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TO: ACRS Members
FROM Ivan Catton

DATE. 7 September | 996

SUBJECT.  Conditional Probability of a Steam Gensrator Tube Followi ¢
' Ruprure ng s Core
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detertrune what the probatnlity thet & steam generator tube wall rupours is. The NRR view is that it
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frequency for en scceptance critenon Ukmhdmdnﬂhdnmuﬂ«tbmm
the ruie is viewed 1o be satery neutral If it does not, then the mitigating effects of the steam
generaior nternals need to be conmidered, & much more difficult chore. Here one would

to take credit for the actual flow rates out of the tube break, the plate out of radio nuclide
materials on the separstors and the remstance 1o ransport afforded by distance from the tuks
bresk to the outnde world. Thus is my comjecture on how one should spproach the problem

What is the issue before the ACRS? In our leter on the Sevare Accident Research Program, we
said that the code of chaice for this problem. RELAPS/SCDAP, could not do the appropriate
calculations. Such & statement is overly strong as most codes like RELAPS (the SCDAP part
plays little role in the issue other than establishing the source tempersture, it has its own
uncertanties) can be runed to yield adequate resuits. At the time of our letter writing, we had not
been made sware of the turang that had been carried out so that the code could be used. In what
follows. [ wall first comment on the tuning thet has besn dons, the highlights of & peer review held
at Fauske and Associates and then give my view how one could generste the results that are
needed by NRR 10 resolve the issue posed above

The issus of sasm genarator tube rupture following & core degradation event first arose in 1983
us the result of calculations done using RELAPS in the Nederiands. It took & long time for the
nuclesr sadily comenunity to come to grips with the problem The first calculations done at INEL
used an off-the-shelf versioa of RELAPS much like the Dutch did. [t became clear that DCH type
accidents in & PWR would be low probability and that what would fail first (the hot leg, the surge
line or the steam genarator tubes) was uncertain It is & race determined primanily by our
knowiedge of heat transfer and fluid muxing. This led to a very erhaustive joint experimental study
by NRC and EPRI. The results wers ciear but qualitstive, buoyancy driven recirculation will
effectively heat up the upper parts of the pnmary system. Anothar set of experiments were camed
out, without the parucipation of the NRC, that were more quantitative. These experiments were
then used 10 supply the needed data for code tuning The experimental results were supplemented
by use of the COMMIX code. Given this, where are we at? The experimental was well scaled
except tor the fuel rod and steam generator tube sizes. Things like flow ares and pressure drop
were matched to 8 Westinghouse PWR [t 1s not clear that appropriate convergence tesung was
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dane for dee COMMIX 10 qualify the code results. This leaves us with the feeling cthar
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Kress and then 10 comrvans & peer review group misde up of Profiessor Lshis, Griffith and Viskanta.
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meeting with the pear review group and RES. The meeting wus opaned by Chartis Tinkler with
SOME INSITUCTIONS (O the peer review group. The mind set was cleer No mention of the need for
uncertuatas was made Tl pesr review group was asked only to commment 0n Whether or not the
code could do the job. | then ssked the pesr review group 1o consider the need 10 consider
mmmmmummwymmnnmumamm
the probability of tube fhilure with soms level of contidence. NRR made & presemation and,
although not as clearly stated, indicated & nesd for such & matement. The resistance by KES 10
doing so was extremely sirong, [ don't know if this is because they don't understand that s
expenments and code msults are unceriam 10 some degree and that in the world of risk informed
regulanon this musk be addressed or that they have made & policy decision not W do 0. There
wis & greas deal of discuasion as to how difficult t would be 1o do & 1 suggessed that it would be
mmmcwmummwunm'zwmummm
this. Such & response is difficult to understand bocause the present problem is much sasier 10 Lreu:
than the one dealt with during the CSAU exercise.

Now, what do [ think should be done? A simple study using the RELAPS/SCDAP code should be
camed out 1O generate a responss surface for the ume 1o fuil & seam generstor rube. The
parumeters one needs to consider are few and their ranges are fairty well known. | will list them
and give some rational for some ranges and estimate the number of computations one migit need.

PARAMETER RANGES AND DISTRIBUTIONS

Vessel upper plenum tmapersture
It is wall acceptad that the upper plenum will be well mixed. It will be & boundary
cendition on the problem and should be well determined by past SCDAP output. One only
necds 10 eutimate what probability to associste with the resulting spread | will leave thus
to thoss more Seniliar with core degradation calculations.

Hot leg hest transfer:

Ouinide surfoce. The outside of the hotleg is insulated and there is no indication of how
the insulation will perform under severe accidem conditions. Without insulation,
the bare pipe heat transfer coefficient will be around 25 W/m?K. As an esumate,
one might assume a chance of ' for the interval 0-5. 0W/m’K a chance of 1/4 for
the interval § 0-1SW/m'K and 1/4 for the interval 15-30W/m’K.

Inside surface: This is the region of most uncertainty. There is no avalabie data or p /
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the 100 to 150% intarval and & 1/4 chancs to the | 50 1o 200% inarvel
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!oedoamnddnhalq Al this moment, [ do not beve & recommendation for
ity value(s).

Stasm generaior tube beat tramsfer:

Imm:mh.MMdnonhﬂcdhmﬂmlhlyh
UnUMPOrtAnt a8 it & not the controfiing valus. The tube temperature will track
practy close to the steam temperaiure as 00n a8 one is awey from the lower wbe
sheet. A good value can be obtained from the work of Jackson. He hes studied
mmnmmmmmmmmnm
or 50 yenrs. Results such as these are typically good to within +/- 20%. With this i
mind, | would assign s ' chance (o the iterval +/20%, & 2/10 chance 1o the
interval from 0 to 80% of the Jackson correlation and 3/10 to the interval from
120% to 200% of the Jackson correlstion.

Omxhwﬁu:ThMoﬂhommuhhmnInlwmof
steam. An estimate of the heat transfier coefficient under such conditions would be
around 12 W/m K. A % chance could be applied 1o the rengs 7-13 W/m’K_ g 1/4
chance to the ranges 0-7 and 13-20 W/m'K.

Steam generntor bot side plesum mizing:

The distribution nesdad for the muang parumeter, £ should be based on the Westinghouse
exparanonts where it was found to be 0.7 It is ressonable to assume thet 0 7 +/- 0.1 ig s
pessible rengs. The fiow rate could be higher i a full plant snd the mixing parameter
showld hatrenss with flow raze On the other hand, the steam generstor tubes sre not
geomerically scaled and this could lesd to & reduction in modng (or maybe an incresse).
Their are some indication from the data that penetration of the hot layer under the tube
sheet took place allowing hotter than aversge gasses to enter the tubes. As a result, one
mught assign a8 '4 chance to the 0 6-0 § range, 2 1/10 chance to the 0 0-0.6 range and a
3/10 chance to the 0 8 to |1 0 range.

RESPONSE SURFACE GENERATION

To generate a response surface, one only needs to be sure the parameter ranges are covered well

&
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mught heip. One can, for example, assume that the steam ganerazor tube behavior has little effect
on the hot leg. mammmwhwmuwmmum
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My guese i that the number will be well under 200. On ¢ waorkstation, the time per run is sbout
2OMWNMdmwmthmWWImm
the order of 100 hours of SUN workmation time.

CONCLUDING REMARKS

Thmnmmhhcpdﬂnummw'ﬁ&wwrobn
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way. A prescription might be the following:

1) defirinion of the issue

2) description of & modal for the phenomens in question

3) specification (and justufication of) of uncertainty distributions for parameters used in the

modetn

4) establish a calculstional matrix for generstion of & response surface

5) random sampling of the model parameters according to their distributions

6) estimation of the probability distribution from the results
It seems 10 me that this is & simple and straightforward way to deal with many of the problems
where PRA and determunistic results need to be married into & statement of risk.




IN RESPONSE, PLEASE
REFER TO: M960826

September 10, 1996

MEMORANDUM TO: E Thomas Boulette, Chairman
Nuclear Safety Research Review Committee
FROM : John C. Hoyle, Secretary /s/
SUBJECT: STAFF REQUIREMENTS - MEETING WITH CHAIRMAN OF

NUCLEAR SAFETY RESEARCH REVIEW COMMITTEE
(NSRRC), 2:00 P.M., MONDAY, AUGUST 26, 1996,
COMMISSIONERS' CONFERENCE ROOM, ONE WHITE
FLINT NORTH, ROCKVILLE, MARYLAND (OPEN TO
PUBLIC ATTENDANCE)

The Commission was briefed by Dr. E. Thomas Boulette, Chairman of
the Nuclear Safety Research Review Committee (NSRRC), and Dr.
David Morrison, Director of the Office cf Research, on the
results of the NSRRC's June 27-28, 1996 meeting.

The Commission requested that the NSRRC coordinate its activities
with those of the ACRS in areas of joint interest to ensure that
rhe activities are supportive and complimentary and not
duplicative. The NSRRC should also continue to review the
progress of human factors research. The Committee should
1dentify those human factor aspects that can be treated
adeguately in PRA, as well as those human factor areas where
progress for inclusion in PRA is likely. The Committee should
also provide recommendations for integrating these human factors
considerations intc PRA methods. '
NSRRC) (SECY Suspense: 3/7/97)
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