ATTACHMENT A
UNITED STATES OF AMEQICA

NUCLEAR REGULATORY COMMISSION

SEFORE THE ATOMIC SAFETY ANO LICENSING SCARD

n the Matter of

SOUTH CARCLINA ELECTRIC & GAS
COMPANY and SOUTH CAROLINA PUBLIC

1
SERVICE AUTHORITY Docket No. 395-OL

(Virgil C, Sumer Nuclear
Statien, Unit 1)
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AFFIDAYIT OF LAWRENCE £, HOCHREITER

My name is Lawrence E, Hochrefter, and my qualifications can be found in
Attachment A, [ am an Advisory Engineer at Westinghouse Nuclear Energy
Systems. [ have read the affidavit and testimony of Or. Michio Kakuy
{Tr. 3573 - 3655, 3670 - 3762). Before discussing Or. Kaky's affidavit
or testimony, I would like to make some general statements:

1.) % uses NRC approved licensing mode!s and computer codes
for Loss of Ccolant Accident (LOCA) analysis. The codes
ard models ysed for the Zesign basis accident conform to
the Appendix K criteria, The computer codes used %o
analyze the design basis transient [(OCA) for Y. 2. Summer
alant met the Appendix € raquirements and were 20proved dy
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the YRC. (Staff SiR page 5-23). ;
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2.) Or. Caku at severa] points claims that comouter codes have _§~

not deen verified. The computer codes a ! models used in -+

the design basis LOCA transients have beea verified %

against test data from separate effacts tests such as =

FLECHT, and inteqral systems tests of different scale such ,%
810807 as semiscale and LCFT. The validaticns of the cotes have 1;
osoooggé Seen reviewed and 3praved Sy the NRC, The Wastinghouse ;




- o Y . ’ &
computar moce's hava also Uaeen used for dlind tect gredice

tiong in the NRC stindary prodlem aragram as ingther

~ethod of coda verification,

dith specific raferences to Dr. Kaku's affidavit, [ offer the following
obsarvations, [ have ysed Or. Xakuy's Roman and Arabic numbering system

for easy reference.

Sect. !) Evacuation and Accident Hazards At the ¥, {. Summer ?lant

Para. 2) As axplained above, the LOCA znalyses are performed usin
eva'yation models which satisfy 10CFR3D Appendix X and
which have been reviewed and accepted by the NRC, The
mnaximym acceptadle temperiture using such models was set
by 10CFRSO.46{0)(7) at 2200CF after extensive rulemaking
hea~ings in which reliability of the computer codes as
well as a1l other «nown uncertainties were considered.
This temperature includes the margin of safety for such
uncertainties found ta be adequate in the SCCS hearings.
me use of these analyses %o establish the ceaking facter
does not constitute retrofitting the data. Or, Xaky
apparently does not understand that with respect to limit-
ing potential peak clad temperature following 2 less-of-
coolant accicent operaticn of a nuclear reaclor is Con-
trolled by limiting the peaking factor !peak divided by
average linear «ilowatts/foot] in the core together with
maximym power during normal operation and it is to these
timitations which 1CCFRS0.46{a)(1) refers wnen it states

that conformance with the criteria miy require that

restrictions te imposed on reactor sperition., 4hea cone

-~

performs a LOCA calculation, the peaking factor is

increased until the calculated peak c'ad temperature

equals 2Z00CF for the maximum power rating. This estabe
lishes the macimum acc2ptab’e geacing faclor yrnder
10CFR20.36, This maximym acceptadle peking facter
sarresoending £3 220007 apnd she m3cimum ower leve)
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ificaticns ~hizh become
rating license and with which the aperator
cormaly or shut “own his facility. To the
rs do not reach the naximya
ad tamperatures 4o
is margin over and ibove the
ainimum safety margfn found to be 2cceptable in the exten-

sive ECCS hearings.

The design of the emergency core c¢noling syster incorpor-
ates suitable redundancy, interconnecticns, leak detec-
tion, is0lation and contiinment capabilities as required
by General Dasign Criteria 35 so taat the ECCS safety
function is accomplished assuming any singia failure.
Single failure for this purpose means an occurence wnich
results in the loss of capadility of a component to per-
form its intended safety function with respect o protec-
tion aqainst a LOCA and includes multiple failures resyit-
ing from a single occurrence. The example cited Dy

Or. Kaku of a pressurizer PORY failyre transforming a

major primary cold leg break from a relatively harmless
Class 3 accident into a more sericus Class 9 accident is
without merit. The consequences of a major cold leg Sreak
wcu'ld be unaffected by the failyre of 2 pressurizer PCRY.
The additional flow area resulting from such a failure
«culd se miniscule in comparison to the area of the double

anded hreax of the 30 inch reactor cocalant pipe.

| disagree strongly with the statement indicating the
results presented in Chapter 15 of the FSAR are dased

pure speculation. Specific accidents are analyzed %0 s
how they challenge the design an the safety systen
response, Conservative assymotions are made on the
response charactaristics of the plant such that the cesign
is fully challenged. 311 these caonservative assurptions
are ‘esigned T2 naq2

T™ore severa,
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Para, Se.]

Para. Sh.)

00320:1

i

(n sumary, [ wculd expact anysne who claims to de
fFamiliar with L2CA analysis to be aware of the matlers
covered in the (LS Rwlemaking 2nd in 10CFR5u Appendix X,

As stated earlisr the computer codes used for LOCA
analysis satisfy 10CFRS0.46 and 10CFRSQO Aopendix X and
have Seen verified ind approved b~ tha NRC, With regard
to LOFT, LOFT experiments are scaled tes‘s with &nown .
differences between the test and 2 comercial PWR. lWhen
the licensing codes are used to model LOFT, the code
calculations indicate =much higher temperat:..es than do the
experiments indicating that margin exists in the cede
calculations, 3est estimate cocdes which more accyrately
mode! the two-phase fiow and do not use the conservative
model assumptions specified in Appendix X, compare much
more favorably with the LOFT data. DOr. Kaku apparently
does not understand how test results are used in LUCA
analysis.

Or. Kaku apparently does not understand the calcylated
large break accident, The emergency core ¢ooling systes
is designed to recover the core after a large break.
Quring the Slowdown pnase, emergency core cooling water is
initially assumed to be swept out the break with the R(CS
water. As dlowdown continues and the system depres-
surizes, the ECCS water is calculated to penetrate the
downcomer, fill the lower plenum and initiate core
reflocding., At this print the conservative Appendix X
requirements would show that more £CCS watzr is injected
fnto the system than can flow up through the core. There-
fore, the ECCS water injection flow is larger than the
break flow.
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Para. 7.)

Para. 839.)

3ge 2, [tem b - Spontanecus Yessal Rupture

Or K.y stated that the British have grave doudb®s on the
purchase of U.S5, reactors because of conceras of pressure
vess«| Integrity, Aftar an exteasive safety review of the
aestinghouse PWR design cancept, the 3~itish Nucleer
Installation [nspectorate found the Westinghouse PWR to de
licensable in Great 3ritain, Any concerns they may have
had regarding pressyre vessel integrity were ~atisfactor-
i1y addressed. Since that time the British have entered
into 2 licensing and technology eachinge agreement with
destinghouse for the introduction of the PWR intg Great
Britain. | am aware of the British inguiry into this area
Secause [ am involved in technology transfar to the
licensee under this ajreement.

“ith regard to TMI-2, Westinghouse performed calculations
assuming that the PORY did not close. Our caiculazions,
which ysed the XSAC-1 flow history and plant 4ata, iadi-
cated no fuel melting in the core. Also later, NSAC
revised its estimates of core inventory and net inflow to
the reactor which resulted in a larger core inveatory and
greater makeup flows. [f these flows would be used in our
calculations we would again not predict any fuel melting
and the top of the core would benefit from improved steam
cooling, We should have arxpected Or. Kakuy, defgore madking
the argqument wnich he 4ces, %0 have resaarched the liter-
ature and the NRC's pudlic document room in which these
calcuations are described.

In my cpinion Or. Kaku does not give 2 balanced view of
the industry response to the accident at TM{-2. The
Cemeny Commission did indicate deficiencias n the manage-
ment of TM[-2 #hich should te applied to a1l reactors.

The industry has mounted 3 vigorous prograa through AlF,
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Para, 12.)

‘¥PQ and NSAC to address these concerns. Similar concerns
were identified by the NAC in its post TMI reports (NUREG-

0660, YUREG-0737) and the industry is working %o incar-

porate the new requirements and requlations, Clearly the
industry has recpe~ded to learn the lessons of T™MI.?,

With reqard to this item; all sides were heard from in the
emergency core cooling hearings which Tasted two years,
Technica) concerns expressed by different parties includ-
ing those quoted by Dr, Kaku were addressed on a technical
basfs such that 2 meaningful conclusion could be reached.
Also the NRC staff is chartered with the responsidility of
assessing the Appendix X requirements to the light of any
new experimeatal data and ansuring that the Appendix X
models and assumptions remain valid. in this regard the
RC gave advance notice of a propased rulemsking on
December 6, 1973 but has taken no further action since tie
close of the comment period. We should have expected

Jr. Kaky to have researched whether or not these point:
were considered (which they were) in the rulemakine.

The fact that the NRC has a list of unresolved prodlems fs
noteworthy since it means that they are fulfilling their
role as the industry requlator such that industry generic
xey issues are identified. The iIndustry can then focus
fts attentfor on those issues ta resolve the NRC concern.
Furthermore, the NRC has tiaken any necessary action on the
ftems to ensure that no immediate safety concern exists
#ith regpect to plants in operation. With respect to Or.
Kaku's comment that “we are a quarter of a century into
the nuclear age and still have RC concerns dees not
reflect well on the NRC 2and industry® shcould de taken with
3 grain of salt, The turnarcund time ¢n a nuclear design
in the US fs bout 12 years., We are building 2 ccera-

ticnal information Sase on the secsnd generation PWR's in
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Aith regard to specific coments on Jr, Kaku's testimony onf accident
analysis. The following should be noted:

the US, This operating ‘nformticn is being fed dack ints
tne design process to frorove existing and futyre

designs. Impravements are nack-fitted to existing designs
a5 wpropriste, [Zages 1-12 and 1-13 of the Staff SER,
NUREG-0717)

:
..i..
&
-
3
i

£irst of 3}l the FLECHT data and reports all refer to the
experimental reflood dat2 and resyiting heat transfar =—dels «hich
are used for th large dreak LA caleulations {design basis
accident). The LOFTRAN code ¢, Yaku refers to is not ysed for
the design dasis LXCA caleylations and has no relationship
Matsoever 0 the FLECHT repert and analysis.

616 Sadoliniua is a poiscn sometimes added to the uoz fuel i
mizture 25 an oxide for reactivity contral but Tiguid 2
gadelinium is not adled ta the coolant as Jr. Kaku acpears g
to delieve. gy

3616 The selting point of UDZ is approximately 5100% where i
as the melting paint of pure uraniua metal is only %
2063°F. A person reasonadly familiar with accident i
analyses involving potential damage to the core should i
wnow w#hich is higher even if he did not know the exact 25
rumbers. g

tr, 3638 Or. Caku has testified that he read Chapter 15 of the ¥, 1
C. Summer FSAR ind the YRC's evaluation of the plant FSAR ¥

(tr. 3633) and to Be familiar with PWR accident analysis, {

yet on pgs. 3623 and 3639 he apparently has 31l of the :

different accidents confused. %

:

:

LOFTRAN is used for ANS rlass 1, 11 and some Tlass 111 transients

caleylations but 7ot for the desizn dasis accident fLOCA)

caleslations, and 23S such s not requiced o meat the Appendix X
ia or roval,




(8)
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tr. 3875 - 367§
Aith reqard %o the Appendix X Timit of 2200°F peak :lad
temperature, tha concarns axpressed dy Dr, ¥aky cn the
zirconifym-water reaction effacts were identifind and
addressed in the two-year emergency core co0ling hear-
fngs. The Appendix X rule requires the use of the 3aker -
Just correlation, Data presented at the core cooling
nearing. indicate: that 2200°F was 1 comservative limit,
acceptable in terms of the zirconium-water reaction
effects. Newer experimenta) daty has shown this calcu-
Tated reaction rate %0 be conservatively high by approxi-
nately a factor of one-third, ! would have expected
Or. Xaku ta have been familiar with the literatire on this

subject.

tr. 3678: d'th regard 20 2 full scale ECCS test: A fyll scale test
can be less demarding cn the system being tested than 2
w21l devised series of component tests coupled with a good
program of analytical predictions of the effect .~ system
failyres on compconents., [n 2 full scale test, ore takes
what one gets. One has little or no control of influences
a particular component will experience. In individual
tests, one Can sublect individual compcne~ts to conditions
two, three, or aven ten times worse than they mignt
receive in *he full scale test. [t is also true, of
course, that 2 single ful) ccale test pravides infamaticn
for only cne set of conditions. On the other hand, a
series of we!l devised engineering tects of individual
¢companants and graoups of coepapnents can cover 3 broad
range of accicdent conditions. Furthermore, the results of
these fests can Se Matches o «ith 21 thorsugh analytical
program allowing confident prediction of the results of
systen failyres under a wide variety of conditions, Here
1031, Or, Caku does not Zemngtrate 3n understanding of

the role of test data,
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The YAC safaty concerns

TN Cyemy s L WAL

the afffdayvit, (See Page 60
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[ts apparent that Dr, Kaky does not uynderstand the heat

transfer modes of 2 PWR in either steady state operation

N e e

or during calculated transients in spite of the fact that
he has spent 1/3 of his time on accident 2nalysis. In
Chapter 15 of the FSAR, for the Class [, Il and II[ acct-
dents the main concern is on N8 (degarture from nucleate
bofling) <ince this can lead to a Tess of fuel rod cooling
caadility and could also lead %o fuel failyre. The
inftials ONS and the concept of departure from nucleate
boiling are s fundamental as to be familiar %o anyone
fnvglved in accident analysis. DOr., Kaky shou!d have 3lso

SR 0 "ﬁ“‘"ly 5o W

«nown that mnucleate boi'ing is preferred cooling mode as

S

compared to film boiling #hich occurs after ONB.
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dith regard to stean binding, e do not regard i% as 3
uncharted area of therma! hydraulics sirn_.2 it only con-
cerns calculations of heat transfer in the stean generator
ind pressure drops in the reactor coalant loop. These
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matiers were thargughly examined in the emergency core

coolina hearings and conservative Appendiz X type calcu-
Tations can he adequately performed in these areas to
mraxinfze the staam binding effects and thereby increase
the calculated peak clad temperature, Dr. Xacw s-ould
have been familiar with the cutline of these calcuylations
since they are discussed in the FSAR, NRC's SER and the

Appendix € ryle, Or, Xaku's publication in the Technology
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Review is an editorial covering a broad range of issues.

[t does not indicate the Zepth of understanding of either

y B ANAY

thermal hydraulfcs or 2cci alysis one would expect

Or. Cacy imglies

af scientists in




fonal laboratories «ho arevent him from getting Afs
Tes published in scientific jfournals. In vy
‘ence in conducting reviews (/ sapers Seirg publishe:
areas, the obfective is %0 ensyra that the papger is
factual and the resulting data supports the paper's
conclusions.

shou'd have been aware of the ONS margin for

ang [[I transients, if he read Chapter 15 of

Or. Kacu's Tack of <now!ledge on what peic 1i.e» heat rate
(cilcwatt/foct) and hot channel factors are further demon-
strates his lack of essential tnowledge in the thermal-
hydraulics and accident inalysis arer, The ey parameter
in the large break LOCA calculations 3 the peak liner
heat rate for the hot channel, [t is this channél” which

reaches Z2000F for the calculated LOCA.

Aqain Or, Kaky refers to WCAP - 7907 which is the LOFTRAN
report as befng necessary for the Appendix K calcula-
tiens, The LOFTRAN code is not used in the LOCA Appendix
K calculations for Westinhouse 7WR plants. Nowhere fin
this report is it stated that it is ysed for ~Appendix X
analysis, As clearly pointed out by the NRC on page 15-1
of the Staff SER NUREG-D717, the reports WCAP-7907 and
WCAP-9230 describe the models used in the evaluation of
feedwater system pipe Sreiks and not loss-of-coolant acci-
dents in the reactor ¢oolant system,

Or. Caku refers to the FLECHT orogram on pg. 3730 as 2
concern, It should be noted that the FLECHT program and
data was fully debated in the Imergency Core (ooling hear-

ings and was woroved for yse in th andix € analysis.
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or. Cacy also tfes the Flecht program ts WCAPS - 7907
(LGFTRAN and WCAP - 3210 feedline rupture). There is no
connection., 3oth quoted WCAPS are for Class [, (I and I1I
transfents which are not design basis LOCA's, whereas the
FLECHT tests were designed %o understand reflood for 2
Yarge LOCA,

te. 373¢: Or. Caky infers that the thermal-hydraylics of a Class 9
transient can be obtafned from a standard text Book.
Yothing could be further *rom the truth, The (lass 9
Accident is an extremely complex coupled heat transfer,
fluid mechanics, and materials problem which requires a
high level of expertisa in a wide range of disciplines.

Anyone can postulate accident scenarios however to establish the extent
to which various accident scenarics are credible is an entirely dif-
ferent matter. In order to determine the credibility of any given event
one must have access to detailed knowledge in all the related technical
disciplines. Therefore, when one evaluates the credibility of muclear
accident scanarios one must have the .ssfstance of others who have
detafied familfarity vith just about all the technical disciplines
favolved in the design, construction and operation of a nuclear plant.
For example, taking the simple assumption of 2 pipe break, to estaplish
fts credibility one would have %o kncw the details of the provisions for
leak detaction, and the sansitivity of those orcvisions (Fluid Systems
and Instrumentation Engineering). Then one would have to know how largae
3 ¢crack would have to be in order to have sufficient lsakage to be
detected {Thermo-Hydraulics, adiation Effects, and Fluid Systems
Engineering).

Then one would have 0 «now the crack size which could cause rupture of
the pipe [Stress Analysis, Mataluyrgica) Engireering and Fracture
Mechanics). Then one would have to «ncw the Tength of time far the
smallest detsctable crack to grow %o the critical size which could cause
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~pture under the existing stress fialds during operation {Stress Analy-
sis, Systens Engineering, Matalurgical Engineering). Only thea would 2
iomodrison Detween Teak detection time and the time for a crack to oro-
pagate 3 rupture 2llow a determination of the litelyhood of the cpera-
tor detecting the leak and shutting down (Detailed kncwledge of Tech-
nical Specificaticns and Operating Proceduras) before the crack could
propagate 0 the critical size which could cause rupture. Even after
the credibility of the size rupture is astablished it is necessary %o
ieternine the poteatial effects of such a rupture and the credidility of
those effects. This requires a nowledge of the function of the pipe in
connection with other systems (Fluid Systems Engineering) and the provie
sions within the plant to mitfgata or prevent adverse effects [control
and protection and Nuclear Safety Engineering). Then one would have to
evaluata the consequences of each scenaric (Flufd Mechanics, Thirmn-
Hydraulics and Mechanical Iffects Analysis) and the credidility of the
consequences of any overall scenario would be the combined credibility -
of all the events required to occur in order to lead to those con-
sequences. While one can postulate scenarios and run computer programs
to generate consequences based on the assumed scenario, this of itself
will not preovide any insight to the credibility of the consequences
calculated,
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ATTACRMENT A

Tducaticnal and Professicnal Qualification
of
Lawrence £, Hochreiter
Adviscry Engineer-Safeguardc Cnafneering
Nuclear Safety Oegartrent
Wes tinghouse uclear Erergy Systerss

£ ducatian

8.5. Mechanical Eagineering, University of Suffalo, 1963
M.S. Nuclear Engineering, Purdue University, 1967
Ph'D tiuclear Engineering, Purdue University, 1971

Westinghouse short courses on management tecaniques
MIT short courss on two-phase fTow and heat tramsfer, 1973
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Professional Experience

From 1653 to 1971 ' worked on my M.S. and Ph'D in Nuclear Engineering in
the areas f 1igui. metal heat transfer and turbulent flow fluid mechanics.
[ also taught a undergraduate course on heat, momentum, and mass transfer.

From 1971 to the present [ have been associated with Westinghouse uclear
Energy Systems and have held different technical and ranagerial positions
of increasing responsidility. From 1971 to 1972 I was a senior engineer
in Thermal-Hydraulic Jesign anrd worked on ceveloping thermal hydraulic
design methods for PWR cores. From 1972 to 1877 [ was manager of the
Safegquards uevetlpment group who had the responsibility of planrning,
analyzing, and ut.?(zing thermal-hydraulic data from Westinghouse and
other experiments to 2id in the development and verification of thermal-
hydraulic aodels for westinghouse safety analysis codes. Prograns which
were under my direction were the RLEGHT program, FLECHT-SET program, steam
Water Mixing program and other Internal Westinghouse programs. I was
appointed Adviscry Engineer in 1977 and am the principal investigator on
the NRC/EPRI/westinghouse FLECAT-SEASET progran. [ aiso participated in
support efforts for the TMI-2 Accident, Westinghouse Kameny Cormission
support, and the Industry Task Force on THI-2 clean-wp 2ctivities.
Since 1976 I have been an adjunct professor in Nuclear fngineering at
Carnegie-¥ellon University and have taught or tean taught graduate level
courses in thermal-fluids design of Nuclear Reacters, Advanced Topics
in Nuclear Safety and Two-Phase flow and Heat Transfer. [ anm a menber of
the ASHE, K-13 (Neutronics Heat Traasfer Group), and the Pittsburgh section
of the AS. 1 am a reveiwer for the Nuclear Safety Journal, ASME, and Journal
Muclear Technology. A list of my publications is attached.
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