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EROCEEDINGS

HB. SHEWMON: This is a meeting of the ACRS
CRBR Working Group on Structures and Materials. I anm
Paul Shewmon, Working Group Chairman. We will proceed
vith the meeting as ve had on the agenda before ve
covered tha first two iteas from this morning's agenda,
and ve are now read; for the Applicant's presentation on
containment properties, according to ay agenda, does
that fit with yours?

MR. DIXON: Yes.

MR. SHEWNON: Are you Nr. Gale?

MR. GALE: Yes, I am Richard Gale, with
Vestinghouse. This is a presentation on the containment
;nalysis. .

The regulations require that ve have
compliance with ASME Code Section 3, subsection ¥E. Our
PSAR is consistent with the ASNE Code. Hovevaer the code
did not at that time, and still does not, address
buckling for cosplex geometries and loadings that ve
have in this vessel. Therefore, ve mast consider
several areas of buckling, namelys, the cylinder, the
dome, the ring stiffner, and also address thermal
interaction.

We have addressed the adequacy of this

buckling design by tvo methods: the ASNE Code rules and
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the buckliag critaria that ve have inserted in the PSAR,
Appendix 3.8-A. We have many conservatisms in this
buckling criteria which I will illustrate.

I will ficst adiress the cylinder. In the
PSAR, the cylindrical buckling criteria vas
fundamentally adopted from that of Sequoyah, and we have
adopted it for our applicable conditions. There are
sone few differences.

The dom2 was based on Welding Research Council
Bulletin 69 for buckling of shells with double
curvature, and ve have also based it on the Sequoyah
with slight variations, variations that ars due to some
spall geometric differences.

The ring stiffeners vere designed to the ASNE
Code rules, and ve have alsc checked all of those rules
vith Hr. C. D. Mililer of CBI who is a well-known,
respected 2xpert in the buckling field. These vere all
confirmed t¢ be aiequate in his opinion.

The thermal interaction equations vere
primarily based on the BOSOR analysis, and it has been
demonstrated that the critical failure mode for this
7essel vas dus tO yieliing rather than any critical
buckling.

We have limited the critical thermal buckling

stress to 80 percent of yield for SSE and 67 percent for

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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OBE. The thermal stresses vere all treated as primary
stresses in the buckling interaction 2quation, and ve
combined them with concurrent axial hocp, shear, and
torsion stresses.

¥R. SHEWNON: Excuse me, but I am disoliented
somehow. We are talking about a2 containment which
normally is around the vessel and normally does ncot get
too hot. You are talking about a failure mode of
thsrmal buckling. Does this postulate some accident in
vhich the gas gets very hot iaside the containment?

¥R. GALE:s It is by yielding. We have to
consider all of the conditions and temperature is a
portion of those conditions. We do not have high
temperaturas. We only go to a maxisua of 150 degrees,
less than 150, 130 degrees in the accident mode.

ME. SHEWNON: Fahrenheit?

¥B. GALE: Yes. But ve sust consider it. It
is not that our failure as a result of the thermal
condition, but wvhat I am saying ¥s that ve have do hae
temperature rise, acd ve have considerad it.

HR. SIESS: Could you back off a ] ttle Dbit
and tell us wvhat load the structurees are subjected to
that you are analyzing. You assume that wve knowv that,
but it probabliy wouldn't hart.

MR. GALEs The loads that the vessel is’

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE, SW., WASK NGTON, D.C. 20024 (202) 554-2348
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subjectad to> ars primarily those resulting from the
crane lcads. The crame is supported off of the vessel
in a support. I have a backup viewgraphs, if ve do need
that.

We do have crane loads, and the prime loads
that the vessel is subjected to are those loads
transaitting from the l1oads on the crane through the
vessel shell wall, down through the skirt, and obviously
those loads are increased significantly during an
earthquake event, and those are the significant loads
that ve must address. There are some other incidental
loads. ¥We have some internal design pressure, which in
those cases helps because the internal pressure releases
the pressure on the shell.

HR. SIESS: But that would not exist
necessarily during an earthquake, wvould it?

MR. GALE: Correct.

¥R. SHEWMON: The crane loads would exist
during an earthquake because the crane itself is so
heavy even if it is not lifting anything?

HR. GALE: VWe are postulating all crane loads
including live loads. We are considering a 125 ton load
being suspended on the crane during an earthquake.

HR. SHEWNMON: You also postulate that the

reactor is at full powver?

ALDERSON REPORTING COMPANY, iNC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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¥R. GALE: Yes.

HR. SHEWMON: You consider what happens when
the containment buckles and that 125-ton load falls?

I guess if I have a 125-ton load on the crane,
and T have an earthquake, and nothing else happens, you
shut the thing down and repair it. Does the containment
have a safety related function 24 hours a day, seven
days a wveek?

ER. GALE: You are slightly out of my area.
Let me try to ansver ay portiom of it.

Ficrst off, ve have designed the vessel so that
ve have adeguate amount of margin, so that thare will
not be a buckling failure as such time as ve have a
125~-ton load on the polar crane. Therefore, ve are
designed for that, and that can‘t happene.

To go beyond that, to deteraine what the
systeas ire doing, I need help from tne system: people,
vhether or not ve have postulated the 125-ton load
falling from the crane in an earthguake.

Can you ansver that, Paul. The juestion is,
vhether or not ve have postulated 125-%on live load
falling from the crane in an sarthquake.

HR. SIESS:s Can you dack off a little bit and
7ive us th2 safety significance. Are you interesting in

buckling of containment as something that can affect the

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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health and safety of the public.

¥R. GALE: That is a conservative position.
although it is not demcnstratad that buckling would
result in a1 failure of containment function,
nevertheless, ve have taken the position that wve will
prevent buckling because that is a conservative approach
to demcnstrating that you will not fail the containment
function.

¥R. SIESS: It doesn't answver my guestion. Is
somebody prepared to ansver the guestion why we are
concerned with the buckling. How conservative something
is has to be judged in terms of the consequence, and I
don’t have any feel for the consequences of buckling of
the containment, so I have no way of judging Mow
conservative is 2a0ugh. Do you understand?

¥R. DICKSONs: I believe I understand the
gquestion. As T understand it, your thought is that an
earthquake causing a buckling and failure of the
containment does not necessarily endanger the health and
safety of the public, assuming no other failure. That
is correct. For conservatisa, hovever, ve have dusigned
the containment t> remain intagral during and afier an
earthquake so that it can perform its containment
function.

MR. SHEWMON: One simple question before ve

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345
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get to yours.

Having it at full powver wvhen you are carrying
paximum load, which sounds like something that you could
get around carrying administratively, but is that
sosething that you expect to do, or is that again a "Gee
Whiz, vhy not, it is conservative"?

MR. DICISON: I don't think that it is quite a
“"Gee #hiz, why not.”™ Whether the reactor is at full
pover makas very little iifferance to the load on the
containment, if any difference at all.

¥R. SHEWMON: It would make a lot of
difference in the safety consequences, and that is wvhat
I have in mind.

HR. DICKSON: that is correct, and that could
be categorized as a "Gee Whiz, why not." It is a fact
that the containment, not the crane, that sometimes will
be carrying loads of that magnitude. If ve should have
an earthquake, ve don't want that containment to buckle
ander those circumstances, vhether the reactor is at
full pover or simply removing decay heat.

¥R. ZUDANS: I have a different guestion
cospletely. You are explaining wvhat is required and
vhat vhat is done in teras of stress limits. What ve
vould like to see first, at least I, is vhich specific

loads did you include in the containment buckling

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE. S.W., WASHINGTON. D.C. 20024 (202) 554-2348
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analysis, because there is no buckling problem unless
you can show thit there are some stresses generated
either in one or bdoth of the ilirections.

I would like to see first and ask you what are
those things specifically. That is all we really need,
all the other discussion is just argusent.

¥R. GALE: Let me try to answver your
question. We do have the dead load of the weight of the
vessel.

YR. ZUDANS: Plus the waeight of the crane.

The weight of the crane, the veight of some attachments
to the vessel, such as cable-trays, et cetera things
that are attached to the vessel. That is the first
item. The live 1load is the crane loai. Ve do postulate
that ve do have a 125-ton live load suspended from the
crane. Obviously, these are the two earthquake eveats
that are r2ally asultipliers of these.

MR. ZUDANS: They are not multipliers, they
are additives.

Go ahead, next.

MB. GALE: We also assume tharmal loading at
that time.

¥R. ZUDANS: The thermal lcading is the design
basis accidant.

¥MR. GALE: And in this case it is about 130

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2348
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degrees shell temperature.

¥R. ZUDANS: That is a uniform temperature you
assume.

¥R. GALE: VNo, ve have analyzed it for varying
texperatures depending on what the accident conditions
are.

NR. BUSHs NMay I pursue that a little bit.
Fhen ve look at the Sequoyah type plant about 15 years
ago, our concern was that you break pipe, a secondary
pipe, and vhen you get # jet of steam, you are certainly
not going to have a nice uniform temperature. Ycu will
have a very high temperature. By and large, there wvas
an indication under those circuamstances that you would
get buckling.

¥ow, vhether the buckling meant anything from
a safety point of view, that is another point of view.
It doesn‘t sound to me as if your buckling calculations
vould be bounding by any stretch of the imagination.

MR. GALE: Our therazsal loads are very, very
minimal. The thermal load that ve design for as a
result of an acciient is dowvn in the lover levels of the
vessel, dovn in the concrete structures, finds its wvay
to the environment above the operating floor and several
paths. It gets vary uniformly distribtuted.

We also have insulation inside of i.e

ALDERSON REPORTING COMPANY . INC,
400 VIRGINIA AVE., S.W. WASHINGTON, D.C. 20024 (202) 554-2240
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containment vessel from the operating floor, some nine
feet up to the first girder, to mitigate the effects of
any thermal irregularir.es ot the cell at the point of
discontinuity where th? shell encers the concrete. We
have extremely unifora heat and very minor heating, and
the deatingy is throcujh the atmosphere inside the cell
strircture from the oyerating floor to the vessel.

MR. BUSH: T am not a believer of major pipe
breaks, but I must ccafess that if you Aid break a pipe,
the insulation wouldn't serve much purpose because the
Jet loads from that would take care of the 1n;nlation in
no time at §11.

NB. GALE: We don't have those pipes.

lf. Dickson would like to speak to you.

HR. DICKSON: We 2:2 not sura that we brought
out the configuration, but all the sodium pipes are
belov the »verating floor inside lined rooms that are
furthermor: lined with concrete some distance before you
Jet to %Ye couiainwent.

The cintainment area that he is taliing about
gelting hot is above the operating floor, and the heat
from the cnlls belov the ope ating flioor has worked its
va7. #7y stean lines that va have are outside of
~Jataiusent and cannot implage on contaisment either.

There .3 no way for any thermal loads to arply lirectly

ALDERSON REPORTING  COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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on containsent in our design.

MR. ZUDANS: I think you ara2 right. There is
really nothing that could creat: asymmetric temperature
patterns +ithin the steel porticn of tha shell. Is that
correct?

MR. SIESS: Does the containment play any role
in the HCDA?

¥R. DICKSON: Yes.

¥R. SIESS: It would get any thermel loads?

HR. DICKSON: In the THNBDB, thermal map>in
beyond the design basis, it does have thermal loads. It
gets hottec than it does during the desiy» basis
accident.

¥B. ZUDANS: Okay, nov ve see the picture.

HR. GALE: All the postulated accidents are
taking olace dovn in here, and it is through various and
sundry stairvays and other paths that the heat finds its
vay up intd> this area. So the heating of the shell is
not by any direct action from any jet stream or any pipe
break, or anything that you are normally accustomed %o
looking at. It is only by heating this entira area that
ve heat the shell, therefore ve get extremely unifora
heat into the shell.

We do have that question from the staff, and I

don't recall the number at the moment, but ve have

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2348
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prepared an analysis of that and have responded to that
question from the staff.

MR. ZUDANS: That is all right. The other
load “hat rou have marked on that other ilido es PE,
vhat is that load?

¥R+ GALE: We have designed for external
pressure. Even though it is a1 conservative design, ve
have designed for it vay back in the beginning. Before
ve had our design analysis go detailed, vwe did feel that
it vas conservative to fnczlud2 some PE. All of our
design is based on an external conservative number of
0.5 psig.

AFe ZUDPANS: If I read this slide correctly,
vita this colilnation of loads, you think will net ==

¥R. GALE: This slide is not intended to be
shown at tiis time. It is caly to give you the analysis
on the right side that T will demonstrate to you later.

¥R. ZUDANS: This is wvhat ve vant to see, and
you can explain the resultis aftervards.

¥E. SIESS: What is the source of the external
pressure?

¥B. GALE: There is none. We assume a 0.5
psia external pressure for design purposes only. There
i3 some miniuum asount of external prassure that can

result many, many hours into the accident as a result of

ALDERSON REPORTING COMPANY, INC,
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the cool down from a sodium fire. But we have relief
valves on the vassel that are designed to open at three
inches of vater. Therefore, there is no possible vay to
ever achieve 0.5 psig external pressure.

aRe BUSH: You said something I am interested
in. You assume a sodium fire, and I would think that in
a sodium fire you might have much higher temperatures
than from a thermal point of viev vith regard to
buckling.

¥R. GALEs No, ve do not. The maximum shell
tespeatur? in a sodium fire is 130 degrees.

HR. BUSH: I would like to see those
calculations, I aa afrail that I Jon't believe those.

HR. ZUDANS: You assume the sodium fire is
belov the floorc.

S8. GALE: The logic for that -- Appreciate
that I am not the one to ansver this guestion, but I
vill attempt to give you some general logic. Logic is
that this is all taking place down here, and we have
done detailed analysis. Thkere are people on the project
vho obviously can ansver that question for you, but
remenber that ve have insulation here.

Because the continuity between the shell and
this concrate is oSur critical area, so ve have insulated

this to reduce the thermal stresses, and the nmaximum

ALDERSON REPORTING COMPANY, INC,
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teaperature on the shell is 130 degrees. It is not
anifora ani va have desveloped those gradients, and ve
have analyzed those gradients. But there is no local
heating, it is very general heating.

HR. CHEWNON: What is the primary defense
against tornadoes? You said half a pound external
pressure, which you can begin to get that with --

¥R. GALE: That is complete enclosed by
confinement.

YR. SHEWNON: That fends off any wayward
alrplane and tornads?

¥R. BUSHs W®No, that is not big enough for an
airplane.

HR. SHEWFON:; But you do feel that it does
take care of tornadoes.

HR. DTCKSONs It will certainly stop it.

HR. SIESS: It v¢ill slowv down an airplane.

¥B. SHEWMON: Okavy.

¥B. GALE: I heard a comment a earlier that
vhat you vanted to hear vas something else. Do you want
me to go over this presentation anyvay?

NR. ZUDANS: Go ahead.

#R. GALE: Let me see if I remember where I
vas. I.hnliovo I vas about here, vhere I was talking

about, we have combined the thermal stresses in

ALDERSON REPORTING COMPANY, INC,
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combination with the axial hoop, shear, and torsion
stresses.

MB. ZCUDANS: I 4on't understand your second
bullet:. Could you explain wvhat that means? What is the
thermal buckliny stress, if you don't have any thermal
loads to create coapression?

MR. GALE: Yes, ve 10 have some thermal
loads.

¥R. ZUDANS: VWhat does thermal buckling by
itself mean? You can't have thermal buckling wvithout
having deal veight at the same time. What does 80
percent mean ip this case?

ER. GALE: Don Griffith, can you handle that?

BB+ JRIFFITH: —We are talking about the
combined seisaic.

MB. ZUDANS: So why do you use thermal, and
vhat is the significance of 80 percent of yield, vhat
does it mesn? '

¥R. SHEWNON: They méan that if the combined
stresses jJot to 80 percent, it buckles.

4B. zubnns: I vant them to explain what is
the buckling load. You compute some buckling locad by
some method, and say this is the buckling load. If the
buckling load exceeds the yield, it is not good, you

have to cosplete it by a different wvaye.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE.,, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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HR. GALE: Perhaps what ve have not done here
is to demonstrate vhat the purpose of this presentation
vas. We have intended to communicate to you all of the
parameters that w2 have utilized in the development of
our criteria, and that is the question that ve are
attempting to ansver up front, wvhich is were all your
assumptions, wvhere did you criteria come from, and wvhy
do vou that those criteria. This entire presentation at
front end is geared toward that response.

HR. ZUDANS: That is exactly vhat I want to
understand. “hat does it mean?

¥R. DICKSON: I believe I can add that most of
those vere developed as criteria defore ve knew exactly
vhat the parameters would be. At that time ve did not
have the analyses that shoved that tha design basis
accident vould only get 130 degrees. Does that help?

¥R. ZUDANS: It only helps if you strike out
that second bullet, because it is meaningless.

¥BR. SHEWNON: Let's assume it is struck for a
sinute, and see vhat else he can tell us.

¥R. GALEs We also performed an ASNE buckling
check for compression of the overall seismic effects,
ani ve included the 42ad load and extercal pressure.

We also verified, using an equivalent external

pressure with the hoop comprssive stresses, and ve

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W_, WASHINGTON, D.C. 27024 (202) 554-2348
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considered pressure and added that to the seisaic
loading. That is wvhat you vere just asking a moment ago
that ve explain hare.

We checked the ring stiffeners under the ASNE
code rules, and ve then checked the buckling by the
rules applicable to stiffened vessel under external
pressice. We designed all the penetrations for the
shell urder the ASNE rules.

¥R. ZUDANS: I would like more explanation to
the second and last bullet. Let’'s go to the last one
first. When you talk about shell penetration, it is not
a buckling design. You are reinfrrcing the shell
according to the ASNE rules, s that vhat you mean?

¥B. GALE: Ve have used tﬁo area replacement
rules.

HB. ZUDANS: That has nothing to do with
buckling.

HR. GALE: There are no P’SHE rules for
buckling for penetration desiyns.

#B. ZUDANS: That is understood. Now, the
second, how did you create this equivalent external
pressure? The code does not provide you vith rules on
thate.

8. CALE: Don, can you help me on that, or

Rizhard?

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W.. WASHINGTON, D.C. 20024 (202) 554-2348




S

10
1
12
13
14
15
18
17
18

19

24

320

YR. GRIFFITH: What code are you referring
to?

¥R. ZUDANS: It says ASME code rules, and it
has nothiny to 1o with ASNE code rules.

HR. GRIFFITH: The ASNE code rules, the
Section 3 rules 12al with certain kinis of zoapcnents,
as you are vell avare, spheres and cylinders under
certain external pressure. They don't cover beanding of
cylinders, and the critical region is the beanding
problem. So you have to go, in the analiysis, beyond
vhat is provided by the code to meet the intent of the
code for limits.

code 1047, wvhich is not applicable here, but
it gives ycu the current concepts, that throws it over
into a complete analysis. [f you go then into 284, it
is a different concept.

MR. ZUDANS: Don, if 70a mean that this bullet
is supposel to tell me that interaction analyses vere
made with som« brief computer codes, the highest
compressive meridian location was found, and that vas
used for code rules, then it is all right.

HR. GRIFFITH: Yes.

SR. ZUDANS: All right, but it is not
expressed that vay.

Proceed.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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¥R. SIESS: Did you understand that?

MR. ZUDANS: Yes. I just want to make sure
that ve all understand vhat they have done.

MR. SHEWNON: YNot all, just some.

MB. SIESS: I am still sitting here trying to
figure out why ve are concerned with satisfying an ASNE
rule that udoesn't exist. Is thecre some legal reason?

I vas told at laast five times that the ASNE
doesn't covar this, but still you are yoing to meet it.
Tha ASNE rules 4on't co er cyliinder bending. Why don't
you stop vorrying about ASNE, why don't you go up
somebody else?

¥B, SHEWNON: We have somabody trying to
ansver.

ER. SIESS: 1Is this somebody vho knovs
something adbout buckling of cylinders or beanding?

¥R. GRIFFITH: MNay I talk?

¥R . SHEWNON: Yes.

MR. GRIFFITHs It is not that tlhe ASNE code
docesn’t wvant you to guari again:st buckling. If your
geometric and loading condiicions don't meet the
conditions that they cover, the intent of the code
certainly is that vhere buckling is a failure mode, that
you must guard against it. In certain cases vhere they

knov what to give you, they give you some simple design

ALDERSON REPORTING COMPANY, INC,
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— ——— -—— S—— — -




WS

10
1
12
13
14
15
18
17

18

& ¥ B B

charts to avoid that.

In the cases vhere you cannot generalized very
siaply in the form of charts, the intent certainly is
that you still avoid buckling by a cosbination of tests
and test verified analysis. That is very clear in code
case ¥-37 for the genuine buckling failure mode, but it
is for the owvner to specify.

MR. SHEWMON: Okay, onwvari.

HR. GALE: That is ve had to develop Appendix
3.8-A, because hov to dc it was not defined. We
therefore leveloped that appendix to provide for loading
cases and geometries beyond the ASME design formulas.

Ve used some established classical buckling analysis
that is consistant with the ASME approach. #e did
consider imperfections due tc rnock down factors, and ve
considered the coabipations of d!fferent buckling stress
components. This is one of the things, incidentally,
that is stated anyvhere.

We have applied conservatism in our design in
this fashion. We have assumed that the maximum stresses
acting uniforamly around the circumference even though
the maximuam stress only cccurs lozally.

¥e assumed the maximum stress acting uniformly
over the langth of the panel, even though those appear

only in lisited areas.
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We have used equivalent static stresses for
peak responses from dynamic analysis.

We have designed for 125-ton live 1load on the
polar crane during an SSE, wvhich is an extremely
unlikely event, as the gquestion was asked earlier.

We did not take credit for the concurrent
tansile stresses in the cylinirical shell. We did not
take credit for internal pressure, for instance, as an
111 against the stresses resulting from polar crane
loads.

: We incorporated significant conservatisa in
the buckling analysis in an e“fort to get a very
conservative design.

A summary of this portion, therefore, is that
the PSAR criteria is consistent with the previously
licensed, Sequecyah being our model, hovever, Sequoyah
vas also used elsavhere.

The design conforss to these criteria.
Hovever, the NRC has requested a comparison of the PSAR
to the 1980 code and tu the codes case N-284, vhich is
part of the reason vhy we are talking about it, because
the staff has ask2d about it. N-284 deals primarily
with buckling.

We recently provided this comparison -~ I

said, recently, but that is not quite the fact. At this

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345

e  ——— o




O

10
1"
12
13
14
18
18
17

18

b 8 B8 B

moment, I have produced it out of my shop. It is in
reviev in the project, and it has not the project yet,
but will be sh2rtly presented to the staff.

. We hava also evaluated the significant changes
both in the 1980 code and N-284, again, in that package
that i3 20t vet there, but soon will be with the soon be
there.

We continue to believe that the design is safe
and adequate even after all of these revievs and
comparisons, but we are continuing this dialogue with
the NRC to reach some agreement with them that we in
fact have the conservative safe design that ve feel ve
have.

'It is nov time to show this in total. As a
part of thls on-goiag effort with the staff, and the
questions particularly about code case N-284, and these
buckling issues, ve have done somn analysis. What ve
have done with the BCSOR4 program was to combine these
loads and use an N-284 analysis code case. The code
case is a code case that came out in the 1980 time
frame, and that is a case dec'ing only with buckling.

We have run that at the critical area of the
portion of the shell immediately above the operating
floor and belov the first girder. That is the general

consensus >f opinion as to where the critical area of
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buckling would be on the vessel.

We have run that analysis in that N-284 type
framework, and ve have a safety factor of 1.9 as
compared td that required by code case N-284 of 1.67
under SSE loading conditions. Under JBE loading
conditions, ve have a safety factor of 2.5 as compared
to N-284 of 2.0.

MR. ZUDANS: I have a couple of guestions.
The BOSOR analysis zan analyzs asyssetric locads. Can
you pick the vorst meridian in this case, and use that
proposal for buckling. Then ir order to comply with
N-284, are you required to pick out a knock down
factor. What vas the knock down factor on the scale?

HR. GALE: This work wvas performed by a
consultant in our company, Richard Orr, vho has some
recent experience in dealing with the buckling issue.
Mr. Orr is in the audience here, prepared to ansver your
detailed guestion with regard to that analysis.

At this point, Richard, could you come to the
microphone please?

MR. ZUDANS: I didn't expect toc see you here.

¥F. ORE: In response to your question, the
knock down factors used in the analysis for the first
phase, for the axial stresses, ve used a knock down

factor of 0.275; for the bay just above that, it is
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0.33, and for the bay zlmost up by the crane girders, it

is 0.309.

These magnitudes are all calculated using

\:> 3 code case N-284. In the group direction, the knock down

factor is 2.8 at 2ll locations. When we combined it

with the shear structures, ve 1sed a knock down factor

on the shear of 0.712.

7 MR. ZUDANS: The factor of safety that you
8 1indicated at 1.67 says that you assume this to be a =--
9 MR. ORR; A service C condition.
10 ¥R. ZUDANS: How did you arrive at that
11 Justification, or vas it given to you 4s an analyst?
12 ¥R. ORR: No, ve basically defined the service
13 level C condition. Trpically, service level A on the
14 containment is the design basis accident. Service level
1§ B is the design basis accident plus the operating basis
16 earthquake. Service level C is the design basis
17 accident with tha safa shatdown.
18 ¥R. SIESS: The second case, vwith the OBE, is
19 that relatad to sacrvice lavel C also?
20 ¥R. CRR: It is related to service level B,
21 which has the sama allowables as service level A.
¥B. BUSH: I notice that you have assumed a

22

23 value of zero for PE in this one, wher2as in the other
24 calculation, the early one, you used a 0.5. What would
28

be the inplications with regard to the safety factors
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that you had from the calculations with the 0.5?

MR. ORR: It would reduce safety factors by
something less than 0 percent.

MR. BUSH: What vas the buckling stress level
compared t> in the worst case?

NR. ORR: The maximum axial stre:. is just
less than 4000 psijg.

¥R. ZUDANS: T think that ve can dispense with
tie rest of the presentation, as far as I am zoncerned.

NR. GALE: Therefore, we have designed for the
ASHE code. We do meet the code. Ve have developed
additional criteria, and ve do meet that additional
criteria. We still bdelieve that everything is safe.
Hovever in response to the staff's question, ve have
gone into code case Y-284 in somevhat greater detail.
As I sentioned before, ve are presenting that to the
staff. Fe believe that ve will reach a favorable
coaclusion on that.

Ve have presented the numerical comparisou
that I have just shoved you that demonstrates that our
design does in fact, in the critical areas, still meet
the conditions of code case N-284.

That coancludes my prasentation.

SR. ZUDANS: I would like to ask the staff a

question.
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Do I understand that the staff has approved
c;de case N-284, or is in the process of reviewing it?
Do you know that?

MR. CHEN TAN: The N-284, our branch has not
approved it. N-284, the load test that they use as a
safety factor of 2, but according to the code it is a
facztor of 3. So ve have this problem under study by Llos
Alamos National Laboratory, and also Los Alamos is doing
tests on the buckling of the containment.

HB. ZUDANS: We had a presentation at Los
Alacos, ani they indicatad that the cylinders are
reinforced in accordance with the ASNE rules, and the
buckling capability vas not reduced. One of the Reg
Guide stataed that the factor of safety should be 2. ﬂll.
this been changed?

¥R. CHEN TAN: The basic problem is that the
code is not clear about the knock down factor. Dces the
factor of 3 include enough knock down factor or not.

MB. ZUDANS: The knock down factor in this
code case is similar to NASA reported knock down factors
vhich is based on actual load and bounds of test
results.

¥B. CHEN TAN: Bushnell is also studying this
problem, and we have an interim range for the buckling

that he looked at. There is a true concern with it. So

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASH.HWGTON, D.C. 20024 (202) 554-2345



-k

10

1"

12

13

14

18

16

17

18

329

ve vant his to do a more detailed review by Bushnell in
coordination with Lds Alamos. For this buzkling, ve
have not determined criteria yet.

MR. SHEWMON: Thank you.

‘ dr. Boasso.

¥R. BOASSO: Good morning. I am Clif* pBoasso
from Westinghouse, and this morning I would like to giva
you an overviev of the gas leak detection system that ve
have in the Clinch River plant.

The function of liquid metal/gas leak
ietection is continuous monitoring of liguid metal
gsysteas for lcakacg into surrounding gas spaces;
detection of smill leaks prior to significant corrosion
of crack propagation; and detection of larger leaks
prior to significant loss o° liquid metal inventory or
onset of significant econcmic damage.

In the plant, ve have aerosol detectors
aonitoring the environment of the cells. We have aerosol
detectors monitoring the environment betveen piping and
the insulation surrouding the piping. We also have
aerosol detectors monitoring the annular space betveen
components and the broad vessel surrounding the
cosponents.

We also have different types of detectors, and

I vill get into this in my next viewgraph, for detecting
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different types of leakage as vell as leakage between
large components, heat exchangers, and the insulation,
as vell as leaiage in valves. These detectors will
generate alarms that go to local panels in the plant,
and th2 information is transmitteid from these local
panels to the main control roonm.

Ihis is a brief overvievw of the logic.

lypical requirements for the primary heat
transport system: Detection sensitivity, we detect 100
grams per hour or grsater in less than 250 hours.
Leakage of 30 gallong per minute or greater will be
detected in less than five miasutes.

In the primary heat transport system, ve have
2 system vhich is diverse in nature. We have different
principles for detecting the leakage. Leak location on
a cell basis, a major componeni basis -- the pump, the
heat exchange or the reactor =-- and also piping section,
the hot leg and col1d leg.

We have leak confirmation via the different
signals, via signals from different detectors. Ve have
1 seismic category II system, and ve have alarms and
indicators in the main control roonm.

HR. SHEWMON: Yesterday I vas asking gquestions
about how you decided how many leak detectors you needed

per running furlong, or something like that, and I wvas
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asked to wait until today. D5 I wvait for your next
talk, or do ycu vant me to ask about it now?

MR. BOASSOs: Nowv would be fine, if you would
repeat it for me please.

MB. SHEWMOK: You say all these good things,
and my question has to do vith vhether you sort of put
one off in the corner of the cell, vhether to do this
you have t> have one every yard along every pipe inside
the insulation, or vhat the density of detectors has to
be to perform, and hovw you go that frequency?

MR. BOASSOs For the system that is
interrogating ths annulus betveen the pipe and the
insulation, ve locate the sniffers at 25-foot intervals,
-and ve have a maximum of eight sniffers going to one
detector. W2 have performed verification testing to
assure us that this particular design wvill indeed detect
leakage of this msagnitude.

#ith respect to the cell itself, ve have
determined that it makes no difference vhere you put the
detector with raspect to the 1ispersion of the
aerosols. The logical place would be to prt them in the
vicinity of the raturn to the cooling systenm,
obviously.

MR. SHEWNON; Have you had an exchange vwith

the staff on this matter yet?

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2348



t

-

10

1"

12

14

1§

16

17

18

& ¥ 8B B

332

¥R. BCASSO: We have spoken with staff in the
past on our leak detection system. We have nade a
presentation to the staff, yes, sir.

¥R. SHEWMON: The reason I bring it up is that
I remember a rather unproductive exchange when FFTF wvas
4p in which the staff and the applicant hadn't reached
agreement, and vere not communicating very well. So if
the staff, at least, has some opinions on what the basis
for those w'll be, I think you will find it more
productive.

¥R. BOASSO: I zan't speak for the staff,
obviously, but ve have discussed it wvith the staff.

fR. SHEWHNON: You feel you have a good
technical basis for why 25 Zfeet is good enough?

‘ NR. BOASSO: VYes, we have vaerifiad that with

the tes{ progranm.

¥R. BUSH: Let me ask you a question in this
respect. In particulate monitors, I am assuming this is
an activity msoaitor.

¥R. BOASSO: We have three different types of
ietectors, and I will show you in the next two
vievgraphs.

HR. BUSH: Let me ask a gquestion, and you
don*t have to ansver it right now. Particulate

monitors, their reliability at time interval is latk;dly
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affected by the background. Therefore, a plant that is
operated, as you build up a substantial level of
background radiation, you can mask it substantially.
That certainly has been the case in the vater reactor.
By analogy, I would expect that the possibility exists
here. So vhen you get to the right place, I would like
you to address that question.

MR. BOASSO: Very briefly, the different types
of detectors that ve utilize in the plant. We have the
contact detector that ve insert in the valve bellowvs for
detecting leakage, and if ve find a leakage of ligquid
setal intd> the vslv; bellow, va a short to ground and a
signal going to the control room indicating the leak.

The same basic principle for cable detectors,
a short circuit would bde indicated with 1lijuid msetal
reaching the particular indicator.

The asrosol detectors contain a 0.5 aicron
filter meabrane. The gas is irawn across that membrane
via a vacuum pump system, and ve monitor the
differential pressure across that sembrane. Upon

increase cof about tvo inches of water gauge, ve will get

"an alarm in the control room indicating a pctential

leak.
Another system that is utilized is sodiuam

ionization detectsar where we thoroughly ionize the

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345

S EEAP ——— - NPT - @




10

1"

12

13

14

15

16

17

18

& ¥ B B

334

particulates, create a current, and get an alarm in the
main contrsl roon.

T'hese two systems are the primary systeas in
the plant. In addition, for those cells containing
cadiocactive sodium, we have a radiation particulate
monitor, vhere we cell gas going into a scintillation
detector, we interrogate that, and feed an alarm into
the main control room.

HR. SHEVWMON: Can ve go back to the previous
slide nov. In response to Dr. Bush's question, then,
the first twvo are wvhat vsed to be called sparkplugs up
abo e, and there acre no background problems there.

There is no background problem on the filter, I presume.

MR. BOASSO: That is corredt.

HR. SHEWMON: But there could be on the
ionization one

¥B. BOASSO: No, sir. The next one would be a
potential background prcblenm.

¥R. SHEVNON: For radiation, but there are
other kinds of backgrouni.

HB. DICKSON: Could I add to that.

¥R. BOASSO: Yes.

¥R. DICKSONs If you arc used to thinking of
vater plants, vater is not sensibly radicactive compared

to the background in the cell. Primary sodium becomes
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very radiocactive because of the activation of the sodium
itself. So it is a very strong gamma signal, readily
detectible from many jeneral contaminations you might
have in the plant.

MR. SHEWNON: Let me again say that I am
talking about background radiation. I am talking about
it the vay an electrical engineer or an analytical
chemist would talk about it. If I look at the
ionization detector, there is still the question of
vhether you are likely to havs enough background sodium
around that isn't radiocactive, or vhether your filtering
system vould get in trouble if yoﬁ indeed have poor
hocsekeepiag.

I don't quite know what I am searching for
here, but the gquesticn is, in an LNFBR, hov much
background scdius is there likely to be?

MFP. BOASSO: I would expect none. Where thcse
detectors are located, ve have no valves. In the
primary heat transport there are nc valves. I would not
sxpect any lea' g2 from the piping systes.

MR. SHEWMON: When I vas a beginning graduate
student, I went to the lady vho ran the stockroom and I
said that I vanted some pure ccpper, or something. The
young lady wvas incensed that I wvould suggest that any of

her copper wvasn't pure, or any of the other metals.
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So to say that there isn't any sodium there,
it does not strike me that you wvere trained as an
analytical chenmist.

. MR. BOASSO: We would not expect it.

To give you an idea of hov the plant is
instrumenta2d, ve have 169 plugging filter aerssol
detectors, eight sodium {3nization detectors, 62 cable
detectors, and 213 detectors mcnitoring various leakage
throughoet the lant, as vell as seven radiation
particulate monitors.

8R. SHEWMON: Your contacts are sparkplugs?

¥R. BCASSOs Yes.

HR. AXTNAN: Are all of these detectors tested
in a tndiaactivo sodium environment?

¥R. BOASSO: The plugging filter aerosol
detectors and the sodium ionization detectors, which do
not depend upon railioactive sodium for detaction, have
been tested with sodium aeroscls.

The radiation particulate monitor is a
standard radiation monitor produced to discover gas
leaks, and it is vell known in the industry. So ve
4ide't think it ﬁonld be necessary to go through an
extensive test program to demonstrate the response
characteristics. It is strictly a scintillation type

detector.
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We have extensive and comprehensive liguid
metal to Jas leak detection, covering a wvide range of
leak size and utilizing a variety of technigues in
Clinch River.

I voull like now to give you a brief overview
of sodium spill accidents for cell structural design.

The basis for spill selected is froam the
largest or highest pressure liquid metal pipe in the
ceall at the location pcoducing the vorst case spill on a
cell basis.

We postulate a pipe leakage based on a
moderate energy system fluid break, which is one-fourth
the diameter of the pipe times the tiickness as defined
in Branch Technical Position NEB 3-1. Leakage is
assumed vith lijuid metal system operating at msaximunm
normal operating temperature and pressure.

Jur methodology -- cell pressure and
temperatures are calculated with sodium/NaK fire
cosputer codes accounting for spray and pool burning
aspects.

We have a nodal netvorks giving temperature
distridbution through the cell lines into the structural
concrete. HNr. Palm, in his presentation later, will
give you wore details. We assume zero gas leakage from

tha ina2rt21 ca2lls to maximize pressure challenge. We
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assume that the maximum oxygen concentration in the
inerted cell is 2 percent, which is the maximum
operating level.

HR. SHEWHON: Howv do you plan to put out
fires, if they do start?

%R. BOASSO: In our in.tt.d‘CQIIo the basic
inerting of the cell is a suppression mechanism which
vould preclude a large sodium fire, a minimum oxygen
concentration.

In the inerted cell, ve have very little
burning. Because of tha small oxygen concentration, you
quickly into a classical heat transfer. There is very
little burning. For the PHTS cells, the primary heat
transport systes Tells, we burn something like maybe
four pounds of scdiunm.

¥R. SHEWNON: What happens next. You can't go
avay and say that you will come back next year. You
have a bleeding primary system. You isolate that part
of it, and then what?

¥R. BOASSO: With respect to the leak scenario
and wvhat takes place wvhen you postulate the leak?

un; SHEWNON: Yes. It is rot burning, but yecu
aren‘t doing anything about it yet. Now what happens?

¥R. BOASSO: In my next viewgraph, I will get

to that.
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The typical results for the inerte cells, and
I would like to talk about the primary heat transport
systenm.

We postulata a break in a pipe, and I would
like to talk specifically about the scenario for the
primary heat transport system cells. The sodium is
being discharged in the systea at approximately 950
feet. We get a reactor scram on lov level sodium in the
ceactor vessel from our PPS probes. That results in a
shut down of the sain pump. We go on pony model flow,
and ve remain on pony model until the fluid has been
discharged from the system. There is no more sodium to
be discharjyed. That is basically the scenario.

¥R. SHEWNON: This is discharging on the floor
of the cell.

HR. BOASSO: Yes, it goes right on to the
floor of the cell.

¥R. BUSH: Incilentally, your slides and ours
don't track. It would be nice if there vere one set of
good slidas, because you have some that ve don't have.
In fact, about a third or more of yours.

HR. SHEWNON: This particular slide is not in
the handout.

You nov have thousands of gallons of sodium on

the floor of the cell. What happans now?
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¥R. BOASSQ: We duischarge sodius ‘ntc the
cell, and ve analyz» th» spravy phase. Je assum: all the
fluid is converted tc a spray, and this gives us about a
700 degree gas tempera:ure in the c=ll. Then as ve o2
through the thermal hydraulic profil:, ve shat the puap
off and 70 on pony model ficw. Thea the gis temperatu.e
vill vary accordingly.

Gas and Iluid \s beiny discharged into ths
cell, and the h2:%t i~ being bsorbed b, the ~ell
structure.

¥R. SHEWMON. The scenario can't be done vhen
you are sitting there with so many hu.dreds of gallons
©Z sodiva on tae floor. Can somebody tell me wvhat
naoﬁons next.

BR. POAJISO: To the sodium on the flocr of t.e
cell. or t> the systeax itsalf?

¥R. SHEWNON: To the sodium on the floor.

¥R. DICKSON: what LIiff is trying to do is to
set the stage for the next presentation to be mads by
Bob Pala.

MB. SHEWMON: Does he k:ov sore chenisiry?
Dows /v kr. ¢ how to get it off the floor?

HB. BOASSO: How ve clean off froa the spilil?

¥R. SHTWMON: What he js tellins me, I guess,

is that e are not geing to melt down the piping, so it
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is okuy. Is that the bottom line?

¥R. DICKSO¥: He is telling you that you don't
melt down the piping, or you violate the cell liner.
The cell liner will be discussed in the next
presentation. What he is discussing is the thermal
conditions.

MR. SHEWNON: So the sodium lays on the floor

»
3
12
()
[}

3
[
n
Y

awe graduslly. It eventnuslly =clidifiss.

SR. ETHERINGTON: It finally turns into carbon
steel.

YR. ZUDANS: On this graph, hov did the neat
gas temperature go from 700 to 450 degrees, how did it
go down that guick?

48« BOASSO: This is basically wvhen the pump
scram, and you go from 1,000 GPN tiev rate to something
like about 100 SPY¥ flow rate.

¥R. ZUDANS: It is due to flowv rate
reduction?

8R. BCASSO: Yesy it is flov rate dependent.

HR. SHEWNON: What is that £i 3t little blib?

HR. BOASSOs I can't recall all the details on
it.

¥R. SHEWNON: What about the last blip?

HR. BOASSO: This is vhere no more fluid is

being d4ischarged. This is the termiration of the
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analysis. The sensille heat is just disappearing.

MR. ZUDANS: It means that somehow heat is
being taken out.

MR, BOASSO: This is the end point for
discharge fluid from the system. In another viewgraph,
I will show you the long-teram heating effects as to how
the concrete heats up. This is only discharging fluid
from the system as a function of time.

NR. ZUDANS: Here you are indicating, I
assume, that this is a correct graph. What causes the
teaperatucs to drop down that fast?

¢%. BOASSO: The analysis stops at this
point.

¥R. ZUDANS: So why do you showv the blip going
down?

¥R. BCASSO: I show the blip where the
analysis ends.

MBR. BUSH: Let me ask a guick one, since ve
discussed this earlier. I presume that the liner in the
cells is attached by slugs, because you certainly have
the classic coniition for thermal buckling.

HR. BOASSO: HNr. Palm will get intc that in
detail.

The corresponding pressure increase, ve have a

pressure resulting of about 14.5 psig, peak pressure in

ALDERSON REPORTING COMPANY, INC,
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the cell which is well belowvw its design pressure of 30
psig.

The lony term effects, after wve conclude this
brief phase, and ve look at the pool of sodium sitting
in the cell, and the cell is absorbing the energy,
obviously you are going to have a decline in temperature
as a function of time with heat going into the
gstructures, 2ad the maxisus concrete teapsraturs is
below 100 iegrees Fahrenheit.

HR. SHEWMON: Let me go back to the slide
before. You have got a gosh avful large break in this
thing, wvhich is spraying that hot sodium, and the
prassura in the <211 falls. Is that because the

«ventilating system relieves it. — — - - -

MB. BOASSOs Just the sensible heat transfer
going into the cell. This is a very short time frame
vhen you have the spray phase. You have some oxygen
being consumed as a result of the spray burning, which
gives you a peak pressure cell, the pumps scram, and
then the sansible heat =--

MR. SHEWNON: The pump scrams, and hov sany
gallons do you postulate in this accident gets sprayed
into the rooam?

" MR. BOASSO: The total sodium spray in the

cell is 35,000 gallons, approximately.

ALDERSON REPORTING COMPANY, INC,
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MR. SHEWMON: So you have sprayed 35,000
gallons of very hot sodium into a room whose temperature
is 25 degr2es C, and it docesn’'t raise the gas pressure,
it actually cools that gas below the pressure.

HR. GROSS: That starts off at zero, and it
goes to less than 15, and then falls down as the rate of
fluid changes.

88. SHEWHON: In 15 seconds, or something so
short, I can't see it on that graph, ycu have sprayed
35,000 gallonse.

MR. BOASSO: At this point, ve have sprayed
something on the order of a fev gallons.

HB. SHEWNON: So all the time you are spraying
gas into there, which should tend to heat up, since you
are spraying hot sodium much %“otter than the temperature
of the jas in the room, is that rijzht?

¥R, S30ASS): VYes.

MB. SHEWNC.: You get one pressure pulse, but
you don‘'t get a significant temperature rise after
that. Why Lx it that if you spray hot sodiua into a
cold gas container, the gas pressure doesn’'t rise?

So back to the teamperature graph, ve need to
get to that first, the burning of the oxygen, wvhen the
oxygen quits and the scdium continu:3 to go in.

¥B. BOASSO: The majority of the oxygen is

ALDERSON REPORTING COMPANY, INC,
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consumed very early iato the scenario. We have pumps
sprayingy €or four and 3 half minutes. In the scenario,
ve go from a flov rate of 950 GPM down to something on
tha orisr >f 150 GPN, so ve have significantlv reduced
the amount of sensible heat transfer going into that
cell. From then om, it is really dumping hot sodium
iato the c2l1l for increasing the cell pressurs. We have
ths spray piise.

MR. SHEWNON: The sudden cooling comes froam
the fact that you have a lot of cold structure around
there?

¥R. BOASSO: We have a large cell of 110,000
cubic feet. We have cold structures. Yes, sir.

¥B. SHEWMON: You have sprayed, for every
cubic foot, a third of a gallon of hot sodium into it.
So you are telling me that heat transfer froa the gas
into wvhatever is sitting there is enough to cause that
sudden cool dovn. Now are you spraying more sodium
during this couple of thousand seconds.

MR. BOASSO: Yes, sir, ve are discharging the
majority of the sodium from this point to this poiat.

SR. ZUDANS: It is like ten hours.

HR. SHEWNCN: That doesn’'t raise the gas
teaperature hardly at all.

¥R. BOASSO: That is correct.

ALDERSON REPORTING COMPANY, IM'C,
400 VIRGINIA AVE., S.W. WASHINGTON, D.C. 20024 "0.) 554-2348
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MR. SHEWMON: Because you have so mach cold
structure around asborbing heat, is that it?

¥R. BOASSO: That is right.

MR. ZUDANS: That doesn't strike me as
correctly right.

I think when we heard the previous
presentation on the function of leak protection systenm,
that behind that that liner vas used a ccoling system as
vell.

¥R. BUASSOs: Excuse me.

MR. ZUDANS: Behind the liner, you have a gap
which is used to monitor the leak of that liner.

#0. SHEWNON: 7That is a pipe, and here he is
g e e o i

¥B. ZUDANS: The cell liner Las a gap betwveen
the liner which is wvashed vith some gas that is used as
a detection medium, and also the cocoling.

¥R. BOASSO: No, sir. We do not have a
ietection systes behind our cell iiners.

HR. DICKSON: Could I interject here.
REmember, ve hail that confusion before. The cooling is
actually caused, the flow is into and out of the cell,
and behind the cell. The primary cooling is right inte
and out of the cell. There is also another factor. The

sodium temperature that started around 1,000 degrees and

ALDERSON REPORTING COMPANY, INC,
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iropped dova to 600 long before the scenario is closed.
So you are adding sodium that is just about 600 and
dumping it into the cell liner, the seasible heat, and
all the coapeonents, and some joing into the concrete:
vhich, as Cliff said, doesn't get above 200.

YR. ZUDANS: So the sodium is no longer 1,000
dejrees.

§8. DICKSONs I don‘t know how loag it cakes
to get to 600, but I think it is tvo hours. It drops
dcvn fairly rapidly froam the 1,000.

#R. ZUDANS: What is behind the liner?

YR. DICKSON: There is an annulus, but it is
not the primary cooling.

¥R. ZUDANS: The annalus is aonitored?

¥R. DICKSON: No.

HR. LONGENECKER: There is a gap retveen the
concrete and the liner, and there are vent lines, so
that 1f there are any moisture coming ocut of the

concrete, it is going to be drained off.

MR. SHEWNON: Nr. Boasso, is this a hot leg or

a cold leg?

¥R. BOASSO: This is a hot leg.

MR. SHEWNON: The hot leg is normally at 1100
F.

¥R. BOASSC: It is 98S.

ALDERSON REPORTING COMPANY, INC,
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MR. SHEWEON: It gets dropped down to 600
before you can control the spray by the back in scram to
ceactor, and the intermeiiate heat exchangers are still
vorking. Is that hov you got this temperature down to
600 or whatever?

YR. DICKSCN: Yes, sir, it automatically goes
dovn to 600 with the rescranm.

MRB. CARPON: One point of clarifization. The
gap behind the liner is stagnant air?

HR. DICKSON: Yes, sir.

MR. ZUDANS: It is not blocked off, there are
outlets.

HR. DICKSON: Yes.

¥R. BOASSO: PHTS cells have been designed to
accommodata a conservative spectrum in a design basis
liguid metal spill event.

This concludes my presentation.

MR. AXTMAN: VYesterday I asked the question on
vhat the probability, despite all this vell engineered
system, of a sodi:m fire. What I meant was that in
neutronic circuits, wve have all kinds of redundancies
and checks. 1Is it not conceivable that there is a
scenario something like an anticipated transient without
scram where a relay that turns off the pump, reducing

the pressure in the c21l, does not turn off the pump?

ALCERSON REPORTING COMPANY, INC,
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Has this system, which seams really to
threaten the entire operation, been subjected to
probability calculations of its efficiency and
operability?

MR. BOASSO0: I think I will refer to Dr.
Pickson for that.

MR. DICKSON: T ascertained from Cliff this
@#0talng that such a leak is sort of improbable. It 1is
aot in the desija basis that was analyzed in Chapter
15. It would also be considered in the PRA analyses
that is ongoing 2nd not yet complated, vhich I believe
is the PRA analysis to which you are raferring, which
would include failure of the probability to scram. The
scram signal, of course, is part of the plant protection
system and depends upon safety grade equipment.

BR. AXTMAY: T am speaking about the scram of
‘he pump.

¥R. DICKSON: When the reactor scraass, it
automatically shuts down the three pumps.

MB. ZUDANS: To phrase the thing differently.
Is the probabdbility of the pump remaining running greater
than the probability of the rs2actor staying on.

¥B. AXTXANs This spill that vas described now
vas praceniitioned vwith the assumption that the large

sotor will shutdown the pumpe.
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¥R. DICKSON: TYou realize that we are not
shutting off just one pump to one given cell. The three
pumps are tripped by the plant protection system with
the same signal that trips the scram rods.

YR. ZUDANS: All assumptions being the sanme,
vould the cell teaperature g¢go up ta‘9001

HR. DICKSON: The cell temperature would not
go up significantly more if the pumps continue tc run,
but you mijht have a problem vith.excess of lost sodiunm,
and that is what will be covered in the PEA. The systenm
vould terminate itself by runaning out of the ability to
transport sodium in that one look alone, and the other
twvo loops continue.

HR. ZUDANS:; But it spills that sodium much
faster.

¥R. DICKSON: That is correct, it would raise
the temperature aosre.

¥B. ZUDANS: The cooling effect that brought
the sodium from the 900 to 600, instead =f tw> hours, it
vould maybe in five minutes, and you could have a cell
temperature of 900. Maybe that shoull be the design
basis accident.

¥R. DICKSON: No, that is beyond the design
basis accident. The plant protection system trips the

puaps, as vell as it scrams the reactor.

ALDERSON REPORTING COMPANY, INC,
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YR« ZUDANSs I understand that.

¥R. AXTMAN: Are there vays to test the systenm
vithout activating it?

¥BR. DICKSOHs Test it for what?

¥R. AXTYAN: Probability that the circuit that
would turn th2 puap on, the ralay that knock out the
pump.

HE. DICRSORs Tes, the plant protection systee
is checked out regularly on a routine basis.

MR. AXTY¥AN: To this detail?

MBR. DICKSON: Yes, sir. The trip signal that
shats it off is a grip on a lov sodium, the sodium probe
in the reactor vessel. It is not seansing anything in
any cell. It sees a lov sodium level and it shuts the
reactor down, and shuts the pumps.

¥R. SHEWNON: Nr. Pala, please begin.

¥R . PALN:z Good morning, gentlemen. Ny name
is Bob Pala, 3nd I am with Burns & Roe, ve are the
architect-engineer for the Clinch River Project. As the
AE, ve have the respoansibility for the design of the
structures inside of the safety related buildings.

Primarily this morning I wvill be covering
lined cells in the reactor contaisent builiing. This is
a follow-on to Mr. Boasso's presentation, hov large

sod. 1m spills and accident fires are accommodated in

ALDERSON REPNOATING COMPANY, INC,
400 VIRGINIA AVE., S.W.. WASHINGTON, D.C. 20024 (202) 554-2348

351



10
1"
12
13
14
15
18
17
18

19

21

8B B

24

these cells.

So far as the provisions of designs, there
vere tvwo basic elements in the structures that the
design effort has concentrated on. One is the cell
liners, and the concrete cell structures behind the
liners that fora ths basic cells <hiere the sodium spills
could occur. When I talk about sodium, I am talking
about radisactive sodium.

[ vill concentrate on cell liners, for the
first fev minutes of this presentation, in the reactor
containment builiing, not necasssarily the primary heat
transport systec cell.

First of all, the cells are inerted vith
nitrogen, *s Nr. Boasso explained, and this is primarily
0 limit the sodium burning iﬁ the cells in the event of
a2 large or a small spill. Because the cells are inerted
with nitrogen, the resultant accident effects will be
limited, that is, any pressure and temperature build
ape

The liners therselves are primarily, and they
are classified as engineered safety features for the
Clinch River design, to provide a continuous barrier
against sodium concrete reaction. Since all of these
cells are ra2inforced concrete structures, and because of

these liners and because of limiting 5r preventing

ALCERSON REPORTING COMPANY, INC,
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sodiua concrete reaction, the effects are ainimized.

First of all, hydrogen gemeration is
precluded, and the pressure temperature effects and
potential radioactive release is controlled.

There are some othcr features here vhich are
probably not safety related. There is one, however,
that is quite prinary to the design, and that is that
the cell liners will maintain the stru-itural integrity
of these radioactive system so>dium cells.

Another feature of the cell liners is that
because of the inclusion of insulated concrete behind
the liner, ve vwill coatrol the amount of temperature
build up in the concrete structures. I wvill get into
that in more detail a little later insofar as the

concrete structure design is concerned.

Incidentally, I don't plan to get into details

on the criteria or functional requirements. They are
all in the PSAR in detail, I believe it is Appendix D,
Section 3.8. .

¥R. SHEWNON: Ve don't promise not to ask you
Juestions on it, but go ahead. That is a jood first
line of defense.

¥R. PALM: Before gatting into the result of
the analysis, this 1; a basic description of the liner.

The wall and ceiling panels are made up of a continuous

ALDERSON PEPORTING COMPANY. INC,
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three-eighths of 2n inch carbon steel plate. They are
made up in large prefadbricated sections. There is a
four inch thick insulating concrete material behind the
liner.

We have a cut-avay here of the corner of two
valls intersection with the floor. This is known as
tri-plan corner. This is your continusus wall liner
plate. This is the floor linar plate. This is all made
up of three-eighth inch carbon steel material.

Bahinf! the liner we have, as I said, this four
inch insulating concrete made up of precast lightwveight
perlite. Betveen the insulating concrete and the liner
plate is this air gap that everybody has been talking
about. It is preformed during the p:ofab:icntihq
process. At the same time, we have Nelson studs that
are welied at 15 inches on center to the liner, and they
run through the air gap, through the insulating
concrete, and they ar2 anchor2d into the structural
concrete.

In this one-quarter inch air gap there are a
series of vent pipes. By a series of vent pipes, I
mean, there are a ainimum of twvo vent pipes per floor
pagel or ceiling panel that will vent any gases that
could be generated from the heating up of the concrete

t> reliave any pra2ssure build up behind the liner plate,

ALDERSON REPCRTING COMPANY, INC,
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because any pressure build up behind the liner plate
vould be a condition that could eopardize the integrity
2f the liner. Hence we have this pressure ra2lief vent
systen.

This is a passive system, as somehody mentiond
before. This is routed to an uncritical area of the
building.

HR. ZUDANS: T have 2 guesticn. The corasrc
that vou left untouched shows that you have tvo I-beans
making up the corner and a liner plate. Is e*ery corner
made that wvay?

¥B. PALNM: That is right. The typical panel
anchors are these Nelson studs. At the corners, ve do
have continuous T sections wvith angles that are vol%,d
at the corners, both the vertical corners and the
horizont