
and generally being {mposed by plants which were not licensed in accordance
with the specific proposed guidelincs of Appendix I, we have concluded that
it is reasonable to allow twelve months for development and submission of
plans for Cocmission approval and thirty-six months for compiete conformity
of operating recactors, with allowance for auny unusual delay fbr Comnission
review, In arriving at these time allowances we have little factual evidence
from any party as to the time actually needed. The inf;r:ation in the Staff's
Concluding Statement on the actions of licensees to comply with "the staff's
{nterin licensing design objectives ond guiéelincs" would have been of little
value for this purpose, even if 1t had been undisputed or a part of the
evidentiary record.gj Ve believe, however, that with official notice being
taken of the times actually elapsed from dates of application to dates of

{ssuance of permits and licenses, the period allowed for compliance is adequate.

I'736 FR 11113.

2---/Ccmcludin'.; Statement, p 35.

A/CIOSing St..tement, pp 54-537.

i’Statement of Position, pp A7-A8.

2/Sec Concluding Statement, p 73 and Annex.



APPLICATION OF APPENDIX I 70 OTHER FACILITIES

ks The St.te of Minnesota.i/ zxpteﬁscd disappointoent that Proposed Appendix
I applied only to light-vater-conled nuclear reactors. Minnesota argued that
the types of waste generated by other nuclear facilities are sizilar to those
of light-water-cooled reactors and that the cleanup tcchnology considered in
the hearing could also be used g:‘facilitics of other types. They believe that
the. record would support a Cozuission decision to "make the dosage limitaticnms

of Proposed /ppendix I applicable to other facilities in the uranium fuel

cycle."l/
Mational Intervernors, Inc. (NI) also addressed this point through testi-
mouy of Dr. Léward P. Radfordz’l/ who stated:ll

MThe proposed standards are to be applied only to nuclear power plant
operations, and commercial fuel reprucessing plants have not been in-
eluded. This omission is serious, «~.nd because of it w2 have the ano~-'-
that the Dresdin, Tllinois nuclear pover plants presumably will have to
meet thesz new standards, while the !Midwest Fuel Reprocessing Plant less
than a mile away would be perxitted to release radionuclides in accord-

ance with the old standards."

Several parties, including the Divisicn of Health of the State of Florida,i’zl

7/

Dr. Michail McClin:ock,gl Wisconsin State Senator Douglas Lafollette— , and the

State of New Yotk,gl in their comuwents on the Draft Environmental Statement also

I];inal Statement of Position of the State of Minnesota, Chapter IIA, Feb. 1,
1974. v :

EJAIAP NI Exhibit 3, Testimony for U.S. Atomic Energy Commission Hearings on
Standards for Release of Radionuclides to the Environment from Nuclear
Facilities, Edward P. Radford, M.D.

ljﬂearing Transcript, 2065-66.
éj?inal Environmental Statement, Vash-1258, July 1973, Vol. 3, p 30.

i’md.. p 46, '
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or after January 2, 1971, the applic;tion must also identify the design objec~
tives, and the means to be employed, for keepirg levels of radicactive material
in effluents to unrestricted areas as low as practicable.

Sec ion 50.36a contains provisions designed to'assure that releases of
radioactive material from nuclear power reactors to unrestricted areas during
pormal reactor operations, inclgdiﬁg expected operational occurrences, are kept
as low as practicable.

'Ihin 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 by assuring that the radiation exposure to 1ﬁdividuals as a
result of radicactive material in effluents released from these facilities to un-
restricted aress he kept as loy as practicabtle. Design objectives and limiting
conditions for operation conforming to the guidelines of this Appendix shall be
deemed to comply with the as low as practicable requirenents of 10 CFR Sections
§0.34a and 50.36a. The guides presented in this Appendix are appropriatc only

for light-water-coolec lear power reactors and not for other types of nuclear

facilities.

.. SECTION 1I. CUID S ON DESICN OBJECTIVES FOR LICHT-WATER-COOLED

NUCLEAR POWER REACTORS LICEMSED UMDER 10 CFR PART 0

The guides on design objectives set forth in paragraphs A and B of 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).

.

A. The applicant shall provide reasonable assurance that the following design

objectives will be met.
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gasecus efflucnts as low as practicable if the applicant provides

reasonable assurance that the proposed higher quantity will mot

result in ao estimated annual external dose to any individual in

unrestricted areas in cxcess of 5 millirems to the total body or

30 millirems to the skin.

3. The calculated annual cotai éuantity of all radicactive iodine and radio-

active material in particulate form above background to be released from

each light-water-cooled puclear power reactor im effluents to the atmos=
phere will not result in 2n estimated annual dose or dose commitment for
any individual in enrestricted areas from all pathways ol exposure in ex~

‘cess of 15 millirens to any organ.

4, In addition to the provisions of subparagraphs A.1,A.2, and A.3 above, the
applicant shz1l include in the radvaste system all items of reasonably
6émonstrated tbehnology that, when added to the system sequentially and
{g order of diminishing cost-benefit return, can effect reductions in
dose to the gencral population for coOsts not in excess of $1500 per man=
rem or of $500 per man-thyréid-rem.

B. The design objective guides of subparagrapﬁs £.3, 3.5, 0d & of this

Section sﬁ;li apply separately to each lighi-vater-cooled nuclear power reactor.

In addition, the applicant shall provide reasonable assurance that the proposed

reactor, in combination with all other light-water-cooled nuclear power re#ctors

¥ 1
on the site and on pearby sites will meet the following design objectives.-’

l'I”Othe: light-water-cooled nuclear power reactors” means, for the purposes of
this paragraph, 1ighc-watcr-cooled nuclear power reactors for which applica=-

-~=—-g4ons have been filed with the Commission for construction permits and which

are expected to operate while the proposed reactor operates.

- - - - — - pe - - —_—— & -
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1. The calctlated annual total quantity of all tadiﬁaccive material above
background té be released from the proposed reactor in combination with all
other light-'ate:-cooled nuclear power reactors on the site and §n nearby'
sites in liquid effluents to uarestricted arzas will not result in an esti-
gpated annual dese or dose commitment for any individual in un?estricted areas
from all pathways cf exposure in excess of 10 millirems to the total bedy, 30
@illirems to any organ and 60 millirems to the skin.
2.a. The calculated annual total quantity of all radioactive material above
background to be released from the proposed reactor in combination with all
other 1igh:-water-cooled nuclear power reactors on the site and ot nearby
sites in liquid ef fluents to unrestricted areas will not result in an estimated
annual air dose at any location near ground level which could be occupied by
individuals in uarestricted areas in excess of 10 millirads for gamnma radiation
and 60 millirads for beta radiation.

b. Notwithstanding the guidance of ;ubﬁﬁra;raph B.2.2 above:

(1) The Commission may specify, as guidance on design objectives, a lower
quantity of radicactive material above background in gaseous effluents
to be released to the atzosphere if it appears that the ase of the
design objectives in that subparagraph is likely>to result in an esti-

. mated annual external dose to any {ndividual in unrestricted areas in
excess of 15 millirems to the total body; or

(2) Design objectiﬁgs based upon a higher quantity of radioactive material
above background in gaseous effluents to be released to the atmosphere
than the quantity specified in that subparagraph may be deemed to
meet the requirecments for keeping levels of radioactive material in

gascous effluents as low as practicadble {f the applicant provides



