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DR. JAN BEYEA

QUALIFICATIONS

Dr. Beyea is a nuclear physicist who has specialized in the
consequences of nuclear accidents. He received his Doctorate from
Columbia University. As of May 1, 1980 he became the Senior Energy
Scientist for the National Audubon Society. Prior to that he was
for four years a member of the research staff at the Ceater for En-
ergy and Environmental Studies at Princeton Universi.y.

while at Princeton University he prepared a critical analysis
of models of reactor accidents.

The lessons learned from this general study of nuclear accidents
were applied by Beyea over and over agzin to specific problems at
the request of governmental and nongovernmental bodies around the
world. These requests came to Princeton because of the difficulty
local qo;ernments and organizations faced in cbtaining assessments
of the seriousness of nuclear safety issues by independent scientists.
Because most scientists and engineers knowledgeable about the details
of nuclear issues work for organizations which ére seen as having a
strong bias in favor of nuclear power, the nuclear policy group at
Princeton found itself in great demand. Dr. Beyea prepared major
reports on the safety of specific huclear facilities for the Presi-
den* s Council on Environmenr:i Quality (Tr1), for the Swedish Energy
Energy Commission (Barsebeck), and the state of Lower Saxony in wWest
Germany (Gorleben). He examined in less detail, safety aspects of
srecific sites for the California Energy and Resources Commissiocu,
the Massachusetts attorney General's Office, The New York City
Council and, most recently, for the Governor of Pennsylvania in con-

nevtion with the Union of Concerned Scientists krypton ve:sting study.
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(Dr. Beyea made the dose calculaéions for the U.C.S. study.)

A computer program useful for reactor emetvency‘planninq was
written for the New Jersey Department of Environmental Protection.

In addition, Dr. Beyea provided advice on nuclear facility siting
policy and emergency planning for the Bureau of Radiation Protect.iun
of the City of New York, the Office of Congressman Theodore Weiss,
the Environmental Law Institute, the Union of Concerned Scientists,
Friends of the Earth, the German Eco-Institute, the Heidelberg Univer-
city Environmental Group, the Oxford-ba ed Political Ecology Research

Group as well as numerous journalists and writers.

His work was discussed in Harpers, Science, Spectrum and New Age

magazines, during his appearance on William Buckley's Firing Line and

at a ! itional Academy of Sciences debate on nuclear reactor safety.
In addition to the reports written about specific nuclear facili-
ties, which have been widely circulated, an article of Beyea's on

resolving conflict at the Indian Plant reactor site appeared in

The Bulletin of the Atomic Scientists and an article on Emergency
Planning for reactor accidents will appear in the December issue. A
Princeton report with Frank von Hippel on the value of improving re-
actor containment systems has also been written.

A complete resume is attached as Appendix D.



A.N.G.R.Y. Contention V(D)

| V. The NRC Order £aiis to require as conditions for
restart the following modifications in the design of the TMI-1
reactor without which there can be no reasonable assurance that
TMI-1 can be operated without endangering the public health and
safety: ;
(D) 1Installation in ~#fluent pathways of systems for
the rapid filtration of arge volumes of contam-

inated gases and fluids.
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Outiine of Testimony on A.N.G.R.Y. Contention No. V (d)

The accident at TMI Unit No. 2 suggests that the probability
of a meltdown is sufficiently high that the possibilit} of a
meltdown occurring at TMI Unit No. 1 must be taken into account
in the regulatory process.

Although the containment at TMI Unit No. 1 may be strong
enough to contain a meltdown, it was not specifically designed to

do so. (The NRC's Reactor Safety Stwdy estimated a one in five

chance that a PWR containment would fai. during a meltdown.)

In light of these considerations, the philosophy of "defense
in depth" now requires backfitting the TMI Unit No. 1 containment
with the capability to mitigate the consequences during a meltdown
of a breached containment. The installation of a large
"filtered wenting" system would substantially reduce off-site
consequences should it be necessary to vent the containment
building to prevent a hydrogen explosion or fire, should failure
of the containment by cvetp;essurization be imminent, or should
a major leakage path develcp.

As a first step towards this goal, the licensee should be
required to complete a study investigating the compatibility of

TMI Unit No. 1 safety systems with the filtered venting concept.
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Direct Testimony of Dr. Jan Beyea
on A.N.G.R.Y. Contention
No.v (D).

What is "Filtered Venting"?

A reactor containment with "Filtered Venting" would have a
filter system large enough to trap a significant fraction of
the radiocactivity which is projected to be released to the

atmosphere in hypothetical core meltdown scenarios (such as

- those studied in the Reactor Safety Studzl). If pressure

inside the containment during the course of an aecident reached
dangerously high levels, or, if leaka3= were already occurring
due to isolation failure, the pressure could be reduced by
venting some of the gases and aer;sols in the containment through
a large filtration system which would cleanse them of most radio-
activity other than that carried by radicactive noble gases.

(A list of references on the subject is attached.?-lo)
Reactors were never designed to contain a meltdown. They might,
in fact, do so under certain accident circumstances but they

would not be expected to do so under all of the accident se-

quences envisioned in -the Reactor Safety Study. Reactor con-

tainments were not designed to contain meltdowns because the
assunption was made that regulatory procedures would keep the
meltdown probability so low that reactors need not have

the capability to handle the enormous pressure which might
result from such an accident. (Table I, reprinted from

Reference 2, shows the contribution to the containment
pressure due to various failures which might occur in a PWR
large volume containment during a meltdown. The total
pressure is shown to significantly exceed the containment

failure design pressure.)

In my view, and that of many others, the occurrence of



Q2

>

>

-2-

the !HI‘accidcnt suggests that meltdowns can no longer be
ignored. Should a meltdown occur at TMI Unit #1, without
filtered venting installed, the only barrier léft between
the radiocactivi:y and the public will be a containment which
may not be strong enough to survive. In my opinion, the
philosophy of "defense in depth,” which has guided nuclear
regulation in the past, now mandates the addition of filtered

venting as a backup to containment systems.

Do designs for filtered venting systems exist?

Yes. See reference 8.

Would filtered venting handle all possible.meltdown sequences?
No. An escape path for radiocactivity which bypassed the con-
tainment building could also bypass the filtered venting
system. The filtered venting system would, however, handle
thos; meltdown accident segquences which are considered most

likely--overpressurization and isolation failure.
what has the WRC done about this concept?

To answer that guestion, let me quote fromra letter to Repre-
sentative Morris Udall from Frank von Hippel (July 22, 1980).
von Hippel was a member of the American Physical Society's
(APS) 1975 study grouplo -- one of the early promoters of

the filtered venting concept. The entire letter is included

as Appendix A.)

"The NRC has sponsored various’ studies on the value of the
particular containment improvement which our APS group pro-
posed (the filtered vent feature)-which incidentally has the
strong merit that it can be retrofitted onto exis’.ing reactor
containments. These NRC sponsored studies have generally
come to cautiously stated positive conclusicns. As with the
case of thyroid protection, however, the agency has nct

shown any urgency to do anything about containment improve-
ments. The ane glimmer of hope I have in this case 1s based
on the order issued by Harold Denton on February ll, 1980
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in response to the UCS petition that the NRC “"suspend op-
eration of (Indian Point) Units 2 and 3 pending resolution
of variocus safety-related issues.” In this order Denton
states (pp. 7 and 9) that .

"an NRC Task Force has been formed to review Indian
Point Units 2 and 3 and Zion Station Units 1 and 2...
Other measures will cortinue to be evaluated in the
next few months. Some of the design changes being
considered are a vented, filtered containment atmos-
pheric release system, core re-ention devices, and
hydrogen control.”

In summary therefore, after five years the NRC is
still studying these gquestions - in one case apparently as
a substitute for action - in the other perhaps as a prelude
to some action some day. My overwhelming feeling after ob-
serving the NRC in action on these matters for these five
years, however, is that the staff is convinced that a seri-
ous accident won't happen and that therefore there is no
hurry to bring these matters to some decision. Apparently,
despite the NRC's finding that it "doces not regard as reli-
able The Reactor Safety Study's numerical estimate of over-
all risk of reactor accident" (a major release of radio-
activity only once in a thousand years from 2 population of
one hundred reactors), the NRC staff still does.

Why should T™I unit #1 be the first reactor to get filtered
venting?

Let me begin by pointing out that TMI #l1 would not be the first
reactor to have this feature. The German prototype breeder re-
actor, SNR-1, has this capability.

In any case, it is my opinion that TMI unit #1 shoulc
become the first American commercial power reactor where the
licensee is required to seriously pursue filtered venting.
First of all, the Babcock and Wilcox reactor contained in
Unit #1 is the type which is most suspect. Secondly, the
psychological gains from installing the system would be
greatest at this site.11

How should the Licensee be ordered to "seriously pursue”

filtered venting?
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The licensee should prepare a study investigating the com-

patibility of filtered venting designs with the existing
TMI-1 safety systems. If some potentially harmful inter-
action should be found, modification of the standard
filtered Qenting design should be investigated. This
study would be the basis for a dbcis;on by the licensing
board as to whether or not this particular safety feature
should be required.

If it were found in the study that filtered venting was
not compatible with T™I-1 safety systems, I, for one, would
recommend against restart of unit #1 on safety grounds alone.
How expensive would this system be?:

Estimates range from 1-10 million dollars.>+7:8 so that
a filtered venting system would represent an investment which
is small compared to the total value of the plant.

why do you say that the TMI accident tells us that meltdowns

‘are more likely than previously thought?

The TMI accident demonstrates that reactors are not the well-

understocod systems assumed in the regulatory process. The TMI
accident suggests regulators must now deal seriously with the

possibility that unknown meltdcwn sequences remain to be dis-

covered.

Does -nyone really know the probability of a meltdown?

I don't think so. Assigning a probability to a core meltdown

has been controversial. The N.R.C. has recently withdrawn its
previous expressions of confidence in the accuracy of the

Reactor Safety Study's probability estimates for these events.lz
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Ql0 Would filtered venting have been useful during the TMI-2

accident under alternative sequences? .
A It certainly would have been a desirable safety feature to
h: ve had the accident proceeded to a meltdown.
Should the containment spray or heat removal systems

~ be damaged or fail to function properly, the pressure in the
containment during a meltdown could rise to the point where
it wouli Le highly desirable to vent the containment. With
"filtered venting”,, venting could be carried out without
releasing millions of curies of the radiocactive isotopes
of tellurium, iodine and cesium. (These isotopes are predicted
to cause most of the harmful consequences from uncontrolled
releases in a meltdown.)

"It wouald not be possible to safely vent through the existing
filters in the air handling system because the existing filters
would scon become overloaded.

Although a filtered venting system would trap most of the
highly dangerous radiocactivity under the hypothetical conditions
described above, millions of curies of the noble gases, xenon
and krypton would be released (perhaps 10 to 100 times as much

as was released during the actual TNI accident >

). Since release
of all the noble gases could cause a certain number of delayed
cancer deaths in distant populatiomrs (from 2 to 50 at the TMI

site13

), venting in a meltdown would not be undertaken lightly,
but only to prevent a much larger loss of life. It is possible
that the operators of the reactor might wait until the con-

tainment actually failed before turning on the filtered venting
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system. Even then the system would be useful in reducing

the consequences of the accident, since 2 significant fraction
of the radiocactivity would still pass out thxough, and be
trapped in, the large filters.

How close diéd the TMI-2 accident come to a meltdown?

No one knows ftr sure how close the Three Mile Island accident

- came to a meltdown. The NRC Special Inquiry Group headed by

Mitchell Rogovin suggests that the accident actually was
heading toward severe core melting and that the uncontrolled
loss of coolant_through the stuck presgure operated relief
valve was terminated with only an hour to spare.ls (The
Rogovin group commissioned an analysis of 15 alternative event
sequences. It was concluded that several of these alternative
sequences might have resulted in substantial fuel melting.ls)
What is your basis for claiming that the containment buildup
at TMI-1 might not be sufficient to contain a meltdown?

Every major study of reactor safety, including the Nuclear

Regulatory Commissicn's 1975 Reactor Safety Study (WASH-
1,16,17

1400), has concluded that there is a significant
probability of a major t2lease of radiocactivity into the atmos-

phere following a core meltdown. In fact, the Reactor Safety

Study estimated that about one in five PWR core melts would lead

to a failure of the containment building through overpressur-
18 .

Are there other outcomes of the TMI-2 accident, short of a
meltdown, for which filtered venting would have been a desir-

able safety feature to have available?
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Ygs. Let me begin my :pspoilo-with a discussion of the seriousness
of the actual accident that occurred. The Rogovin Inquiry

Group /Reference 14, Volume II, Page 5227 has st;marizad

estimates of the extent of fuel d;maqc and the percentage

releases of radioisotcpes from the fuel rods during the

Three Mile Island accident. It appears that "no significant

| quantity of fuel reached the melting point of U,0 (5200°¢) ",

but that "about 50 percent of ° =~ rCeactor core was damaged
/[@noughi/ to release the most >latile fission products.”

Even though complete meltin y of the fuel did not occur, the

quantity of radiocactive isotopes released from the fuel was

similar tothat which would be expected in a meltdown for the
volatile elewents (noble gases, iodines, bromines, cesiums
and.i:otopes of rubidium). The Rogovin Group concluded,
cautiously, that 40 percent to 60 percent of the core inven-
tory of these volatile isotcopes were released to the coolant.
A particular, average estimates suggest a 46 percent release
for the ncble gases, ; 39 percent release for Iodine 131, a
63 percent release for cesium 137, and a 44 percent release
for cesium 134 /Reference 14, Volume II, Table II-57, Page
5217. As for the percentage of the core inventory of these
isotopes which ended up in the containment (orimarily through
overflow of radiocactive cooling wa?er), the Rogovin Commission
quotes 2£ percent (Iodine 131), S51 percent (cesium 137), and
36 percent (cesium 134).

Since radiociodine and radiocesium dominate the long-term
consequences of hypothetical meltdown accidents, the TMI-2

accident had the potential for producing the ~me long-term
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consequences as a core meltdown. Of course, for this to

happen, thqfraﬁi&%?ﬁiyity which escaped from the fuel would

have had to become airborne.
wWhat would those long-term consequences have been?

I will give two examples based on a stud} I did for the Council

19

on Environmental Quality. (Excerpts from that study are

- included as Appendix B.)

Example 1. In this example, 5% of the core inventory
of radiocoiodine is assumed to be released into the atmosphere.
(This represents about 20% of the radiciodine which passed
into the containment system during the TMI accident). For
this hypothetical accident, the following consequences have
been calculated for the TMI site under average weather con-

20

ditions: 2 to 325 delayed cancer deaths, 200 to 27,000

delayed cases of thyroid nodules, 25,000 miz

of temporary restrictior
on cattle grazing to prevent consumpticn of contaminated milk.
(Were the wind to be blowing towards the ocean, the area would
be less. The range in the health effects numbers reflects
differences in assumed wind directions as well as uncertainty
in cancer dose coefficients.)

Example 2: In this example, 10% of the core radiocesium
1s assumed to be released into the atmosphere. This repre-
sents about 20% of the radiocesium which passed into the con-
tainment system during the TIU accident.) For this hypothetical
accident, the following con-equences have been calculated for
the TMI site under average weather conditions: 12 to 1650
20

excess cancer deaths over the following 75 years, 75 square

miles of land requiring decontamination or long-term restrictions
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on use. (If, in the consoqﬁ.ncc calculations, the core

inventory of cesium were taken to Le that of a mature reactor

core, rather than that of a nc; reactor opcrati;q for only

a few months, the calculated consequences for the same percen-

tage release would increase: 62 to 8150 excess cancer deaths

over the following 75 years,2? 550 mi’? of land requiring
decontamination or long-term restrictions on use.)

Are such airborne releases possible?

Such releases are certainly possible in a meltdown. In fact,

releases of this magnitude would be considered "intermediate”

possible ocutcomes of a meltdown. Hcowever, it apparently has

not been studied whether or not such releases could have been

alternate outcomes of the TMI accident short of a full meltdown.

Alt@ough a number of detailed alternate event analyses have

been made for the TMI accident, 14 concern has been directed

at event sequences which could lead to fuel melting, not sequences

which could have led to the escape to the envirocnment of the
radicactivity which aétually entered the coolant water. In

the absence of such studies, I have made a preliminary exam-

ination of such sequences in Appendix C.

I have found at least two release pathways which are of concern.
l. An initial release into the containment building of
radiocactive gases and water dr9plets followed by a majer
failure of the containment building resulting in an air-
borne release.

2. Contamination of the secondary coolant loop as a
result of leaks in a steam generator followed by a
direct release into the atmosphere of contaminated steam

and water droplets from the secondary syster.



Qlé Would filtered venting handle a leakage path through the
secondary system?
A Not in the present designs.
Q 17 Assuming you are correct that radicactivity could have
entered the TMI-2 containment in airborne form, how could the
containment have failed without a subsequent meltdown?
A Reac.or containments can fail or be bypassed thecretically,
even without a full core meltdown:
1) due to overpressurization following failure of the
pressure-reducing spray systems (as in the PWR4 accident

described in the Reactor Safety Study (RSS)).

2) due to failure of the containment to precperly isolate

from the atmosphere (as in a PWR5S or PWR 7 accident in
the RSS). Such an isolation failure actually occurred

at TMI for the inert radiocactive gases, Xenon and Kryptonzz

3) conceivably due to a hydrogen explosion.
It is also possible that the containment might be deliberately
vented because of concern that a hydrogen explosion or fire
might lead to a more catastrophic failure.
(Mote that in the case of a full ccore ﬁeltdcwn, there is the
additional theoretical possibility of a violent steam explo-
sion breaching the containment (as in a PWR1l accident of the
RSS) --an event which might arise f;om a large fraction of the

molten core falling "in a lump"” into a pocl of water at the

bottom of the pressure vessel cr containment building.)
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Therefore, based on an analysis of alternative outcomes of
the T™I unit #2 accident, there appear to exist a number of
plausible accident sequences (including those which do and
do rot end in meltdowns) for which a filtered venting capa-
bility would be the safety system of last resort?

Yes.

Please summarize your testimony.

Backfitting the containment building at TMI Unit #1 with the
capability for rapid filtration of large volumes of radio-
activity-contaminated gases and aerosols could strengthen the
capability of the containment building to prevent the worst
releases at relatively low cost. Such a filter system could
substantially reduce off-site consequences should it be nec-
essary to vent the containment building to prevent a hydrogen
explosion or fire, should failure of the containment by over-
pressurization be imminent, or should a major leakage path

develcp.



Table 1, reproduced
from Reference 2

Pressurization Contributions for Typical Reactor Containments

Small Volume Steam Pressure Suppression ngc“

.
(designed to contain 4atda. overpressure )

Table I-1:

II2 pressure from oxidation of 100 percer. of zirconium in core S-llatl.b
CO, pressure from thermal decomposition during melt-through of é
cyitadc: of concrete 6 meters in diameter and 2.5 m. thick 4-%acm.
Large Volume Type® (such as at TMI)
*
(designed to contain latm. overpressure )
.
Initial pressurization by steam from primary coolant 2.5atm.
Additional pressurization in subsequent three hours in absence £
of containment cooling 3 atm.

* Actual faflure pressure could be considerably higher. Ref. 4 estimates
the failure overpressure for a small volume containment at 3=12 atm. (n.

VI11-37) and for a large volume containment at S-7 atm. (p. VIII-22).

(NOTE THAT REF. 4 IS THE REACTOR SAFETY STUDY.)

Notes

a) Typical of containmcnss used in most operating US Boiling Water Reactors.
Free volume = 7.9 x 10%n (40% over the vapor suppression pool =~ ref. 4,

p. VIII-8). The higher pressure values apply if the noncondensible gases are
swept by steam into, and are trapped in, the free volume over the vapor
suppression pool as assumed in ref. 4.

b) 56,000 kg Zr (ref. S, p. E=7). At Three Mile Island approximatelv 50
percent of the zirconium was oxidized (ref. 1, p. 30).

€) Ref, 4 (p. VIII-30) assumes this quantity of concrete decomposes.
Ref. 5 (p. D=6) assumes four times as much. The concrete has a density
of 2.4 and is approximately 25 percent COZ be weight (in Caco3. Ref. 5, p. D=2)

d) Typical of those used in most US Pressurized Water Reactors. Free
volume = 5.1 x 10%m? (Ref. 4, p. VIII=4).

e) Initial mass of water in the primary coolant system = 1.9 x 105 kg at
300°C (ref. 4, p. VIiil=4),
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APPENDIX A

Complete text of letter from Frank von Hippel of
the Center for Energy and Environmental
Studies of Princeton "niversity

to

Representative Morris Udall
Subcommittee on Energy and the Eanvironment



g 1 Lr Appendix A-l

July 22, 1930

Representative Morris Udall
Subcommittee omn Cnergy and Eavironment
House Interior Cormittee

1626 Longworth liouse Office Building
Washington, DC 20515

Dear Representative Udall:

dn 1974 T was chairman of the subcommittee on reactor accident conse-
quences and their mitigation of the American Physical Society's Study Group
on Light Water Reactor Safety. Our subgroup cane up with two important
proposals to the NRC in the area of reactor accident consequence mitigation:

1) Thyroid Protection from Radicactive Iodine
"ye believe that a national policy of stockpiling

thyroid blocking chemicals for possible emergency
distribution should be established."l

2) Improved Reactor Contaimment Duilding Designa

" ..nore emphasis should be placed om seecking

improvements in containment nethods and tech=-

nology. In particular, controlled [filtered]

venting of the contaimment building fn case of
overpressure should be studied."?

fi{nce the APS group was disbanded in the spring of 1975, £five years ago,
I undertook a personal effort so sce that the «xC considered those proposals
seriously. I am sorry to say, however, that, despite some studies, the NRC
har been unable in the past 5 years to bring itself to the point of a policy
decision in either case.

Now that the confusior following Three Mile Island has subsided, I would
like to try to get these i{ssues addressed with a higher priority. For the
benefit of thoss who will have a continuing responsibility and involvement

“'chort to the Al'S by the Study Group om Light Wate~ Reactor Safety,”" Reviews
of Modern Mivsics 47, pp. S109-5110.

In4d, p. S7.
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{n the reactor safety area, I have therefore tried to sumnmarize the situatiom
on each issue as it currently stands in the attached reports.

The first report: ™Why the U.S. NMas No Thyroid Protectiom Policy: An
Account of Paralysis at the Nuclear Regulatory Commissioi” has been submitted
for publication in the October issue of the Bullctin of the Atomic Scientists,
It is a short sumary of my experiences in trying to get the NRC to develop
a thyroid protection policy. I find profoundly distubbing the TRC's inability
to face this issue - not only because I thinmk that it is important for the
nation to have a strategy for protecting the thyroids of the millions of
people who might be downwind in case of a large release to the atmosphere of
radioiodine from a reactor accident, but also because my experiences in this
case have fed my feeling that the NRC is continuing in general to follow the
AEC tradition of avoiding the hard decisions in the reactor safety area.

The second report, Nuclear Reactor Accidents: The Value of Inproved Con=
tainment, which I have coauthored with Jan beyea, explains why we should want
improved reactor containment bulldings which will with greater confidence con-
tain the radiocactive gases which would be released by a reactor core melt-down.
(You only need read the first eight pages. The rest is all gechnical backup
for figure I-l on r ga I=5 which shows the land areas which would be seriously
affected by radicactive releascs of diffaerent magnitudes.)

The NRC has sponsored various studies on the value of the particular con-—
tairnwent improvement which our APS group proposed (the filternd vent feature)
- which incidentally has the strong merit that it can be retrofitted onto
existing reactor containments. These NRC sponsored studies have zenerally
. come to cauticusly stated positive conclusions. As with the case of thyroid
protection, however, the agency has not shown any urgency to do_anything
about containment improvements. The one glirmer of hope I have in this case
is based on the order issued by llarold Demgon on February 11, 1980 in response
to the UCS petition that the NRC "suspend operation of [Indian Point] Units
2 and 3 pending resolution of various safety-related issues."> In this order
Denton states (pp. 7 and 9) that

"an NRC Task Force has been formed to review Indian
Point Units 2 and 3 and Zion Station Units 1 and 2...
Other measures will continue to be evaluated in the
next few months, Some of the design changes being
considered are a vented, filtered contaimment atmos—
pherd$ release system, core retention devices, and
hydrogen control.”

JIn the Matter of Consolidated Edison Company of New York, Inc. (Indian Point
Unit Nos. 1 and 2) and the Power Authority of the State of New York (Indian
Point Unit No. 3), Dirsctor's Decision Under 10 CFR 2.206, Feb. 11, 1980.
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In suwmry therefore, after five years the NRC is still studying these
questions - in ona case apparently as a substitute for action - in the
other perhaps as a prelude to some action someday. !fy overwvhelming fedling
after observing the MRC in action on these matters for these five ycars,
however, is that the staff is convinced that a serious accident won't happen
and that therféoee there is ro hurry to bring thesc matters to some decision.
Apparently, despite the NRC's finding that it “does not regard as reliable
The Reactor Safety Study's numarical estimate of overall risk of reactor
accident™ (a major release of radicactivity only once in a thousand years
from a population of one hundred reactors), the NRC staff still does.

Best rTegards,

Fvil/ra Frank von Hippel

'

"NRC Statement on Nisk Assessment and the Reacfor Safety Study Report
(WASH-1400) in €he Light of the Risk Assessment Review Broup Report,”
(NRC, January 18, 1979).
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September 1979 (Draft))



ApprSuves « ol

) ) A “-

(Mot iseluwding smy serly illsess or desths which might
be associsted with high doses to wevacuated
popnlations & fow tems of niles [rem the resctor.)

ARLAS REIDTI®INCG

omLATID ™TROID TDOORARY DECOSTAMINAC]
o eered ALLIASES TO ADOSPRLEE cancoa . woouLL ACRICELTUPAL i
BESICTATIOS Qew/nignd) CASESS . ® RISTRICTIONS RESTRICTIONS o%
(low/high) oczurarios!
™i-0 102 of soble geses (similar
te sctual accident) /s o Q

™i-l I of weble gases s bl [}
na-2 ST Todises plus 0T soble g o

ganer V150 200/27,000  25,000ms” & o
D-la T™HI-2 plus 10T of Cestums 15/2000 200/27,000  23,000ms’ ¥’ 75ma?
Dieda . 30T of Costuma 100/12,000 yreons? ¥ asoms’
_— "'..‘:.‘I.!.‘“.:: bt 200/123,000 1500/430,000 175,000ms’ ¥ 3

CONSEQUESCES ASSUNING TNE KEACTOR CORE NAD SEIN [N OPLAATION FOR MUCH LONGIR THAX 3 NONTES (MATURE CORE)

D% " g gies 108 of Cestume 45/8300 mo/27,000  125.000m° ¥ ss0me?
™40 501 of Castume w“o/48,000°) 18,000ms7 ¥ 4300ms?
Di-% “An2" release’’ $30/0,000° 1300/430,000 173,000ms° ¥ 3300us’

Foetnotes for Tadle 1

a) All sccidents are assused to take place under “typical™ seteorological conditions. Wind shifts and changes I(n
wasthar seglected. Details can de found in the supporting trbles ia Appendix § and in the techaical discussion
is Appendix L. Health effects are totalled for people liviag beyond 30 miles.

») Cusulative total over & '3 year period aftar the accidesc. The range of genecic defects vould be equal, very
roughly. to the rasge ¢! dalayed cancer deaths.

¢) The low sumber is for the moet favorable wind directiom (Zastern Maryland), sssuming (. wost eptimistic
confficient relating dose to health effscts, and evecuatios out to 30 uiles. (Without evacuation, the low
ausber would be & factor of 1-3 higher depending om the sccident.)

The high sumbir is for the least (averadle vind direction (N.Y.C./Boston) and assuming the sost pessimistic
coafficient rilating dose to health effects. (Evecuastion is also sssumed out to S0 miles, dut has & s=all
tapact om the bigh results.)

See Appendix [ for s discussion of the dose/health-effect coeflicient range wsed.

4) Reduce high value by a factor of about & to obtain the prediceion which would result using the Reactor Safety
Model. Multiply by & to obtain the prediction which voulid result using health effects coelfliicients vased
oo data of Mancuso, Stewart and Knesle. See Appendix E.
o) Cumulative totsl over a 235 yesar period after the sccidest. A blank entry impliies & small number.
f) See Table 3=V in Appendix B for details.
§) Mk rescrictions (see Table B=IV). Much of this area vould de vater for a vind from the veat.

R) First year crop restrictioms. (Narvested foed net euitable for childrem.) See Table B=V. MNuch of this ares
could be vatar for a vind from the Vest.

1) A PRI accident as defined im the Resctor Safecy Study

1) This susber posaibly could be reduced in half if sassive decontaminatios ov relocation sfforts wers undartaken
in srbes aress (o aveld low-level radiacion doses.



APPENDIX C

A Preliminary Investigation of
Some Alternative Event Seguences
which Could Have Led, without
4 Meltdown, to a Significant Release

of Radiociodine and Radiocesium
at TMI Unit No. 2
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As discussed in the main testimony, the ™I Unit No. 2 accident led to the
= lease into the containment of approximately 25 percent of the core inventory
of radioiodines and between 36 and 51 percen: of the core inventory of radiocesium.
In this appendix a preliminary analysis is mude >f some event seégcnccs which could
result in the escape of these isotopes into the air outside of the reactor
countainment building.

It appea’s that a substantial fraction of the radiocactivity which escaped
from the fuel rods could have escaped into the atmosphere as a result of leaks
in the primary/secondary cooling system leading to either 1) a direct rulease
into the atmosphere of steam and radicactivity from' the secondary cooli.g system
or 2) an initial release into the containment building of radiocactive gases and
water droplets followed by a major failure of the containment building resulting
in an airborne release.
Case 1:

The noot.plauniblc pathway for an escape from the secondary loop to have
taken place during the actual accident appears to be by way of a leak in one of

the steam generators. (The steam generators serve as heat exzchangers between the

priaary and secondary cooling water.)

“or such a pathway to develop, two leaks must occur. First, a leak must
develop in one or both of the steam generators at the interface between
the "primary"” coolant containing the radioactivity and the coolant in the
secondary side. This did not occur at TMI. However, steam generator
leaks have occurred at other reactors and the general problem remains

an unresolved cafety issue. [ Nuclear Regulatory Commission, NRC Progam

for the Resolution of Ceneric Issues Related to Nuclear Power, (Washington, D. C.,

NUREG-0410, 1978, Task A3); also Task Action Plans from Unresolved Safety

Issues Related to Nuclear Power Plants, (Washington, D. C., NUREG-0649,

1980, Tasks A3, A4, AS). 7
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' Second, in order to provide a path to the atmosphere, a leak must develcp

in the secondary side of the systc-;-sn event which actually did occur at TMI.
One steam generator did reizase steam to the atmosphere trog'thc secondary
side. Furthermore, the steam escaping from the top of the reactor was not
checked for radicactivity for two hours, so that had a leak actually occurred

between the primary and secondary system, there definitely would have been a

relesse t the atmospaere / Reference 14, Volume 11, Page 328. 7--although
not nnc;ssazily of the magnitude hypothesized for the cx;nplcs given in the
aain testimony. We have not made estimates of the probability of a leak
in the steam generator developing under the actual accident conditions or
during alternative sequences of events which might have stressed the steam
generators to such a point that large leaks occurred. Any such estimates

— — —

would be highly uncertain.
L fn:thcr-otc. we have not tried to estimate the fractiom of liquid
which would escape as wapor or as fine water droplets. If the cesium and
iodine were carried in the liquid in solution form, the bulk of any escaping
radiocactivity would be contained in the escaping water droplets, not in the
escaping vapor.
Case 2:

Accident sequences at TMI in which the containment could fail
without the accident proceeding all the way to a meltdown were discussed

in the main testimony. In this section, pathways for the radiocactivity
to enter the containment atmosphere are discussed.

Considerable quantities of radioactivity did enter the containment
building during the TMI accident, but not necessarily in airborme form.
However, a leak in the primary coclant system, such as at the seals of
the main reactor cooling pumps, would have directly vented highly radioactive

steam and water droplets into the containment. (A leak in such seals
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Ihn. occurred in the past at the Arkansas Unit | reartor.) ‘Severe
{vibracion- in the cooling pulp. did occur during the ™I accident—
vibrations capable of damaging the seals and attached pioing /Reference l4,
Volume 1I, Page 312:7. These vibrations were severe enough to cause
the operators to shut down all of the main coolant pumps alter about :
:v§ hours into the accident /[ Reference 14, Volume (I, Page 323 7. (The
pumps were actually ineffective in cooling the core at this time.)
Had the operators felt it was necessary to leave the reactor cooling pumps
on,it is possib.e that a seal leak would have developed. The fact that
the cperators tried to restart some of the coolant pumps on a number of
subsequent occasions suggests that the initial decision to shut them down
was oot an inevitable decision.
Thus, there appear to be alternative event sequences which could have
led to release of airborne radicactivity into the containment atmosphere.
There are other possible mechanisms for release of radicactivity to the
containment atmosphere which we shall not discuss in detail. For example
a steam path could be forced through vents on the pressurizer including a
path through the "pilot operated relief valve" (when in an "open” state)
into the "reactor coolant draiA tank' and then into the containment

atmosphere.
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Resume for Jan Beyea
May 1980

EDUCATION: -

Ph.D., Columbia University, 1968 (Nuclear Physics)
B. A., Amherst College, 1962

EMPLOYMENT HISTORY:

1980 to date, Senior Energy Scieatist, National Audubon Society,
950 Third Avenue, New York, New York 10022.
1976 to 1980, Research Staff, Center for Energy and Environmental
Studies, Princeton University.
1979 to 1976, Assistant Professor of Physics, Holy Cross C-llege.
1968 to 1970, Research Associate, Columbia University Physics
- Department.

CONSULTING WORK:

Consultant on nuclear energy to the New Jersey Department of
Environmental Protection, the Office of the Attorney General, Common-
wealth of Massachusetts, the state of lower Saxony in West Germany
and the Swedish Energy Commission.

PUBLICATIONS CONCERNING ENERGY CONSERVATION:
"Locating and Eliminating Obscure but Major Energy Losses in Resi-

dential Housing",K Harrje, Dutt and Beyea, ASHRAE Transactions, 85,
Part I- (1979). (Winner of ASHRAE outstanding paper award.)

"Attic ‘Heat Loss and Conservation Policy", Dutt, Beyea, Sinden.
ASME Technology and Society Division paper 78-TS-5, Houston, Texas,
November 1978.

"Comments on the propesed FTC trade regulation rule on labeling
and advertising of thermal insulation", Jan Beyea and Gautam Dutt,
testimony before the Federal Trade Commission, January 1978.

"Critical Significance of Attics and Basements in the Energy
Bulance of Twin Rivers Townhouses',6 Beyea, Dutt, Woteki, Energv and
Buildings, Volume I (1977), Page 261. Also Chapter 3 of §aviqgifnergg
in the Home, Ballinger, 1978.

"The Two-Resistance Model for Attic Heaﬁ Flow: Implications for
Conservation Policy", Woteki, Dutt, Beyea, Energy--the International
Journal, 3, 657 (1978).

"Energy Conservation in an 0ld 3-Story Apartment Complex", Jan Beyea,

David Harrje, Frank Sinden, Energy Use Management, Fazzolare and Smith,
Pergamon 1977, Volume 1, Page i §< I

"Load Shifting Techniques Using Home Applia-ces', Jan Beyea,
Robert Weatherwax, Energy Use Management, Fazzolare and Smith, Pergamon
1978, Volume III/IV, Page 121.
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PUBLICATIONS CONCERNING NUCLEAR POWER SAFETY:
Articles:

"Neuorientierung der Katastrophenschutz-Planung nach den
Erfahrungen von Three Mile Island"”, Chapter 3 in Im Ernstfall

hilflos?, E. R. Koch, Fritz Vahrenholt, editors, Kiepenheuer &%
Witsch, Cologne, 1980.

"Dispute at Indian Point"™, Bulletin of the Atomic Scientists,
36, Page 63, May 1980. .

~Published Debates:

The Crisis of Nuclear Energy, Subject No. 367 on Firing Line,
p. B. 5. Television. Transcrgpt printed by Southern Educational
Communications Association, 928 Woodrow Street, P. O. Box 5966,
Columbia, South Carolina, 1979.

Nuclear Reactors: How Safe Are They?, panel discussion sponsored
by the Academy Forum of The National Academy of Sciences, 2101 Con-

stitution Avenue, Washington, D. C. 20418, May 5, 1980, to be
puuvlished. i .

Reports:

"Decontamination of Krypton 85 from Three Mile Island Nuclear
Plant", (with Kendall, et.al.), Report of the Union of Concerned
Scientists to the Governor of Pennsylvania, May 15, 1980.

"Some Comments on Consequences of Hypothetical Reactor Accidents
at the Philippines Nuclear Power Flant" (with Gordon Thompson),
National Audubon Society, Environmental Policy Department Report No. 3,
April, 1980.

"Nuclear Reactor Accidents: The Value of Improved Containment',
(with Frank von Hippel), Center for Energy and Environmental Studies
Heport PU/CEES 94, Princeton University, January 1980.

"Some Long-Term Consequences of lHypothetical Major Releases of
Radioactivity to the Atmosphere from Three Mile Island”, Report to the
President's Council on Environmental Quality, September 7, 1378S.

"The Effects of Releases to the Atmosphere of Radioactivity from
Hypothetical Large-Scale Accidents at the Proposed Gorleben Waste
Treatment Facility', report to the Government of lower Saxony, Federal
Republic of Germany, as part of the "Gorleben International Review",
February, 1979.

"Reactor Safety Research at the Large Consequence End of the Risk
Spectrum", presented to the Experts' Meeting on Reactor Safety Research
in the Federal Republic of Germany, Bonn, September 1, 1978.

A Study of Some of the Conseguences of Hypothetical Reactor Acci-
dents at Barseback, report to the Swedish Energy Commission, Stockhoim,
1 :5, January, 1978,
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PUBLICATIONS CONCERNING NUCLEAR POWER SAFETY (Continued)

Testimony:

"Alternatives to the Indian Point Nuclear Reactors', Statement
pefore the Environmental Protection Committee of the New York City
Council, December 14, 1979. Also before the Committee, "The Impact
on New York City of Reactor Accidents at Indian Point", June 11, 1979.
Also "Consequences of a Catastrophic Reactor Accident”, statement to
the New York City Board of Health, August 12, 1976 (with Frank
von Hippel). .

"Emergency Planning for a Catastrophic Reactor Accident",
Testimony before the California Energy Resources and Development
Commission, Emergency Response and Evacuation Plans Hearings,
November 4, 1978, Page 171.

"Short-term Effects of Catastrophic Accidents on Communities
Surrounding the Sundesert Nuclear Installation", testimony before the
California Energy Resources and Development Commission, December 3, 1976.

"Consequences of Catastrophic Accidents at Jamesport". Written
testimony before the New York State Board on Electric Generation Siting
and the Environment in the matter of Long Island Lighting Company
(Jamesport Nuclear Power Station, Units 1 and 2), May, 1977.

Miscellaneous:

"Comments on WACH-1400", Statement to the Subcommittee on Energy
ard the Environment, Oversight Hearings on Reactor Safety, June 11, 1276,
Serial No. 94-61, Page 210.

"pper Limit Calculations of Deaths from Nuclear Reactors",
Bull. Am. Phvs. Soc. 21, III-(1976).
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YORK, PENNSYLVANIA 17401
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DOVER, PENNSYLVANIA 17318
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/ october 1, 1980

Robert Zahler, Esqu
Shaw, Pittman, Potts & Trowbridge
1800 M Street, N.W.

Washington, DC 2003s

Re: Supplemental Answers to Licensee's Interrogatories
to Intervenor, Anti-Nuclear Group Representing York,
on Revision II of Licensee's Emergency Plan

Dear Bob:

As per your September 16, 1980, letter to me and as per
the oral extension of time granted to ANGRY by Delissa
Ridgeway, I herewith submit ANGRY's Supplemental Answers as
follows:

(I) In supplementing our Answer to Interrogatory No. 4(b),
ANGRY relies upon 10 C.F.R. part 50 as amended in the Federal
Register, Volume 45, No. 162, Tuesday, August 19, 19817, at Page
55411, IV. Content of Emergency Plans, which states: "In
addition, the emergency response plan submitted by an applicant
for nuclear power reactor operating license shall contain infor-
mation needed to demonstrate compliance with the standards
described in Section 50.47(b), . . ." The quoted section is
followed by a footnote No. 4 which incourporates the provisions
of NUREG-0654; FEMA-REP-1, which in turn provides at Page 55 J 1l
for protecting the public and by inference, their animals, from
contamination. Also NUREG-0654 at Page 60, Section M , requires
the operator to develop general plans and procedures for
recovery and describes the means by which decisions to relax
protective measures are reached. This is contained in M-1, 2, 3
and 4. By implication, measures must be taken to protect
livestock and other property of residents within the applicable
emergency protection zone.

(2) In answer to Interrogatory No. 5-C, ANGRY supplements
its Answers as follows:

(a) Letter to Mr. Herbeim from Rescue Hose Company
No. 3 and marked June 3, 1980, fails to describe
legislation under which Rescue Hose Company No. 3
is operating, and fails to set forth mutually
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(b)

(e)

(d)

(e)

(£)

(g)

acceptable criteria for implerientation of its
plan. The letter further fails to specify
exactly what actions will be taken by what men and
equipment and in what sequence.

Undated letter from Union Hose Company No. 1 to
Mr. Herbein, same objections as (a) above.

Letter dated May 15, 1980, from Londonderry Fire
Company No. 1, same objections as (a) above.

Undated letter from Bainbridge Fire Company to
Mr. Herbein, same objections as (a) above.

Letter dated April 23, 1980, from Borough of
Middletown Police Department to Mw. Dennis
McClousky, totally fails to indicate exactly what
the police would do in the event of an emergency
and how many people they would commit to what
assignments. Also with respect to this item, the
same objections as contained in (a) above.

Letter dated May 28, 1980, from Thomas Jerusky
to John Herbein fails to set forth what statutes
under which Bureau of Radiation Protection is
operating and fails to set forth mutually
acceptable criteria for implementation of the
BORP plan.

Letter dated May 22, 1980, consisting of two pages
from Daniel F. Dunn to Mr. Herbein on behalf of

the Pennsylvania State Police is particularly
interesting in that it contains the following
statement: "Rather than commit ourselves to any
specific use of personnel or equipment at this
time, I merely wish to say that we would make every
effort to cooperate with you. We, of course, must
preserve the right to set our own priorities as far
as deployment of our personnel and equipment.”

This letter demcnstrates precisely the failure to
comply with NUREG-(0654 to set forth mutually
acceptable criteria for implementation of all of
the emergency plans and also demonstrates the fact
that the licensee cannot assure the public that

the Pennsylvania State Police will act in a
coordinated fashion with it or with any other
Commonwealth department or agency in the event of

a nuclear incident at Three-Mile Island.
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(h)

(1)

(3)

(k)

Letter dated May 28, 1980, from Daniel F. Dunn,
Commissioner of tre Pennsylvania State Police to
Mr. Herbein. The supplementation contained in

this letter to the letter of Commissioner Dunn of
May 22, 1980, contains nothing to satisfy the
requirements as set forth above of NUREG-0654; and
further merely states that helicopters will be used
to warn motorists during an emergency. It again
reiterates that the Pennsylvania State Police
reserve their right to set their own priorities as
far as deployment of persconnel and equipment in the
event of an emergency. This again demonstrates the
inability of the licensee to demonstrate that the
emergency plan of the licensee is coordinated with
any Commonwealth or other agency.

Letter dated May 22, 1980, from R. W. Miller,
Captain, U. S. Cnast Guard, to Mr. Herbein, is
completely defic.unt in setting forth exactly what
the Coast Guard would do in the event of an
emergency, what resources would be supplied, when
those resources would be supplied, and it is
completely devoid of any coordination with any
Commcnwealth or Federal agency. It fails to state
under what statute or statutes the Coast Guard
would be operating, and it fails to set forth
mutually acceptable criteria for implementation. of
its plan.

Letter dated May 21, 1980, from Leroy F. A. Bailey,
Jr., Second Lieutenant, Ordinance C, Commanding,
Department of the Army to John Herbein. This
letter completely fails to set forth the statute
under which the Department of Army would be
operating, fails to set forth what criteria would
be involved in its being activated for bomb
disposal, exactly how many personnel would be
supplied; and in fact, contains a disclaimer that
the U. S. Armey or its personnel are responsible
for destruction of property during rendering safe
procedures. There is no statement as to any
coordination with any Commonwealth agency or
Federal agency.

Letter dated May 20, 1980, from Ray E. Byers, to
John Herbein is completely deficient in that in
the critical area of air control cver Three-Mile
Island and in the surrounding area there is no
specific action format set forth to control said
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(1)

(m)

(n)

(q)
(p)
(q)

(r)

(s)

(t)

air traffic, nor any format set forth on
coordination of the various state, Federal and
local aircraft which would be in the area.

Letter dated April 25, 1980, from J. G. Robbins
to Mr. Herbein, no objection to this letter.

Letter dated January 4, 1980, from Robert Priess
to Mr. Herbein, is not cbjectionable insofar as

it merely sets forth DOE's response, but the
letter clearly places responsibility back into the
hands of the licensee for providing protection to
the public health and safety. To t'at extent, it
is objectionable since the rest of t.ue letters
which the licensee has attached to its EP,
Revision II are inadequate as set forth above.

Letter dated January 28, 1980, from Boyce H. Grier
to Mr. Herbein is not objectionable, but it makes
clear that the NRC's role is primarily investi-
gative rather than being actively involved in
supplying support services during an emergency.

Letter from C. E. Goodall to Mr. Herbein dated
December 28, 1979, no cbjection. .

Letter from Dr. Newman dated December 29, 1979,.
no objection.

Letter from Dr. William Albright, III, M.D.,
dated December 24, 1979, no objection.

Letter of agreement, Hershey Medical Center cannot
be objected to since no copy of this has been
provided.

Letter dated November 2, 1979, from Michael S.

"D'Aries to Mr. Herbein does not set forth how

many helicopters or airplanes will be made
available nor does it set Zforth exactly what
duties these resources and personnel will pursue.

Letter dated December 3, 13979, from Sydney W.
Porter, Jr. to Mr. Herbein, no objection to this
letter. However, it ic not admitted in any manner
that the provisions set forth in this letter are
adequate to meet the requirements of NUREG-0634,
Table B-1l, as set forth on Pages 31 and 32 of said
nuclear guidance.
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(3) ANCRY supplements its Answers to Interrogatory No.
25(b) as follows: NUREG-0654, Section L-l, requires that all
organizations shall describe arrangements for local and back-up
hospital and medical services and the capability for evaluation
of radiation exposure and update, including assurance that
persons providing these services are adequately prepared to
handle contaminated individuals. Nowhere in Annex N to the York
County Plan is there any explanation what medical personnel will
be provided for de-cont:mination services, what resources will be
made available from the hospitals; and nowhere is any training
program for these individuals described. NUREG-0654, Section L
(4) provides that each organization shall describe arrangements
for transporting victims of radiological accidents to medical
support facilities. Annex N fails to meet this requirement,
since it does not provide any specific description of same.
Annex N primarily provides a means of spraying down vehicles at
check points on evacuation routes, and giving showers and new
clothing to pecple at masc care centers following evacuation.
There is nothing specific provided as to training personnel with
regard to de-contamination procedures Or with regard to providing
medical services or emergency transport to hospitals.

(4) ANGRY stands on its present Answer to Interrogatory
No. 31, and there are no other provisions known to ANGRY which
exist in Appendix 3, Annex A, under Health-Medical Operations
which are not coordinated with the Department of Health plan for
distribution of SSKI beyond those contained in its present Answer
to licensee's Interrogatory No. 31.

I belive this, for the present, meets the reguirements of

our agreement.
Very truly yours,
,/’/<::—:14<éEEEEEEZ

el M. Pell

L

DMP : ksm
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CERTIFICATION OF SERVICE

I, Daniel M. Pell, Esquire, certify that'I served a

true and accuiite copy

of the foregoing documentgon the

following individuals by placing a copy of same in the U. S.

Mails, postage prepaid, on the
1980, and addressed as follows:

Ivan W. Smith, Esquire

Chairman

Atomic Safety and

Licensing Board Panel

U. S. Nuclear Regulatory Commission
Washington, DC 20555

Dr. Walter H. Jordan
Atomic Safety and Licensing
Board Panel

881 West Quter Drive

Qak Ridge, TN 37330

Dr. Linda W. Little

Atomic Safety and Licensing
Board Panel

5000 Hermitage Drive
Raleigh, NC 276.2

James R. Tourtellotte, Esquire
Office of the Executive

Legal Director

U. S. Nuclear Regulatory Commission
Washington, DC 20555

Docketing and Service Section
Office of the Secretary

U. €. Nuclear Fegulatory Commission
Washington, DC 20555

Gecrge F. Trowbridge, Esquire
" Shaw, Pittman, Potts & Trowhri
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