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Introduction and Summary

In ALAB-491, the Appeal Board directed the Staff to
provide "a full and detailed explanatior of why it is accept-
able to permit the North Anna Units to operate in the face
of the safety issues under study," including specification
of the present status of the generic study and "all the
measures employed at North Anna to compensate for the current
absence of the answers sought by those studies," (S1.0p., p.8).

The standard by which the Staff's response is to be
judged is "whether . . . [the issue has] been taken into
account in a manner that is at least plausible and that, if
proven to be of substance, would be adequate to justify
operation," (Id., p. 6 n. F).

There is one technical document that has been filed by
the Staff in support of its position before the Appeal Board
that North Anna can legally begin operation prior tc resolu-

tion of the turbine missile issue; the filing entitled
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"Response to Atomic Safety and Licensing Appeal Board's
Fequest for Information on the North Anna Units 1 and 2
Regarding Missiles," dated September 1! 1978 and attach-
ing the Task Action Plans covering turbine missiles.

UCS has argued in its brief amicus curiae that the
Staff's position is legally indefensible, represents an
attempt to circumvent the Commission's regulations and is
factually insupportable because of unjustified reliance
on probabilitie's derived from WASH-1400. The Staff (and
VEPCO) respond by arguing that UCS has misconstrued the
Staff's position,that North Anna has been completely
reviewe? on a plant-specific basis and that resolution of
the outstanding generic issues ccncerning turbine missiles
are simply irrelevant. We will attempt to demonstrate
here that that assertion is untrue. In fact, what the
Staff has done in this latest argument contained in its

o

response to UCS' amicus brief, is to assume, without techni-

e ! et ’
cal support, tl

e outcome of the generic task action plan.

Essentially, the existence of turbine missiles as a
1/
Category A unresolved safe issue represents the Staff's

"Category 1S ined as follows: "Those generic technical
ictivities ju.ged by the Staff to wa: 't priority attention in
terms of manpower and/o ‘unds to attai y resolution.
rhese matters include those the resol C f which could (1)
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acknowledgement that the probability of a turbine missile
causing subktantial damage to safety-related structures,
systems or components is unacceptably highk, based on the
best present understanding of the behavior of turbine
missiles or, as the Staff mightAprefer to state the issue,
it cannot be proven based on present knowledge, that the
risks are acceptably low. The overall probability of a
missile causing unacceptable damage is the product of the
probabilities of (1) a missile being generated (2) the
missile striking safety-related equipment, and (3) the
missile seriously damaging the equipment it strikes.

There are two ways to resolve this problem in the
context of the unresolved generic issue. First, the task
action plan, when completed, might support a conclusion
that there never was a real safety problem in the first
place but simply a failure to understand the probable
behavior of turbine missiles in relation to nuclear plants.
That is, it might conclude that new information and analysis
prove that the probability is acceptably low that a turbine
missile could seriously damage safety-related equipment,
given present licensing requirements. Second, it could
confirm that the problem is a real one of more serious
dimension than previously supposed, and identify an accepta-
ble way or ways of dealing with it, such as shielding of
the turbine.

What the Staff has done now is essentially to argue

that the first possibility outlined above will be the



ultimate outcome of the Task Acticn Plan. However, it has
done so in advance cf the completion of the generic task
and without the answers to the fundamental technical
questions which the generic study was

It is clear

proposed for 1@ which would justify operation
pending resolution of this unresolved safety problem. The
issue may be placed in focus by considering the following
proposition: If the turbine missile problem could be
solved the measures wich have been proposed at North
Anna (with its "unfavorably-oriented turbines")there would
>learly be no reason for turbine missiles to be listed as
a "Category A" unresolved issue. Staff could announce

that its previous calculations of the overall probability

of a missile causing unacceptable damage were based on overly

conservative calculations of the underlying probabilities
of turbine failure, strike and damage. And, it could order
0 adopt an inservice inspection, testing and main-
tenance program. This could all be done tomorrow; there is
\

unique about North ! a. The fact that it has not
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Technical Argument

The risk to public health and safety from turbine missiles
is composed of three principal elements:

1. The probability of turbine failure;

2. The probability of the turbine missile striking a

safety-related structure, system, or component; and

3. The probability of unacceptable damage to the safety-

related structure, system, or component.

As VEPCO correctly observed,g/"Regulatory Guide 1.115 says
that the probability of damage [i.e., the mathematical product
of the three probabilities listed above] to essential systems
[components or structures] should be less than 10-7 per Year."
It can also be noted from Regulatory Guide 1.115, Revision 1,
July 1977, the Staff has identified two distinct types of tur-
bine missiles: low-trajectory missiles and high-trajectory
missiles. Note also that Regulatory Guide 1.115 "outlines
acceptable methods of protection against low-trajectory tur-
bine missiles." The earlier version of Regulatory Guide 1.115
published for comment in March 1976, likewise outlined accept-
able methods cf protection against low-trajectory turbine mis-
siles and stated: "Another [regulatory] guide is under prepa-
ration with regard to protection against high trajectory (lob

shot) missiles resulting from turbine failures."

% VEPCO's Response tc Pollard's Limited Appearance, July 5,
1977, page 55. This comment was attached to the Union of
Ccacerned Scientists Request for Leave to File Reply Brief.
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This sentence does not appear in Revision 1 of Regulatory
Guide 1.115, but UCS is aware of no Regulatory Guide addressing
the subject of acceptable protection against high-trajectory
turbine missiles.

It is also important to note that Regulatory Guide 1.115
discusses two distinct types of turbine failure: failures at
or below design overspeed (120% to 130% of turbine operating
speed) and destructive overspeed turbine failures (180% to
190% of turbine operating speed). Turbine failures at or be-
low design overspeed and turbine failures caused by destructive
cverspeed can cause both high-trajectory and low-trajectory
missiles.

The turbine missiles are fragments of the turbine disks.
These steel pieces can have a large mass (approximately 2-3
tons), will be traveling at high velocity (on the crder of a
few hurdred miles per hour), and are capable of penetrating
several feet of reinforced concrete (approximately six feet
or more).

We will now explain why UCS "believes that the turbine
missile question cannot be resolved for the North Anna facility
independently of the outcome of the generic inquiry,“é/ which

is the single point the Board has permitted UCS to address.

3/ Order of December 7, 1978.
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The Staff does not distinguish between high-trajectory
and low-trajectory missiles in its testimony. However, since
they point to the existence of structural barriers which could
(potentially) be effective in stopping missiles, we assume
their arguments are directed principally to low-trajectory
missiles and we discuss these first.

The Staff's principal argument before the Appeal Board
(as opposed %o its argrment to the Licensing Board in response
to R. Pollard's limited appearance statement),i/ is that al-
leged conservatisms were used in the plant-specific analysis
for the North Anna plant and, therefore, long-term operction
of North Anna is not dependent on the successful outccme of
Task A-37, and, doer not rely on WASH-1400. The Staff advances
the argument that these alleged conservatisms "compensate for
the uncertainties in the available data and state-of-the-art
analytical methods which Task Action Plan A-37 was initiated
to quantify." (NRC Staff's Response to UCS Brief Amicus
Curiae, November 16, 1978, page 3.)

The Staff states that "the use of historically observed
probabilities for estimating turbine failure, in lieu of more
realistic probabilities associated with modern turbines which
have substantial improvements in materials and overspeed pro=-
tection, is itself a conservation [sic]." (Id., page 2) UCS

does not agree that this is a conservatism. First, improvement

i/ "Staff's Response to Board's Request for Additicnal Infor-

mation Letter, Dated October 21, 1977," page 1. This
document is attached to UCS' Request For Leave to File

Reply Brief.



in materials was a necessary development in order to construct
the turbines now used in nuclear power plants. That is, but
for the improvement in materials, today's turbines could not
be built and safely cperated. Thus, although the improvement
in material technology may reduce failure rates below those
historically observed, this may well be offset by factors such
as the larger‘size of modern turbines and the increased number
of turbine blade wheels used in modern turbines. There is
simply not sufficient operating history with current turbines
to say whether their failure rates will be higher or lower
than the historical rates. This is acknowledged in Regulatory
Guide 1.115.

Second, with respect to improvements in overspeed protec-
tion, there are several factors the Staff neglects to mention:

1. Improvements in overspeed protection have no effect
on the probability of design overspeed failures.
At best, they could only act to reduce the probability
of destructive overspeed failures.

2. Historically-observed destructive overspeed failures
were caused by failure of the steam supply valves to
close--not because of failure of the devices used to
sense overspeed and initiate closure of the steam
supply valves. Therefore, improvements in overspeed
protection (i.e., sensing overspeed and signalling
the steam supply valves to close) may not reduce the
historically-observed rate of destructive overspeed
failures. The Staff has not required the installation
of redundant steam supply valves which could amelio-
rate the cause of the historically-observed rate of
destructive overspeed failures.

3. The Staff has not determined what, if any, credit
can be taken for the "improved" materials and over-
speed protection system. Indeed, this is one of the
problems set out to be resolved by the generic task:
"Presently, there is no formal NRC guidance on how
to evaluate the effect of toughness of turbine disk
materials, or testing and inspection of disks, over-
speed control systems, and stoam valves on the missile
generation probability (Pl)." (Task Action Plan A-37,
page A-37/1)



Therefore, based on the above, UCS believes that the Staff's
assertion that reliance on historically-observed turbine failure
rates is a conservatism is not even plausible. 1In fact, the
assertion relies on information yet to be obtained in the generic
task action plan and thus completion of the generic investigation
is essential to establishirg whether operation of North Anna
Units 1 and 2 would pose undue risk to the public.

Next the Staff argues that "a second conservatism...in-
volved the estimation of turbine missile strike probsbilities
with respect to safety related structures. In arriving at this
estimate, the Staff assumed the creation of more missiles than

would necessarily result based on observed failures." (NRC

Staff's Response to UCS Brief Amicus Curiae, page 2) UCs be-
lieves that this, also, is not a conservatism. The Staff in-
serts the word "necessarily" necessarily. While it is correct
that some observed failures have involved fewer than four
wheel fragments, the number assumed, it is also true that some
failures have involved more than four fragments. Furthermore,
while the number of fragments does affect the érobability of
striking safety-related structures, systems and components,

it also affects the energy of each fragment, which in turn
affects the amount of damage each fragment will cause. The
rotating wheel has a fixed amount of rotational kinetic energy.
Therefore, the more fragments that are generated, the less
kinetic energy each one will have. Moreover, the original
rotational kinetic energy of the wheel will be divided between

the translational and rotational kinetic energy of each fragment.
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To establish the conservatism the Staff alleges to exist,
there must be a demonstration that the missiles assumed in the
plant-specific analysis represent the worst combination of
probability of striking a safety-related structure, system,
or component and the probability of unacceptable damage to
that safety-related structure, system, or component (i.e., the
worst combination of the number of missiles and the kinetic
energy of each missile). ;

Once again, the task action plan includes among the generic
questions to be resolved the very issue of whether or not this
is a conservatism:

Also, the acceptable methods for estimating missile
s?rike probability §P2) for both low and high Efajectory
missiles should be identified and documented.

The above involves determining how many fragments result
from wheel failures. 1In addition, "[e]valuation of the effect
of turbine missile impact,'ﬁ/ involves determining the kinetic
energy of the turbine.

Finally, the assumption of four wheel fragments is iden-
tical to that used in developing the information which forms
the basis for Regulatory Guide 1.115. Therefore, based on the
above, UCS concludes that th2 Staff's assertion that the use

of four wheel fragments is a conservatism is not even plausible

in the absence of the information sought by the generic tasks.

9 Task Action Plan A-37. page A-37/1.

& Task Action Plan A-32, page A-32/1.



The Staff proceeds to argue that "[a] third conserva-
tism resulted from the assumption that given a missile
strike on a structure, the probability for penetration
and damage to the safety-related equipment was unity."
(Sstaff's Response to UCS Brief Amicus Curiae, p. 2-3)

The conservatism is said to result from ignoring "the
existence of structural barriers and the possibility that
a missile might not strike or, if it did strike, that it
might not damage the safety-related equipment inside of
the structure." (Id., page 3)

UCS agrees that there is some conservatism in this
assumption, however, UCS disagrees that the current state
of knowledge permits a determination of the degree of
conservatism. The principal reason the Staff used this
assumption in North Anna as well as in developing Reg. Guide
1.115, is the complexity involved in analyzing the behavicr
of the missile once it penetrates the structural barrier
(or in analyzing the behavior of a secondary missile while
results from concrete fragments being expelled from the
inside surface of the structural barrier.) In other words
it is a conservative assumption that must be mice Hecausa
it is not known, in a quantitative sense, how much protec-
tion is afforded the safety equipment if penetration does
occur. Nor is it in any sense a plant-specific conservatism.
Once again this is the point of the ongoing generic task

A-32: "[Qluantitative acceptance criteria for judging the
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acceptability of barrier failure probability, given the
occurrence of a missile impact, need to be developed."
(Task Action Plan A-32, p. A-32/2) 1It is an open question,
until the generic task is completed, whether the existence
of structural barriers reduces the probability of damage to
the safety-related equipment to a value significantly less
than unity. Thus the current assumption may turn out to be
in fact the only reasonable assumption.

This discussion had demonstrated that, far from being
"plant-specific," the extent to which all of the alleged
conservatisms identified by the Staff are in fact conserva-
tisms are open questions which the ongoing generic study on
turbine missiles is designed to answer. The same is true of
the inservice inspection, maintenance and testing program,
as the Staff has acknowledged in the description of the Task
Action Plan:

Presently, there is no formal NRC guidance

on how to evaluate the effect of toughness of

turbine disk materials or testing and inspection

of disks, overspeed contro. systems, and steam

valves on the missile generation probability
(P1).7/

As we noted at the outset, there is a distinction
between nigh- and low-trajectory missiles. All of the
arguments above apply to both, but the following additional
points go to high-trajectory missiles only. The Staff has

provided no guidance on acceptable protection against

Z/ Task Action Plan A-37, p. A-37/1.
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high~trajectory missiles.

The probability of a high-trajectory missile strike on
a safety-related structure, system or component is not
significantly affected by the turbine orientation. However,
the structural barriers available to prevent damage to safety-
related equipment are significantly less effective against
high-trajectory missiles because the postulated point of
strike - the roofs of such buildings as the containment and
control room - are substantially thinner than the walls, wich
are the target of low-trajectory missiles. Thus, although
the probability of a high-trajectory missile striking a
safety-related structura, system or component is less than
the corresponding probability for a low-trajectory missile,
this does not compensate for the reduced protection
afforded by the thinner roof. It is precisely this problem
which has prevented the Staff from issuing guidance on
high-trajectory missiles and which is one of the principle
tasks of the ongoing generic study.

The Staff states in its description of the turbine
missile task action plan that:

This task will re-examine the methods of

analysis used by applicants for estimating strike

probability for low- and high-trajectory missiles

and will include review of Appendix A of section

3.5.1.3 of the SRP. "Turbine Missiles," with
respect to high-trajectory missiles.9/

XKD

/ See the discussion, supra p. 5-6 .

/ Task Action Plan A-37, p. A-37/5.

Lo |
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Therefore, the Staff's argument that rafe operation
of North Anna in no way depends on satisfactory completion
of the generic task is not plausible.

Conclusion

Insofar as can be discerned from the course of this
case, the Staff's position on the relationship between the
unresolved generic issue of turbine missiles and the North
Anna licensing proceedings has undergone rather a dramatic
metamorphosis. When it was before the Licensing Board,
the Staff adopted the circumspect and limited position
that the risks were only justified for the interim period

pending completion of the generic study. It stated:

In reference to the applicant's statement
on page 55 that "the [turbine missile] risk
. « « has been found to be acceptably low,"
the Staff believes that some gqualification
is necessary. It should be noted that the
Staff's conclusions in Section 10.2 of
Supplement No. 2 to the North Anna Power
Station, Units ) and 2 Safety Evaluatin
Power limit the acceptability of the risk
to being sufficiently low for permitting
the plant to operate until a generic study
on the subject of turbine missiles 1s comp-
Teted.10/

Even this limited conclusion was further qualifed as
being dependent on the implementation cf the inservice-
inspection, maintenance and testing program and on the

applicant's promise to provide any additional protection

10/ NRC "Staff Responses to Board's Requcst for Additional
Information Letter Dated Oct. 2., 1977," p. 1 (Emphasis
added) This document was attached to UCS' Request for
Leave to File Reply Brief.
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whose truth are the subject of the generic study.

It must be noted that no additional substantive review
is claimed by the Staff to have been performed since the SER
or since its very qualified answer to the Licensing Board,
quoted above. It is, rather, the characterization of its
results in relation to the generic study which has changed
so markedly. UCS believes that the earlier version was a more
accurate reflection of the state of the knowledge of this
subject. It can then be seen why it was necessary for the
Staff tc rely on WASH-1400's probabilities to justify operation
pernding completion of the generic task: WASH-1400 was the
only source of new information and analysis (now substantially
discredited) which could be used to argue that the risk of
unacceptable damage was sufficiently low. The claim now
that North Anna can be justified solely on a plant-specific
basis comes late in the process and does not comport with
the facts as we have presented them here. Rather, the
metamorphosis in the characterization of the results of the
Norti: Anna review would appear to coincide with the changing
exigencies of the licensing process, as represented first by
the River Bend decision and then by the Lewis Report.

No plausible or credible plant-specific reason has been
given why North Anna should be permitted to coperate pending
either resolution of the generic study or implementation of

a solution to the turbine missile problem such as shielding.
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December 14, 1978
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Respectfully submitted,
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EIlyn' R. Weiss

Sheldon, Harmon, Roisman & Weiss
1025 15th Street, N.W.

Suite 500

Washington, D.C. 20005

(202) 833-9070

Counsel for the Union of Concerned
Scientists
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AFFIDAVIT OF ROBERT D. POLLARD

I, ROBERT D. POLLARD, hereby make my affidavit as follows:

I am the staff nuclear safety engineer in the Washington,
D.C., office of the Union of Concerned Scientists.

My formal education in nuclear technology began in May,
1959, when I was selected to serve as an electronics technician
in the nuclear power program of the United States Navy. After
completing the required training, I became an instructor
responsible for teaching naval personnel both the theoretical
and practical aspects of operation, maintenance and repair of
naval nuclear power plants.

From February, 1964, to April, 1965, I served as the
senior reactor operator and supervised the reactor control
division aboard the U.S.S. Sargo, a nuclear-powered submarine.
In 1965, I was honorably discharged from the U.S. Navy and
attended Syracuse University, where I received the degree of

Bachelor of Science magna cum laude in Electrical Engineering

in June, .969,.
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In July, 1969, I was hired by the U.S. Atomic Energy
Commission (AEC) and continued as a technical expert with the
AEC and its successor, the NRC, until February, 1976. After
joining the AEC, I studied advanced electrical and nuclear
engineering at the Graduate School of the University of
New Mexico in Albuquerque. I subsequently advanced to the
positions of Reactor Engineer (Instrumentation) and Project
Manager.

As a Reactor Engineer ussigned to the Electrical, Instru-
mentation and Control Systems Branch, I was primarily responsible
for analyzing and evaluating the adequacy of the design of
reactor protection systems, control systems and emergency
electrical power systems in proposed nuclear facilities. In
September, 1974, I was promoted to the position of Project
Manager and became responsible for planning and coordinating
all aspects of the design and safety reviews of applications for
licenses to construct and operate several commercial nuclear
power plants.

I am a member of the Institute of Electrical and Electronics
Engineers (IEEE). I have served as the NEC representative on
various IEEE committees that developed some of the IEEE
standards used by the NRC to evaluate the safety of nuclear
power plants.

One of the duties to which I was assigned while at the
AEC was to act as the principal staff reviewer for the turbine

missile generic issue. My duties in that area during the
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period of 1972 - 1973 were approximately equivalent to those
now assigned to the Task Action Manager for this subject.
Among other tasks, I performed the calculations for proba:
bility of strike for high and low trajectory missiles,
analyzed the possible mitigating effect of reinforcing steel
and steel liners for reinforced concrete structures, and
performed calculations attempting to analyze the damage
caused by missile impact as a function of the angle of
incidence.

Portions of this work were used to support the con-
clusions reached by S. H. Bush in "Probability of Damage to

Nuclear Components," Nuclear Safety, Vol. 14, No. 3, May-June,

1973, which is a major documen: referenced in Regulatory
Guide 1.115, "Protection Against Low-Trajectory Turbine
Missiles." So far as I am aware, the staff has developed no
new information or analysis inconsistent with my work.

I have reviewed the staff submissions on this issue in

the North Anna proceedings and provided the technical

analysis contained in the UCS reply brief which accompanies

this affidavit. The technical statements are accurate to the

t : 4 . 7 ) )
best of my knowledge //éz;/ 522%;22?2$q/¢
By: ‘Z’— 4.24’:‘ S Ve %%

Robert D. Pollard
Union of Concerned Scientists

December 13, 1978

I hereby affirm that the foregoing is true and correct
to the best of my knowledge and belief.

~ £) 7 I
—Qﬁi§éﬂﬁ§zaft’h/"-Lééé;'2¢47

Robert D. Pollara

Subscribed and sworn to on
' Decerber 13, 1978, at
Washington, D.C.
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CERTIFICATE OF SERVICE

I hereby certify that copies of the foregoing, UCS Reply
Brief, Amicus Curiae, and Affidavit of Robert D. Pollard
were mailed postage pre-paid this 1l4th day of December
1978, to the following parties:

Secretary James N. Christman, Esquire

U.S. Nuclear Regulatory Commission Hunton & Williams
Washington, D.C. 20555 P.O. Box 1535
ATTENTION: Chief, Docketing & Richmond, Virginia 23212
Service Section

Daniel T. Swanson, Esquire Michael C. Farrar, Esquir
U.S. Nuclear Regulatory Commission * Atomic Safety and Licensing
Washington, D.C. 20555 Appeal Board

y U.S. Nuclear Regulatory
Richard M. Foster, Esquire Commission
1908~-A Lewis Mountain Road Washington, D.C. 20555

Charlottesville, Virginia 22903

Anthony J. Gambardella, Esquire
Office of the Attorney General
Suite 308

11 South 12th Street

Richmond, Virginia 23219

Alan S. Rosenthal, Esquire !‘.q 2 \l*\gm’
* Atomic Safety and Licensing Appeal Board =4 {If -
U.S. Nuclear Regulatory Commission 5 PP
Washington, D.C. 20555 : e &3/
N st i A
, Dr. John H. Buck e VT

Atomic Safety and Licensing Appeal Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Atomic Safety and Licensing 3c0:wrd Panel
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
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