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In large part the "Supplemental Submission of Petitioner
Mark P. Oncavage" (Supplemental Submission) con:titutes an
effort "to satisfy the Board that the Petitioner has the
ability to contrilate to a hearing . . ." (p. 2, n. 1), i.e.,
"to assist in developing a sound record." 10 CFR § 2.714(a) (1) (iv)
It also contends that "[a]llcwing the Petitioner to intervene
will not cause serious delay or broadening of the proceedings.”
(p. 8)

For the reascons set forth below, a hearing for the
principal purpcses suggesced in the Supplemental Submissicn
is most vnlikely to develop "a sound record." The hearing
will inevitably be lengthy. It would threaten substantially
to delay issuance of the license amendment here involved and
to deny FPL of the flexibility required for the scheduling
of the steam generatcr repairs. In addition, Petitioner has
never established cood cause for the extreme Jateness of the

petiticn to intervene or for additional cratentions as they

continue to accumvlate. ;5 : 1 (\
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Development of a Sc:nd kecord

Th; substantive .ssues addressed in the Supplemental
Submission can be classified into two mai: categories:
"Cccupational radiation exposure" (pp. 2-3): and releases of
radioactiviiy, either through the earth from stored steam
generator assemblies or through liquid pathways, apparently
primarily from leakage into or out of the Turkey Point
cooling canals or overflow from those canals. (pp. 2, 3-4)
Both claims are expreszsed in extremely general terms and
both ignore the substar.:ial body of relevant publicly
available information. Neither explains why earlier judg-
ments based upon such information are erroneous or should be
adaressed again in the context of the instant prcposed
amendment; and neither seems to take serious issue with the
underlying bases of, and the technical conclusions reached
in, FPL's Steam Generator Repair Repcrt (SGRR) and the NRC

Staff's Safety Evaluation Report (SER).

A. Occupaticnal radiaticn exposures.

The Supplemental Submissicn (p. 3) s+ates that Prcfesscr
Karl 2. Morgan "will address the occupational exposure
problem created by the proposed repairs.' It alsc refers to
an article by Prof. Morgan in the April S5, 1979, issue of
the pericdicali "New S-ientist," pp. 192-21, entitled "How
dangerous is low-level radiatior (ccpy attached). The

Supp emental Submissici goes on to state(Id.):
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The recently prepared Safety Evaluation
Report (SER) on Turkey Point Plants 3 and
4 apparently believes the licensee's
"estimated 1300 man-ren" exposure is
within tolerable bounds. See SER pp. 2-9
through 2~11. Professor Morgan's recent
New Scientist article recommends a

500 man-rem limit. His test.mony will
explain his conclusions and also analyze
the validity of the licensee's methods
for determining the exposur. level.

It alsc states (p. 7) that "by presenting testimony from
Dr. Morgan concerning occupatiocnal radiation exposure, we
have raised a 'significant matter not considered by the
staff.'"

It is not clear from the Supplemental Submission pre-
cisely what aspect of "the ocau) aticnal exposure problem” the
Petitioner intends to address. The various petitions for
leave to intervene submitted by Petitiocner prior to the
prenearing conference of May 2, 1979, did not r:fer to
occupational exposures at all. However, at the srehearing
conference Petitioner movedl/ to supersede the earliz.

contention with a new set of contenticns. Only cne of

these, Contention 5, r ght be interpreted as referring

r
O

1/ That mction has nct yet been acted on. See Transcript
of May 2, 1979, Prehearing Conference (hereinaiter "Tr. __ ")
at pp. 65, 87-90, 98, 108, 121. The new contentions are
incorporated at the end of the tranccript.



occupational exposures insofar as it raises the gucstion

whether the proposed steam generator repairs "compl; with
. /

’

T

10 CFR Part 20, NEPA, or the IWPCA2"

Although the Supplemental Submis:ion cites the SER, it
does not indicate that that i.port discusser cccupational
radiation cxposure in considerable detail. (Sectior 2.6,
pp. 2-4 through 2-11) The discussion analjyzes the operation
and breaks it down into various elements. such as post
shutdown repair preparation, steam generator removal, etc.

It considers the relevant literature, including the recent
Battelle Pacific Northwest Laboratories' report, "Radiclogical-
Assessment of Steam Generator Removal and Replacement.”
(NUREG/C2~-(C199) It describes the procedures vhich will be
followed in connection with each type of activity and the
measures which will be taken to reduce occupaticnal expcsures.
It concludes that the specific limits on individual expo-
sures prescribed by 10 CFR Part 20 will not be exceeded. It
also finds acceptable FPL's efforts to comply with th
direction contained in 10 CFR § 20.1(c) to make "every
reasonable effort to maintain radiation exposures . . . as

low as reasonably achievable" (ALARA).

2/ Contention 1 alsc raises the guestion of occupaticnal
exposures, but in the context of continued operaticn of the
plant prior to shutdown £or the steam generator repairs.
See alsc Supplemental Submission, p. 2, n. 2. However, such
cperation doces not require amendmert of the Turlkey Point
operating licenses, and that issue is therefore outside the
scope of this proceeding. See Vermcnt Vankee Nuclear Power
Corp. (Vermont Yankee Nuclear Power Station), ALAB=-243,

AEC 873, 875 (1374).
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The Supplemental Submission nowhere indicates whether
it takes issue with any of the bases for the conclusions
reached in the SER or even whether it actually does chal-
lenge those conclusions. Consequently it fails to frame any
specific issue concerning compliance with 10 CFR Part 20.
That failure makes it impossible to conclude that there is

any likelihood that Petitioner will contribute to developing

a sound record with respect to such an issue. However, to the

extent discernible, Petitioner's concerns as to occupational
radiation exposure seem to relate to something other than
10 CFR Part 20. Petitioner seems to be contending that "a
500 man-rem limit" of some kind should be imposed. Yet here
too, Petitioner fails to frame an issue, The sole expla-
nation of the limit sought is the reference to Professor
Morgan's article, but the article refers only tc a man-rem
limit on normal operations. The s—5gestion is not made in a
context which could refer to the repair operation here
involved.é/

To date, the man-rem concept has been used only for the
purpcse of predicting or estimating coliective radiological

im;act=* upon scme population group: e.4., employees of a

3/ The article (p. 21) suggests that a

limit of 500 man rem per 1000 megawatt
(electrical) years might be set for pre-
sently operating plants and those under
construction, and 200 man rem per 1000
megawatt (electrical) years for plants
now on the design board.

=
o
o
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plant or residents of a specific geographical area. It has
been used by the NRC as a means of measuring envirconmental
impacts'and not as a limit upon an activity or operation.

The NRC ordinarily protects against radiation by limiting

the exposure of individual: in terms of rems. Thus limits

on radiological exposures of persons within an "exclusion
area”" or a "lc~ popula icn zone" are imposed in 10 CFR

Part 100 in terms of maximum individual exposures reasured
by rems. The limits on occupatiocnal exposur-ss imposed by

10 CFR Part 20 also apply only to individua.s in terms of
rems. In addition, in 1976 10 CFR Part 5C Appendix I vas
amended to :mpose numer.cal limits on radiological releases to
the general population from ncrmal plant operations. However,
this was done "only after a number of years of consi_.eration

and a lengthy rule making hearing . . . ." Florida Power &

Light Company (St. Lucie Nuclear Power Project, Unit No. 2)

5 NRC 1038, 1063 (1977), a®s'Z ALAB=-435, 6 NRC 541 (1977),
aff'd Hodder v. NRC, (Nos. 76-1709, 78-1149) D.C. Cir.
3/
December 26, 1978
Although the Supplemental Submission fails so to

indicate, the Licensing 3card in the St. Lucie 2 proceading

heard a substantial amount of evidence cn the Juestion

4/ A petition for writ of certiorari is pending befcre the
Supreme Court. Neither that petition nor any of the ad-
ministrative or judicial appeals from the decision of che
Licensing Becard challenged that bedy's findings or con-
clusions with respect to occupaticnal exposures.
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whether a man~-rem limit should be imposed on the normal
operation of the plant there involved. The Licensing Board
explained that, in part in response to testimony of Pro-
fessor Morgan, it first imposed a 75 man-rem guideline dose
limit for occupational exposures in a partial initial deci-
sion. In response to a motion for reconsideration, it
cancelled that action but directed that further evidence on
the matter be submitted. S5 NRC at 1060-1061 Thervafter.
extensive hearings were conducted. 5 NRC at 1061-1064 As a
result, the Licensing Board concluded:
Based on consideration of the extensive

record on this matter, the Board con-

cludes that it is not feasible at this

time to set an in-plant occupationa.

guideline dose limit in man-rems/year as

a condition of the construction permit

for St. ILucie Unitc No. 2 as an incentive

to the Applicant to meet the Commission's

criteria of keeping occupational doses as

low as is reasonably achievable. The

man-rem estimate is intended as a tool

for comparison with other environmental

impacts in the FES. Any particular value

would not be specific to any plant or

situation in any given year. . . .
5 NRC at 1064

If the Supplemental Submission intends to suggest that

this Board shculd reconsider the guestion of imposing a man-
ram limit on normal operation, as the Morgan article sug-
gests, it whelly fails to indicate why the findings of the

§t. Lucie Licensing Board should be r 2x. .aed. I£, on the

octher hand, the Svpplemental Submission intends to sugcest



that a man-rem limit should only be imposed on the repair
operation it fails to indicate why what has been found not to
be feasible for normal operations is feasible for a repair
project.

In sum, the regulations of the Commission do not now
provide for the imposition of man-rem limits upon occupa-=
tioral activities.é/ It cannot be detarmined that a signi-
ficant contribution to the record with respect to such a
radical change could be made by a petitioner who seems to be
wholly unaware of both the basic pattern of existing regu-

lation and the record with respect to recent consideration

and rejection of a similar propocsal.

B. Other radiation exposure.

Apparently in a hearing, Petitioner would also address
radiation releases resulting from the storage of steam
generators upon an "earthen floor" (pp. 2, 4) and from
strong winds and tides surging over the cooling canal system
and escape from the canals. (pp. 2, 3) Miscellaneous other
matters might also be explored. (p. 6) However, beyond
these generalities the bases for the concerns are not speci-

fied; and, again, the Supplemental Submission does not

5/ To do so would, we subwit constitute a deviation Ircom
the regulations which this Bocard could not reguire in the
absence of an exception granted by the Commission under

10 CFR § 2.738.



indicate that the relevant available material has been
examined and with what part of that material, if any, issue
is taken.

1. Storage of the steam generator lcwer assemblies.

The Supplemental Sukmission expresses a concern for
"the long-term cn-site storage of steam generator lower
assemblies in an earthen floor facility" and "the integrity
of the stored steam generator seals . . ." and the possiki-
lity of "leakage upon the earthen floor . . ." releasing
radiocactivity to the environment. (pp. 2, 4)

Nevertheless, except for the reference to the "earthen
£loor," the Supplemental Submission nowhere indicates why
the planned storage scherme is inadequate. TFPL's plans for
steam generator storage are described in Sections 3.4 and 8
and Appendix D of the SGRR. The stcrage building performs
the primary functions of shielding, weather protecticn and
control of access to the steam generators. All spenings
to the interior of the st2am generatcr wil' be wa2lded shut
in order to avoid releases of radiocactivity within the
storage building. (SGRR, Secticn- 3.4.2, 3.4.6, Appendix D,
p. D=1-1) The continued integrity of taese welds will be
assnred by a pericdic moritoring program as described in
Ssction 3.4.6 and Appendix D, p. D=2-l1 of the SGRR.

Thus, the steam generator itself will perform the functicn

of radicacti7ity containcent.

L
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to refer to or to take serious issue with these measures.
The judgment that he is likely to make a significant con-
tribution to the record with respect to this matter cannot

be made.

> P The cooling canals.

The Supplemental Submission expresses a concern about
the "escape of radiocactive material from . . . the cooling
canals . . .", and refers to "strong winds and tides surg-
ing over the cooling canal system . . ." (p. 4) and the
dangers caused by such tides and hurricanes (p. 3). Accord-
ingly, the Supplemental Submissior indicates that at a
hearing evidence w.uld be submitted concerning a liquid

radicactive pathway emanating from the cooling canals.

The suggestion se=zns to ignore the basic fac: that
the present Turkey Pc .nt operating licenses limit all
radiological releases, including any releases to the ccol-
ing canal system, ir accordance with applicable NRC regu-
lations. In other werds, protection against such liguid
releases is effected prior to discharges from the plant to
the canals and the canals are no part of the protective

Y
system.

7/ The cooling canal system is a closed system in accordan~e
with a 1971 Final Judgment of the Un.ted States District Court
for the Scuthern District. It is readily apparent from a review
of this judgment that that system was reguired to be closed
because of the thermal effects on Biscayne Bay and Card Sound,
and nct because of any radiological considerations. See Final
Judgment in United States of America v. Florida Power & Licht
Company, Civil Action No. /0-328-CA, S. D. Fla. Septemocer .4,
IQ??. The Final Judgment is reprocduced as Appendix C of the 1972
Turkey Point Final Environmental Statement (FES).

541 526
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Liguid radiocactive releases from the plant, b th during
normal operation and *ihe planned steam generator repair are
controlied by Appendix A of the Turkey Point Operating
Licenses (Technical Specifications, Section 3.9) as well as
by written procedures. Bcth quantity and concentrations
are controlled. The releases are required to and co meet
the restrictions imposed - 10 CFR Part 20 and Part 50,
Appendix I, and those reciirements are met whetaer or not
some of tiie contents of the canal somehow rea:h Card Sound
or Biscayne Bay.g/

In short, the existing regqulatory cocuments disclose
that radicactive releases from the plant to the cooling
canals are so limited and controlled that further dis-
charges from the canals into anothe: body of water is
acceptable from a radiological point of view. For this
reason the guestion whether there will be such discharges
as a result of storms or hurricanes is irrelevant.

This conclusicn becomes even more significant since
it was made in relation to normal operation. The SGRR
(Section 3.4.5.4) and the {ER (Section 2.6.4) disclose
that raiicactive raleases curing the repair siforts will
be si-nificantly less than turing normal operation. See
Tables 5.2-3 ané 53.2-7 of the SGRR. For the foragoing

reasons, the meteorclogical issues sought to be explored

8/ The Supplement to the Turkey Point Environnmertal Report
TNovember 38, 1971, Secticn 2.3.7) and the FES (pp. V-26 to
v-27) make it clear that such radicactivity as might be
found in the canals is acceptakle.

12397
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would not make a substantial contribution to the reccrd.

. Cther concerns.

The Supplemental Submission states (p. 6)

. . . we are concerned about various
incoi1sistencies in the licensee's posi-
tion which have occurred throughout their
submissions. Without belaboring the
point, we note that Section 3.4.5.1(d)
of the Steam Generator Repair Report
says "90 days of radiocactive decay
assumed prior to cutting cperations.”
Section 5.2.2.1(e) of the Report states
"15 days of radioisotcpic decay were
assumed prior to cutting tho reactor
pipes." Whirch statement is accurate?

However, a careful reading of the SGRR disclcses that the
90 days referred to in Section 3.4.5.1(d) is an estimate

of the man-rem exposures associated with cutting up the

9/ Footnote 2 on page 3 of the Supplemental Submission
Implies that, in analyzing the steam generatcor repair and
subsequent storage of used lower assemblies, the licensee
assumed only a 10.1 foot storm tide and that failure to
consider more severe flooding constitutes a deficiency.
This implication is not correct.

Por the reasons discussed in the text above, storm
tide height is irrelevant insofar as radiological releases
are concerned. I'looding will not result in unanalyzed,
impermissible discharges to the environment, and nei“her
the SGRR nor the SER refers to a "10.1 foot storm tide."
Such flooding is only mentioned as part of an historical
discussion of storms contained in Section 2.6.5 of the
Turkey Point Final Safet:r Analysis Report (FSAR). The design
5f plant safety systems, hcwever, is based on a predicted
maximum flood stage, resulting for the maximum probable
hurricane of 18.3 feet MLW. See Supplement 13 to the Pre-
liminary Safety Analysis Peport, December 1ll, 1367; FSAR,
P. 2.6=113. ¥
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steam generatcr for disposal off-site. It refers to an
operation related to one ultimate disposal option. The 15
days cf.decay referred to in Section 5.2.2.1/e) is associated
with an ent_.rely different operation~-cutting the steam
generators from the reactor cecolant system. Thus, the
differant decay times are both correctly used to estimate
exposures from different activities. There is no dis-
crepancy; both statements are "accurate," and, we submit,
this is not an issue concerning which the Petitioner is
likely to assist in contributing to the record. Similarly,
it cannot be assumed that he will malke a contribution with
respect to the “"rarious inconsistencies" which he has failed
to identify at all.

The foregoing review of the Supplemental Submission
may be summarized as disclosing that Petitioner has enlisted
two witnesses, Professors Morgan and Goldberg.ig/ However,
the matters they will address are at best only generally

11/
related to proposed conten:ions. licrec =2r, despite the

10/ Without explanation, no mention is made of Dr. Raymcnd
McAllister who was characterized as a "firm" witness during

the prehearing conference. (Tr. 67)

11/ 1In addition to the discussion above, see "NRC Stafs
Response to 3card Order Relative to Petitioners Contentions,”
May 23, 1979, p. 3, where it is pointed out that most of the
revised contentinns submitted at the prehearing conference
are inadmissible.
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availability of both the SGRR and the StR, the Supplemental
Submission hardly discusses those documents or the many
specifié matters they address. Other relevant publicly
available material is also ignor 4. Therefore nothing in
the Supplemental Submission indicates that the Petitioner
is likely to make a contribution to a hearing, shculd cne

ke conducted.

II

Broadering the Issue and Delay

The foregoing discussion of the subjects Petitioner
wishes to address makes it quite clear that grant of the
petition for the purposes suggested in the Supplemental
Submission would "broaden the issues" wichin the meaning
of 10 CFR § 2.714(a)(l)(v). Assuming it could be done in
accordance with 10 CFR § 2.758, consideration of the impo-
sition of a "500 man-rem limit" wonld broaden the issues
since such a limit is not part of the NRC's existing
regulatory system. . additicn, Petitioner appears to
desire that metacrolecgical issues be discussed in detail
even thouch such discussion is not wequired £c - the reasons
set forth above.

Grant of the petition will also substantially delay
the proceeding. The first request for a hearing was sub-

mitted more than a year after the time to do so had expired
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and after an extensive review of the proposal by the NRC
Staff was near completion. 1In its various pleadings, FPL
has empﬁasized its need for flexibility in initiating the
steam generator tube repairs and that the hearing requested
by the Patitioner would create substantial delay and deprive
it of needed flexibility in scheduling such repairs.ig/
Notwithstanding its statement to the contrary (p. 8),
the Supplemental Submission confirms these concerns and
indicates that grant of the petition to intervene will cause
sericus delay. Thus it states that Professcr Morgan,
Petitioner's radiological witness, "has international tra-
vel plans this summer."” (p. 7, n. 4) Even if he did not,
as is clear from the discussion above, imposition of a
"S00 man~rem limit" is not susceptible of expeditious treat-
ment. We have noted that the suggestion represents a radi-
cal departure from existing regulatory practice. It,
tharefore, cannot be litigated in an abbreviated hearing.
A similar proposal required the St. Lucie Unit No. 2
Licensing Board to consider an "extensive record on this

matter . . « ." 5 NRC at 1064 Nor is it credible to assume

bka

-

o

Petitioner, who "has not pursued the metaorclogical

side of this case until ccunsel recommencded it . . .," and

12/ See "Licensee's Response to Untimely Request for
Hearing of Mark P. Oncavage," dated March 9, 1979; the
attached affidavit of #. D. Mantz, dateé March 8, 1979;
and Tr. 77=78.
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cannot now name witnesses (p. 3, n. 2) can prepare such a
case without considerable additicnal delay. It is therefore
clear that grant of the petition to intervene will both

broaden' the issues, unnecessarily, and delay the proceeding.

III

Reimcining Factors

The remainirg factors referred to in 10 CFR § 2.714..., .
can be discussed briefly.

The second factor refers to the availability of other
means of protc~~ing the Petiticner's interests. If it is
assumed, as the Supplemental Submission does (pp. 6-7), that
the requested hearing is the only means by which the Peti-
tioner's interests could be protected, then that factor
must be decided in his favor--the only one which could be
86 decided. However, the factor must be appraised in the
light of the contantions which .ave been made. As pointed
out above, the principal contentions are either inadmis-
sible or, at best, inapproprizte for ccnsideration in

13/
the reguested rearing.

13/ The Supplemental Submission (pp. 6-8) seems tO suggest
that Petitioner has scme kind of due process right to the
regquested hearing. This is simply incorrect. With irrele-
vant exceptions, publication in the Federal Register is notice
"to all verscns re:ziding within the States of the CUnion . . .
44 U.S.C. § 1508. It is well established that all that due
process requi:es is notice of the opportunity tc be heard;
publication in the Federal Register satisfies this reguirement;
and the denial of a ncntimely intervention dces not constitute
denial of due process. North American Pharm., Inc. v. HEW,

491 F.24 546 (3th Cir. 1373): Buckner Trucking, Inc. V. C.S.,
351 F. Supp. 1210 (S.D. Tex 1973) 1In situations such as are
here involved, administrative agencies, iancluding the lRC,

have broad discretion to deny a hearing. Dunlop v. Bachowski,
421 U.S. 560 (1975); Pecple of Illincis v. NHRC, 591 F.2d 12
(7¢h Cir. 1979).

341 3352
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It is our view that the fourth factor, the extent
to which the Petiticner will be represented by existing
parties; is not relevant here. This factor presumably
refers to a situation in which a hearing is being conducted
and other parties "exist."

Finally, it must be reemphasized that Petitiocner's
request for a hearing was over one year late, and despite
repeated opportunities, he has never been able to make any
showing of good cause for his untimeliness. See, e.g.,
Licensee's Response to Untimely Request for Hearing of
Mark P. Oncavage (Mar. 9, 1979); NRC staff Response for
Leave to Intervene Filed by Mark P. Oncavage (Mar. 1, 1979).
Consequently, Petitioner does not satisfy the first factor
included in 10 CFR § 2.714(a) (l). In such circumstances,
he has a heavier burden with respect to the other factors
than he might ctherwise. USERDA (Clinch River Breeder
Reactor Plant), ALAB-354, 4 NRC 383 (1976); irginia

Electric and Power Co. (North Anna Nuclear Power Station,

Unics 1 and 2), ALAB-289, 2 NRC 395, 398 (1975).

v
Conclusion
Since February of this year, Petiticner has been
affarded liberal cpportunities to establish that the balance

of factors set forth in 10 CFR § 2.714(a) favor grant of
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his 2xtremely late petition to intervene. He has wholly
fa_led to do so. In particular, the three most significant
factors weigh heavily against him. He has not demonstrated
good cause for his extreme lateness; he has nct established
that he is likely to assist in developing a sound record;
and it is clear that grant of his petition will both broaden
the issues and delay the proceeding. Therefore, we submit,
the petition to intervene should be denied.

Respectfully submitted,

- EARCLD F. BB és: Z ?éEE:'“

MI “HAEL A. BAUSER

LOWENSTEIN, NEWMAN, REIS,
AXELRAD & TOLL
1025 Con~ecticut Avenue, NW
Washingte. DC 20036
Telephone: (202) 862-8400
0f Counsel:

Norman A. Ccll, Esqg.

STEEL, HECTOR & DAVIS

Southeast First National
Bank Building

Miami, PL 33121

Telephone: (305) 577-2864

Dated: June 20, 1979

Attachment
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In the first years of the “atomic
age” many scentisis accepted the
theory that there 15 3 safe level of
exposure to 0NISNg radiatiun, and
that so jong as a person does nat
exceed this threshold level no
harm wiil result as any radiation
damage will, on the average, be
repaired as fast as it is procuced. From 160 to the present, .
an overwhelming amount of data has accumulated 0 show
that thers is 0o safe level of sxposure ang tsere is no dose
of radiaticn so low that the risk of a malimmancy is zero.
Theretore, the question is not: “1s there @ risk {rom low-
lavel exposure®” or, “What is a safe leve! of exposure?”
The question is: “How great is this risk?” or, “How grest
may a particulyr radiaten risk be before it’ e:cgcda.the
expected benedts, Suc 3s those from medical radiogrephy
or nuclear power?” ‘ - ¥

At least for some types of radiation damate and for
some kiads of radiation exposure (az, 2cially from X,
gamma and beta radiations) there is scue repair of the
radistion damage going oo io the body. The diehards
for the threshoid hypothesis, however, do not seem wiiling
or able to accept the evidence that for man there is never
a complete repaur of the radiation damage. Even at very
low exposure levels there are many thousands of interac:
tions of the radiation with the cells of the human body.
For example. the reiatively small dose of one rad of X-rays
3f 1 million electron voits corresponds to 2-2 biilion pho
tons per square csatimetre acting on the body. It is incon-
ceivable tha all the Sillions of irraciated and damaged
cells would be repaired completely or replaced.

The most sigmicant damage from low-leve. exposure
to radiation results from the direct interaction of the
streamm of wons produced by radiation with the nucleus of
one of the billions of iradiated cells. The cell may be
killed. the radiation may produce no damage, or such
damage as is caused may be repaircd. But it is a fourth
possizulity taat concerns us. that the cell nucleus may be
damaged but the cell surnves and multiplies producing,
over a period of years, 2 clone of cells that is diagnosed
as a malignancy.

It seems obvious that if the ceil nucleus is damaged and
some :nformation 15 lost or if a similar series of events
leads to the development of 2 malignancy, there can be no
dose so low that the nisk is zero. Thus the risk of inductien
of cancer from radiation increases more or less with the
increase or accumuiztion of exposure. The risk is simply
one gf chance, just the same as the nsk of an acodent
cvery ume a trip is made in 3 taxi.

,,,l; of ‘é?‘.;;;:::‘ :"ﬂm}: ﬁ" persons do not rus the same

: gnancy irom a given radiation

. exposures and that the risk of some types of cancer is
greater for certain people than it is for staers. The final
onset of a malignancy or other disease may require a
senes of events. For gg;mp}e' a given type of leukaemia
may require 3 many as three succossive events (like
t}'.rowma three electrical switches connected in seﬁg)
Some of these switches may Dde thrown by wviruses, hac;
tema, chemicais, mechanical domage or radiatiac.

Studies by Irwin Bross, of the Roswell Park Memorial
Instinite in New York, support this ypcethesis of 2 seres

of switchas 1n dispase Provsses and cug.est that thers
L there

E

may be interactions {synergisms) between the avents in
the series. Bross has shown, for example. that children
under four with allergic diseases such as asthma or hives
have a 300 to 400 per cent increased risk of dying of
leukzeriia compared with other children, Allergic diseases
throw one switch. Children who were exposed to diagnostic
X-rays in the womb have a 40 to 50 per cent increase in
nsk of dying from leukaemia. But children with two
switches thrown (that is, m-ulerd exposure ang later aller-
gic disease) have g 5000 per cent increase in misk of dying
from leukaemia

Thus, because of genetic inheritunce, various diseases,
age, sex, eating and smoking habits and, perhaps many
other individuai characteristics, certain members of the
general population have 1 higher risk of radiat'on-induced
malignancies than otrers.

The cancer risk from exposuie to jonising radiation is
much greater than was theugat o be the case some Yvears
ago. Following the ¢ez'hs of the Japanese survivors of
Hiroshima and Nagasaki from radiation sickness, many
scentists believed that the only principal chronic risk
from radiation exposursz was an excess of cases of le:
kaemia. which reached a peak about six years after th»
bombing and then slowly declined. Uafortunately as "
study of these survivors continued, other forms of cancer
{bone. breast, lung, . ..vary glard, prestate, thyroid and
so on) showed a significant increase. With the passage of
time we will probably find that tkis exposure has resuited
in an increase in many or most kinds of malignances that
are common among human populations.

Until 1860 almost everyone assumed that the genetic
risk from low-level radiation exposure far exceeded the
risks of chronic somatic darmage such 3s cancer. But it has
become increasingly ciear that this assumption may be un-
we ranted. In 1971 the international Commission on Radio
og: ‘al Protection (ICRP) concluded that: “the ratio of
soma ¢ to genetic efects after a given exposure is €0
times , ‘eater than was thought 15 years ago”. Most of us
now recignise that the risk of induciag canter at low
doses of radiation is far greater than we ooce tiought and
may be as great or greater than genelic nsk.

No zzfety fastor

Vuch of what has heen sud about the nsks of exposure
to low levels of ionising radiation wouid have cons:derably
less weight if it could be shown that the linear Fypothe” ©
{which prediets that dose and efect are cirecuy relates
provides a very targe safaty margin at low doscs and dose
rates. Unfortunately, in most ccses of humin exposure
there is no evidence of a safety factor at low doses, if we
assume that the linear relaticnship between radiation anc
cancer at high doses aiso applies at low doses.

We bave a large amount of data—much of them humas-
showing a statisticaily significant increase in malignapoes
as a consequenc of sxposure to low doses of ‘omising radil
tion and indicating that the number of maliznancies in-
creases progressively as the dose accumuiates. These doses
in some cases are considerably lower than the present
levels of maximuvm anaual exposure permuited for tne
radiation worker. Indesd in some cases the €ata show ol
tae linear hypothesis actually underestimatas the nsk.

Table 1 incicates the maznitude of the cancer risk ane
shows that this msk falls lineariy with decreasing cosf
Vvt 1 1. -

down a2 vivey low valee These low dases

341 335

o 55 rac
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are not doses below whh
the (inear hypothesis Sreass
down, but the lowesl points
on the human exgasure
curves for tha two @aujnan-
clas considersd nere——ieuk-
aemia apd thyroid cancer.
We have every reason o bes
lisve that thz lineanty of
these curves continues down

to zero dose and that thgre
is- 2. simiar linearity for
oihes types of cascer that
sisply mave a longer incoba-

tisn _‘,;v:;nod ¢r have not Seen , '

studred over such a wide = g T Vgt ot s i f"i \
rimge of Jases to a3 human 7] ¢ M s e‘?__‘, o N/*'"'.-’»/J’N ;"’," J 3 / J
pipuiaticn. A dose of 0-8 ? i) 7 j ! &; ~ Ve ~4 b)) aL8 1
s iy only 2 par cent of the | N = i EPRe ?"T‘( o, } 4 [y 24

42 rad permmtied by the In- | “ 7o) ey s S
ternatonal COMMITICE ON  Hpy’ Sed $ :_L\A | ot g orews P L__.m —_—
Radislozicul Protection |\ s P “ PR W il i Nt i J P Vo B
(IC0) 9 be accumuizted p=y = IR § 4 R P e Wi 7 7
eaca vear ia the act, e hone | ‘J’ | 18 ey o¥ e - L/ K. 7
marw of a radiation wor- { -;—4 c,"") | = RO 0 = A R -5 ve—t
ker. And 5+5 rad is only 13 '— — — | b - - — e ——

per cent of the 0 rad permitted each year to his
thyroid,

If 2 mill on childran each received | rad {rom exposure
in the worab o X.rays we mignt expect 300 to 3000 lewr
kzermias. Less data are availudie on the effects of low-
lvel exnosure of aduits than of childien But recent
ohservations by Thomas Mancuso and others on workers
at the Hanferd reprocessing plant in the US (Health
Physics. vol 33. p 353) indicate that the risk of radiation-
induced malignances other than leuxaemia may be as
great or Ireater for aduits than for chuidren {perhaps as
high as 7 cancers for every 1000 people exposed to 1 cem).
Fur=ermore, other studies (Alice Stewart and George
Kneale, Lencet, 1970, vol 2. 9 1185) indicate that the inC-
deacs of focal cancers (such as central nervous system
tumeurs) following in-uteéss exDosure is abov' the same as
the ncidence of leukaemia. So the total number of fatal
malignancies might be twice the number of leukaemias
given in Tasle 1—400 to 5000 cancers for a mution children
exposed to oaly 1 rad.

Data on the survivers of the atomic bombings
who were exposad im utero scem not to support these
cenclusions. On the basis of Stewart and Kneale's
dgdings and the linear hypothesis, we chouid expect
=5 -9 excess cancers among atomic somb survivers dunng
the 10 years foilowing exposure, but anly one case of
liver cancer was reported. As a consequence many penple
were quick to prociaim that there was sometung wrong
with the retrospective studies of cancer inductien by -
utoro X-rays as reported by Stewar?, M. MMacMahon and
others and thu we could reiax about radistion-induced
cancer. Unfortunately, this s not the case. There is littie
doust that the Japanese studies ireatly uncerestimate
155 cascer risk, Tha fetuses which were most likely to
have develoned '‘nto cases of rad:ation-induced leukaemias
recoived such fmgh deses and were subject 0 so much
srauras thot they failed to survive In fact an unusually
hich inmdeace of abartons and migh rate of intant mor
tairy fnilowed tRE atomic bembinzs.

Peatessor Jjosepn Rotblat recenariy econfirmed the above
explunation of wny the cancer nsk as determined from
emravers &f ilicostima and vagasaki MomNC bombings 18
t2o Jow (Naw Scieaust, vei 75, p 475 He compared the
csncer Tisk in two groups: one that entered Hirosmma

Tk f reecved 2070em of 4a srtitie M Tt appear e

! v A Boinun ol e Amamie aniied,

during the first three days after tha axplosiofn and were
exposed to the residual neutronanduced activity gad radio-
active contarminaticn from the fallout; and t. ~ other jroug
that entersd Hiroshuma at a later date and received neg-
ligible radiatian exposure Nsither of these grouyt was
subjected to the trauma - * *1ast. fire. burial under ¢ "ns
and so on. The leukaemic ¥ to the first group expos. &
to residual radiation was 1:§<10= leuisaemias B2r
person rad. This value for adults is i agreement With i

jeukaemia risk estimate :n Table i of 3% 10~ whicl snpiits
to children that received m-utero axposure from mcs.cal
diaznostic X-rays. Rotbiat poinis out that this nsk wstimare
is eight times the vitimate of ICRP.

Estimates of the risk of cancer associated with exposure
to radiation at the Hanford plant have created considerasle
controversy. The averzge radiation dose of the 242 Hza-
ford wericers who died of cancer between 1944 2ad 1872
was orly about | rem. Mancuso, Stewart and Knexle 2s%-
mate that anly 6 to 7 per cent of the cancer deaths (23 to
31 cancers) were induced by this radiatien. The 1atal nume
ber of deaths ... the study group was 3520 so their cancer
rpsk was T to 810~ or about 10 to 25 times the Jom-
monly accepted total risk of ragiation-induced malignancas,
{ bel;eve that the ceatroversy adbout these findings des
veloped because manv peopie in vhe auclesr industty and
in US Pederal Agencies have Deen inadvissuly prociaimung
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Naogasaki: concer rales among survivors are unrelicbie

that there is no radiation risk at low doses. If the propo-
nents of nuclear energy had been rmore reasonable in their
claims abou® radiation safety, they wouid ot now be trying
decperately to save face.

Radiation biologists have conducted thousands of ex-
pernncnts with various types of an'mals in order to dater-
mine the dosesffect relationships of radiation and in many
cases have extrapoiated these data to man (perhaps
Brazenly or at best with some misgiviags). Some ecologists
and heaith physicists have warmed that much of this

mmal data may not be applicable to man for many
reasons. : 5.

O The dose response of various kinds of animals can differ
by orders of magaitude 1o 3oing from one sp2cies (o ad-
other ( for example, 1y to iish to mouse to monkey to manl.
8 Fven slight dulerences in species of srains can cluse a
marked change in dose response. For exampie, there are
yery larze duferences in leukaemiaz induction and : life
sé’xcrtemn; hetween ... ‘iec with diiferent kinds of mice.
Yet, the standards are dasad on obzervations of carefuily
controiled :abred. neaithy amimals. But man is a wild or
heterogeneous animal living i many types of sovironment
with vanous eatiag and drug habus, with many dissases
and eccentricaties, of varous ages, and so on ‘

it s little consalation to a mother to know that the
average nsk to the persons living in her community is
3 10~* cancers per man rem (or J-003 per cent) from aa
‘?v-ranmx-z\tgl dose of 100 miilirem accumulated over a
i0.vear period from a3 auclear

i when she
learns that in {act her cluld

\ u : with e hma has 2 rnisk of SO
times this 1315 per ¢ent chance! of developing cancer. [t
“elps very little to tel! the mother that naturai hackground
ragiation is 100 miilirem each year und ihis gives her chiid
g 1-$ per cent risk of radiation-inducad cancer over the
same i0-vear poarwod Nesther dees it neip t¢ ‘o) her that
P2 omal-burning pemer olan:

VTSR ity S

even an “isan anel
i SRRV LT v Sp— S

power plant probadly wouid 3o up from 9+15 29 3 per cont
and the primary risk wouid tten becoms one of carenic
broncaitis and empnysema rather tasa canrvr.‘ll is J“‘
cult for this mother to understand way sae should N«
the life of her child so that the power plant can e loczted
at a particular mver site or, 4 she May FEUSAL 22,50 =
stockholders canm expect a better retuss O teair invest
ments. e A ey > e v

\Magy see the solution to this prodiem in reduciaZ leveis
of maximurs permissidie exposure (LIPE) for sccupational
workers and for the public by a factor of 10. A number ot
citizeas’ orgamisations in the US have penitioned salety
agencies asking for such reductions. However, 2itnougl
sympathstic. I am not conynced tiis wouid be an
acceptanie solution: it seems like sutting a finger in the
hole of a leaking dyke. I see it this way pnmarily for
three reasons:

First, our goal should be a radiation expasure that
approaches zero and especially one that reduces the popu-
lation dose (man Xrem dose) 3s low as reasoaadiy achev-
able (ALARA). This is pa *!y a matter of educaticn a. .
acceptance of moral obligation by those responsidie for
human exgosure.

Secondly, the real culprit for uncecessary popuiation
Cose is not the nuclear industry but rather the megicai
profession. -

Thirdly, a smaller reduction of occupational maximum
permissiole exposure—for example, from 5 rem per year
to 2-3 rem per year ratber than a reduction to 0-$
rem per year—probabdly could be accomplished without
threatening the option of nuciear power.

There have been ex mples (in the US at least) of wanton
disrezard of the ALARA pruigple. I am very much oon-
cerned. for example. about the growing pracuce of “Sum-
ing out” temporary employees: the fact that many nuclear
power plants are findirs it necessary 0 solve the indk
vidual expecsure problem of repar work ia persistently
high raliation exposure areas of toe plant by hiring tem-
purary employees to spread out the dese on “bot” opera-
tions. This has increased the man rem dose and thus the
overall cancer and genetic risks to tke population and 1
believe this is exactly what we srould stnive to avoiad.

[ cannot be certnin of the effect of the proposai io tke
US by a number of citizen's Jroups and scientists to lowee
the occupational maximwn permissible exposure (APE)
to 10 per cent of its present level (tbat is, down 0 0:Srem
per vear). Certainiy, 1t weculd reduce individual expeosure
leveis: but | fear in many instances it wouid just mwin
the hiring of more peodie, e2cn 10 recerv sraull doses of
less than 0-3 rem per year wit2 1 marked increase v ile
total man rem dose. Ths man rem doce would increase {or
the same radiation job Ddecause inexperienced: persoos
always get more exposure and much of tZe exposure oc a
“hot" joo is received 1oing inte and away frm 138 ket
gperation.

Madizl R-rays .
The second reasca for my hesitation on solving this
probiem Dy simpiy lowering the occu saticnal LiPE 0 0-3
rem per vear is because at gresent the medical proressions

are exempt from the recommendalions SuZgc ted by tle
ICRP for the maximum permis.idie exposure frorg loni
ing radiaton—even thoulh they are ce o gver By
per cent of the man-mude dose The dose Aelivered -
medical diagnostic X could be reduced t¢ U per
cent of its prosent vaiue, at the sante time ingregsng 109
quality apa amouat of diannosiic afcrmation rom mecics
radiozraphy. Those wro are responsibie for over 80 =
cent of the man-made dose :
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larm, ther pernaps. [ can see that the ne  step might be
‘g roguct fie maxizum permussible exposure to Q03 rem
ser year ior workers and :0 reduce the correspoading value
ior momoers of the popuiation at large. A reduction of
onlv 1 per ¢aut in unnccessar; i1agaostic exposures in the
Unied States would roduce the population dose of man-
made courcas of radiation more than the elimination of
tha nuciear power industry to Lie year 2000.

Trere stouwd be some ughtenng of the mmeasures to
reduce cccupational exposures i the nuciear power plants
that are oow in operation, but ths major edor: soould be
with those power plants taat are now in the desizn stage.
The US Nudear Regulatory Cotmmission ook the boid and
cammendabla step of setting tne collar cost of the man
reza at 01000 at a time whea ICAP was suzgesting a value
‘ag low as S10 per man rem. Althou 3h most of us prodadiy
reco:l from tze thought of sefting a monetary vaiue on a
Suman Wiz, in the practical world we must recognise that
there miy De ne other aiternauve. Using an overall risk
coeiicent of X 10~ cancers per man rem, £10C0 ger man
rem corresconds to 31-7 m:ilion per cancer. To put it
blunsly, a nusiesr plant saould spend as muca as $1-7 mil-
licn to prevect an empioy2e irom ceveloping cancer.

Cae ¢f tha most unicrtunate secent developments in the
setting of standards for exrosures to iomising radiation is
a recommenuation of the {CRP published in 1977. ICRP's
report recommended weighting factors for calculating
maximum permusaible doses o varicus organs. whien [ in-
terpret may result in large increases in the present ICRP
values of maximum pergussibie exposure (MPE: and in ail
values of toral body burden and maximum permissible con-
centrations ( MPC) of racionuciides in air, water and food.
except where they are rataer uniformly distributed
tbrouzhout the body

1 consider this report from the commission a retrograde
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step becgusc it comes at a time whea [CRP’s internal re- ”
ports emphasise that the cancer risk (s many times wnat
we consicered it to be 13 years ago.

In conciusion I suggest the following actions:
O Reject proposais to reduce the maximum permissidie
exposure by a factor of 10: but consider the possibuity of
reducing it by a factor of two.
O Consider the feasibility of reducing the maximum pér
missible exposure by a factor of 10 at some later date if it
can be shawn that all unnecessary exposure tespecially
medical) can b~ reduced and that there will be a get bene-
ft to mansind by such action.
O Take immediate measures to reduce the man rem dose.
This couid be accompushed in several ways. For exampie,
in the nuclear encrgy industry a limut of 500 man rem per
1600 megawart (electrical) years migat be set for prasently
operating plaats and those under construction, and <0
man rem ger 1000 megawalt (electrical) years for piants
now on the design board.
O Take boid steps to reduce unnecessary exposure from

medical sources of ionising radation. a
9 Apply the prnincple of ALARA—as low as reasonably
achiev-ble—in all arsas of exposure !o icoising racgiation
and apply it to all hazardous agents, inciuding. for exampia,

non-wonis:ng as weil as iemsing radiation, and caermucal
agents. %
O In making the choice of fuel for a central power station
consider all the msks and all the advantages of cach type
of fuei. In thus evaluation keep in mind that exposure 0
ionising radiation is only one of the risks and ia many
instances the risks of chemical exposure may be far greater
than those of radiation. ’
© Give adequate support to research programmes designed
to define more accurately the risks from human exposure —

to ionising radiation. jw} ﬁ
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Ta jatast sDICeCrait €O visit the lovian system Nas dlscovered feztures as dlverse as volcanoas on ene y
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A sequence of views of the maon [o Left lo (about the sue
of Ecrth's Mron) pessing the Great Aed Spot on {3 February,
when Voyager [ was 20 miison xm dusians. The ather muon
Dr Caristine Surton The success of the Vovager 1
“ mission ta Jupiter is clear from
the sugerd sictures sent dack o NASA's Jet Propuision
Laboratory -ver a distance of 800 muilion kilometres. These
metures producad a state of euphoric delight ameng the
couar scigntists 3t JPL when, after a lournsy lesting 13
rtonths, Yoryager | passed witmin 220 0G0 &km of the swirl-
iog cioud tops of tre largest slanet in our Solar System
1t 2round noon GMT on 3 March (New Saentist, vol TS,
n <30} And. 1Rdiks to colour TV, many non-scientists
areaud (he worid were also able 10 view the awesome
-colagtad Wisi 2ools af Jupiur's atmosphere, n pitures
L ¥ o

visible Reve is Europc. Centre 4 cioser mew on 4 AMarch 'rom
a range of 30U %0 km. Ricat Oneof [0's active yoiranos
throezmg malenisl more tagn i00 xm above the moon s surlace

litened by sorme viewers Lo I M. W. Turner’s
But the teauty of the pictures is only the ©:8
rake as far as the JPL team'is concerned, The scents
results from the mission Jre =nualiy spectacular, reve
many unexpected aspects of the Joviag system, InC
the moons. Or Gary Huat. from University Collage, Loncots
was the only UK scientist at 2w qunng the ciose v-by.
and he has sent back news or oue of the oscoy=2ries
witich 3ave left him elated by the success of g DuEsIoL
Clearly, the atmesphere and Tagnetosphere ui Jupilel
are highiv enc.getic. As Vovazer approached Jupiter, o7
97 February whea stll more taca 9 muliisa 1D eway,us
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