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QUTLINE

The purposes and objectives of this testimony are to
respond to UCS Contention 12, which asserts that the design of
TMI-1 does not provide protection against so-called "Class 9"
accidents, that the process of selecting events to be consid-
ered is faulty, and that there is therefore no reasonable
assurance that TMI-1 can be operated without endangering the
health and safety of the public. The testimony demonstrates,
in a semi-guantitative way, that the design, safety evaluation
and licensing process employed for TMI-1 provides capability to
cope with events not analyzed and with events beyond design
basis accidents. Accident sequences having a reasonable nexus
to the TMT-2 accident are identified, and the prevention and
mitigation of the consequences of such accidents are discussed
gqualitatively. A guantitative, though approximate, evaluation
is presented of design modificatiohs, improvements in operator
training, and other actions taken in response to the TMI-2
accident, to illustrate the substantial increase in the margin
of safety achieved for sequences having a nexu. to the TMI-2

accident.
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1NTRODUCTION

This testimony, by Salomon Levy, is addressed to the

following contention:

UCS CONTENTICON NO, 12

"The design of TMT does not provide protec-
tion against so-called "Class-9" accidents.
There is no basis for concluding that such acci-
dents are not credible. 1Indeed, the staff has
conceded that the accident at Unit 2 falls with-

~in that classification. Of the realm of possi-
ble accidents, the staff's method of determining
whi~h fall within the design basis accidents and
“hosv for which no protection is required is
faulty in that the design basis accidents for
TMI do not bound the credible accidents which
can occur. Therefore, there is not reasonable
assurance that TMI-1 can be operated without en-
dangering the health and safety of the public
and resumption of operation should not be
permitted."”
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PESPONSE TO UCS CONTENTION NO. 13

BY WITNESS LEVY:

The design, safety evaluation and licensing process of
TMT-1 reqguires the evaluati~n of a very large number of speci-
fic events. The events considered cover a broad range of fre-
quency of occurrence, i.e., from normal operation or high fre-
quency conditions to design basis accidents or very low fre-
quency conditions. Events to be considered are 0t selected
through applicaticn of a specific method or a numccic probabil-
ity goal which subdivides events into two categories -- credi-
ble and incredible; instead, the selection process is based
upon years of evolving experience, and the careful composite
engineering judgment of the NRC, ACRS, and the nuclear indus-
try.* The events examined for TMI-1 are discussed in Sections
14 and 3.2.2? of the TMI-1l Final Safety Analysis Report
(FSAR) (1) and in Section 8 of the TMI-1 Restart Report (2).

In addition to identifying the specific events t¢ he con-

sidered, the design, safety evaluation and licensing process

* In recent years, a listing of events to be considered has
been generated and is included in Regulatory Guide 1.70, Stand-
ard Format and Content of Safety Analysis Reports for Nuclear
Power Plants (Revision 2), issued in September 1975. In some
instances, specific plant designs or site features (for example,
aircraft impact) rey ‘ire ccnsideration of additional design ba-
sis accidents. Accidents in this listing agree closely with the
accidents recommended for evalua“ion in the American Nuclear So-
ciety Pressurized Water Reactor Criteria (ANST No, 18.2).



also prescribes different levels of fuel integrity to be main-
tained or releases of radiocactivity not to be exceeded over the
entire spectrum of analyzed sequences. The range of occurren-
ces examined for TMI-1 can be subdivided into four majer

categories:

" normal conditions, which occur at a very
high to high level of frequency and for
which a conservative margin is provided
towards avoiding fuel failure or release of

radiocactivity.

. anticipated operational events, which occur
at a high to moderate frequency (i.e., once
to several times per year) and which are
required to not produce fuel failure or

release of radioactivity.

® abnormal operational events with a moderate
to low probability of occurrence (in the
range of once in ten to one hundred years),
which are required to not perforate more
than one percent of the fuel rods and to
release only the gaseous radioactivity
present in the gap between fuel cladding

and fuel pellet of such failed rods.

. design basis accidents with a very low
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probability of occurrence (in the range of
once per o:e thousand to ten thousand
years), for which fuel cladding peak temp-
erature or fuel peak specific energy con-
tent must be shown to fall below prescribed
values to 2gain limit the number and type
of fuel failures and the releases of radio-

activity that might ensue.

All the above postulated events were evaluated for TMI-1
using conservative assumptions. "Conservative® means that the
performance of the TMI-1 plant and safety systems are
deliderately underestimated and that the fuel conditions and
radiocactive consegquences are deliberately overestimated. Oie
example of such conservatism is the assumption of the worst or
most limiting single failure in any safety-related system or
function utilized in the required analyses. Another example is
the assumption that whenever Departure from Nucleate Boiling
(DNB) occurs, the fuel cladding fails. 1In fact, DNB corre-
sponds to the point at which the fuel rod surface begins to be
locally blanketed with steam; the cladding temperature at that
location rises due to the steam blanketing but does not exceed
the 3300°-?500°F temperature threshold at whicn cladding
perforation may occur. (3) This will be discussed further
later. One final illustration of the "conservative" approach
taken in licensing evaluations is the finding that licensing

calculation methods overpredict by about 500° to 1000° F the
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temperatures measured at the Loss-of-Fluid Test (LOFT) facility
during simulated loss-of-coolant accidents. The impact of such
conservative assumptions is that the predicted consequences are
overestimated substantially or that the probability of the
predicted consequences actually occurring is high by at least
one order of magnitude per year.

An effort was made herein to approximately quartify the
design, safety evaluation and licensing process emplcved at
TMI-1. Figure 1 and Table 1 show the four major groups of
occurrences examined for TMI-1 and the fuel failures estimatad
for such events in the TMI-] FSAR. The first group, normal
conditions, includes the various modes of possible plant
operation, e.g., refueling, shutdown, partial power and full
power. During normal operation, fuel failure is conservatively
estimated to occur when the margin to DNB goes below 1.3. (The
factor 1.3 is used instead of 1.0 to provide a very high level
of confidence that a very large percentage of the fuel rods are
in no jeopardy of experiencing DNB.) At 100 percent power at
TMI-]1, the DNB margin is expected to be above 2.0 for the most
vrrobable conditions. At reduced power and during shutdown and
refueling, the margin would be well above 2.0. For the worst
nuclear, thermal and mechanical conditions during normal TMI-1
operations, the DNB margin is expected to exceed 1.55, even at
the maximum assumed overpower limit of 114 percent(2). The
most probable margin to fuel failure and radiocactive release in

this very high to high frequency range of events is thus



ol

estimated to be 1.5 (or 2.0 divided by 1.3) and to never fall
below 1.2 (or 1.55 divided by 1.3). These margins are
indicated by the cross hatching in Figure 1 in the very high to
high freguency range of occurrence.

The second group of events, which range from high to
moderate frequency, includes many anticipated transients, as
listed in Table 1. The transients are produced by system and
control disturbances or component malfunctions. Recause the
DNB margin for all such events is required to be above 1.3, no
fuel failure or radiocactive release is expected. Table 1 and
Figure 1 illustrate the results of the evaluations of such
anticipated transients.

The third group of events, which occur from moderate to
low frecuency, result from a failure of components or operator
error with and without an anticipated transient, or from a

small break. This category of events includes seguences having

reasonable nexus to the TMI-2 accident since the TMI-2 accident

resulted from the anticipated transient of loss of main

feedwater combined with failure of a relief valve tc reclose.

The events considered in this group are listed in Table 1, with
their impact on fuel integrity. The expected release of
fission products is cross hatched in Figure 1. 1In this
category of events, the number o1 fuel failures is expected
(and required) to be small.

The fourth group of events occur at low to very low

frequency. It includes loss-of-coolant accidents (LOCAs)
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beyond small breaks and extending over the entire spectrum up
to and including rupture of the largest pipe diameter in the
various plant systems; control rod assembly drop or ejection
and fuel handling accidents are also considered. For all such
events, fuel failures are required to be limited and activity
released must be kept well below the values specified in
Regulatory Guide 1.4, Por example, in the case of loss-of-
coolant accidents, this is achieved by regquiring Emergency Core
Cooling System (ECCS) performance in accordance with 10 CFR
S0.46. Even so, under Regulatory Guide 1.4, issued in June
1974, twenty-five percent of the equilibrium iodine and one
hundred percent of the equilibrium radioactive noble gas
inventory developed from maximum full power operation is
required to be assumed to be immediately available for release
from the reactor containment for the purpose of calculating
offsite dose consegquences. The estimated fuel failures and
radioactivity releases for this final group of events are
indicated in Figure 1; as discussed above, a conservative
demonstration that fuel failures (thus, source terms) are
considerably below the values of Regulatory Guide 1.4 is
required.

As illustrated in Figure 1, the design, safety evaluation

and licensing process employed at TMI-1 requires the considera-

tion of a very large number of specific events and the assur-

ance that fuel failures and radiocactive releases are kept with-

in specified limits which are more and more stringent as the

freguency of occurrence ¢’ the event increases. It was not
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intended (nor is it possible) to consider all events that could
conceivably occur in a nuclear power plant. The intent was to
consider enough event types over a large and defined spectrum
of frequency to envelope the consequences of events not
considered over the range of freguency shown in Figure 1.

Thus, the process does not stop at this point; rather, the

process ensures additional capability to cope with events not

analyzed and with .vents which might occur at lower fregquencies

than postulated. The source of this additional capability is

the defense-in-depth approach employed in all light water power

reactors.

The defense-in-depth concept relies upon multiple barriers
to prevent radiocactive fission product releases. The defense-
in-depth approach is supported by diverse but interrelated
programs for redundancy in protection and safety systems,
industrial standards and regulatory quides, gquality assurance
programs, surveillance and preventive maintenance requirements,
and operator training.

The first barrier of defense-in-depth is the ceramic form
of fuel and the fuel cladding employed. The ceramic pellets of
uranium dioxide retain about 98% of the radiocactivity generated
by the nuclear fission process. Only approximately 2 percent
of the radiocactivity in gaseous form is present in the gap
between fuel cladding and pellet. Tt is released upon failure
of fuel cladding. Even when the fuel cladding is heated to a

temperature several hundred degrees above the normal operating
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temperature, only the radiocactivity in the gap space plus a
small portion of the volatile fission products located at the
surface of the ceramic pellets are available for release. Even
under the most extreme case of fuel melt, still only 15 to 25
percent of the total radiocactivity is released from the molten
portion of the fuel.

Any radiocactivity released from the fuel is confired by
the reactor coolant system piping and vessel, as long as they
remain intact. This second barrier is designed and constructed
to the bhighest guality standards. Finally, even if the reactor
coolant system boundary is breached, the containment building
serves as a third barrier. The containment houses the reactor
coolant system and is designed to essentially confine any ra-
dicactivity that should escape from the reactor coolant sys-
tem.”

The multibarrier concept of defense-in-depth ensures
reserve capability. For example, focusing upon events of
moderate to low freguency (i.e., sequences having reasonable
nexus to the TMT-2 accident), there are still one to two
barriers at the termination of the event to minimize the
transport of fission products outside the plant boundary, as

indicated at the top of Figure 1. 1In the range of moderate to

* Both siting and onsite and offsite emergency planning pro-
vide additional barriers and further defense-in-depth. These
additional barriers are particularly important in consideration
of beyond design basis events.
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low fregquency of occurrence, only a few fuel cladding failures

are permitted., Thus, for those events involving a small break

or leading to a small break of the reactor coolant system

boundary:

the integrity of the containment is

preserved and the contairnment is still

available to preven. significant radioac-

tive release cutside the plant.

the pressure in the containment for the

worst case analyzed will be below its

design pressure. (Even if the containment

were to reach design pressure, it has a
reserve capability and will therefore
withstand static pressures at least twice

the design pressure before it might fail.)

the fission product releases would be guite
minimal compared to those prescribed by
Regulatory Guide 1.4 and for which the

containment has been designed.

Recently, the possibility of even more capability in terms

of fission products released within the containment has been

highlighted in the August 14, 1980 letter from W. R. Stratton,

A. P, Malinauskas, and D. O, Campbell to Chairman J. Ahearne of

the NRC

(4). The letter points out that the radicactive iodine
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released to the environment during the TMI-2 accident was about
100,000 to 1,000,000 times less than the corresponding release
of Xenon-133, and recommends that "the frequently guoted
fission products escape assumptions (from TID-14844 in 1962 to
the more recent Regulatory Guides 1.3 and 1.4, ané the Reactor
Safety Study, WASE-1400) should be reexamined. The present
assumptions grossly overstate iodine release from a reactor
site in many types of loss-of-coolant accidents....." This
topic was addressed further at' a November 18, 1980 Commission
briefing on Iodine Release from Accidents and I'stimates of
Consequences of Nuclear Accidents (5). At that briefing, C.
Starr, M. Levenson, and I. Wall of the Electric Power Research
Institute (EPRT) discussed realistic estimates of the
consequences of nuclear accidents. Their comments, which have
been amplified in a recent publication by M. Levenson and F.
Pahn (6), reveal that the radiation releases from past
controlled experiments and reactor accidents are one to two
orders of magnitude less than the escape assumptions employed
in nuclear safety and risk evaluations. This difference is
attributed to inappropriate recognition of "a number of
physical processes which are al ays operative and can be
counted on to limit the consegquences of a reactor accident.”
In particular, the researchers emphasize that the chemical
reaction and solubility of volatile fission products,
particularly iodine, in water are not accounted for properly,

and that aerosol coalescence and agglomeration, steam
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condensation, and deposition on surfaces will act "to reduce
the magnitude of the fission product release and change the

character of the release in that iodine and particulates are
jreatly reduced relative to the noble gases.”

The preceding discussion has particularly emphasized the
extra capability provided by the containment for events having
reasonable nexus to the TMI-2 accident. BHowever, as shown in
Figure 1 and Table 1, similar additional capability can be
demonstrated for other events of moderate to low frequency of
occurrence which do not lead to a2 small break of the primary
cooling system. For example, in cases such as uncontrolled
control rod group withdrawal, the primary coolant system
barrier would remain intact and provide eguivalent or extra
capability to cope with any fission release during an
uncontrolled control rod group withdrawal.

The multibarrier concept also ensures reserve capability
for events with a low to very low freaquency of occurrence, as
illustrated in Figure 1. The capability to cope does not drop
to zero for accidents beyond the design basis events included
in Figure 1 and Table 1, because the design process requires
that the integrity of one barrier still be available for
protection aftier the occurrence of a design basis accident.
Studies such as WASH-]400 (7) and the German risk assessment
(8) have examined accident sequences beyond design basis
events; they indicate that light water nuclear power plants can

cope with events beyond design basis accidents. Tn other
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words, even though some accidents are not required to be

analyzed or considered, it is not true that no protection is

available or required for them. The present process, which

identifies specific events to be considered and imposes

stringent limits and conditions on their consegquences, ensures

additional capability for other accidontl.'

In the case of TMI-2, an abnormal transient in the moder-
ate to low freguency rance degenerated to the point where it
resulted in more fuel damage than one would have expected from
Figure 1 and Table 1. One of the issues which the NRC Staff
and the industry have addressed since the TMI-2 accident is how
to ensure that, in the future, a TMI-2 type event will have a
much lower frequency of occurrence and/or produce fuel failures
limited within the range shown in Figure 1 and prescribed hy
the present process.

The present process would put foremost emphasis on limit-

ing the number of fuel failures to a very small number. This

is the correct approach because, at the probability level of

seguences having reasonable nexus to the TMI-2 accident, it is

clearly preferable to prevent the occurrence of a large number

of fuel failures rather than attempt to cope with the degraded

conditions of the TMI-2 accident.

* An alternate process would be to consider events beyond de-
sign basis accidents and to impose less stringent limits on
their consequences. This has not been done to date because
the methods of performing such evaluations have not been fully
developed or approved for use in the licensing process.
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Several actions have been taken since the TMI-2 accident
to prevent its reoccurrence. This testimony is not intended to
comprehensively address all such actions. However, in the
section which follows, an effort is made to quantify the
increased protection resulting from such actions, rather than
speaking in gqualitative terms only. Many of the numbers that
follow are judgmental. However, even if one disagrees with the
absolute values proposed, there is no doubt that substantial
strides have been made to prevent the reoccurrence of the TMI-2
sequence and the occurrence of other seguences having a nexus
to TMI-2 accident.

In the original TMI designs, 2 loss of main feedwater
usually led to the actuation of a relief valve (PORV); the
probability of such a relief valve failing to reclose, and thus
cause a LOCA, is estimated to be about once every fifty times
for this event seguence. (7) Changes made to the main and
emergency feedwater systems and differences between the design
of the TMI-1 polishing demineralizers system and that of T™™I-2
have reduced the probability of the transient being initiated.
Also, the pressure set point of the relief valve and of the
reactor protection system will be changed and anticipatory
reactor trips will be installed so that the relief valve will
not be expected to open for a loss of main feedwater transient,
All these changes are judged to reduce the frequency of the
initiating event which results in the opening of the PORV by a

factor of at leas: 2 to 1.
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In the revised design, an inadvertent opening of the
relief valve and its failure to reclose or a small independent
reactor coolant system break would be required to reproduce the
TMI-2 accident sequence. Tt is estimated that a relief valve
will inadvertently open at a freguency of once per 1000 per
year. (7) Combining this figure with the once in fifty times
for the relief valve to stick open, the probability of a small
break being produced by a relief valve following a loss of main
feedwater transient is now estimated to be about once per
50,000 times instead of once per 50 times. However, the
probability of a small break occurring independently of relief
valve actvation is estimated at about once per 1000 reactor
years (7), so that the net effect of resetting the relief and
reactor protection pressures to avoid a relief valve opening
has, in fact, reduced the probability of the TMI-2 accident and
its analogs by a factor of about 20 (small break probability
divided by probability of relief valve to reclose).

The planned installation of a saturation meter and the
associated procedures and instrumentation implemented to help
the operator recognize inadequate core cooling (9) will improve
the emergency cooling injection availability by a factor of 2
to 3. The increased operator training required since the TMI-2
accident and planned staffing augmentation (including
additional licensed personnel and a Shift Technical Advisor)
will provide for another improvement factor of 3 to S

(equivalent to that available for small breaks produced by
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other means than relief valves). Thus, T conclude that all tho

changes described above provide for an overall improvement

factor of about two to three orders of magnitude for a TMI-2

type accident inititated by loss of main feedwater.

The probability of a stuck open relief valve for other
transients involving the opening of the relief valve is the
product of the probability of the relief valve being demanded
to open times the probability of the valve failing open on
demand. The raising of the relief valve setpeint from 2255 to
2450 psig, the lowering of the high pressure reactor trip
setpoint from 2390 to 2200 psig, and the installation of an
anticipatory reactor trip on turbine trip and/or loss of all
main feedwater at TMT-1 has considerably reduced the number of
demands on the relief valve., A preliminary estimate indicates
that the probability of the relief valve opening on an
overpressure transient, or due to operator action, or due to
instrumentation control faults is about once per 50 reactor
years of operation. When this figure is multiplied by the
probability of once per 50 times of the relief valve sticking

open on demand, the probability of a stuck open relief valve

from all causes is calculated to be about once per 2500 reactor

years of operation; this compares favorably to the probability

of once per 1000 reactor years of operation for occurrence of a

loss-of-coolant accident of that size from a leak in the

reactor primary system (7).

The preceding probabilistic estimates are not intended to



address all actions taken since the TMI-2 accident or all event
sequences having a nexus to the TMI-2 accident. Substantial
testimony is being presented in this proceeding by the
witnesses of Licensee and the NRC Staff on the many actions
taken in response to the TMI-2 accident. The estimates
presented here were generated to provide a guantitative
illustration of the increase in the margin of safety achieved
in many typical seguences having a nexus to the TMI-2 accident.
In summary, the present design, safety evaluation and
licensing process employed at TMT-1 reguires the consideration
of a very large number of specific events and the assurance
that fuel failures and radioactive releases are kept within
specified limits which are more and more stringent as the
frequency of occurrence of the event increases. All the events
are evaluated using “"conservative" assumptions. The process
also relies upon a defense-in-depth approach which provides
additional reserve capability to cope with events not analyzed
and with events which might occur at lower freguencies than
postulated. This defense-in-Z2apth approach, together with
considerably overestimated releases of fission products,
accounts for the "">gligible effect on the physical nealth of
individuals" attributable to the TMI-2 accident, reported by
the President's Commission on the Accident at Three Mile Island
(10) and the NRC Special Ingquiry Group (11). The sequences of
events having a reasonable nexus to the TMT-2 accident have a

moderate to low probability of occurrence. The correct
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approach at that probability level is to prevent ti'e oc~urrence
of a degraded core rather than to cope with such a dogradel
core. A substantial number of actions have been taken since
*1e TMI-2 accident. Some of the actions taken provide for an
overall improvement factor of about two to three orders of
magnitude for a TMI-2 type accident initiated by loss of main
feedwater. ~cimilarly, substantial improvement has been made
for other overpressure transients involving relief valves;
overall, substantial actions have been taken to ensure that
sequences of events having a reascnable nexus to the TMT-2
accident are terminated long before the core reaches a degraded

condition.
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TABLE I. EVENTS CONSIDERED AT TMI-l

I. NORMAL OPERATION (VERY HIGH TO HIGH FREQUENCY OF OCCURRENCE)

Shutdown, Refueling, Startup, Margin to fuel failure
Partial, Full Power Conditions and always in excess of 1.2
Normal Load Following and most probably 1.5

II. ANTICIPATED TRANSIENTS (HIGH TO MODERATE FREQUENCY OF OCCURRENCE)

Event Considered Impact on Fuel

Decrease in feedwater temperature No fuel failure
Increase in feedwater flow No fuel failure
Steam regulatory malfunction No fuel failure

Loss £ external electric¢c load and/or No fuel failure
turbine locad without runback

Closure of steam isclation valves No fuel failure
Loss of condenser wvacuum No fuel failure
Loss of main feedwater flow No fuel failure
Chemical addition malfunction No fuel failure
Inadvertent operation of ECCS No fuel failure

III. ABNORMAL TRANSIENTS (MODERATE TO LOW FREQUENCY OF OCCURRENCE)

Event Considered Impact on Fuel
Rod withdrawal accident at rated No fuel failure
power operation

Loss ¢of external electric load and/ No fuel failure

or turbine load without runback

Loss of non-emergency AC power to the No fuel failure
station auxiliaries

Loss of coolant flow No fuel fa:ilure
Startup accident No fuel fa..lure



ACCIDENTS (LOW TO VERY LOW FREQUENCY OF OCCURRENCE)

Feedwater piping break (entire spectrum)

Reactor coolant pump shaft break or
seizure

Stuck-Out, Stuck=-In, or Dropped-In
Control Rod

Fuel handling accident

Steam line break (entire spectrum)

Control rod ejection

Primary system piping break
(entire spectrum)

No fuel failure

18 fuel failures
and associated gap
activity release

No fuel failure

Failure of 56 fuel
rods and associated
gap activity release

1% fuel failures and
associated gap
activity release

17.5% fuel failure
and associated gap
activity release

100% fuel failure and
associated gap
activity release
assumed
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sl § 89

Ph.D., Mechanical Engineering,
Cniversity of California at 3erkeley,
1983.

President, S. Levy Incorporated, September
1977 to present. Independent engineering
consultant to several power utilities,
national laboratories, Zlectric Power
Research Institute, VLC;Qar Regulatory
Commission Research Division and several
power aguirment manufactu.ers, consultant
to the staff of the President's Commission
on the Accident at Three Mile Island and
member of the Industry Advisory Bocard

to Three Mile Island-2 recovery cperations

General Manager, Boiling Water Reactor
Operations, General Zlectric Company,
April 1975 to September 1377. In this
position, was responsible for all the
enqlueer-“g andé narufac:u:ing ascects of
General ctric's nuclear power susiness.

General Manager, 3ociling Water Reactor
Systems Derartment, General Electric Ceo.,
1973 o 197S. Responsinle for the design
and development £ nuclear syvstems including
fuel and for the manufacturing of control
and instrumentation systems.

General Manager, Nuclear Tiel Department
General Electric Co., 1971 to 1973.
Reszonsizle for che _esign, develcement and
manufacture of nuclear fuels for 1li

water rsactor systems and for r
of irradiated fuel.
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Manager and Design Engineer, Atomic

Power Egquipment Department, General
Electric Co., 1968 to 1971. Responsible
for the design engineering of all

nuclear systems being offered oy General
Electric and for all project management
functions associated with domestic nuclear
systams.

Manager, Systems Engineering, Atomic

Power Eguirment Cepartment, General
Electric Co., 1966 to 19¢3. Responsible
for conceiving and defin ng nuclear

power plant systems for xl; recuisition

and preposal olan*s ané all near-term
improvements in nuclear power plant systems.

Manager, Heat Transfar and Reactor Projects,
Atomic Power Eguirment Department., General

Electric Co., 13959 to 1966. Respo.sible for
heat transfer ané fluid flow develotment in

boiling water reactors.

Advance Nuclear Specialist, Atomic Power
Equipment Department, General Electric Co.,
1956 to 1959. Involved with advanced
reactor concepts such as fast oxide breeders.

Supervisor, Atcmic Power Eguipment Depar<tment

General Zlectric Co., 1954 to 1956.
Responsible for the design, safeguard
analysis and develcpment of small atcmic
power clants and test reactors.

Engineer Analyst, Xnolls Atcmic 2ower
Laboratory, 1953 £o 1954. Worked with
team boilers and superheaters.

Research Encineer, Unive:si-v of Califerni
at Berkeley, 1950 to 19353. onducted
boundary laver studies of hea: transfer

s . ] - ‘Q- .
in high speec f{light.
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Honors and
Srofessicnal
A¥FfITiations:

Publications:

Menber, National Academy of Engineering.

Fellow, American Society of Mechanical
Engineers; Past Chairman, ASME Heat Transfer
Division.

ASME Heat Transfer Memorial Award (1968).

ASME/AICAKE Heat Transfer Confersnce
Award (1963).

al Board, Nuclear 3cience

Member, Zdi .
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ané EZngineer

-~
(=ha
-
-t

Past Vice-Chairman, Management Committes
CBI Nuclear, Memphis, Tenn.

Past Member, zZditorial Board, International

Journal of Heat and Mass Transcer, Heat Transfe:

in Russia, Seat Transter in Jacan.

Past Member, AEC Task Force on Emercgency
Core Cooling.

U.S. Delagate, 1964 International Cenference
on Peaceful Uses of the Atom.

Representative publications include:

"Heat Transfer .o Constant-Property Laminar
Boundary-Layer Flows with Pcwer-runction
Free-Stream Velocity and Wall-Temperature
Free-S*~sam Velccity and Wall-Temperature
Variation," Journal of Aerconautical Sciences.
19, No. 5, 39I-348 (May 1332).

"Skin Friction and Heat Transfer for Laminar
Boundary-ldayver Flow with Variable ?roperties
and Variable Free-Stream Velocity," Journal
of Applied Mechanics, 29, Ne. 3, 4135-42.0
TSectemcer 19353) (with R.A. Seban)

1

"Local Heat-Transfer Coefficients on
Surface of an Elliptical Crvlinder, Axis
Rati 1:3, in a High-Speed Air- Strezam”,
Transactions of the ASME, 75, Neo. 7, 1291~
T302 (Cctober 1933) (with others).
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"The Effect of Single-Roughness Elements
on the Heat Transfer from a 1l:3 Elliptical
Cylinder," ASME Paper No. 53--A-86, ASME
Annual Meeting, November 23 - December 4,
1953 (with others).

"Heat Transfer to Constant-Property lLaminar
Beoundarv-Layer Wedge Flows with Stepwise

and \:b;t:a'y Wall-Temperature Variacien,"
Transactions of the ASME, 76, No. 2, 279-286
Tfebruarv 1334) (with S. 3cesa).

"Integral Methods in Natural-Convection
flow," Journal of 3 plied Mechanics, 22,
No. 4, 515-322 (Decempber 1333).

"Heat-Conduction Methods in Forced-Conversion
Flow," Transactions of the Asg,, 78,
No. 8, 1827-1636 (November 1936).

"Core and Facilities," Nucleonics, 13,
No. 3, 44-47 (March 1957) (with others).

"Generalized Correlation of Boil;“g Heat
Transfer," Journal of Heat Transfer, 81,
Series C., No. L, 37-42 (February 1953).

"Heat Transfer to Water in Thia Rectangular
Channels," Journal of Heat Transfer, 81,
Series C., No. 2, 129-143 (May 1933) (with
others) .

"Hydraulic Instability in a Yatural
Circulation aoco with Net Steam Generation

at 1000 Psia,"” GEAP-3213, July 15, 1959;
and ASME Paper No. 60-HT-27 (with E. S.
Beckijord).

"Steam Slip--Theoretical Prediction from
Momentum Mcdel," Journal of Heat Transier,
82, Series C, No. 2, L13-124 (May 1360).

"Eccentric Rod Burnout at 1000 lbf/i.z with
Veb St-am Generation," Int. J. Heat Mass
ransfer, 5, 595-614 (1 ) (with cthers).

"Importance of High Power Density Boiling
Water Reactor evalopmen: £o W;-espr=ad
Zconcmic Nuclear Power,” American Power

Confarence, 1962 (with D. B. Imhoff).
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"Reliability of surﬂout Calculations
in Nuclear Reactors,” . 2 v
ANS, February 1963 (with A.P. Bray)

"Thermal and Hydraulic Performance of
Boiling Water Reactors," Paper No. 39,
- 1962 Nuclear Congress, June 4-7, 1362,
New York.

"Prediction of Two-Phase Pressure Drop
and Density Distribution from Mixing
Length Theory," Journal of Heat Transfer,
85, Series C., No. 2, 137-152 (May 1363).

"Investigations ¢f Burnout in an Ianternally
Heated Annulus Cocled by Water at 500 to
1450 Psia," ASME Paper No. 63-WA-149

(with others).

"Thermal and Hydraulic Performance of
Boiling Water Reactcrs," Nuclear Engineering,
ﬂ’ part . :; NQ- Sl’ llo- - \ 4 .

"Film Boiling of Steam-Water Mixtures in
Annular Flow at 800, 1100 and 1400 Psi,”
Journal of Heat Transfer, 36, Series C,
No. I, 81- [Februacy L1364) (wish others).

"Critical Heat Flux Considerations in the
Thermal and Hydraulic Design of Water-

cooled Nuclear Reactors," Third International
Heat Transfer Conference, Geneva, Switzerland,
May 1964 (with others).

"Prediction of T™wo-Phase Critical Flow Rate,"”
Journal of Heat Transfer, 837, Series C.,

Ne. L, 53-38 (Februazy L363)

"Critical Heat Flux in Forced Convection
Flow," University of California Lacture
Series on Boiling and Two-Phase Flow,

at Berkeley, April 1965.

"EZxperience with 3WR Fuel Rods Operating
Above Critical Heat Flux,” Nucleonics, 23,
No. 4, 62-63 and 38 (April 1963) (with others).
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"Theoretical Predictions of Fully
Develorad Adi:.batic Twe-phase Flow,
"University ¢<f Exeter, England, Symposium
on Two-phase "low, June 13€3.

"Predicticn of Two-Phase Annular Flow With
Liquid Entraiament,” Int. J. Heat Mass
Transfer, 3, 171-188 (l196%;.

"Plutonium Utilizatisn in Beiling Water
Reactor Power Plants," Commercial Plutonium
Fuels Meeting, Washington, D.C., Mazch l-2,
1966 (with others).

"Turbulent Flow in an Annulus,” Journal
of Heat Transfer, 89, Series C, No. I, 2!i=-31
ruary

"A Systems Apcrcach to Containment Lesign
in Nuclear Pcwer Plants,"” IAEA Symposium
on the Containment and Siting of Nuclear
Power ?Plants, SM-89/31, Vienna, Austria,
il 3-7, 1967.

"Forced Convection Subcooled Boiling--Pre-
diction of Vapor Volumetric Fraction,”
Int. J. Heat Mass Transfer, 10, 951-963

- i

"Reactor and Fuel: An Integral 3
Zlectrzca7 World, 27-28 'A: - 75 il
(Wwith R. 3. Richards).

"Nuclear Safety: Responding to the Critics
(Round Table Panel)," Pcwer Engineering,
Part I, 26-35 (May 1970), Part i1, 25-49,
(June 1370) (with others).

"Ef£fluent Control for 30iling Water Reactors
Sympesium on Environmental Aspects cof
Nuclear Power Staticns, International Atom.c
Energy Agency, New York, August ll, 1970
\wzch others) .

-

"Thermodvnamic Develocments in Beiling Water

Reactors," XVI Nuclear Congress o Reome (Italvy!
Devalopments of .uermcdv~an-:s in th2 Nuclear
Field and Their Contributi tc Qther Uses,

March 25=-26, 1971 (with ochers).
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"Large Boiling Water Reactors--QOperations
Confirm lesign," American Power Conference,
Chicago, Illinois, April 21-23, 1371

(with others).

"Utility Involvement: How Much?," Nuclear
Industrv, Vol. 19, Yo. 2, February 1572.

"Fuel Reprocessing--A General Electric
View," 6th Annual Conference of Japan Atomic
Industrial Ferum, Tokyo, Japan, March 7-9,
1973 (with others).

"Standardization and Safetvy Research and
Develcpment,” AIF Workshep on Reac=tor
Licensing ané Safetv, Yew Orleans, Louisiana,
January 25-28, 1976.

"A Study of Simulaticn and Safety Margin

in Licht Water Reac+tcrs,"” SLI-7904, Octokber
1979, prepared for ““e President's
Commission on the Accident at Three Mile

Island (with J.E. Henb").

r, Licuid Metals

Natural Convection Chap
Handbook, U.S.A.E.C., 1

Fluid Flow Chapter, Vol. 2, The Technclocy
of Nuclear Reactor Safety, edited By
J. J. Thempsen and J. G. Beckerley,
MIT Press.

Report of Advisorv Task Force on Power
Reactor tmerzencv cocling, U.S.A.E.C
/ -

='ocaediacs of the 1964 Heat Transfer and
suié Mechanics instizute, edited oV warc-en
a. Giedt and S. Levy, stcanford Press
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January 20, 1981 o~

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

Docket No. 50-289
(Restart)

METROPOLITAN EDISON COMPANY

(Three Mile Island Nuclear
Station, Unit No. 1)

CERTIFICATE OF SERVICE

I hereby certify that copies of "Licensee's Testimony
Of Salomon Levy In Response To UCS Contention No. 13

(Alternative Accident Seguences/Class 9 Accidents)" were

served upon those persons on the attached Service List by deposit
in the United States mail, postage prepaid, this 20th day

of January, 1981.

Deliss . H1 ay

Dated: January 20, 1981
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(Three Mile Island Nuclear
Station, Unit No. 1)
SERVICE LIST
Ivan W. Smith, Esquire John A. Levin, Esquire
Chairman Assistant Counsel
Atomic Safety and Licensing Pennsylvania Public Utility Comm'n
Board Panel Post Office Box 3265
U.S. Nuclear Regulatory Commissicn Harrisburg, Pennsylvania 17120

Washington, D.C. 20555
Karin W. Carter, Esquire

Dr. Walter H. Jordan Assistant Attorney General
Atomic Safety and Licensing 505 Executive House

Becard Panel Post Office Box 2357
881 West OQuter Drive Harrisburg, Pennsylvania 17120

Oak Ridge Tennesse 37830
John E. Minnich

Dr. Linua W. Little Chairman, Dauphin County Board
Atomic Safety and Licensing of Commissioners

Board Panel Dauphin County Courthouse
5000 Hermitage Drive Front and Market Streets
Raleigh, North Carolina 27612 Harrisburg, Pennsylvania 17101
James R. Tourtellotte, Esquire (4) Walter W. Cohen, Esquire
Office of the Executive Legal Director Consumer Advocate
U. S. Nuclear Regulatory Commission Office of Consumer Advocate
Washington, D.C. 20555 l4th Floor, Strawberry Square

Harrisburg, Pennsylvania 17127
Docketing and Service Section (3)
Office of the Secretary
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555



Jordan D. Cunningham, Esquire
Fox, Farr & Cunningham

2320 North Second Street
Harrisburg, Pennsylvania 17110

Ms. Louise Bradford

TMI ALERT

315 Peffer Street

Harrisburg, Pennsylvania 17102

Ellyn R. Weiss, Esquire

Harmon & Weiss

1725 Eye Street, N.W., Suite 506
Washington, D.C. 20006

Steven C. Sholly
304 South Market Street
Mechanicsburg, Pennsylvania 1755

Gail Bradford

ANGRY

32 Socuth Beaver Street
York, Pennsylvania 17401

William S. Jordan, III, Esquire
Harmon & Weiss

1725 Eye Street, N.W., Suite 506
Washington, D.C. 20006

Robert Q. Pollard
609 Montpelier Street
Baltimore, Maryland 21218

Chauncey Kepford

Judith H. Johnsrud

Environmental Coalition on Nuclear
Power

433 Orlandoc Avenue

State College, Pennsylvania 16801

Marvin I. Lewis
6504 Bradford Terrace
Philadelphia, Pennsylvania 19149

Marjorie M. Aamodt
R. D. 5
Coatesville, Pennsylvania 19320

Attorney General of New Jersey
Attention: Thomas J. Germine, Esg.
Deputy Attorney General

Division of Law - Room 316

1100 Raymond Boulevard

Newark, New Jersey 07102



