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UNITED STATES OF AMERICA
NUCLEI 2 REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of '

,

Docket Nos. 50-338 SP
VIRGINIA ELECTRIC AND POWER COMPANY ) 50-339 SP

) (Proposed Amendment to Facility
(North Anna Nuclear Power Station, ) Operating License NPF-4 to Permit

Units 1 and 2) ) Storage Pool Modification)

AFFIDAVIT OF KAZIMIERAS M. CAMPE
AND' CHARLES M. FERRELL ON

CONTENTION 3: MISSILE ACCIDENTS

We, Kazimieras M. Campe and Charles M. Ferrell, being duly sworn sworn,

state as follows:

We are employed by the Nuclear Regulatory Commission in the Accident Analysis

Branch of the Office of Nuclear Reactor Regulation. Statements of our pro-

Nssional qualifications are attached.

.tention 3 (Missile Accidents) states:,

Intervenor contendt that the proposed modification of the
spent fuel pool will increase the consequences of an acci-
dent involving missiles, and that the applicant has not
demonstrated that the pool, as modified, will withstand
such accidents within the limits set forth in NRC Regula-
tions.

.-

This affidavit is written in response to the above contention. We

conclude that the proposed spent fuel pool modification meets the applicable

NRC staff criteria regarding tornado missiles with respect to North Anna

Units 1 and 2. The discussion and bases for this conclusion is presented
I

below. ' '
>
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I, Kazimieras M. Campe, have reviewed paragraphs 116-17,121-123, and 126

of VEPCO's Statement of Material Facts, as relevant to Contention 3 and con-

cur in the representations contained therein.
,

.

A. Tornado Missiles
.

The applicable tornado missiles for evaluating North Anna Units 1 and 2

are the 1 inch steel rod and the utility pole. I
The utility pole is limited

to elevations less than 30 feet above grade while the steel rod is presun.ed

capable of striking at any elevation. Since the spent fuel pool walls are

of reinforced concrete with a minimum thickness of six feet, neither of

the above missiles has the potential for penetrating the walls and thus

entering the pool. The walls extend up to a minimum height of 20 feet and

10 inches, or about 21 feet, above grade. Above this height the spent fuel

pool building walls are not designed to withstand design basis tornado

missiles such as the steel rod or the utility pole. Thus, between elevations

of 21 feet and 30 feet above grade there is a possibility that a utility pole

may enter the spent fuel pool building. The steel rod, not having any

restriction on height, could enter the same area from anv elevation up to,

and including, the building roof.

With respect to the utility pole, the probability that it will descend

along a trajectory which intersects any of the spent fuel assemblies is

small. Assuming conservatively that every utility pole impacting the

building walls will penetrate them and enter the building, it is possible that

the pole will strike the interior surface of the spent fuel pool wall on the
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opposite side of the pool. As shown by the Edison Power Research Institute

full scale tornado missile tests,(3) the utility pole shatters upon impacting

concrete slabs 12 inches or more in thickness. Thus it is not expected that

the pole would continue presenting a missile hazard after impacting the

wall.
.

The probability that the utility pole enters the spent fuel pool and strikes

the fuel assemblies varies with the initial azimuth of its trajectory prior

to impacting the building. Trajectory azimuths normal to the north - south

walls of the spent fuel pool building lead to fuel strike probabilities of

about 0.05 per missile entering the building. Missiles with azimuths of

45 relative to the north - south walls have a fuel strike probability of

about 0.2 per missile. Utility pole missiles having azimuths smaller than

45 cannot impact any spent fuel. Since the containment building would

intercept such missiles. On the average, considering all azimuths being

equally likely, the fuel strike probability is estimated to be about 0.1

per missile entering the building.

The above estimates are conservative, since it is assumed that every utility

pole impact on the building results in the pole entering the spent fuel pool

in an "end-on" orientation. A utility pole entering the pool " sideways"
,

would lose most of its kinetic energy within the 23 feet of pool water and

would not be capable of reaching the fuel racks with sufficient speed to

cause significant damage to the fuel assemblies. The probability of an

"end-on" orientation is estimated conservatively as about 0.3. This is

obtained by considering that any missile orientation within 45 of the

line of trajectory is an "end-on" orientation.
,
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In addition te the strike probability considerations, the potential for

spent fuel damage is determined by the probability for the occurrence of the

tornado event itself. The design basis tornado missiles in Standard Review

Plan 3.5.1.4 are based on the most severe tornado wind category, which for

the North Anna site is represented by maximum wind speeds of 360 miles per

hour. The frequency of occurrence for this type of tornado is estimated to

peryear.(4) On the Fujita scale (which is a tornado-7be less than 10

severity classification system) this type of tornado would be classified

as F5, and it represents about 0.12% of tornadoes of all intensities. A

conservative estimate of the occurrence frequency for tornadoes capable of

lofting utility poles is obtained by considering F4 and F3 tornadoes in

addition to tornadoes of F5 intensity. The cumulative probability for these

three categories is 9.42%. Tornadoes of lesser intensity are not expected to

have sufficient windspeeds for lifting utility poles. This view is supported

by the observations made with respect to the recent tornado that occurred at

the Grand Gulf site.(5) ..

Since the tornado occurrence frequency (for all intensities) for the

North Anna site is 5 x 10-4 per year, then a conservative estimate of

the probability for a utility pole entering the spent fuel pool and

reaching the fuel assemblies is

(5x10-4)(0.0942)(0.1)(0.3)

1.4.x10-6 per year. If we consider further the fact that theor

spent fuel pool will contain freshly discharged fuel only for some

fraction of the year, the probability for damaging fuel and causing

radiological consequences in excess of 10 CFR Part 100 dose guidelines

is even less.
'
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Specifically, North Anna Units 1 and 2 normally will not be refuelling

more often than once a year. Assuming conservatively that refuelling

for Units 1 and 2 do not overlap in time, the dose consequence, D, due to

fuel damage by the utility pole can be estimated from

D= Dj N e-AT

Vhere Dj = Dose consequence due to damage of a single fuel assembly

N = Number of assemblies assumed to be damaged by the missile

A = Bulk decay constant for the fuel gap activity constituents

T = Maximum decay time beyond which damage of N assemblies does

not result in exceeding 25% of 10 CFR Part 100 dose guidelines.

The dose, D), for a single damaged fuel assembly is estimated to be 5.3 rem

to the thyroid at the site boundary. This estimate includes the following:

a. A post tornadic meteorology characterized by a windspeed

of 3 meters per second and stability class Pasquill D. .

b. A power peaking factor of 1.2 for the damaged assembly.

c. No iodine removal by the fuel pool ventilation system.

d. A fuel decay time of 100 hours prior to storage in the pool.

Assuming conservatively that the utility pole is capable of penetrating

into the building traversing the 23 feet of pool water, and then penetrating

through and damaging every spent fuel assembly of a freshly discharged 1/3

of a reactor core (representing 52 assemblies), the maximum decay time T for

which the above damage would lead to releases in excess of 25% of 10 CFR

Part 100 dose guidelines (2) is

(300)(0.25)=(5.3)(52)e-0.693T
8 .

or T is about 15 days. Since t'ne pool is shared between the two units,
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the value of T is doubled, i.e. T=30 days. Thus, the fraction of a year

when the above conservatively postulated damage could exceed 25% of the

10 CFR Part 100 dose guidelines is 30/365, or 0.08. Therefore., the

probability that a tornado at the North Anna site will loft missiles such

as the utility pole, cause damage to the stored fuel, and thus cau.e doses

greater than 25% of 10 CFR Part 100 doses at the site boundary is

(1.4.x10-6)(0.08)

or 1.16x10-7 per year. In view of the above, the utility pole, as a

potential tornado missile, does not pose a significant hazard with respect

to the spent fuel pool in either the present configuration or the proposed

modified configuration.
.

O

With respect to the steel rod, if the SFP contained 100% freshly discharged

spent fuel assemblies, 14 assemblies would have to be damaged before

exceeding 25% of 10 CFR Part 100 dose guidelines. A steel rod entering

through the upper portions of the SFP building (30 feet above grade or higher)

would not be likely to damage that many assemblies due to the steep

trajectory upon entry into the SFP. Steel rods impacting the SFP building

at lower elevations are subject to geometric considerations similar to the

utility pole, as described earlier in this testimony. Thus, with respect to

the steel rod, the probability of a tornado lofting it, causing fuel

damage, and resulting in dose consequences greater than 25% of 10 CFR Part

100 are

(5x10-4)(0.36)(0.1)(0.3)(0.08)
-7or 4.32x10 per year. ,
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B. Turbine Missiles

With respect to turbine missiles, the probability of a high trajectory

turbine missile entering the spent fuel pool and striking the spent

fuel assemblies is about 7.5x10-8 per turbine year. This is based on

an estimated high trajectory turbine missile strike probability of
-7

10 per square foot of target area, cn assumed annual turbine failure

' rate of 10-2 per turbine year, three turbines operating on the site,

and the overall horizontal area occupied by the spent fuel assemblies

wfthin the pool. However, in view of the requirements imposed on

the licensee with respect to the turbine disc integrity and turbine

valve testing and inspection, the turbine failure rate is expected to
-4be significantly lower than 10 per turbine year. Since the proposed

fuel itr age modification does not affect the turbine failure rate, the

staff finds that the potential for a turbine missile entering the spent

fuel pool does not pose a significant hazard for either storage

configuration.

..

Ft'r.~ Campf
'Kazim

.

-

Charles M. Ferrell /

Subscribed and sworn to before me this Subscribed and sworn to before me this
2bIdayofJune,1979.

10th day of July,1979.

O Nur .t 1 $g YJh.
Notary Pub _lic / '

v' Notary Public

. I /, / "| 7:3My Commission expires: My Commission expires: July 1,1982
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