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V 2 MR. CARBON: The meeting will now come to order.

This'is a combined meeting with the Advisory Committee on-
~

s'

Reactor' Safeguards Subcommittee.on the CRBR and_the Structures4

' '

'

S and Materials. Working Group. I am Dr. Carbon, subcommittee

e chairman. The.other ACRS' members present today are:

7 Drs. Shewmon and' Mark.
;

a .We also have present ACRS consultants : Drs. Bush,

e .. :Lipinski,.and.Zudans.;
-

,
,

The purpose of this meeting _is to con'tinue review of-to

,

the DOE CP; application for'CRBR. Addressed will be topics.ofii

.

is fuel failure propagation, accident recovery and emergency
.

D' planning, and items'from the Structures and Materials WorkingiaAs
14- Group re. view, including in-ser.vice inspecti~on, core support

structure integrity, loose-parts monitoring.15

'This meeting is being conducted in accordance withis ,

the provisions of the Fede[al ddisbhy :Committeel Act and the.i7

: h' 't,, f_>c '- - .

is Government in the Sunshine.Act. Paul'Bobhnert is the Designated >

. +
. ;- m,

.
, a- ..

, . <
.

Federal Employee for the'' meeting. H. , j ' .j ,in

The rules for- par'ticiNtion 'in''todap|s ' meeting have
~

2o .

.

2i. been announced as part of the notice of this meeting previously_

Published in_the Federal'Re'gister on Wednesday, March 2, 1983.22

A transcript of the meeting is being kept and will'be made23

24 avaLlabl'e as - stated in the Federal Register notice. It isi q-i.
as requested that each speaker first identify himself or herself
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and speak with sufficient! clarity and volume so that~he or she-s

(6 't a can be readily' heard.v

s. We have received no written statements from members
4

( of the public. We have received no requests.for time to.make

oral statements from members of'the public;s

Before we begin the meeting,.I would call upone

; Dr. Shewmon. Do you-have any. comments, Paul, to make in the way

a of introduction to in-service inspection?

e MR. SHEWMON: I don't think-so.

'to- MR. CARBON: I have no particular. comments either.
.

On item number 5, accident recovery,|I would emphasizeis

that that item is' recovery after a hypothetical accident, and:-

in

.
.

.O it is an item which Mike Bender is particularly~ interested in.i3v-
With regard to local fuel failure presentation in the afternoon,i4

the last presentation today, I"would comnent that this is ais

'

topic that used to.be of considerable concern but it apparentlyis
; ,., - ,, . , . . . g ,

~
,

is of much less concerti,at :thi's tidie( And w'e wi 1/be looking17 s
%.. -v, ..,

forward to the project presentation, and it looks~.as if theis

; O ;_ ,
. '

'.
~

'

Staff has arrived. And iloes' anyone' el'se, ~any of the consultantsi,

.; ..
~

; ( a ~ - ;g. .,

or, Carson, do you have any' comments or'que'stion ? Are you-s2o

ready?2:

Let us proceed with the me'eting. I will call on
22

'

Mr. Stark of the NRC Staff.-23
.

MR. SHEWMON: Who hits the ground running.24

O
as MR.. STARK: Good morning. My name is Richard Stark,

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA .



..Ron T.1 pv3'

4,

4

for the NRC Staff. I would like in the first presentation to

/~')x' 2 Ediscuss the objectives and findings of our in-service and pre-

' 3 service inspection review. And I want to give you some ideas

4 here.on the first slide, which I-will come back-to on later
_

5 slides.

6 (Slide).

7 We will discuss what we thought were reasonable

a objectives. We wanted to make sure that fabrications examina-

tion for vessels or piping or whatever had the best availableo

'

base or would yield the best available line data. So weto

it concentrated heavily on looking at heat exchanger vessels,

12- piping,.and RFER, particularly in Chapter 4-and Chapter 5 is.

C is the details of the pre-service examinations.of interest.

The other thing that is kind -of a parallel to this ,'14

we are also requiring that if for.any reason you have to getis

into the-plant and make a modification,. reweld a.given area or-16-
> <

. ;>:
_

put a modification. in par'tiEular[ ip.in ,;.we want' to make sure~

17

:

that that baseline information is .again achieved', 's'o we arete

'f _,,,. - ' -

, , ,

is saying that the examination s,imilar to what_was.done in
.e

. - r-

,

7-, ,

2o fabrication be. considered in the plant design and that anytime

as you do a repair or modification, that you again try to make

22 sure that you get good baseline data, you are sure that you

don't have large flaws or large cracks.23

fm 24 The second part is concentrated on - we will also
\|>

25 look atuthe type of in-service inspection equipment that is>
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.: 'available, and we want to talk about future ISI.or planned ISI,

b(*~~ . as you probably know. Ultrasonic in-service-inspection at 400a

d'egrees or ab'ove right now is not now an extremely reliable- i
~

s
.

device,'but our thought is we. wanted to keep provisions in it4.

'

flexible for in-service inspection or throughout the wholes

. construction phase,:for'the following reasons: If someone were

7 to develop a better UT probe that would work, a more reliable

Probe, or we want'to make sure~that that' piping insulation hada

been removed -- because if we could achieve better in-serviceo.

- so inspection, we-would do.so.

PR. SIEMION: Are you going-to talk about what.::
~

criteria-you will use for deciding:what needed to be inspected12

- ('l and what didn't?i3%)
MR. STARK: I. guess I will give some. examples. Fori4-

pre-service' inspection we are requiring.that they fully insp~ectis

,

all ' we lds. . .all. vessels, tanks,,. liners, piping and,--is

. < ' ; - -: ' : ti .., ; < . .:,

fIbkern'allbrackets sdh stbdk or justliR. SHEUMON:17

pressure valves? I~ can Jask| Mart-in. ;. -

i. .

' - : i;
.t - w,s

,

endT.1 . Why don't you'use the mike?
, .*i,

i,

|_._ _ _ q[' y ({, : c,-

LcsT.2a- 2o -

21

- -

| 22
!~

23

' 24

\ /,
25
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MR.. HUM: Whil. e ~ he tisifocusing ion 1 the : inspection,-.p . - +
.

'

we want to belableito get$the}bes,t poss,1bl6'| examination-
1

3'

and we' are requiring inpsections on 'the piping system and

#
the vessels.plusLa UT. examination of the. piping system. There,

,

s
has been no special additional requirements on colts, other

*
i than what would be.--

.

7
MR. SHEWMON: ILwas thinking in terms of welding.<

s-
MR. HUM: Well, I was thinking.about the closure

9
and things like that.. Insthis position on the special'

10
requirements for the internals, however, the' Applicant'is

''
addressing the appropriate surveillance requirement for

,

12
the reactor vessel internals.

("% sa -

~X 1 MR. SHEWMON:. You didn't really care whether.they-

'#
inspected the core support or not?-

15
MR. HUM: No, sir..

.

16
MR. SHEWMON': Are you sure you didn't: care 7

17
MR. STARK: We required them to do it.

,

18
MR. SHEWMON: What I'm trying to get at,-anything

'*
that was welded, you would have to' inspect, is that the

,

1
'

20 . .

criteria?

*'

f . MR. STARK: Well, we looked'at pressure boundaries

22
; primarily, and after that we looked at other key areas inside,

* We looked at in-service inspection for the IHX. Th3 alsoc

** ~ looked at the supports for the internals for the reactorl'"i,

\_),

25
vessel. We will be addressing.that.
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C . ' ,
. o,~ ' '': MR. SHEWMON: f Is, there ac. list 'of ftihose , things in

,O
'

,

the SER that you consider important:and, blieck? ? _M *

* . MR . STARK: Yes. As I said, I can pick the: sections

# that will show that to you. I don't know if the list is going

* 'to be so exhaustive that it'is going to tell_you everything,

e- but. we try' to11ook at every component and try to look at' both
.

7 the' pressure bounddry| integrity and we try to look, if it's

e a heat exchanger or vessel, what was inside, and if some of

8 .those.ought to be addressed.
|

'O MR. MARK : - I'm'sure you won't be able to answer

''
~

this, but I would like'to raise:the question, and probably
.

12 will raise it again:

.. r
'3

. In connection with in-service inspection, where;you
.

'4 said you are going to press -for all you can get, 'with
~

'' every-reactor in-service inspection, there-is some-number of#

'8' manrem received with probability one.

17 MR. STARK: Yes.

is MR. MARK: And it might save some manrem with a

'8 probability less than one and perhaps a great deal less than.

ao one if something weren' t turned up by- such inspection. Do<

2' you ever consider trying to balance those.against each

22 other?

23 MR. STARK: We do. As a matter of fact, one of

. - 24 the slides that will'come up will address that item. I'll
~

as -give you the answer right now. On the primary loops, we are

TAYLOE ASSOCIATES .
REGISTERED PRoFESSloNAL REPORTERS

NORFOLK, VIRGINIA -

, .,. , ,~ , ._- - .



, .- ~ ,, .
, ,

~; 3 .j s;< /, ;

.. 3
4p. o,

8rn!+_ ;3
- , q

,v- - u *,

cr3
;

*e ,

e s -
, ,

%. , :
'

g
'

i
''

only, going to do this in-service inspection'-- if'I.go7.
( , q4 , c;

.

..; ,- , s

2 back one particular slide, we,a,re81.'only.goi,ng to ask'them to3-+m-
-

3
reconfirm or reverify if they have*to'be'downifor maintenance.

4 .

'So if they are down arid they. are doing a repair or' modifica-

s
tion and they have paid the ALARA' penalty, then we will

_

*
, ask them to go ahead and do that particular in-service

'7
inspection or fabrication examination. But on the 1ntermediate

a
heat exchanger, we are planning that they look generically

9
at welds in key areas, and the intermediate loop is not

10
a radioactive loop'. So I think the question you are

'

11
asking, are we considering trying to'get this, and also the

~

.

12
person is being exposed to perhaps more exposure _than he

13U needs, I think you will see in the next' couple of slides we

14
are trying to do a little bit of both -- get' a' generic

15
understanding of looking at these high temperature welds

16 witihout -burning up people at the same time.

MR. MARK: Well, it is just that point that

''
I think has not always been given as much attention as it

'* should, and if you are giving it more than it has

*
formerly received, I am very pleased.

21 MR. STARK: Okay.

22 This slide, Martin just discussed the three

* items here, so I'll'go on to the next slide and not repeat

#'

(] what is on.this particular slide. I should have put the

**
'next slide up here.
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Again, ' this is 'a point th'aE I was' just" trying to makc
O ^ < : 'n:a t.: .~- . eFi -

-
right'now. As far as I understand, you are saying that

3
you should do examinations and this is on the primary loop

4 weLare talking about'-- if you-have to do a required
5 maintenance, , the only time we.will b'e doing it is during-
*^

.. required maintenance and not whenever maintenance isn't.

7
required,~so that we can reduce the operational exposure,

*
and also plant outages.

''~

The temperatures are the same. Sodium is

'
flowing through both loops. The materials are the same. We

'''

think there will be generic information gathered from:

'#
the IHX.-

'(3
(m/ This particular bul'let doesn' t really add much'

''
to the ISS story.

15
Some of the topics that are still being reviewed

' ' ' ~

by the Applicant -- and I think this is what Martin was

*
' referring to and it kind of reflects an answer to Dr.

'' ~

in talking to theShewmon's earlier question -- we,

'' Applicant, were discussing inspection,on -- periodic inspec-

* tion or verification of.the internals. In addition, we

~

21 are talking about the. intermediate. If you have a leak, how

22 do you know you have a leak, how do you fix.it, and how do
,

2 ,':u inspect it. This is an item that we have' been

2' ~

("h discussing with the Applicant, and we have some techniques.
^_).-

** What we have been doing in this area is, what
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is this. component, how do you inspect it, what will you do

! 4 UN .> ;,t ! "I f'

~

, ,
-

- if you get:in<this_particular situation.

3-
Now in this' item, right after I finish my

4 . .

discussion, the' Applicant'is going to give you a report

on'the surveillance" procedures.that exist.for.the reactor

6 internals. .The Staff' requires periodic. verification or-
7 - inspe' tion, whatever the correct words are, for reactorc

a
internals, and in addition we are requiring that they have

9 ~

the capability to inspect IHX. If you ever have to come down

10
for maintenance, we' would like tof know what the status of the

'It
;other tubes is before you start back up.

12
I talked about the operating license review and

( ' ' om - desire to incorporate.a: strong ISI program, especially.
'

14 if an ISI program matures and develops into-something that
''

_ is very useful. So we think that'an' item that we have
us ,

in our review consideration, is that weaddressed in our ISI,

17
want - the Staff and the Applicant to look' very carefully at the

''
status of the nondestructive technology at that particular

''' point to see t'o'What extent we can use it, to see what happens
2o

to it for'in-service inspection.

--*'
-Also, during the OL review, we will designate

,,

22 the specific l'ocations and the methods and the frequency
*

for in-service inspections..

I') MR. BUSH: Could I ask -- in that respect, I would
##

V
25

<
classify the usage from sometimes fair to poor.

, TAYLOE ASSOCIATES
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MR. STARK: I think we> agree.--
, .

N/ 2
MR. BUSH: Certainly with the existing techniques.

3
There are two optiens: You can modify the techniques or you

4
can go to semiautomatic or automatic procedures, which

5
takes the water out of the loop, which is a plus.

6
Are yot, considering that aspect, as well as what I

7
would call the calbiration evaluation aspect? Becausa I think

8
it is amply proven in these sections that calibrating on

9
a flat bottom-doesn't tell you anything about the reliability

10
of detection of cracks, what you are concerned with.

Il
MR. STARK: I think we were considering dhat.

12
I think we were saying what if the French two years from now

,
I i is' ~(_) developed a technique that worked or a transducer that

14
worked at this high temperature.. We would then feel an

15
obligation to try to make sure that this device was

16
incorporated. So what we have done, we have required'that

17
the Applicant maintain the provisions for it. It doesn't even have

18
to be in-service inspection. I don't know how radiography

19
would work. If there were a volumetric inspection technique

2o
that were promising and reliable, that we haveoconcentrated

21
on as far as the criteria is concerned on maintaining

22 flexibility to go in and provide that particular function
|

L 23
| later on, access provisions for removable piping, insulation,

24.

(-''1 anything that would lead to keeping that flexibility asl
N. /'

25
long as possible. Certainly throughout the crucial phase

| TAYLOE ASSOCIATES
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I so that during our OL review we"would evaluate, where the
, . .

-

! )
-

'

'' 2 technology exists. We don't want to be closed-minded on

3 this because we would agree that it is between lousy and

' poor, or whatever words you used. But we want to maintain

5 that flexibility as long as we can, and therefore we are

6 keeping that flexibility as a criterion.

7 I have one more slide now.

e (Slide. T.

8 Basically what the Staff has done and what RSR

.
'O shows is that we are requiring that adequate -- and we find

it that adequata examinations will be maintained through

12 fabrication PS inspection, and gives us confidence that

,(,) 13 there are no significant flaws.

14 I indicated we will get the baseline data from

"5 this particular investigation. Any time that I come

H5 down to do a maintenance, whether it is a year from now

'7 or 10 years from now, we want to make sure that the NDT techniques

is be used to give you this same confirmation of the baseline

is data and this assuarnce.that we have in the original

2o fabrication, and that we want to look at in-service

21 inspection on a generic basis.

22 I talked about the intermediate loop, and I also

23 indicated our flexibility and our strong desire to continue

e' 24 to look at ISI over the next -- through the operating
a

25 license review and to see if that holds any more promise,
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' and that is where we stand'.'^ "''I| -. ,

,
So, if there are no other questions, I am finished.

3
. CARBON: There is not.MR.

4
MR. SHEWMON: Spence, the bottom line on this

5
seems to be will we make sure there aren't.any in the

6
first place, and we don't know of any reaso'n they

~~

- should grow in the'second placo, and if they do, we will look

a ~

for them. How strong do you look for them when they

9
first go through this, before you start it up?

Io
MR. BUSH: You'are talking about using double

11
angle RT or something of this' nature?

12
MR. SHEWMON:- Yes.

'
MR'. BUSH: I guess I'm not. extremely optimistic

14
about RT and finding tracks. Double angle is much better than

15
zero degree. I think there are other ways I:think one

*

might go in, a pancake coil or eddy current; anything of
.

17
that nature, and probably get a fair feel. There aret

to
techniques. I doubt at this stage that either RT or UT

''
{ would give you the reliability that you want.

20
I would classify the reliability probably as

*'
below 50 percent.

2* MR. SHEWMON: The welding materials are reasonably1

23
.well established.

% 24
) MR. BUSH: I'm not that worried about small cracks

J
25 -

and things in here. 'I would be much more worried by the
'
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unpredictable, which is hot a-seve're problers in'the liquid'

-

2
metal system. But you can't completely rule out something

*
of that' nature.

#
MR.'SHEWMON: Okay. .Thanks.

*
MR.- CARBON: Go ahead.

8 MR. NICK 0DEMUS: ' Good morning.. I'm Glenn

7 Nickodemus from Westinghouse here today to present

a the' discussion of the high, level of assured structural

* integrity of . the reactor vessel core support cone' welds, -

' rat!her than- the ' in-service ~ inspection, as Rich had mentioned.'

''- (Slide.)
,

12 Here is a brief summary of what I am about to

) ' cover.
2

'' Core support cone. welds-have a high level of

'' assurance for the designed lifetime of the plant. In

'' making that statement, we have considered the following-

'7

| areas:

- ta The cone and the-structure is designed,

constructed and inspected to rigid ASME code requirements.''

; ao The welds have an operating temperature of .750' degrees

21 fahrenheit, located in a ' benign environment. . The sodium
,

22 and thermal aging effects on the material . of this location

! 23- are negligible, and the radiation effects are negligible

24
. at these locations. The welds have been purposely. located away

|- as.
- from geometric discontinuities in most stress regions.
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; ,-(,- ..,) ; c a .- ; T. y ~' They meet all'the. design' limits (of the~~ASME' code"with veryi

* '

i substantial: margins,;and we have done calculations'that:

h show a high degr'ee-of tolerance to crack growth and
8' ~

1

-
- * ' instability.u

* '(Slide.)
-

.

_

P

'' The n'ew.viewgraph- is a little bit further ' idea ~ of' the
'

'7 . discussion areas. The.-lower weld located between the cone -

~

a :and the core structure .I'll . b'e referring to 'as a section .
+

* .AA. The upper weld connecting the cone ~to the reactor vessel*

'' is a Section BB. And I'll also in particular be discussing
~

,

'' areas around two gas vent. holes located 180 degrees apart

and Leslil? .from the cone..
' Take 2;

| .
13-
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,

" I, MR.|SHEWMON: There. is' a solid: membrane that must be -.-

e; O ~ '

A) . a- ---- to adjust flu'id flow where ' it should' be.

s ' MR. NICK 0DEMUS : I beg your pardon?
,

.

4- MR. SHEWMON: Is that a continuous membrane? '
4

MR.' NICK 0DEMUS: This-one?;. s - "-

;. ,

; e MR.' SHEUMON: Yes. <

7 'MR. NICKODEMUS: Lyes. ;Not the ASME pressure.' boundary.

It is a boundary between the-hi~gh-pressure' inlet and the low-e

'

e- pressure' outlet.
*

, . ,

.io : MR. SHEWMON: And the only perforations through it are

:: . the gas vents that you are going to: talk about?-

i '

MR. NICK 0DEMUS: Yes. And particular concern was paidi2
,

Q :i3 to the welding and-inspection of ,these welds. It: is , the weld :

i4 joints that .were inspect ed prior to: welding. [ Welding procedures

and welders themselves.were. qualified. During the process,'eachi s .-'

i6 -bead Was brushed. All starts and. stops and each| weld were
'

! U i '1[ ! ', ; - l ! . 4 s i'

|17: ground. After the-interfdcea;weldin f was-completed, the welds-~

-
. , , , ,-

were surface-ground'and visudlly?.a,nd l'iquid-penetfant inspectedis .

.

hVz,
'

_The route area of the welds wer,e back-grooved.and-cleaned andin

w.s .t.nc,.,a
,

..

.

.~ :20 the back side, radio area was visually and liquid-penetrant
,
'

-2: inspected. ,

.

'

The core support was then radiographed for information
-. 22

in the partially. completed stage. The outer face welding of- . i23

b'oth welds was completed. Again, ground'and' visually and
-

; 24

. t
'

~

liquid-penetrant radiographed. The welds were surface-finishedas

'
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4
~

-i to the final configuration and=a final ~ visual, a' liquid-penetran-: ,

h
d radiograph inspection was.per' formed.-z.

.

' VeryJhigh-quality'. welding came'from the proce'dures.;3
.

( -There were' no- repairs required' in tir core . support structuresweld !

'

s' - and:only two. repairs in_the vessel weld, and thisiwas only 3

1, .

e. - percent'of~the circumference. After final;. repairs of those .,

welds, b'oth welds were cleared for X-ray.
^

g .f ,

'(Slide)'"

.

Discuss a -bit further some of the: conditions existing2

o
.

to . at the welds: Corrosion is nonexistent because'o'f the low-

, temperature'of'750Tdegrees Fahenheit. Erocion in these areas
'

i

is negligible because . :we have very ' low flow. . Carbonization andin
4

aginec are both negligible. Irradiation.is negligible. Thei . pJ i ., -

_

L. . embrittlement due to the~ lower power and temperature is-; i
,

negligible.is
;

-

- MR. BUSH: |With regard,to|agink,1you mayqb~e-right.is
i .,, i < '' r w * g J L , e . , i f j.

- - - . .
--

s, ,4
i7 -But I - think there is the 'n,ecessity- to^ at 1' east' ask ' questions.

~- - 3
. 3,;

_ , ,
, ,

.

The fact ?that we' have be.en look n~g at .the < case' of,<the."

i.

!

.
+ - , e :u .

pressurized water reactorsswhicheare. a: couple; hundred degrees,, . _ . ..

l lower than you have here in the stainless-steel, and I-believe( ao
.

2i .there is evidence at least of some embrittlement in the 550 to-

:

g 600 degree regime after about 100,000 hours."

i'
- MR. NICK 0DEMUS: I< suspect that the-level of

2., .

embrittlement may not be excessive,.but I would say that the
. ~ O

2,

'stateraent without technical backup is probably subject to some- "
23
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. . . consideration.

f)/L 2 MR.. BUSH: I guess the question is, do you have

3 evidence at least of 10 Dor 20 thousand hours that would.

I rec ~gnizd that the delta-ferroid.validate your. statement?4 o

s. vessels-isn't extremely high, but'there is a reasonable amount.

MR.| GRIFFIN: With regard to the question ~ relative ' toe

7 again, the ASME code limits that were used to compare these

- s' results _to -- do include 'the effects of aging. It is small.
,

Weiwill address'it.but it's also included and not'only is ite

to. negligible,'but included in the design limits.

:: NR. SHEWMON: Is this-304 or 316?

12 MR. GRIFFIN: 304.

/'I MR. ..SHEUMON: For;the. welds or 304 face?is
L'

v4 MR. BUSH: We'are not concerned with the. base metal.

I agree with you completely.with regard to -the base metal. Butis

. .. . . , x . :q
'6 if I am running high iri-delta | ferroid, I'am. not 'sure it 's valid.i=

n'1,, , , . ' - -,

,

,, ,e =t - . . ~ T'

i7 MR.. GRIFFIN: ~It's'not specifically true for the weld
e

! r, : ,

, ,

metal, but the weld metals ~.,hhve;been.c6mpdred.' .The limits applyis

to the base metal, have beerficompared tiyeld'm"etil and weldnessis

i

and everything we have has shown that the weld and the weld2o

2 netal are covered by.the limits.

22 .MR. BUSH: That's wh~at I-am asking. What do you'have
'

'

'

that confirms that?. That is the only question. I suspect you
~

23

.n 24 are right, but I have~yet to see any definitive evidence that
; \

as that'is true.
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~ MR. GRIFFIN: We can present some of tho'se. I

(_y)
,

a referred to them'last Thursday'in the' document that I referred

3 to. That includes the materials data base.

4 MR. SHEWMON: ' How does that - go out on the welds ? ' Do
i

you know?
-

s

e FR. GRIFFIN. I can't say' offhand. We can get an
.

7 answer later if,you like.

e (Slide)

e MR. NICK 0DEMUS: "To give you'a brief description of

io some of the' structural analyses of some of these welds. This

si model was used for the analysis of the lower' welds,-also used
-

12 for the analysis of the remaining hardware. -The upper weld was

(s3
analyzed by a vendor with a-different modelt.i3

/

i4 overall, they have the. vessel, the'long shell here.

The boundary conditions here. And th'ey are responsible foris

~
.

'
.

.

,' . |the analysis of this joint'.. '. }r f.is
,

w ~ . . , -; ,, . ,

(Slide) .-_ , , ,i7 , '
,, W ! ,-,

I iThis sketch givesJ Ed a beitet ihda of the kind ofyis

detailincludedintheloba'1'ahea. These two section lines go,,

ao right through the area of the weld and the vent hole. Some of

the predominant loading conditions on the structures are the2,

thermal transients. One of the worst is the uncontrolled rod
22.

'

withdrawal from full power. The temperature starting at 750,as

increasing slightly, and then dropping as we scram.
-

- 2,

(_)s
'

.

The max thermal stress for this event occurs at aboutas
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- i. 1,000-seconds, at which' point in time the pressure has dropped,4

'

a was initially at this level', had dropped cionsiderably and- then

3 remained'down for.the duration of the transient, and the pressur.a-

_ 4 is-lower --

s MR. SHEWMON: This is a scram; is that right?-

i- e MR. NICK 0DEMUS: . This is a scram right here.

7 MR. SHEWMON: Why do you call'it rod withdrawal?-

'

.These:aren't fuel contro'1 rods, are they?e

e MR. NICK 0DEMUS: This is a rod withdrawal for the

'

early part.io.
_

is MR. SHEWMON: I see.< And that precipitates a scram?

~

MR. DICKSON: Paul Dickson,-Westinghouse. That assume s2

O. that thecreactor has run up- in power to just under the 115i
,3v
i4 percent EPS trip ~ point. There~is the controls that'are assumed

is to have-failed in -- we-assume hat the' reactor . sits. there just
.

,. ,
.a ... . | h , "', c . ,,$, ,' A, -. m . , .. ..

under.the. trip point of|115 per[centifor}5 minutes.|}Then'the
9" %).s jvj'| - yg-

is -

w, ..,-w ~

reactor operator notices-it and hits the scram; button and that*

7 -

s ,

i .. ',a.

define's our most serious' event.' '3% ' -
,

''" ~ ~ ~

is,

y , ,. . , ; y ~y _ ,
'MR; BUSH: Why tdid' joif establish" the spectrum. 'of 'se -,

i
r

! 2o normal and upset loads that you would use in the design? - InEa
,

-2i light-water reactor you go through a process and you modify the
,

number of heat-ops and shutdowns, et cetera. Here you have22
,

less of an information base. I presune that you built on the23

experience of others. -Is that how you did this one, or areem 24

k)
as these arbitrary designs?

^
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,

i. 'MR. DICKSON: They are arbitrary to the extent that-

p ,

b : they have. been expanded in number and intensity.

3 MR.-SHEWMON: The pressure on there is the pressure

4 difference across the membrane, or is~it consistent pressure?

~

Ls MR. NICK 0DEMUS : I just spotted that 'when -I put- it; up.

.e It looks low. The pressure is about 170-130.

7 MR. SHEWMON: And you also talk about psi.

' s MR. NICK 0DEMUS: So this would have been to the

difference on that.e

so MR. SHEUMON: Everybody but me knows the pressure.is

si in what?

MR. NICK 0DEMUS: Pounds per square inch.12

3 MR. SHEWMON: All right.
(G ,3

i4 MR. ZUDANS: This is the bulk sodium temperature? <

MR. NICK 0DEMUS:3 : This {s the , inlet plenum.-is
4 . . ,.

-

g;....... .

-
.

>?. ; . <

LDid" yoti.'havet sotheEpreliminary inspectionMR. .ZUDANS:ie

.,7 on skirt support on bot s des? [,*

,

MR. NICKGDEMUS : .I . don 't have them with me. Thisis
,. ,3 ; . y >

transient would be used 'for the thermal analysis of the,,

' structure, would.be applied with the film, coefficient to the20

bottom side of the cone. Somewhat reduced-transient because
ai

the flow has to go through the core support structure to get22

through the top side of the cone, would be applied at the top-23

. side of the cone, and then a thermal temperature analysis would
f.- s 24 _

, { l
. . s

as be performed. That would then be reviewed and the times of
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.

,

[ k '

1 critical-temperature distribution evaluated for.~ stress.
p _ ; ,

L '- 2 MR.iZUDANS: You? mentioned that the worst time. point
-

. .

3- 'is 100: seconds?

'

, . MR'. NICK 0DEMUS : .A thousand;second's. Over here.
,

'4-

S MR. ZUDANS: There is another critical p.oint .wh'ere
~

:e your skin;effeets show up. Where is that point? Or is-that.'

7 point ' Considered in the analysis ? -

s
,

MR. NICK 0DEMUS: Yes,-it is. This is just one.of'the

o events. This event'would normally be-lo'oked at ate. this point

here, which wo~ld be coming up to one of the higher temperature,to u

' cases and al'so1at a low point, and tihen it: w'ould be "revieweC- atis

~

various. point's-in between to make sure there are no other2

[ is ;1ocations that are3 ore severe. This..would be done for all the
, ,

i4 transients.

is MR.-ZUDANS: <This . is i ths', f aste5B temperiture .. drop that
_ fhttd''6'il *! O, , .- s

_ exists in the.- anticipat'ad ' transient ? "" .'" ' '"
- -

is.

p. . - 3. .

In','the inler .plenism, . I ,would .believe17 MR. NICKODEMUS': '

- i- ,
- (. . ~ > - ., t, ,

is .it is. It's relatively' benign thermal conditions:comparedtto'
. . o i

,

is the' outlet plenum --

|5 ao'- MR.-ZUDANS: Okay.

. 2: MR. -NICKODEMUS : -Structural' analyses were performed.I

-

to the ASHE' code. "
- 22.

23: (Slide)

: ;24 Elevated temperature code case 1592. Even though-the

as cone itself only exceeds 80 degrees for a period of
,
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i approximately 10' hours during the entire 30-year lifetime and
n '

V .2 this temperatc.re even-in those cases' remains.below about 850.

3 So we -aredusing the elevated temperature code case criteria in

4 the fairly severe case. The structure does.not really require.-
~

Results. o'f the analysis indicate. significant margins _ of- safety.s

The primary membrane.' stress has a stress of.6,000'and' allowablee
.

7 of~almost' 15,'000. So it is-137 percent margin.. Membrane plus

~

a bending, it is a margin of 1. 27.

The secondary membrane plus bending including -- hase

.a margin of-0.19 and a fatigue damage has a margin or'a fctigueio;

in damage summation of'0.06 with an allowable ~of 0.9.

Folded events do not push'the cone towards-its limit.32

' {') i3 The primary membrane has'a. margin of 2. Membrane plus bending-

i4 has a margin of 1.3.

~ .. . . .

is This is at Section'AfA or the.loweb weld structure.
i . ,,J i. 4 : s,

- *
,

4 ). ; - '/

is MR. ZUDAl'IS : T guess''you 'd'i'dn' t'have any calculable
"

,

.. . 7, ,- .3
-

37 Creep damage?
.

:3 . D2
'

_.
._

{Only;of fa, bout'.,10! houi s'above 800is MR. NICK 0DEMUS:
P

4 degrees.is

2o MR. ZUDANS: And this limit is essentially reached

2: in your case?

MR. NICK 0DEMUS: This one?22
f

23 MR. ZUDANS: Yes. That is. which transient does it

24 correspond to? Which of your loading --

. O
i as MR. NICK 0DEMUS: I am not sure I can answer that. It
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may-well;be'a combination of this transient for the down cyclei

g
O a and another transient for the up cycle.

3 MR. ZUDANS: I see. So if you did' perform a random

4 ' combination of different ones and not just specific transients?

s MR. NICK 0DEMUS: That's right.

e MR..ZUDANS: So that's what's required?

7 MR._ NICK 0DEMUS: Yes.

.s MR. ZUDANS: Did you look at the same time also at the

e stress. levels in the vessel welds that are located at essentially

to the same --

is - MR. NICK 0DEMUS: Yes, we did. Abve the cone attach-

in ment.

./l MR. ZUDANS: Yes. And'below'it?33%)

MR. NICK 0DEMUS: Yes. I don't know the results34
s - , .y. . _

offhand, but they.were hvalna'ted'a'd!did'mee't cod . requirements.nis
'' ; ; .1 i ': y d*

.
,.

is .MR. ZUDANS: In that c ,a s e , a case of a section at the- .. , ,

17 Core support, very Close'to this attachment. D >

is - MR. NICK 0DEMUS: - 5e~$i .; 3b,

MR. ZUDANS: That did not show any higher stresses?( ,,

I MR. NICK 0DEMUS: No more critical in this area. The '

2o
;

thickness also increased in there with a taper.2

MR. ZUDANS: And this was linear elastic analysis?
i 22

MR. NICK 0DEMUS: .Yes.23

MR. ZUDANS: Did you vary the temperature properties'

24

,J

l. 2s with the temperature ?
T
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t FR. NICK 0DEMUS: Yes. Material properties would.be
(~
U 2 inputted as it is temperature-dependent.

3 MR. ZUDANS: I am wondering, this computation of

linear analysis covers the range of temperatures of 200 degrees4

s radiation?

e MR. NICK 0DEMUS: Yes.

7 IR. ZUDANS: The way I remember the answer -- maybe it

has been changed -- you could not assume some avarage propertya

and perform the circle step calculation? Which was was it done?e

io Or you are not sure?

: IR. NICK 0DEMUS: You~can input a temperature, a

2 temperature-dependent property. It would be input in equation

f 's form or in tabular form that would be used in the analysis.i3uJ

i4 MR. ZUDANS: But you would hav to perform an analysis

step by step for 500 seconds , and|I 'am' wondering whether thatis

was done or a single-step calculation was done. .is

iv MR. NICK 0DEMUS: I am not sure I-understand what you
- 1..

.
. .

is are asking. Your transient would-be' reviewed to determine the

peak surface,to remain temperature difference, the differencei,

I between average temperature of one area and ' another ,. arid would2o

ai be evaluated at those points in time. The temperature dependence

of the material properties in a 200-degree swing is not very22

23 high. I think what you are asking me is did we evaluate the

stresses at many times to get the effect of the temperature(3 24
r ;
%.a/

as dependence?

TAYLOE ASSOCIATES
REGISTERED PROFESSloNAL REPORTERS

NORFOLK. VIRGINIA



.Ron T.'3
pv 11 26

'

.
.

's MR. ZUDANSr Yes. That is the ouestion. -Did you or

indT.3 did you not?

etertT3B' 3 MR. NICKODEMUS: No. .It would:not have .been

evaluated at. more than what was judged to be the critical4

s points in time.

6 MR. ZUDANS: Okay

7 MR. GRIFFIN: Griffin, Westinghouse. "We are below

a 800 degrees Fahrehneit, so. temperature reall -doesn't haveca

very significant effect.-- Is that what you mean?9

io MR. ZUDANS: Well,.in ~ stainless steel, steel'

is properties change,from'600..to 800.

i2 MR. GRIFFIN: Well --

O is MR. ZUDANS: .You see where I an. coming from? 'You-

is can take a set of properties-and perform single-s.tep analyses
., ~ - - ..77 ,g,

or you could proceed id $ inie" histpy and) change
,

roperties15

with each step correspon_ ding to.the temperatures that existed.ie

jr .
-

is what you would have':to "do Ntih "it'.'
._

'
'

17 That
e ;., r . (~ r se - -

! MR. GRIFFIM: Thishis'el'astic. 'I'can't say for sure,is

but 1 Can almost guarantee it.Wasn't dOne.19

[ 2o MR. ZUDANS: Sure.

23 MR. GRIFFIN: Still. basically a linear elastic

22 analysis.

23 (Slide)
(

24 MR NICK 0DEMUS: The results of that analysis at the
,

,y
| ,2s upper weld are similcr. The normal and upset primary membrane
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s. stress: intensity margin is 1.3. Membrane:plus bending'is 0.39.
,.

~ (-) | The range of s'econdary-stress' int'ensity is considerably' reducedir

and the . margin of the ' -- in this case 'is O'. 81. The fatigues-

' damage is 0.02 with an allowable of 0.9. The-fatigue damage:4 :<

including th'e local stress concentration effects at.the vents

'

holesLis approxbnately 0.03 with an allowable of 0.9...

7' MR. SHEUMON: Sir, why don'tjwe : state tihat 'we' will2

_

take your word that it is designed ~very conservatively anda

'

o' 'according tonthe best engine'ering practice,-and what we are

going to spend a fair amount of| time. discussing't'oday is, geeio

whiz, what if? for unlikley' things.::

2- MR. NICK 0DEMUS: Okay.

/~'s MR.~SHEWMON: And the . reason this came up in the' firsti3
s/,

place'was you hadn't designed it_right or,made it,out of.i4
- -

:. ;.<;; ; .
+ '

t

. . . .> ..

's tough material. It was ,(gee whiz,' if ;that' weld' started to have -i

a flaw in it or if it sh'oul'd actually fail, :ii would be veryis

a. l'

awkward because you don't,get your ,Contro1 rods in and out. It17
* -

>
'

.,
s ., ,

might become uncontrollable..i.

MR. NICK 0DEMUS: Yes.i,
.

2o MR. SHEWMON: So if we talked about what if a' crack-

started to form and grow around there, don't ask us where it2i .

came from. It's just an essential weld, absolutely ' essential22

23 in its integrity. What sort of things would happen or what

defense do we have there?24

~

MR. NICKODEMUS: I have about two vuegraphs on crackas

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK. VIRGINIA

L-



_ . _ _ . . ., .. < . . - - , . .

LRonT.3B'
~

:28.
;

..pv:13;
,

,

, n.

4

i- propagation studies. Would you like to cover those or' turn it
q ;.

D'(
'

2 over to Paul?. 4

4

; 3 .MR. SHEWHON: 'I-think I want'to get off of this
L <'

,

;. 4 analy' sis.

.s- MR.;NICKODEMbS: Fine.
' '

.
.

'

.e (Laughter) 4

'

'7 MR. SHEWMON: I.tr6st you would:have done it well.

'

s (Slide)
J

Paul jus't[ happens i to hhave - a few slid'es'. along, I 'see. ;8

i o, (Laughter) .*-

: 1i- MR. DICKSON: 'JsstLh'a'ppens to'have a-few-along. I had
_

I 'i2 the feeling someone was going to'ask;that and h'd the' feelinga
, ,

: - Tis. his'name'mightbeDr.Shewmon[ So what was magic'about that?
~

-

14 - Well, we will look at that N!c /1 7 .' ;p ; r V- '*
.

:.t L . .:' * .T ., : .
15 (Slide)- -'IC 31'' l U * q 'I

-
.,

,
'

.

. , . w 'e.-; Nh ii
, um n-

.

To orient you',! .,ps/the reactor;i's!kr fuil power,! '16' '
-

,
.

g. < , , .%
-

-

*
~

. .

,

;17- then th'at force on''this cone:here.is;dpward'. The'upwward.' force?
4 . m ,, w -t- a, ,,.

is overrides the weigh. That: stays:true'on the support cone at.
.

all operating ~ conditions,-evenfdown below the 40 percent flow | '

is.

L

If ' you took a' break right here. at the odter. break,
'

~ 20 case.
,

~

l 4
; ai. Section BB, then this net' support force'would be upward'from

,

~ *' 40 percent- to 100 percent.; If you: imagine the break attthe22

.n
123,; inner weld, SectionLAA.Jin the' analysis, then the net upward

~24 . force would notr be greater.; than ' the downward force. until- youig
'

>v
as. reached about 50~per' cent flow.; So for the most part, the core
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-

1 pv: 14 -

129
: s m -

,

i

i, support cone. supported-during all operating pressures,'all

opera $hng' flows. '..Only for a very small range Jof the operating I1 m

: -

'

_

: flow regime would you b'e below -- have a not downward force' s-

:4 with'a break at that. point. - -
;

,

( . -Now,.the core is shown right:here,: 3-foot.h'gh.
~

s i

e' When:you.are shut =down,uthe. secondary control rods,are all the

-7; Way in and the latch' that--is broken |is about: 3 foot'above this 4

,

'

a icore. .So'it is-still well'down'inside the ducts'. ;With::the ~ *

. s' . secondary rods retracted,.then'of course-.the bottom part is

at. the top and the latch is about ,6{ feet : farther up , ctill-
, _

so; o

,it within:the boundaries.of the ASME. The primary controls 1would.-
'

tai also be in,- but their ' latch isJmuch further!up , 'except during
L .: ~

"

refueling. They all have their. latch; broken at the top of.the- - ia

d

} 7J ' i!J2 { Jr i !q
jQ ff gy14 core. p,,,yq,p.

! , ( . i i be :'
'
iS; '(Slide) V O JJ1 Q ' - - ' * ' ~ '. -

4

c , #.
.

nr.p .;
.

;t e . So .we' are goingtto.fimagp,7ne;a worst-case.-( This thing,
<

.

wt s x.~u%s, s

has broken right h~ere and fallenf ntio'th~eh;1owerjplenum. :The-i
' # 4i7

.

,.. a.,. .
~ - w

'

=rea'on this was shown tipped'o'ff at the side a little: bit wassis

ciej to show at the worstcit can't lay.over flat,-it will still be'

f '2o more.or less ; upright and sitting there in a bath of sodium -
.

-2: at whatever temperature.- It will allow natural circulation

22 through the core.' " '

'
; _

23 MR. BUSH: And the rods are where in that case?
. _ '

:24 MR. DICKSON: The secondary rods are'still right where jp)x
|[

; as |they were during the shutdown. The-primary rods are dangling ,

b - TAYLOE ASSOCIATES
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. pv:15s -
30

.

I i; from here,'and in.this case where it tipped over,=they would

be absolutely into these as'semblies.'But you don't have enough| 2

'

3 ' strength,really~to force anything.
J,.'

4 MR. CARBON: Excuse me. Is that a tilting --.if a

; s . tilting took' place in -operation, that:the rods would still''go
,

e' in?

.7 MR. DICKSON: _Yes, sir. Operation -- I am sorry, let
~

,

me go back then. If this falls.~in its 40 percent range.you8

are talking abo't?uo
; .

iO. MR. CARBON: Full operation.
,

,

end3B si MR. DICKSON: We have looked at that..,

i

i -12 -

.

. < ..

i j

13g
.

*
- Y " " 4 6

' IA b} 7( | j', } fI ? #
e

< f,([ ] iy } f ' , / *.' ,
.- _, .

15

{ 't ; ' j { j, js , ,
,

f r" , t - % ) >c + ",
, ,e >< - . , r ..>;. > c ..

i'
''

\ 7 5't '
?, 7; . - ( j*1 pe;.; y&

e
97 j , ,

.t * . t - # . .
|

w i,.

.

18

{ 19

.

20
'

1

2'
'

,

22

i

.' 2 3'

' 24

} \ .

'

25 ''

i
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I
_ MR. DICKSON: It won't fall. Force would keep it (' '\

'%_J 2
up.

3
MR. CARBON: Would keep it from tipping as long

4
as --

5
MR. DICKSON: If it were to break completely

6
in that manner, it could go up. It could go up two inches.

MR. CARBON: It couldn't tip sideways with the

*
force below it? I would appreciate force nolding it u.p.

MR. DICKSON: But it can move only two inches in

'
the top of the assembly without encountering the instrumenta-

''
tion.

'#
MR. CARBON : What I'm saying, could it start moving

( m. '(,) up and start canting to the side such that even with a

''
force under it, it could still tilt 7

15
MR. DICKSON: It could tilt by as much as two inches

''
over that span of about 15 feet. It is a very small tilt.

"
MR. CARBON: What would that do to'the operation of

'"
the rods?

'' MR. DICKSON: The primary rods would probably

*
have difficulty. The intermediate rods would not because

21 they would simply tilt with it. Even the primary rods have a

22 universal joint to enable them to withstand a certain

*' amount of tilting. .'But Whether it is that much or not, I
<

. ,

**
(^') don't know. They do have a' universal joint that will
x/,

' **
account for some warping;of the -- can you hear me without
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'

t
the microphone? The upper tunnel structure is keyed into

(_s[ a
the support structure, and that will-retain the upward

3'

motions and also maintains the upper internal structure, and
4

- thereby aligns the rods.
'

s
i ' ~

MR. CARBON: .Thank you, . .
>

6 >

MR. DICKSON': ,Those are located!right bp At the

7
edges here with the upper internal structure. There are

a
three keys at -three1 points. :

9
MR. CARBON: The right-hand sketch there shows

to

. lots of freedom-for free: convection cooling. Is that

il

sketch to scale, so to speak?

12 *

MR. DICKSON: Yes, sir.

). 13
,ss MR. CARBON: The one on the right?

14
MR. DICKSON: Yes, sir. Those are 33 inches from

15
that point to the bottom of it..

16
MR. ZUDANS: On that assumption, would you-not get a

17
flow distribution such that you might lose a fraction of

te
that uplift, and therefore the power levels at which it,

19'
will: stay up might increase?

20
MR. DICKSON: Yes, sir. ' I'm going to go to that.

121
MR. ZUDANS: Thank you.

*
MR. DICKSON: We'will take~the postulated

i23 e ~

failure occurs ' right af ter' shutdown,: and the. reactor remains
n, ; <% ,-

subcritical. Thereactorrebainssbbdritical'dueto-( )
# '

25' '

secondary rises'in the flow distribution.t It. remains
TAYLOE ASSOCIATES
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'subcritical at its operating temperature, and with a 730.,

. /~ -() . degree'inward flow.
,

,

Now, as the temperature of the inward flow3

reduces, it removes-the upper feedback. .The reactor tends,

toward critical. So upon falling, the reactor is subcritical,'

s

but it will begin to approach criticality again during,

'some certain parts of its cycle.,

I
'

For almost all of the operation, il will rema'in,

suberitical, even c6oled; down to 600 , degrees, but for.the,

first few days of the cycle 3'and 4,: the reactor would,,

go t6 criticality, rand as the decay power reduces to 4
,,

percent, that decay power will reduce to .4 percent. in about,,

'

(^) 100 seconds, and that is at 730 degrees F.
,,

\_/.

Now, the system tries to bring inlet temperature,,

on down to 600 degrees, and decay power continues. to f all,33

of course.. The net result is that nuclear power has to-,,

increase to maintain the' temperature to keep the upper,,

feedback balanced so that.the^ reactor achieves,a' steady state,g
J

so that.the reactor power will increasa, and as its
,,

system temperature.gets.to 600, the reactor is operating,,.

-at 90 megawatts at the very beginning of cycle 3.
,,

What we are seeing is a burnout of the fuel,

t

and I might note all of these are based on nominal calculations,
23 '

y ( .- t, ,- -

,

and because this is beyond!the.de~ sign basis'casev/
''f^\ i

"#
The cycle 3 and 4,1 af ter ~ 44. power days -- in f act,,,

'
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i
it either works _out to 37 days or'39-172: days. You will

_ (_.)
%) 2

not reachieve criticality even if you cool down to 600 degrees.

3 - For those same three cyles, you can cool all the way down
'

4 - . . . ,

to 400 degrees. Should-the reactor operator decide he

s- -
-

wanted to bring it down to the 400 degrees, he has to take:

e.
action.to do that. .The 600 degrees is an automatic system

to which the operator takes action to bring it down to_400

e
degrees. He would achieve criticality again between 40 days

9 and 75 days,' but a'f ter 75 days, 'it will sit on the bottom
to

of the reactor vessel with~ six secondary rods inserted

'' and not' achieve criticality .even at 400 degrees, and 'at
12*

cycles 1 and 2, it would never reachieve criticality
a p

. b with the six secondary rods.
''

!-
'#

MR. ZUDANS: Paul, if you assume before these

'
conditio'ns you next shut'down the reactor --

'"
MR. DICKSON: Yes.

'
MR. ZUDANS:' That means the secondary | rods were

is .
in and engaged?

''
MR. DICKSON: Yes, sir.

*
MR. ZUDANS: 'And therefore if it falls, they

-- 8' would remain - -

22 MR. DICKSON: Yes.

.)- n
# MR. ZUDANS:'.7 Wotild' it matber';if 'it' ~fellia little-

bit further down? Becdud'eyoushgwinyourgenercspecs''

7 . f: * *
,

**
that'it was sitting on the.. rods. /- >- ....
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'
MR. DICKSON: No credit whatsoever.,~

(_)! -2-
'MR. ZUDANS: Then you wouldn't have access as

3
you have now?

4
MR. DICKSON:'-Yes,; sir'. 'If the thing.were sitting

s
straight up', as you could see, this would be a~1ittle lower

*
down. This would be higher up, | but basically 33 inches at-

'

,_
the shortest point'on.each side, and'about another foot

*
-because of'the curvature around-here would leave you plenty

*
of room for flow.

' '
MR..SHEWMON: What are the principals?.

''
MR. DICKSON: These are.

'*
MR.'ZUDANS: And there are lots-of them? They

(m
(_) are'all'across the --

'

'#
MR._-SHEWMON: And they are pretty firm or husky

"'
stuff?,

'"
MR. DICKSON: .We have.not stressed it out. We

'''
knew'you would' bring it'up, so we brought a picture ~of

~

"' what it would'be like. I think they are roughly an inch; ,

''
' thick.

2
Do,you know, Bill?

21. MR. PANNELL: Yes.

22 MR. DICKSON: Bill'Pannell says yes, that it is
.. , -..,p. <

2
an inch' thick. '; 'g ' j $

.
4

; g . |
,

. .

2'

<( } 33 inches long,.and as you can.see, they are
,

.

rathersubstantialmembdrs.#'
It''-almost impo'ssible to visualizcs ;
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_

,

,

- d
.

~''
. this falling through~eightsfeet of sodium'and having any ;

''
.

Ecrushing effect';.'on these whatsoever.

8 iMik.' ZUDANS :' On the-head, for that matter. - -.

i

. #
.

MR'.IDICKSON: .Yes.

;

- ,

L 8 '

4B MR. SHEWMON:~'While you are there, can'you tell|us
. . .

,

', . ' whatLthe structures are that are'around some~of them?.
I

. ,
-

7 '

-MR.' DICKSON:~ Those are' frost-fixed, so:that this !

'

4

a one is being inserted.' You can see this.b'ing pushedlup,2 e
,

-

-
'' and these:have = been supercooled .'so that they can bet slipped

,

'''
.

in. and then expanded,f and these 'were'~ put in a while ago, '

-
^8''

; . and these~are -- well, you.can-see this.one is upfto~here.- '

12 .This'is,just frost. Basically, for-the worst time in' life
.'_. -

b .
cases,; if'the operator doesn't-intervene, the inlet | temperature'3

:
'd' will'tstabilize at~about 6'001de'grees,-the' reactor powerris -
'' about19.0' megawatts, reactor outlet bulk. temperature -is'

.

about?l200. degrees' Fahrenheit, and reactor peak outlet;'8- ~

,

t !

[. J'7~ temperatureris 1350,,and the hotleg temperature is-about/890.-
i. - ~ , ,

is- =Most'of the~ flow |that is being driven by the
,

-

218
: - pony-mo'or will| bypass;because it.has'a' simple loop and -

,
-

f: th( t . c.ao' driving its' overflow-through it to heat'up.the+

|

F 2i' hotlegs,. so it does that to the.hotleg temperature..,

!

p 22 This is a little higher'than normal operating
, . . , - ,

Ihe,i bilt no..: - 23' conditiions, and you do' e'pec nuch fuelixn
;', . . .u , , :/ v

4. . - --. -

..24 ~

. .
- problem. You know, we .are nowhere, near melti.ng and, in fact,:

' ^ * ' **
. ;.

if you got' fuel filters,Y thSt> NoilldNillowt some of the fuel*

, as -
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1

to escape. That's'probably a plus.

, 2-

MR. . CARBON- So this is sti-ictly. cooling' by

3
natural circulation?

4
MR.- 'DICKSON : - Strictly natural circulation

_

5
,

cooling.
,

6
' Now, this is after the shutdown?

.

MR. LIPINSKI:

' MR.'DICKSON:. Yes, sir;~ri'ght after the shutdown.

s
. LIPINSKI: Is the structure still buoyant at-MR.

9
40 percent?

,

Io
MR .' DICKSON: The structure is buoyant. If you

z

11
failed out at the outer. weld, it is not buoyant at the inner

'12.

weld.

13 .

-b MR. LIPINc"I: - What happens if you get a 40 percent - -

14 .

We knew you would ask that,MR. DICKSON:'

15
so_we analyzed that, too. You get a 30 second spike. .The

~

16
system begins to fall. The' primary rods are coming out,..

17
and in .03. seconds there is e'nough reactivity put in in'

la
about a 10 second spike insertion with a fall of 2/10ths of.an

19
inch. You get a trip, signal. Then both'the secondaries

20
and the primaries-begin to come in, and since they are

21
' drive n , the primaries and the. secondaries with a hydraulic

##
lift, they will overrun the falling, fuel assembliessfor

., .. .~. = , -
,

,'
- -

'23 2

_

the first few inches, put in.enough; reactivity that' they

O- '

turn that spike around ii.less than a h'alf second.
'

v s

3,

25 - 'd

You.have a small 30 second spike, the primaries
TAYLOE ! ASSOCIATES ,
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t
come'in, the secondaries come in, and then as it continues

.

- a
to fall, the primaries come back out, but the secondaries

_

3
are fully inserted.

4
MR. LIPINSKI: What happens if that scenario slows

A

5
down and the barrel moves down' slowly, not abruptly, and-

'

6
you are under. power control with your automatic system?

'7
MR. DICKSON: Iftit moves down, it has to move

- 8

j exceedingly' slowly so that the power control would try to
9

follow it. As I' mentioned it, a 2/10ths of an-inch downward

to
will trigger the~ scram system.

11-
In fact, I think a-10th of an inch will.

12 -

MR. LIPINSII: Not if you are under control.

Im
( >) MR. DICKSONf Yes, sir, because that is more

is

14
of a step. See, the control rods only want the step .025,

15
inches at a time' and only one at a . time. So you have

~

,

16
just taken allifour steps at once.

17
MR. LIPINSKI: If I take,this. barrel and I'make-

18
that thing creep away, not abruptly, but with a slow = change

' ''
that you are ' not aware of, - and you are under automatic

*
control, there.is going to be some limiting rate. This.

3

*'
thing'will start moving down very slowly, and how does

22 your control system have 1enough intelligence that. this is
>.-

!Pi| ' ' '

- 23 .

happening as opposed to --
.

- -- -

MR. DICKSON: .5f, you conje,cture that it is moving## ~

25
down very slowly, and I don' t know how it does that in
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- that situation, but if I do imagine that, it wants to slide,

O verr verv 1 v, obviou r ene comer 1 roa wou1a co=ti==e-

to follow it in, and I suspect the reactor' operator would
3

be_ suspicious when he saw the lights come on telling him that,

his primary control rods were all bottomed, and the reactor,

*
6

'

would. scram, and if he didn't, and it moved farther, it
,

would then scram at that point, because the primary control,

rods can' t ' follow this beyond the bottom of their travel,
,,

.and so it would scram at that point.
,,

MR. ZUDANS: One more question. There is a,,-

positive upward force, say to 40 to 100 percent operation.
,,

_f Is there any structure that would prevent the_ core from
g 13
%_

moving up during that time?
,,

MR' DICKSON: There are two structures, as.
,3

Bill m.7.ntioned. There_is the key loads that prevent it~
,,

from tipping, but one of-the design requirements of the

instrument post that' sit not more than two _ inches above
,,

the core is that-they!.be'able to withstand the upward-

' force,'not picturihg a failure of a core support cone, the

-loss of hydraulic holddown.that will push the fuel assemblies

up, and they are designed to hold that down through the
22 g ,q .

,.

. , ,

? ~ ' ' 'Ihydraulic. force.
' ! | i' '

<.' -

23- t

Our bottom line is that only. for ,a _small fraction
.

2a ,p
V- of CRBRP operating life'would even a're' critic'lity' occur,'

a
,,

; ~y ,, , ,
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i'

' ~

.. arid I might mention'in this regard'that I said. cycle 3 and 4.~

2 .

,

,-

'~ *
- If.;you take the present nuclear analysis,.they say that-

-

I .the cycle'or cycles repeat, but'as'soon as'we.get operating
*

,

"'
data..out of, cycle 1, a large amount of .our: uncertainty" that

*

.

-we put into.our loading;would go away, and we could.then:
8 specify.the fuel loading:and''not-have~quite'this much'-

,

4

7. access again.

e - For cycles.3 and 4,Lyou won't have time. They-

' .will already be being built. Thefuel]forcycles.3and4
''O . will already be fabricated before you have. operative data

88! .from cycles-1 and 2, but certainly.for. cycles 5 and 6, you

,

12 -

, can.

:
. So it's only for a small fraction of life,:and'83' !

.

'd- no power excursion would occur, as I m'entioned, other than-a
1

'' 30'second spike in a very unusual. case.
;-

''' For the most part, recriticality is achieved

.graduallyI.andlas you know, reactors.that operate'on thermal'7

.

j te. control are exceedingly stable systems.;
,

: n -*

4-C '' Now'what.if we are wrong, so that the' core'

!

2o~ cooling is'significantly.'less than predicted. Dave isn't
,

:23 'here He would have said what--caused.!this'is a seismic..

I <- ' ," f . |} : j[ e 'i /, 1- f ' '22 event.
,

ii: .
L

'' ' '

,t
.

|- 23- (Laughter.) *

.

A partial mel do n of tlie core :could}esult, and24

..
as that would take the reactorgto -suberitical 'and :not be a
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1 problem even with the long term deca -heat cooling,'and-

2
- at the. worst of all.possible scenarios, if you lost;all'

3 core cooling, you can get a total core meltdown, but the
,

'd total' core meltdown would'take longer to. evolve than what,

.
~

5 'has presented earlier, so that in all. likelihood, this

e core support cone wouldn't fail.

7 If it does fail, for most of the operating life,

e nothing will happen. For a very small fraction of the
-

9 operating life, you do get some additional power, and'in

lo- the worst'possible scenarios, we are'no worse off.than our,

11 normal'TMBDB scenario that was presented earlier which we'

have des'igns to accommodate.12

'

-

.,3
( .-

I4

,

15
.

16

; 17
,

18

j. 19

2o
-

. 21

~ .- p. -, _. ,,. ,
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8 MR. LIPINSKI:. 'Instead of having put the structure-
' /~T
'kl 2 in tension, why.isn't it supported from compression in

3 numbers from'the-bottom?

4 MR..DICKSON: It is supported in compression'for
f

5 most of its' life.

~6 MR.'LIPINSKI: That cone is in tension?
!

7 MR. DICKSON: No, sir, the cone is in compression.

a MR. LIPINSKI: Okay. When you are at flow. But
,

t

s when you are not at flow.

80 MR. DICKSON: We are designing this. reactor to be.

'll at power most of its life.>

12 MR. LIPINSKI: Let's assume you-are not 40 percent;

j~s
_ i. 13 you are 100 percent.

84 MR. DICKSON: Even at 40 percent, it's'in compression .

15 Yes,-Bill.

16 - 14R . PENNELL: For the selection of that configuration
-c_ .,r 1

.

so - that. there 's continuity with, the {shell''w;as satisfactorily17-

, ~ , . ..

removed, the discontinuity 'Eresses associated.with the. inlet --! is s
7

-, . .

,

if you turn it the other: yay around - " A - , - -
* 'is *

Thatw'dsjanother' reason',fbutdidn't~
'

2o - MR. DICKSON:

21 you also want to keep it in compression during the bulk of

22 its life?

23 MR. LIPSINKI: Well, you could have boots and

24 suspenders.(q
'

_-

25 -MR. PENNELL: We don't want redundant structures in
~
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,

-

.i>
- there. The environment characterized ---the last thing.you

~ y/ . t
want.to do is introduc'e redundant --:

- 3 .- . .

TMR. DICKSON: He would'also appreciate the fact that

4
that sodium that is up in that area tends'to change temperature-

- ' s .

.

much more. rapidly than if the cone was inverted;because obviously ,

6 ,

It.tends'to-be a dead ~ area.the flow isn't"right along.
,

'

' 7, .

But you don't have to have ridges?.
, -

MR. LIPINSKI:
.

,

e-
You.have slipping columns that would'take care of thermal

o. .

exp.an s ion . The two points would.not'be fighting each other,

to
but you could give-yourself some margin of. drop, having dropped

~

: 11
.

-

that, amount. Then you enounter --

MR.-DICKSON: We are not going..to claim that-the''
* p)- 13 ~

.V design we have couldn't have been redesigned'in7another manner:'

* .14 .

What-we willand even' exceed to perhaps a:better design.

!- is

claim is our design:is quite adequate with significant margin.
, ,

16 . .

~if you.want, to' controlMR. BUSH: - W i t h,.. t h a t g e o m e t r y ,/ .
.

.

11;e, , ,~, ,

* h ,!
your continuity;stressi,--( ) t ;. jj{ f (; $ r

^' "

. .
5 ;, j_ >4/*.17

p.

' -
le

MR. PENNELL: , Welt;1 basically,'itsis.a; geometry
*

tt.,* . ') !'t
~ f, .. ,' . 7,'

'

i.mmI. . ., s'19 .

We' separated them by three wavelengths soconsideration.-
, . g. g , t,~ ~,

I
, .

20-
. .

-

'We 'id consider thewe don't get super position effect's.. d

21
issue:of crack propagation,.and one point.may be relevant here

22
that wasn't brought up earlier.' Nothing that we have seen in

23

,

actual practice has ever given an instantaneous 360 degree

: b' ' circumferential failure.
- 24

;V
25

Paul mentioned we'had substantial loads acting either
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1
Op'or:down. Now if'it' occurs, this post- late failure during

py
'' * normal operation,.it-would tilt upwards, and that opens a low

f 3' impedance flow path from the inlet to-the outlet, and of. course,

_-4
'it shows-up-instantaneously. Thatiyou have in the upper

s
internal structure!so you do have. multiple signals that some-

* . thing has happened in that core if it ever proceeds to the
~

7'
- short condition that Paul showed, but~if it ever proceeds to

* any significant circumstance --;.

L~ 9 '

I'f there are no further-questions,.-

MR. DICKSON:
~

to'
.let's move on'.

'' MR. KING: .My name is-Tom King. ~I'm with the_. Clinch-

'' River Program office. I'm going to give a very brief summary
'

(~h
A) of our review of the: proposed no loose parts monitoring' system.'

'' Initially, in the review the applicant didn't. propose notice

for the monitoring system for the CRBR. .We'couldn't find
'" in.our review any compelling reason for-not having one. We '

-

,,f,p nm -$ ,

j ' N 1 ,f'
. < 'L, 4

didn't see any significan't;differWnces'between.the' LWR and'7
, -

- -a ;; a ijs,

'' - the'CRBR in terms of ways to generate loose parts,L.so we

. ,,
: - ;,'/

'

:
.

, ,

,,
,

considered that such a-system should,be applied to Clinch:
~

''

.ye ;-r,,
,

River,and the applicant is now commitNed to design and.. install-*

a' loose parts monitoring system forothe. requirements of21

Reg Guide 1.133. The major-design criteria are included in22

23: Reg Guide 1'.33.

..2()'' ~
The applicant is committed to install' sensor loca-- 241

''.

** tions'on'CRBR in .the-reactor vessel area, the primary and
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_

' ' - iintermediate heat transfer' system pumps, .the IHXs, the-

s'
. . generators, the natural collection points.of the' system.

* These are also committed-to 'do component noise and vibration
7 -

'' ~

measurements to.look for. degradation.

* LA lot-of the' LWR experience with the loose. parts
> *

*
~

monitoring: system I think will-apply to Clinch River. -There-

7 are some differences. You just can't'take an LWR off of a
-

,

a . shelf and' stick it on Clinch River. Clinch River-has-a'hi'gher- "

8 temperature which will: affect the' lifetime of the acceler-
,

'O - ometers. The guard vessels along the main components complicate
~

f i' ' ' installation and calibration of sensors. There'a're some
4

| >t2 differences that have to be accountedrfor. I'n the LMFBR

program, there is-an experience data base'on loose parts -''3-

monitoring for LMFBRs and.PBR-2sEnot tested at;high' tempera-''''

'

[
.

ture in' sodium' microphones, ani tho'se microphones have-been'"

is' installed in afloose parts, monitor,ing system.in'the;FFTF reactor
"

4 . 7 ' 1, -(;
. ..

I

,

I;
~

[ iI'
17 .Ves sel .1 '

1 .
,

|
te

-

-

Excus,e:'me./?A loose partst. monitor' picksMR. MARK:
a.ts - --

. ~ _ _ r_ .;
is up the' vibrations from something'. bumping on;something else,

,re * p,n-: r g 3. 4 ,
.

v. t . ,

'.
, ,-

a piece of metal and banging agains't the sid'e?no.
,

';,
- 21 .. MR . KING: Impact, right.

22 MR. MARK: How bit a piece? How far away is it,
_ .

' 23- compared to -- is it_the. size ~of a marble, or does it have to,

i '24 - be~as big-as a football, or.what?.

2s
j. MR. KING: For.an LWR, it's in the neighborhood

.- ' TAYLOE ASSOCIATES
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' of.several pounds. j,

-

i

k.
, 2 MR. MARK: . _Several pounds of. steel, a foot or.two-

.

1

'3 away?
,

d MR.-KING: More than_a foot or two away. There has
.

5 to-be enough1 sensors so that'you.can detect that impactin'g-

e anywhere within the vessel and.the system that you'are looking at .

P

-7 MR. MARK: It won't pick up a thimble?

a MR. KING: No,'.I don't think'.it would pick up'a.

i.
8 thimble. I think those sizes'for.the LWR were determined based

upon looking at what size of a' loose,part would cause damage80~

38 to the internal structure, and.than same kind of consideration =

12 is going to-have to be done at' Clinch River. Wethaven't arrived

,
' 13~ at what is:the minimum size particle.we want'.t'o pick.up.

.

, -

i' 14 MR. MARK: This loose particle of several. pounds
'

,

won't go through many of the inlet holes through'which coolant'5

,

is is supposed to-flow? , c yx r , . ;I- , s~ , ~ ,
>;s (r t ;*, ;y' ~

17 'MR. KING: No( ) '
+

3

''

y . _. . .* J h- , , y . . -

is MR. MARK: But' it. indicates ? thati -something somewhere,

q 'r' ; :_: .

to is broken?' '

, , y. c ,, ,- ,m , _

i,, L L.i- 1 .,

2o MR. KING: Yes. 'The concern for Clinch River is
i

28 not flow blockage; it is concerned with banging and causing

22 further degradation of something else that is-in there.
t

,

Well, you've already got some degradation23 MR. MARK:

24 that you would like to know about.
..

Is the attenuation much less in sodium2s MR. SHEWMON:

TAYLOE ASSOCIATES
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microphonesLandzstainless steel as opposed to just finding them
, , ~ .,

.

fl . '. .. .

\. / . 2 on the outside'ofcthe vessel?
.

's MR. KING: There are two. things, .I believe. 'One is

4 the attenuation of sound in stainless steel 1is more damping.

5 than .there i's| carbon steel. 1Too, I think for an LMFBR with tha

e guard vessel =around!the reactor vesseliand the pump and the'IHX,

7 |we 'can' start locating sensors.on the outside. 'Those components

a found in that region, if they fail, you can't replace them, and
'

i .

9 -you Want to-calibrate them.
,

' MR. CARBON- This. indicates that youfhave'done'this~

11 EBR-2? What sort of' magnitude particle size can.they pick up

'*'
there?

-p'w_) ' MR. KING: I'm not-sure that has been determined

14
yet. ,Primarily,.it;was putfin EBR toflook'for a~ system.back~--

15
ground noise'and to see that if you had so much background

noise, that you - couldn ;' t use c't'h''es'e'~': at al'l, an'd'E to'' look at
~ * -

16
-

t's \, _ >;r < ,,
,_

|- lifetime calibrations.*
' ' ' ~"

, , -. ;. 7 pr- ,

,** MR. SHEWMON:- pomething came loose'insth'e IHX five
. ,

'' ~or ten y. ears - ago and ' that/}wasj Osed one"timh. ITlicire were no :
* vibrations, so~it may not-be just loose parts. It may)be

2
i some other. incipient failure.

22 MR. KING: What they did do in EBR was to tap an-

'
* ' . instrument probe that came down into the pool, and you could

''j' ) hear that very plainly. .They weren't'ty) there with a sledge-I

| - us -.

| 25' hammer, but making a reasonable tap and you could hear it. I
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''' have 'lieard ' it , and I've listened to the:FFTF' system and you

- Isf a can hear it-fairly clearly..

~8' MR. MARK: The background noise.is higher or. lower
.

#
i than the LWR?

-

8 MR. KING: I haven't. listened to an LWR so I really

can't say. I've listened'to two LMFBRs and it was pretty low.e

7 MR. MARK: Wouldn't it be -- given a conclusion.that
.

the background noise was down, you could see.more things easilya.

8' at a given level?

'O MR. KING: Yes.

, MR. MARK: And.I suspect that this background noise''

is down compared tofan LWR in normal behavior,.but-I don't12

- 83 know.

34 MR. KING: .Certainly-from a PWR you would expect

'8 the. background noise to be down. Your' statement is true,-the

~ ,--.- ~

lower the_ba'ckground noise,- thE-mo_r ne i sedsitive" your ' system
_.

18
~'

i < .
.

. <.

" ' ' ' ~

woul'd be to pick up.'7

r f'
~

is MR.-ZUDANS: - Are there any plans', for 'CRBR to observe
s

the gross characteristics of;theEspstem:an'd"thdichmpon'ents18

not, say, vibration _ moves, but if you would have a signature2o

4

in the beginning,nof how the system responds and what is its2,
_

22 naturaltflexibility and observe the shift in it? Would you

23 conclude there is some major structure modification, or a

24 failure has occurred? Are there any such in this particular(}
2s plant?
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MR. KING: As part-of the.overall diagnostic-
.

2 a noise in noise vibration areas, there are periodic vibration,

8 -monitoringiin plants. I'm'not sure of the details or whether -

,

k.d ~ that _ is permanent or temporary. Maybe it is. installed.= '

[You can ask thd Applicants that question. - As part of8

6 developing this program, that' includes loose parts monitoring.
.

7 To sum up our conclusion,_it is a' commitment

's - by Applicants to design, . install and operate a loose

s . parts monitoring system for CRBR in accordance with Reg
1

10 Guide 1.33 is acceptable for.CP.
,

:

31 MR. O'BRYANT: I am Wendell O'Bryant, manager,

12- of maintenance and test for Westinghouse.
.. .

!) 83 ' (Slide . ) . '

34 As an introduction, we are committed to the
,

18 loose parts monitoring system consistent with the LWR.

18 technology, modified as necessary, as Mr. King explained,

17 for the CRBRP plant environment.

is General design criteria was mutually agreed

f - 19 .between NRC and the Applicant in.a meeting on November of

2o last year.
,

t..
25 I am prepared to answer some of the questions

" #
'i* . j ( ,

22 that were asked of Mr.. King, a couple of thsm that?-- our.
*

; ; ts-
,

23 general-design. criteria that we .came up with, I will
,

, , -
, ,.

< , , .-

discuss them briefly,~althoughSI'think a lot'o'f.th'e questions'

24

.

., , .. .

25 have been answered by Mr.' Kin'g. '

-- ,
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'' Sensitivity. We feel that we can definitely.
,m .

' * detect a half a footpound' impact, and probably a lot more-

3 sensitive than that and,-yes, the liquid sodium should have
,

d less background noise than a water- plant, due.to the low

8 noise that we have.,

e We are normally talking about noise of less than

7 25 foot per second equal to or less, and in the inlet

a plenum for the vessel, for instance, and some of the natural

8 collection points, are much lower than that, as low as

'O four and five feet per second.
,

' ' . MR. SHEWMON: We jumped to you lact. I noticed

12 you are not talking about going to sodium, but you are going

() '3 out of sodium. Is this because you have a pipe plant and 4

'd therefore you can get at the important vessels?

'8 L
~

MR. O'BRYANT: Talking about the sensor locations,

'6' and let me briefly show you where we will put the. sensors.

87' MR. ZUDANS: The input was not on your list.

is MR. O'BRYANT: In the reactor vessel we are now

'8 determining the best place to put those sensors, whether

2o it's on the' head to detect. noises up in the upper region, or

6

21 down at the top of the core, and we have access to those,

1,
,

."J. ,' _ ",
22 and we are right now in.the-process'of' determining where

:- 23 the best location would be,,but we have the ability to put
~

24 ' ~

/-) detectors up in the upper region.
\/ ,

,

Now, as he' menti $ned earlier,- in cases where you2s-
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8 have the guard vessels, you've got to place the detectors out
_

-
2 of the guard. vessel in order to be able to get to them to

3 maintain them, and replace them, but we have run some

preliminary tests that indicate the attenuation is very small4

5 with the length of pipes that we are dealing with. So

basically We'd be monitoring the inlet portion of the vessel6

7 by the detector placed upon the piping outside of the

guard vessel. We intended to have the detector on thee

primary pump again outside of the guard vessels, but you8

'O monitor the noises and the IHX again on the down --

end LesliU

12Ron 5-A

13

14

15

16

17

18

19

20

21

22

23
*

' *
g 24

! i
_

25
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: MR. ZUDANS: I would'like to repeat the question that
'

O
.(/ 2 11 asked the Staff here. Here.I see your monitors that are

3 identified by the asterisks'or stars.

4 'MR. 0'BRYANT: Yes.
,

s MR. ZUDANS: If you would want to monitor the

deterioration ~of the system rather than just a loose part,6

7 the gross behavior of the system, you would have to put such

's - devices on -- well, essentially it moves the rigid body and if

you Would analyze the significance, it would Contain its9

to natural frequencies of motion.

it - Now, if you store that when you did the per-service

12 inspection and. periodically examined the response of that' system

{s) i3 and noted the displacement of your natural frequencies , it's a
,. . , , .

_

,

i4 gross monitoring. It's a dire'ct eindicition ethat something went
.

4' . !' ]_
~ ., j ,'

is wrong-in_a system. Eitiher' the support broke or a_ piece. of
: v. .

|,*

supportbrokeorsomethi~nghahp^enedL-andIam:kindJof-surprised
.

is ,

that;you don't have any sdch mon $t'orin#g' indicated. Certainly,
~

i7

is that is - not a' loose ' part on it; that is monitoring of the
,

is integrity of the gross system.

MR. O'BRYANT: We go through a program earlier intthe2o

P ant life. You are talking about flow-induced vibration andl2

so on. The pumps have permanent monitors on them so you can-22

monitor it earlier; early in the life you..have accelerometers23

in the core that you verify the' lack of vibration early in the24

V
as core in the startup process. And the'same thing through all
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of|the. process..i.

j'N
. In the startup. program.we monitor at all the flow-i )~ ms

s levels in the flow-induced vibration of those components.

4 - MR. ZUDANS: I understand. But the purpose is

|
~

s completely different~. I saw the. Germans made a presentation in

e- one of the. conferences and later the French made their system
',

where they used such' motion. monitoring. system. You don't| care'7
,

J

e :about noise, the component'of it. You' more or less care . about
,

gross -motion of 'the component. ,And if the system is healthy,a

~

io it: just stays. -You know, it keeps where the: natural frequencies

show up on. the analyzed record. They remain fixed. As soon asin-

32 something different bgins, those begin to move around and you
.

.

('s 'are-then able to identify that there is something wrong and gpi3
sQ ,, . 7,> ,.

n >.

,

g:j i , ,' * c . ) .| | ID tlfin and fix it.i4 ,,
~ , a q -| ,y.

' ''>'4

is- I think this is the ideal place to use such a. system.
' * :+ : r,

s, ,
_

-e s .t._~
: -

The other thing is ethat thelway.7IJ6nde'rstand 'ther previousie

...x.. -. . . ,. ~ , e

Presentation by Paul . is 'that ' the only way It'o' observe the motion;17

'if it begins to creep one way or another where you could haveis

similar 'results from this ' type of reading for large; displacement--i,.

' reading, that would. range the characteristics of it, and,even2o

~

if'_the break was inside the reactor, it would respond to a1 2:

different frequency.22

MR. O'BRYANT: Mr.-Ziegler?23

MR. ZIEGLER: .The present system as it is conceived24-

-( -

as - will be capable of doing what you are saying. In fact, the
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,

'

. present-LWR systemsearedcapable -- mind you, you are not-

measuring the actual displacement of the_ surface, you are '

-2<
,

'

actually monitoring ~ the frequency of tihose' structures . as they-3-<

.

are propagated through the' acoustical path. They have seen4-

variations-before, and'we don't.e'xpect'to have any-difference.s

whatsoever.1and not seeing the variation"in the Clinch Rivere

7 reactor. ~ You will h' ave these' peaks,/as?you say.|1

s MR. ZUDANS: You plan ' to use this -system for[tliat.

e purpose?

so- MR. O'BRYANT: Lyes, 11believe that:is'right., We will

is take a noise signature on the. thing, and we will. definitely4

be able to identify any.~ changes'to that and therefore any12
,

[) degradation or whatever y,ou - , changes..in the. ' b_ackgroundis
s - .- j <!- . .; , | y

' ', I 2 L. u_ f l !i k+ )3 - ^ : h-
v-

* # I14 noises..

tm.
.

-

. . ~ e.

~

is MR. ZUDANS: '.I,tss' note,thern. o,isercomponent"that I am
.

.

, ~y
-

s _ 3
.

O j i y a. ' + ! v ~, .f ~

,.

Concerned.with, it's.the' gross behavior that~ i's a better indi-'

.i6 -

; ? 3. ;a ( g: - +
' 'cator; for structural ' state',7but I. unders"t$5nEfrom>you:ithat).you'

i7-
-

, .

~

do have the capability, whether-or not.it must -- it was
.

e
.

3. ;
'

specifically, planned =to be..used for that' purpose,-- that_ is~is

|

L 2o. another question.
'

.

:2i MR. DICKSON: Dickson of Westinghouse. Our plans

on monitoring this' reactor aren't fully worked out, so we don't.!- 22
(

23 want to say it's-not planned. We will,take full-advantagendf .,

. .

.g any information we have to diagnose':thelbehavior of this.- -

24

i D
'

reactor. If that information is available and intelligible,~weas
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1' certaihly will use it to ensure the safety'of the-plants.
. -

~' 2 MR. ZUDANS: Thank you.

You have''ot to be careful with3- MR.' LIPINSKI: g-

resp _ect to-the first response. It's a question of where the~4

5 sensor is_ located. If I tie it to the' reactor vessel,'I. don.'t-

know anything about pump behavior, so where the sensor is'6

4

7 placed is very important. If that sensor is too far from the-

e- pump, you don't get information.
~

e MR. O'BRYANT: On the case of;the pump, I believe
.

10 we have-other sensors that are not part of the system that are

ii .there for .that purpose.
,

12 MR. LIPINSKI: That is probably-important to answer

O' is Dr. Zudans' question. , . , ,~ .. . ,. n
' JG; . ,

, - ''
. ,

14 MR. CARBON: ! M'r. 'Brya'nt,i your;handoutsthere are

quite clear. Why don' t you jump. .tolyoui. conclusions - and 'let us
~

is

f_ l '; 1',
_ .

,

simply ask questions.16
, , , , ,.,

+.!, 4 (, J
.

. ;e ..

! 17 MR. 0'BRYANT: Very good.

.is MR. CARBON: Okay.

'

se MR. O'BRYANT: Conclusions-that we reached in,

!
'

2o performing the studies.

21 (Slide) .

22 We performed 'these. We could find no potential loose

~

23 parts that could degrade the ability of the CRBRP program. We

q 24 took credit for redundancy, but we couldn't: find a real safety
k)'

25' reason for doing it, but concluded that it would be a very;
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,

4

9

{
- :: . valuable diagnostic tool for the. plant.- And as such, we?are' , ,

) i a: -going.to install'it and.use it to the extent of its capabilities,

.

:

3 MR.LIPINSKI: 'Using1the' parts that have been left in-
1

4 the'---

; _

I s- MR.~'0'BRYANT: We consideredhthat. Parts can be-
1

' left in orybreak loose'from various components',:b'ut generallye

speaking',-'due to our low. flows,Lif'they are carried at;all,r.

tiransported at all, they--are transport'ed'.into the naturala

collection, points.in'the' bottom of theLIXY in the bottom of'e
,

. .

'

the reactor, the reactor vessel,/and will remain..there and-in:
~

io;

i- in the reactor vesssel itself, the lower-inlet nozzles will. filter

f - 32 anything greater.~than a quarter offan' inch, preventing'it from
.

y moving up into the core,,and.so.the low.'f, low, runs! 'down there. ' *

i3
i :;

.

,
t .y

.'I. J'
'.f, 3>,3, ;<

.
-t.

.,i. . . .# .g =

34 ' If-we iiad'.partsj leftt nioracame. rloose' ficom a : component ci
4
'

-

'it1 would naturally collec't';there marid)would;no. , be moved _beyondi
,. .~n

t!is:.
p a t i t ,', / :''"> ! a 'J < r u ~

, .

j_ is that point. 1
'

.. ,g; ,. j. , my.,

q ,49 tn - v.. , ,

|;
~

iv MR. CARBON: -Any other questions ?

is- ' (No response.)

MR. CARBON: Fine. Thank.you, Mr.:O'Bryant. .i- .is

~

' 2o .' Let's take:a 10-minute break.

21 . (Brief' recess.) -

| MR. CARBON: .Let=us' continue.with the meeting'.22
. -

.

MR. . STARK: This is Richard Stark from the Staff. I23

~

would like to -get a -brief project manager's review of what ---;

7o
24

,

.I would like to pose and. answer two questionsifor;you -- what ~as ,

t
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'

is?the SMBDB; andithe second'is why did'the Staff require _it_?.3,

,

- :n. '

'struct ure marginii>eyond.V a The' answer tio the first ' q6estion' .is :-

4

f:
'

the design basis is basically the'assessmsent of the ability 'of
~

-s-

~ 4: the containment to tolerate a: postulated core-destructive -
,

Laccident. And the second. question, why did the Staff require-s-
,

the applicanti; and- the Sthff; to evaluate' . this particulare

and I . am going -to | read directly from a May ' 68f7 accident --
.

a letter sent from the-Staff-to the-applicant. It said , .h'We .
,

iwill therefore-not' con' sider CDAs;asidesign-basin accidents.o- -

L to Nevertheless, because of; the differences in. the state of

:
'

~

[ s ', ' technology and experience betweenLLMFBRs and'LWRs,ithe.
< _ >

; consequent inabil'ity-to evaluate thelsafety of the'CRBR' design-
~ '

v2-

.as precisely.as can~beidone with/LWRs,7and(the;n$sence-of ai'

i3.
,

;t!.1 4!!?'jteiti ; e. . ,

'
-

'

i4 -quantitative risk.asces.sment'ba, sed'on exp.erien;ce'and data such.1

.
.

,,- , _ . , ,. , ,-
~

as'the~ reactor safety study,i a'for 'LWRs ,,s prude 56,e di~c'tates ' that!- -is' *: :':;: .: U w ,. . : ~'
- u

is additionalemeasuresc be;taken+to limi.t.conseguences and reduce
' ' ! i a ^ 4. v i v ; 4 ;s

,

' ~

residual; risks from potential CRBR accidents having a lower37

|
- is ' probability than design-basis accidents to ensure that the

public. health and safety is adequately | protected. The basicis

.

2o ' approach should be :to protect the cotainment system from the--
.

unique effects of CRBR corc-disruptive accidents."2i
.

Tha is the end of the quote.- So .:what you are-
c 22

i.
'

going to hear now-is'-- you will hear what the Staff.is' going23
.

to and has done to satisfy the requirement of the Staff of'1976, i24_,

L J .
..

~

as and I-wil1 turn it over'to'Howard Holtz.[
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MR. HOL,TZ: I-might elaborate on that. As far as I
=/y

~ know, there are two_ sets of people that are going to discuss(_/. 2

s. :the subject today,.and Westinghouse, since they will undoubtedly

present a lotfmore graphic material regarding the, reactor, I4

'

thought I would limit myself to this part and Mr. Tom Butler,s

who is a' consultant to us, has'done a great-deal of uorke

7 related to the scale module testing and the structural Criteria

a that we use, and he will' speak to that after.these first-

, vuegraphs. And I am coming back and will tell you our. summary

io and.concluusions.

in The purpose of the SMBDB - and it's the margin

i2 beyond the design basis -- and its purpose isrto_ assure that

duringaCDAandimmediately?follbwing,t6ejeactor*. closure[) i3
-- <; . /,

.

component 2 'w' ll"not'$hallenge ' containmenthead and head-mounted ii4

., ; _ 5 ( _ 3.,

of the operating floor. 7These @hallenges to : containment from .-is

is - SMBDBaremissilegenerat{on.from; control [ rods {or~anyother

Penetrations that go into the core,'and secondly, above.the'17

ist operating floor if there is. leakage from components'or from

heads itself, that this spray be confined and contained.withink- ,,
l

the head access area-so that.it doesn't.have an ~ opportunity:ao

to spray directly in the containment. 'On that basis --2:

MR. CARBON: 1 presume not only sodium but CO2 and22 .

i .23 hydrogen?

MR. HOLTZ: That is the TDB scenario. We are. working- 24 - -

! 25- with the react'or and the core. There is a core-disruptive
i
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i event'which sends a sodium slug to impact the head of the

i reactor or closure head, whi'ch consists of three rotating plugs.a

3 I am sure you see a lot of pictures on that from Westinghouse.

Our evaluation, . the applicant and tihe" Staff had4

a number of working' meetings and several~hundred questions whichs

are-a matter of record. 'And these documents, some of them, aree

7 historic, such as this one, and the most important new element.

that'.'didn't exist in '76 '77 was the scale model tests. Anda

a lot of new information has. been extracted from those, 'and .I-,

will return a little bit later to give a conclusionary vuegraph.to

-But these two letters of December 9th and Februaryi i.

14th from the applicant gives us a real basis to make the'32

N i3' st'tements'that we do.4 I!6ould11ikeinow~atath[s[ti:de-ifthere
'

d ,J ~/''. : .'.

i < , ;;.. ': + s. . . .

i4 are no questions, to introduce"Mr.' Butler.
:, r : J,-- rp ,

,

MR.'ZUDANS: I: just want edito makeisure that you are.is

limiting this structural designibasis toithe' missile generated-is

i7 by. Potential --

MR. HOLTZ: Not component.is

| MR. ZUDANS: And that is the limit of it?i,

!

i MR. HOLTZ: No, it is the head itself.20

MR. ZUDANS: Anything that comes from the initial --2

MR. HOLTZ: Right.. So it's the reactor closure head.
. 22

Let me see if I got a picture here,23

MR. ZUDANS: That is all right. I understand. Il < 24<

,

l don't need'a picture.as
,

!
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i MR. HOLTZ: You might need a picture. .That happens

b to be:the intermediate rotating plug. The top section of ita'

a happens to be about 2 feet. thick, and-all of this stuff down

4 in here is the radiation -- thermal radiation reflectors,
-

s neutron shields, et cetera, and. gas entrailment things, so this

entire area is what we ai e going to be talking 'about in thise

7 subject.

a MR. ZUDANS: And it's all as a consequence of CDA?

It's initiated by a core-disruptive accident, isn't it? Isn't-e

io' that a question related by n margins ? I guess it would not be

beyond design basis but within the design basis. In all ofis

'

32 these components, they have very careful design --
f f. ..-s _

,

,

(~} MR. HOLTZ: ;Yes'.f ". '

.; ysi3
,.

V ?' L *f',

MR. ZUDAHS: And. unlike an,' LWR design, in this design34
. .. . .

=i. ;1'
, . ,,

you are tosuse the design capability by p'erforming'more precise1
is

^ p y",,1, - j4, ,

analyses and doing -- and that'1 eaves'the'q'usstion open as-tois

i7 once you have satisfied all the requirements, what isLthe

is design-basis margin still available? Have you had anything in

'

that nature?is

,
'

ao MR. HOLTZ: Yes. Actually, we both follow the ASME

code, Appendix F, Level D, and there are some modifications thatai

we allow for this event that would push materials and structures22

a little harder than they would force those events that are. in -23

the design basis. Mr. Butler can :spe'ak a little more on thisp 24

'O
as subj ect if you -- I am sure Westinghouse can too.

~
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1- -MR., MARK: -So you in a word say what is the mystery,-

I

'z- the sodium slug? |What is the' sodium slug?-%

3
- MR.' HOLTZ: The sodium slug'is that material that lies

.between the upper internal support structure and the bottom of4

the head.that gets accelerated from a core-disruptive event.5

6 You will hear ~more about that tomorrow;because Mr. Theofanous-

~

'7 - and Mr. Bell- will speak to that.
i

a MR. MARK: It is imagined that all the flat of sodium

gets uniform acceleration- and. is thrown up ?o

to MR.'HOLTZ: At.this. point':in time, that is the way we

11- are treating it.

12 MR. MARK: So you don't treat it as it would almost be
,~,p - .- g .,

i= reelie7. ome sort or:e 8erser? e''
'

'~

O >>
.

.84 'MR. HOLTZ: You are correct.. It doesn'talook like a

fountain, but in reality 1t'probably doeh-
,

a' <' ~.
15 -

t

c
" pi q ( i p. '|, ,

16 - MR. BUILEPs: My'name i~s' Tom Butler. I.am from

17 LoS Alamos,and we have been contracted by the program office to

help.them review the SMBDB event and^partichlarly the structuralis'

19 part of this. Now here I have said that we will talk about the

i 20 primary system response to.SMBDB. In fact, mostly we will

~

address the head, although there are requirements for the totalas
1

22 primary system, address briefly today..these areas, the first,

two briefly and the thirdein'more-detail. _.23

24 (Slide)-
,

v
25 The criteria used in evaluating the primary system

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

~ NORFOLK ' VIRGINIA

,. , , -.- , . . . -- , - ---. ,. . ,,



'Ron T.5A
pv_11 62

boundary and the loads experienced by 'the.. primary system and -
i

',

(O _this talks a little bit about the sodium slug which was./ 2 ;

3 mentioned earlier, and then the conclusions that we have drawn

from the scale model tests that have been performed and the-4

analyses.that have been performed.s

We performed some limited independent analyses,bute

7 mostly our review Consists of in-depth review of the tests and

analyses that the applicant had performed by way of the8

evaluation criteria for the analysis performed on the primaryo

to system. There is provided a membrane strain limit to protect

is against plastic instability. This limit.goes along with the

spirit we say of Appendix F, Section 3 of the ASME, code. The2

' limit is based on the work of Hil yer;and.it protects against
~

(} i3

;plastic instability.i4 , .

,

' ;
st . ..

This is a~ limiE provided to protect against localis
.

. .
.

-

.,

ie ductile. rupture.and that is b'ased on the work' of McClintock.
'

In most of these, the applicant presented substiating data toi7

is show that the limits are of appropriate conservative nature.

We have looked at that substantiating data in depth also andi,

2o have come to an agreement'with the applicant that these are

ai appropriately conservative.

There are also stress limits'that are used for some22

23_ of the elastic analyses that they do where they can get away

,m 24 with that.
f !
_/

25 (Slide)
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The -floa'd' reciuirements thatithe primary syst'em" has. to
.

P .y 't.
,

'h' . b . . .

V 2 - take'. They''are. basi'cally based on.Rexco, Hep-calculations.4

.

32 .Now the Rexco. Hep calculations haveLbeen'm. verified with the

scale model | tests that< were run at Stanford Research . Institute ~4 ;j

r
@:

s' - and have~ been found to be. conservative: inipredicting the loads
-

for th'~ applicant's b8Seline CaSO.i ' 6 e
'

'
;

. .
. .. ..

[__
Now,. tomorrow Charlie Belli and Professor Theofanous' 7.

will talk about how?they think tlie loads they predict ' compare .a-

i o . with"the applicant 's: bas'eline -case.
~

Now,; out of the requirements that presently existsIo

si: in,the documentation that~Howard' mentioned 1the-vessel head is-
p

12. . require'd to - accommodate a jsodium* head with ,752megajoulesi of'
~

-

; .r s. -.~; i./;e ~2.; .
. +,

" I r' 5
\

kinetic . energy, Land.~ thdre is a ' ressEre%,,f
, 5 ? A+

, 1

[ Q.
'

f i ' head-that it-has-to ais; p
;s- -

take 'whichTis consistentawith 75 megajoules; C; % - . ~

j.4 .. u .. , . ,.),

; 14 - t

p ,

.;.- : :t *bQNe # '

tis MR. ZUDANS: Hoodo the 75 megajoules -relate to total.<

' . L t, i 1 w; An .,

exclusioniduring tfie'CDA?i ls'~it 600coril200 or what? ^

[ .i e ' ,

. . .,

MR..BUILER: .I-think it would probably be best toL, 17
-

s

l.4

| tof delay that until tomorrow because Charlie Bell has,a long
!.

.
^

^

L io.. Ltalk about that, I am.sure.
|-
;- ao ~ MR.-ZUDANS: IAll right. -Godd.
i

i

|
'

MIL .BUILERi But'it.is' felt that even though this2:
-

'

>
'

L 221 was' prescribed by the -applicant -in their documentation, that -

,

1-
t

23- that does involve what Professsor Theofanous and Charlie Bell _
,,

-24 have come-up with in their-calculations.
~

p-,

.- .
.'

MR. BUSH: On'the last item I.would have thought thatas
.. .>
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~

s in a' slugging condition like thaq that since your piping is~
,

relatively thin-walled,-that the refracted' wave would almost-
'

a

.3- certainly make a failure,.of the primary piping, which I haven't-

hea'rd'. ab out . If I have : enough energy tio lift the' slugs 'out,-4

I would suspect I-ha'd more-than enough energy to split /thes-

e piping.
4

7 MR.. BUTLER: The evaluation at-this point indicates
1

that is not so,that ..the' piping would: indeed remain: intact anda

these strain criteria.that we have presented apply to thee

piping as'well as to:the vessel, to the whole primary system.to

in Now, that kinetic energy of the 75 megajoules is

.32 . oriented upwards, is thei^ overpressure that.;after thetimpact is
, , ,2 + -. 3 r
''whatgoesdownthepip'ingsyst'em)-"-I'- ! /'

i3(
1 . .. , . , u . -

MR. SHEWMON: ;When'yoit have . left' th'e~ slug on top , is34
3a . meo,- .m- c.,,

it assumed to.be unconnected toanything the,way it is'in theis j
, ( 1 va ' : >>

is light _-water business, .these days.or some. days?

MR. BUTLER: No. We look at it as the total structure ,

i7

The head connected to the vessel flange.is

-MR. SHEWMON: And it's deformation as well as theis

ao - . energy . required to lift the head goes int'o the calculation?

MR. BUTLER: Right. Now, the 75 megaj oules I will-
2:

address here in a minute, how we estimate how much of that
22

energy is transferred to the head itself. And I think probably-23

Westinghouse will address that in more depth in their talk.n 24

V.
MR. SHEWMON: This has been very interesting, but to

i - as
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,i answer. my question, you do when you calculate energy, that is-
r-)
-( / - 2 absorbed in the deformation,' consider it as a connnected --

3. MR. BUILER: Right. Right.

4 MR. SHEWMON: Right.

s MR. BUILER': The primary, which we determine that a

vessel. head-has modified, would absorb a sufficient amount ofe

energy, is through' plastic strain of the head as it bends when7

it is held on'the'bodndary.a

. MR. ZUDANS: The head bolts?

io MR. BUILER: No , . we have checked 'the whole load path

si to assure that it can take these loads, but we have not.taken

intoaccounttheenergyabsorbed,by,,thebolt[71n? assessing the12

y, +

system in a conservative manne'r.'
. .

(~s')
~

'

i3 ,

~ ,,

In other words, we~ are requhring tNei vessel head itselfi

14

is to absorb all the requird,energyrj ,.i ;," 'q,I
~

,

is MR. ZUDANS: Well, that is not what will happen in'

i7 reality. I.mean the. bolts are at least, I remember from

is - ' previous discussions, they were supposed to stretch significantly

i, and absorb most of the energy.

2o VOICE: We will be showing that if that will help you.

MR. ZUDANS: I think-it will be necessary to see how2i

the energy is partitioned between the different components and-22

23 why.

MR. BUSH: I am not convinced.
O,s

24
,

as MR. BUTLER: I will wait for Westinghouse on the last
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item because you have.se'n instances where~the energies werei e

far below 75 megajoules where it managed to fail piping thicker- a

s - than you have here. So I guess I.need to be convinced.

4 (Slide)

s Most-- of our review centered on the scale model tests , -

-

,

and I will give you a. quick summary here~of the te-ts that havee

7 been run to date and the. conclusions that we have drawn'from

a these tests.

The tests to date have been-designated SM-1.through 8.9

io Three of thse were hydrostatic: 'of the head only. That is SM-1,

si 7, and 8.. The others were' dynamic tests that include, in the
~

<
,

., s .

case of SM-2 and 3, a.simplifiedf,h'ea'd.i.12 - . ,.

, , .-
.,

() In the way of, conf.iguration,_SM-1 was a head with nois
. -

,

. .,

shields plate attached. OIt'Jwas'h'ydrostath.cilly: tested toi4

- ,~ r, -s t, , ,1,

is failure. After that test, simplified' head was"used on SM-2'and

i6 3. The difference between that test was that SM-2 had no

i 7 ,. upper internal structure and-SM-3 had the upper internal

is structure, and in SM-2 we were talking about the slug ~ and

i, how it comes up.
|

2o In SM-2.we had no upper internal structure. In SM-3,

at this was done because of the presence'of the upper internal-

structure, which disrupts the coherence of this sodium slug that22-

23 rises above the core.

SM-4 and 5 were the complete vessel with the internalr 24

i
'

| 2s nonprototype head. ~ This was nonprototypic in the way the
|
'
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:

shielding plates.were attached to th'e head. As a follow-up to+

.z' this,'two more hydrostatic tests were run... The first. had '

nonprototypic . head ~with the shielding plates- attached -as in thes

-
.

tests 'SM-4 and :5, and then in' SM-8 it was run with the- shielding4

; s. plates in-the prototypic -- morefprototypic of the design.
. .

,

e .The difference between these two tests was?that SM-8
~

' hbsorbed Considerably lesS'energycthan nonprototypic model,'as7

a we expected SM-7. Based 1on this, we did a'more thorough

a review and found that we would estimate :-- I might- put up the

so , conclusions -- that the vessel' head as presently designed

si cannot be shown to accommodate 75 megajoule. kinetic energy.'

-

N ,3!- ur,$ :j. .
,.;, c

: in . slug of sodium, and further? fr'om' SM-1 and' the other. two
; .,t

, _r_ 4

~({J hydrostatic tests, that fa,ilure would be kinematic disengagement ,i3 s

b a , 77 ,1 |1 ;;; 't t ^ -.

of head intermediate rotating > p1' gs?. ' . 16 is ~omething that.I'su .

i4

p ( .y . ,. .

am sure Westinghouse will=go over in more'dstall in a'fewis

is minutes.

' This is important because this allows more modific~atio n| 37'

of the' head design and some relatively simple manner to allowis

for more deformation before this disengagement appears and moreis

energy'can be' absorbed.in plastic deformation, and I have notedno

that the remainder:of the load path will accommodate these -
*

ai

,

loads resulting from impact of a '75 megajoule slug.22

Unless there1are'any questions, I guess that is it.23

MR. ZUDANS: Will Westinghouse show -- can we see the-

3 24.

' us[
kinematic disengagement of intermediate rotating plug?as
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c.-

li- s- MR. 'BUILER: 'Yes."

MR.JZbDANS: Thank you. '

. 2.

'

s MR.. ALLEN: Can;I ask a few questions? I am Allen:
.

4 with NRC Staff. /Iwould~like to make a comment.with regardito'..;.

< so . .: .
.

I an not1guestioningathe1,
'

'

~ s the 'que'stion about?. pipe-failure.
.

possibility L of, a'failureh That,is not my field. -But CDA'siare
.

>
. -e

7' 'diOided into two main aspects....The potential early failuresi '

from energetic releases likS the. slug impact againt th'e head..t
. :a ,

n
- -

*

~
; . . .

.

.

e; and.the long-term consequences that'you heard'last week from-
,
.

a4
e ,

Johh Long,~which involved aerather slower phenomena.where the:
,i io

s
, ,

! :is debris falls into the cavity and the sodium. winds up inathe-
'

; i j f 3 .r y* Cis f7,[, '+

, , , .

cavity and the debris win'dscup'there'..i( 9 O|
i~

32 yus- ,,s - ~ 4
,

. s
.

.

" [U .i3 If the pipe ~ s1;ould- fail,gthe e scenario would progress ,
.

-

i,. w g - t, -
,

. . T C., i , t s @. < L - ,. .><

; i4 I '.be lieve , in L'an SMBDB typer scenario'? The' concern here~ is
a - 11.. W > F, qibrq;. ;.

,

:ss .with failure o'f the barrihr#bhtw'e'erY thd Tord'ahd'the: containmentf
'

F
'

Learlier in theitiransient, and-that is shy-the focus on the- ,

'

ie .
.

i .

~ integrity of the head. I' don't know if that helps.i7

'

se MR. ZUDANS: -Tliere is,however, a different. consequence .

; ..

If-'it.were the' failure in,the. system, it goes through~the
'

: is.

2o reactor' vessel and= collects in the pit. I think it's not so
'~

4 .

i
-

. simple. ~Now;the other issue..istthat the impact is'only-theai
> -. .;

.

,

head.. The. pipe' will see the pressure his' tory, which is! - 22-
~

< completely different, . arid unless there is .a reflection from: : 1 23

i . .

;y -24: ,thisfimpact, the pipe won't.see:anyisuch impact because the'--

' LJ , : pipe outletLeis many feet.below the head and--- I don't know.
-

.

.

.

_
, .

,

?
'

2s .
.
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i MR..STRAWBRIDGE: I.will be addressing that'in my

.
't ' pre s entati'on .

,

< _ 3' MR.. HOLTZ: This;is a summary of what's.in our SER,
,

'; .< ..

and I believe'I am correct in stating that the applicant is: -t

'

aware of a lot ofEthis, an'd it's been' discussed with the~ -s
~

; ,

( .e ' applicant.' And if they do not agree.with it, I am sure Paul
~

^7 Dickson will-let me know.. .

' a- Well, one of the fallouts of this. intensive review,.

; which began in' December of 1982'and followed-on into 1983,:s

'

which was this kinematic interaction of the plug behavior.that
~

to

and ,so as a r.esult of this,y
~

eso we are inTom Butler mentioned,i ,9
is

'3 ,j ; ; r..,9 % , -i

=s 4, . , . . .
-

agreement that additional ' testis,l are nesded. We' are identifying-
,

in

theseasSM-9.andSM-10j.|They,will(be7schlemodel' testsh- is
,

11- ;. .#* , - u ,

similar to what was done b,efjore, but'with ,the; inclusion' at*
'

34
. V i; I : s . , , -* N; . ,

' -

least in SM-10 for. dynamic tests showing how it behaves with'i- .is

'ie- the modifications 1. incorporated in it..- We. consider this.:a.

:

confirmatory test'.because-we do believe that the plug can be'

i7

. ..

is- made to arc in such a manner that we can absorb the energy.~that
.

i. .

I will L go to the plug, which we estimate currently is aroun'd fis

ao 40 megajoules ~.
|

,

' We. are holding the applicant to this -75 megajoules-ai ,

orikinetic energy in a sod'um slug at the bottom of the plugi22

23 at the time |of impact. And-we agree with;them that the

:2, modifications that- they have ~ discussed with us will probably

as ' allow'them to reach this value.
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i Well, it's stronger than that. We believe :thatt

(,) they will meet that value. 'I mentioned the SM-9 and 10 tests,
_ a

and I have an A'ahd B option, which is in the SER, and we feel3

it. would' be highly desirable to have an analytical model that,

transcends the problem in its simplest form to show the3

relationship between the scale models and the full-scale models.,

At the present time we both have spent bundles of,

money on it, and we don't really have one, but we would,

* '9

however, requires that SM-9 and 10 be done, and in the B option,,

we have recommended that.at least a . spare .model of SM-10, which
,,

*
.

;'
~

is the dynamic model, be, manufactured;at the.same' time they are,,

manufacturing their first one, because iff they lose their data,
,, _

,

we would be blind, and we feel that this is a prudent and
,,

. ,t -
,

, . . . - i .

reasonable thing to do because it's their intent at this time,,

not to go back into the mathematical area so much as going from
,,

conditions in the scale models to the full-scale models. And
,,

in their letter of transmittal to us of February 14, there is
,,

a package addressing higher sodium releases than 1000 pounds.|

| 19

We admit that we could handle higher sodium releases than 1000
,,

pounds if they are controlled and preferably remained in the
,,

head access area as a pool fire, as a spray fire. They are

hesitant.

We don't really consider this a CP kind of a problem,
-t j

and we have added one additional requirement which we have been''

,,
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told about, and we would like to see.them carry the load past

(-
(/ 2' not fromJthe vessel flange but down to and including its

'

3 distribution..in :the; concrete structure of the cavity.

4 'Now, for Dr. Zudans' benefit, FFTF.was designed
s

differentlyLin that it had an under-the-shield fuel-handlings

system,'and it did have stainless-steel stretch bolts that:aa

,

lot'of| energy was taken out with. This machine does not. It17

has high-strength steel bolting, and according to calculations,-a

we don't believe that the head is going to fail in that' regime.o

.And I'think that Westinghouse wi11' discuss that.to

{If;.,youlreplace.the'FFTFsEeelwelds, I: MR. ZUDANS:
.,s ,.

,
,

can't really understan'd the-rationale. ^ '

12

Wehople[tha[Westk.hghousecanis MR. STRAWBRIDGE:
,

enlighten you on that. I will p.oint o,ut the" difference withi4
,

a picture.- endT. 5A' is
~

: c tartT. 5B is MR. ZUDANS: .A picture isn't required.

17 MR. SHEWMON: Why. don't you wait until we get to that?

is MR. CARBON: Fine. Thank you, Mr. Holtz.

MR. MARK: The decision to change to high strength wasis

made on the part of the applicant or the Staff?2o

2 MR. HOLTZ: The applicant.

MR. STRAWBRIDGE: I am Lee Strawbridge.22

23 (Slide)

,es 24 I am'from Westinghouse. I am going :to be discussing
1,)'

the structure margin beyond the design basis that we have taken_2s

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK.' VIRGINIA

, , .. . .-



. . . . .. -

:RonT.5B-.

pv 21
. . 72

.- t ; with respect to.those structural margins.

. .z- First, let me say that just in' general what we are

s dealing- with is- .very low, probability events. And as we'have

.

discussed in.. prior-meetings there are-design features that are4

s there to prevent FCDs.and to make them in fact appropriate to be
,

e considered as beyond thefdesign basis. 'Nevertheless, we do

include .and have included from the very beginning of the7
.

Project prudent margins beyond.the design base to further reducea

'the public risk.e
.

.

These ma'rgins are of two types, which we have SMBDB,io

They arestructural margin b.eyond.' des' ige base.
' lfor short.is

.t ' ;V
~

't

PMBDB for short. You have heard in previous, dis'cussions the
~ . . ,_

in
-

: '

; - p.. s

thermal margin beyond the$ design . base; Ifasiciallyg that is
..~

- is ,

. dealing with the coremelt. aspe' cts: ; That |i;s,' not the scope of.i,
.

today's meeting. Today's meeting is limited to the structural.is-

margin beyond the' design base, which'is dealing with theis

potential accommodation, the-accommodation of.the potentiali7

energetics that could result from core-disruptive accidents.is

So the. purpose of having such requirements is to accommodatei,

dynamic loads that could be. associated with HCDAs.ao

(Slide)2:

We do that by -- we want to do that so that we will
22

avoid any large release of vaporized fuel or fission products-

23

through the reactor head into containment or any large releaser2,

hs<

of sodium into directly the containment.2s.
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_

By doing that,'we'will prevent any short-term challengL.: e

A ~ '
,

V a to the1 containment and consequently avoid.any large radiological
t

3 releases from.the containment.

4 (Slide)
,

The form ofuthe SMBDB' requirements.that;we have> s -

identified and imposed on the' design are indicated here e Therei1e
,

.7- are basically three types bf requirements. LThe first' type is~

.

. denominated dynamic load requirements ~, and this is to maintain.a

the'.short-term integrity of the' reactor coolant boun'dary.- This..

io. is more general.- It is not just a head. for.. dynamic; loads $
r, , 21

- a -
4 ._ _,.

that could be associated'with' HCDAsd- (i ' |{, ! ;(:
;; .,; , - , y a : :; /t-, , ;k

We also have 1eakage requirements,to avoid leakage-2
, .

releases-that could get in 'th [contah.n ent an cd lenge..thezi3
., r.e+ jp em m. .

-

containment. integrity andicertain~ geometric * requirements thati4-

provide certain clearances between components.to1 avoid anyis

unacceptable interactionsyduring the,HCDAs themselves..is.

~(Slide)37
,

MR. MARK: You had a statement there of 101 megajoules,e .

How do.you get that down to three figures? Itiescapes me.i,

MR. STRAWBRIDGE: Sorry about that.2o

'2 MR. MARK: Anyway, total energy release, that'is-

energy release. That..is not kinetic?22

MR. STRAWBRIDGE: Yes. And I will.have a-later23

2( vuegraph to show that.

-as- MR. MARK: So show us how we get that number.
_'
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.i 1GL STRAWBRIDGE: Yes. Moving ininow to the-start

/~T of this discussion, the derivation of the loadings that we'havet_/ as

3 used for the structural margin beyond the design base, I point

4 out here that these loads were originally ~ derived in about.1975. :

~

The significance of that is that is about the time when we weres

placing some of the first orders . for the major comp.onents , so wee

7 wanted to be s'ure to identify certain structural loading

requirements on that hardware as the orders .were placed.a

, Now, at that' time we,'of course, did not have.the

io kind of base of calculations for HCDAs that we have today. We
; c ,r ,^1 cr -- -

., g

: have preliminary. analysis; and extensive" analysis that had been
.

3;,. , .

- -
-.

_

12 completed.- Even when pessimistic assumptions.were,made in
--

7 ; , g, , ;,,,

termsofaverage~fuelvayor"temperaturds,it'wa5'lessthan4300i3

.. , ,

i4 degrees Kelvin'. In' choosing a=meth'od for-balcul'ating such

loads, we indicated an average vapor temperature of 4800is

' degrees Kelvin, and:the purpose of that was to insure that weis

did provide some margin to accommodate on the data and the17

''

models as well as margin to accommodate design evolution.i.

Back in '75, we realized we had not reached final
'

i,

design, and there could be some evolution that could have someao

ai impact. In fact, the main point that has occurred since that

time has been the' change from the homogenous type core to:the22

( heterogeneous type core, and in fact, that is it in the23

22 diretion of being a' favorable influence with respect to HCDA

25 energetics.

L TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

| NORFOLK. VIRGINIA
I
!

,, . _ _ . _ . ,_ _ _ , - _ . _ _ . - - _ _ - .



RonT.5B
pv 24

75

MR. SHEWMON: Don't remove it.,

_s 2 MR. MARK: What is the melting point and the boiling

3 point that you use for fuel?

4 MR. STRAWBRIDGE: Fuel nelting point is about 500

s degrees F. I don't remember it in ' K. , j ust in units.

MR. MARK: And boiling point?e

MR. STRAWBRIDGE: Somebody in the audience has the7

a boiling?

VOICE: 9800 degrees C.o

MR. SHEWMON: Now, all you have said, we collapse theio
. ..

si core. What are you doing here to: start: this?
,

MR. STRAWBRIDGE: This is not a mechanistic calculation12 ,

of one sequence. What I was referring to up her~e was a series,3

of analyses that had been done l'ooking at' specific sequencesi4

where you looked at the things like a loss of power -- andis

with the assumption that none of the shutdown systems operate,is

and so you go into an excursion on that basis. We looked ati,

transient overpower type.is

MR. SHEUMON: None of the control rods go in?,,

MR. STRAWBRIDGE: None of the control rods go in.2o

MR. SHEWMON: Okay.2

MR. STRAWBRIDGE: And transient overpower -- with
22

none of the control rods going in. A whole range of things
23

like that were analyzed and led to conclusions of these lower,~ 2,

~

type fuel vapor temperatures. However, in choosing this number,25
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1

i- there|was not a' mechanistic calculation. We said, well, put-

O- merg e oe chis number te define the 1eede end recognize thee: <

that is going to-provide'some extensive' additional capability3 ,

: compared to-that fuel vapor temperat.ure. And there is-a'large4

difference in' energy' content between that: temperature, 4300s

Kelvin, and'the.4800 degree Kelvin.-.-
|, W

MR. SHEWMON: So what youldo isatake ali arbitrary,7
~

semi-arbitrary, insertion of activity, and this was for-the
~

a

o homogenous coure. .And now we have-to go to the inhomogenous
-

8

{-
- core? And why is.that? ,To , reduce t,he energyJou.get from one,o

, 3; jr jr ; ,r .

.
4 ;;; -;

'

4

of these? . t i, i a,, | J ' a t , v<.,
,, . u , .. ,

,.s

e

MR. STRAWBRIDGEiu The-initial?rsason'for3the change' '

,2

~

l.4 L V I. ~%,' IL f) . ..
"

-

{' was to-achieve -- be sur'e"that:we alproa.che'd the'b' reeding goali,3
y77 ;7 , ,r. .

-.
.- i! h i. w+

of the plant. This is a higher br;eeding again, so with the.

,4

-- another factor that goes along with'that' change,Lthough, is'is
,

;a reduced sodium void coeffi.cient, a less positive sodium void-
~

~

i.
.

coefficient, and that has'an influen'ce when you go through the37
-

i seque'nce of things.i,

,g ,MR. SHEWMON: DBut you said -->
.

_

;
. .-

S6-it is a~ positive effect'from that|- c MR, STRAWBRIDGE:
~

2o

standpoint.. ,,

' - MR. SHEWMON: But you~have not reduced the bottom -

22

line be'cause.of that, becauseLyou felt:you could cope-with the
_

' 23

- bottom line, you-could~ argue?2,

. h.
MR. STRAWBRIDGE: That's right.as

:
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MR. SHEWMON: Oksy. Thank you.
,.

.cQ (Slide).,

MR. ZUDAMSi ' Dr. Fauske just said that boiling
3

temperature is 7200.,

VOICE: 3200.s

MR. ZUDANS: Okay. Sorry.
.

MR. SHEWMON: He-is such a quiet lad, we can't hear
7

him.,

MR.'STRAWBRIDGE: Now, initial fuel vapor temperature
,

condition. That corresponds-to an_ average of.4800 degrees
,,

+.s- s. . . ; r- ..tr
_ o; - ;;, ,

,
,

:.

..

Kelvindefinesapressureijolume, relationship;whichisused.in,,

calculations that I willybe; describing in ra poment where the,,
- -

.s .' ; t .

initial pressdre'here is~sorde 27b babi.
'

'

h- 13 .n7 >e ,

. . < -
,

(Slide)'
14

MR. SHEUMON: Do you vaporize 1 cc of the core or the
,,

whole core? It seems to me the volume of this' gas also is'

,,

germane.
,,

MR.|STRAWBRIDGE: The volume is germane and the volume
, , .

' that is used is the volume of the whole core.
to

'MR. SHEWMON: That. also came~ out. of your consideration
,,

of failure to. insert rods or it was just a probl'em you could
'

,,

solve?
; 22

MR. STRAWBRIDGE: Well, like mechanistically, one
,,

would not predict in most sequences these are going to vaporize
2e

-\' j
all the core. In the next vuegraph, in' fact, it shows that the

,,
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,

i initial-fuel volume.that we use --
;,

a .-MR. SHEWMON: .I guess I would kind of'like to|see'
,

some aspect of iti brought through the, I hope, the SER when weJs'

get into the things, and as a practical-engineer I would say4

they. are nonsensical, but1maybe I don't understand the ; sit uation,-s

Maybe : the . incredibility. of it ought to be on' the record 'if wee

7_ are making them jump.through'these hoops or. spending a lot of

e - time as.ybu~have'and th'ey'have'and now we.have too.

e MR. STRAWBRIDGE: All right. A few other character-

. . .. .

so ' istics that' go along withi that" par,ticular ? condition 'that we
< .'i,s.., ,, , < .

used as a starting poibti are >s'hdhn hdie'. The average::

,731; 3, .
- ,

temperature was 4800. degrees' Kelvin. jIt wa,s,notta uniform, it-12
<

- q: . a ,. > , . -- < _

{} ' 33- was a uniform with a peakcup around.6000,<. starting from an

initial pressure of 273 bars. That is the core volume. - N o w ,-i4

if that is that. pressure. volume curve-is expanded to the'is

volume Jthat 'results in imp'act of the sodium that' is above. theis

iv core with the underside of the head shielding, that > osId

result in 101 megajoules of work . energy released to that point.is

-If one theoretically -- which is about the only way.'
is

you can do it -- were expanded to one atmospheric, then that2o

would force the 661 megajoule number that you have heard about,ai

and if we talk about 661 megajoule event, that is what we are22

23 referring to.

'24 Now, I might pcint out here also that the number 75
r

as- megaj oules was mentioned in the NRC presentation you just had.
./
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: The 75 megajoules is upward, total upward kinetic energy out of

r~(_); the same calculation that led to -- that I will be describing2

3 in the case here that led to numbers such as 101 megajoules

4 at the time of slug impact. Total up part kinetic energysof

s the slug was 75 megajoules. So that is how the 75 megajoules

e ties into these numbers.

7 They are assuming the same initial starting condition

of this average' fuel vapor temperature that I mentioned.a

9 (Slide)

The mold ~that we havs-u' sed:to predict dynamic loads7
io

'
,, ._ ,,.i'

''
'

was the Rexco Hep code 'and the high-pressure initial starting::

. , .

_ core,r'gion and aroudd.the corei2 condition is placed in the e

(") region we have the-various stru'tures,: including the corec33
v

i4 support structure and the barrel, the reactor vessel,

We hhvemthe' head representation up here along withis

some hold-down representation here of getting the loads into theis

i7 ground. We also have sodium represented through the vessel and

one significant thing which is not represented in this figureis

of mechanical structure is the upper internal structure. It isio

physically in this region above the core assembly. It is not2o

2i included in this analytic model that we used.

At the time the loadings were generated, there was not22

23 a real capability to handle analytically the calculation of

that effect. And we recognized that it would be a majorr~s 24
L ,)

25 conservatism to ignore it, but weJdid ignore it in the.
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,
. e

.
. ,

,4

'

, . . . ., . s

. ' calculations'" leading 1to'the; loads that'I:will be' describing."

MRAZUDANST.Onthismode1[howwas.'thecore' support [E
~

'

:n
4

'

u . s
.

. . ,.

C.3E structureTrepr~esented?;;ILdon'.t'see anpthing.,

~ -
, .,

Vi*

4: MR'."iSTRAWBRIDGE: -Basically,'you see --
_

s

,
. . :<

.. . _. . , ,
-<-

,

- s1 MR'.sZUDANS: If you;would Sreplace?.that seci: ion, .ifof ,

" c

.

, ..
5 e- '!

7e f youwouldjeplace.that^section?with'the.actualTdesign~as~it'i 9
+ >

, _ q
,

s-

,
- - s

-

,

, y ~

ss r exi'sts'now',7wouldn'tJthat in; essence represent thefweak link?.'
- - ";

-

x . . . . . .

- ~

-
, . e

.

T :a' MR.:STRAWBRIDGE::. No.4. '

~

s MR. ZUDANS: 'And would the; expansion-forces:psshzthe'

,

|L . n . 8, , .m - ,, y _ y. o f/

core down rather than cause:the most(dama;esat th.e rea._
.,,

.

g ctor. io' ,.
-, . -c r # i Sp.i e-

t j ig, L .. J p. j a, -s .
-

C ' " M, |'j ,* vessel'. head?is

p r.a n GJ * 1? ' .

.

- #2 - MR.-STRAWBRIDGE:jThere i$foi6$e$'d [:
' -

a . >- -
un2the~ core support l

,

.

We' areMsin'g in ffE$t(this;i:Aic'tdi'ati'oM onlyE to "
= i3 'strueture.

'

' |, = develop loadings on?theistructures , arid' then we go intoj moren
- *

,

- -
<

_

'

detailsd models using thenloadings to actually assess'the: 'k
. : is ,

.

'

,
.

? .-
. . . s :i

>

.

.,
"'

'

i ,|is .inte'grity. .We do not;use.this model to as'sess theiintegrity:o'f~s,

.|

-the Core skipport structure.\3 7.- s ,- , , , ,
,

.. .i
,

I ~

MR. ZUDANS: And-the' conclusion is:that the main l
~

'

- is

I*.*
_, ~ ]

-

thrust is upwardsand not downward?~ -
.

"
- is :

c
'

,

, }, _ .

.n:= ' no MR. STRAWBRIDGE: Well,ifor every. action.there is a i

reaction. .Th'e importance there is~aedifference in the upward.* ~

-

ai

. ',
-

^ '
-

.
- ,

. _

22;; direction ~, and that results ;from the difference that Lyou have- a
L, > >

. 7
i'; J . ~ 23 :in cover gas spaceJrepresented'by1this area right:here. unlabeled- ,

|

and. that cover gas. space requires room for acceleration of: this- i|N ; y ;24
~

s -

, ;
.'

,

: .. -

c .. .,

"And this can result in a-
'

^

as -liquid material to take place.
,

-

.

7

*A '
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'

s considerable impact loading with the head, which I will be

O euewing in 3uet e moment-here..s-

3 MR. ZUDANS: What you'are telling me is that the

'

support as modeled in here was fairly rigid but you took loads4
,

~

resulting from that calcul~ tion iand applied to the existingas

support skirt and it did not break'. it ?e

7 MR. STRAWBRIDGE: That's exactly right.

s MR. ZUDANS: You are saying it'was-the gas compressed

.9 on top of sodium? How did you generate the impact? What
,,; -

,,q , . . _ .

io happened to the gas? - z;;. .s
' ''

i

,s,

.v - '
.,

: MR. STRAWBRIDGE: .The gas.-- until you got to the point
~

i ~

t.. :u =

2 of the plates, shield p1'hes b$ beath the head, *

~$compressed in calculatio ~ '# '

{ '

i3

i4 MR. ZUDANS: And.after that? Oh, where did it go?
~

is MR. STRAWBRIDGE: This is'some amount of gas ~that is

~

actually between theseashield plates and so on, which in factis

f

i7' Could not physically be compressed. 'So you don't compress it

to zero volume, you compress it, to some lower limit volume.is

MR. ZUDANS: Was the.effect calculated assuming thati,

2o .the gas-did not provide any cushioning?

MR. STRAUBRIDGE: The compression of the gas was2:

taken into account in the-calculation.22-

MR. ZUDANS: But I don't see any model there. The23

two a'dditional models. Was that volume put in the calculationn 24

V
as in any way at all?

,
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.

i MR. STRAWBRIDGE: Yes. And maybe that will be a
g,

C 2 .little clearer from this next vuegraph. I am not sure. Let

~

3 me describe. This is just some of the sequence of calculations

that we go through using the Rexco Hep code where initially you4

s are_ putting the high-pressure material in this core region and

e as time progresses,'that core region is expanding due to the

7 high. pressure now expanding and pushing materials in all

directions and' causing expansion of that. And note that thisa

9 cover gas space here, the head'is above';this point,, Mot shown
9; e .;

on this -figure, but the cover 'ga's; hpac5 'is'l liis? part here.' ~

tto

is (Slide) e g& *-

.

12 And in fact, thA 602 millisecond time has decreased to-e 3

.;,
-

.,, 3 .

We predict'c$n'thc't'with'the lower'-- so that(") - is almost contact.
<>

14 has progressed as the calculation proceeds.

is MR. ZUDANS: Unless you have a way-for the gas to-

disappear, you will never have an impact on the total surface,16

The gas has to remain someplace because of the pressure thati7

is is. generated. Its volume is not zero,

i9 MR. STRAWBRIDGE: No. There~is_some portion of.the

2o cover gas volume that is in the upper shield plate region which

cannot be compressed,-and so we are.not:taking it to zero2

22 compression.

23 ' Allen Christy, do you have_something to. add?

24 MR. CHRISTY: Allen Christy, Westinghouse. I believe
q(_/

as in the-model actually the cover gas as such was not really

TAYLOE ASSOCIATES
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i present. It was'really a volume, but that corresponded fairly

a closely to the real situation because the volume of gas aboire
-

the shielding is cons'iderable and as the sodium comes up, ita

. compresses th'e gas in the lower area into those spaces:above4

the shielding, and the final gas pressure isn't-that significants

as. impact is occurring.e

7 MR. ZUDANS: First of all, impact,did not' occur in

a the head.

e MR. CHRISTY: It occurrs on thes, lower side o'f the
idih : ' b| l '' t<<

to shielding. ;j'l | ,,| ; 7; * . ''is'1
'

-
.

si MR. ZUDANS: And;you cann'ot remove the cushioningr

>x 'i -
'

a ; _.

effect. I remember that'in'the calculations. So that meansi2
a f, ~-. _: ,y ,

*r' i.. s 1

it isanextremecalculatidN.1,3
,

i4 MR. CHRISTY: It is more conservative.

is MR, .~SHEWMON: The gas has zero' compressibility in

this calculation.je

37 MR. ZUDANS': Yes. That is it.

is MR. MARK: What is the material that runs vertically?

MR.'STRAWBRIDGE: That is the core-barrel. It 's on.is

2o .that. graph there.

-(S lide )'2i

This is the reactor vessel here. The core barrel is-22

23 actuallylin here.

MR. MARK: You are computing everything inside thep 24

Q-

' reactor vessel?25

'
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.

; , MR..STRAWBRIDGE: Yes.

h MR MARK: And the wall is a couple of-inches thick?.

~

MR.' STRANBRIDGE: Yes, sir. 'In that order,3
, .

.

MR. MARK: And the pressure that you are applying4.

to that is 4200 or.so psi.. That does nothing.. There is no3
,

'
disportion of that, that ~makes a difference.,

MR. STRAWBRIDGE: The reactor vessel does experience
~

7 ,

some strain,..some deformation, a few percent of permanent,,

strain is predicted, well.below 10 percent _or so. .That would' s
, .-_ ;> r,ssi 33
.-

. . 4 . .

be in the area of where you .wo,uld have 'any concern 'or' failure,o

U| :
'

i "' ' "^

in the vessel. f'i,,

', ;.- .u, ,
. C

' - '''

s

'
MR. MARK: It does enlarge the area in.which the',,

%>
. ; . ;t-

; sodium sits.;,3

] MR. STRAWBRIDGE: Yes.
.

,,

MR. MARK: That is.not taking into account --is

MR. STRAWBRIDGE: No. It does take into account the,,

flexibility of that reactor vessel.'

,,
;

'

(Slide),,

t

Now, the head load predicted from this calculation,,.

that we are : talking about is this load that goes up to a peak2o
t

of 160 million pounds. .This is force as a function of time,,,

and'I mentioned in the previous vuegraph impactoccurs at 70
, ,,
\

milliseconds, and that is this big spike, and some of the23

dropoff that is experienced here is in fact.due to vessel, ,, ,,

k'J
! expanding and creating more volume. So that is taken into25

i
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|

i account-in the calculation.. And there is wave reflections that'

n
U- s are responsible for some of these longer-term effects here.-

'

3 MR. SHEWMON: And when you get your 75 millijoules

or whatever, c it is for how long? Just~the initial spikeror4

-

s after -- >

e MR. STRAWBRIDGE: No. It's not.just tho' initial

; 7 spike. -

a MR. SHEUMON: And you point to something there'?' Is
'

~

,

it off the scale or 10 fperdent iof ethat ortwhat?, |( j'-e;

',,,il.- '! .' i, .'-

.

'to MR. -.STRAWBRIDGE: 'We'are>using this a's the actual
'

y a, .-
,

.
_- ,

loading requirement' on the underside 'of' th'e $1ead. So we havesi;

t to take this load over the-whole3 time shown here.s cThat 'is ourin
* ,i- , ! ,,.s.

;h is load requirement.-

! i4 MR. SHEWMON: Thank you.
.

is MR. CARBON: I still don't understand.= Canlyou
!
'

is relate this tot 75 millijoules for me, or am I on the wrong ---

i7 .MR. STRAWBRIDGE: Yes. Let me t ry. Presumably,-it-

is is the interval under that curve.
f

MR. CARBON: Is it a lot more than that?i,
,

'~

'MR. STRAWBRIDGE: That is essentially it. It is not2o

I

2: quite that.

MR. CARBON: Excuse me. Th~e 75 megajoules .is -
.. 22
i

2

23 essent-ially the interval under this curve?

* - 24 MR..DICKSON: No, it is not the integral under this

'

Of'that 75 megajoules it hits, of course, it must be: 2s curve.
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-
.

, . .
L

. J A .

.

Some going to the-head and some' going elsewhere.'.
. ' distributed. 7

,

l 'a' Our next speaker will address.that. split of energy.- |,

: s If you take the strain that that force produces so
i-

that you'get the strain'energp, then that represents the fractio4 - n y

of the' 75 megajoules that does -appear in' the~ head but. the.wholes

75 megajoules 'does not' turn,into energy in the head.e ;

1 7 (Slide) ,
r

,

:

From thisicalcula' tion', this one..looks at the poin't ina
.. s. :~ -s

.

time of slug.. impact, wiiickii|on,it! 'h'ere', Tutf.70 mil'liseconds
'' ~

e
. . . : i: ? .. , s, . .,

f .' Y bor - so , and all the -, points ~ wh,e,. Ire material is moving in this -

' ' -' #
''

. , , 4,},

4 io - .

p; e .. t I c.; f'

calculation at that point Gupw'ard,L th'e[upw'arii idinetlic energyisp
'

*
, . . . ~ . m.

is < in. fact the- 75 megajoule. . number.' . , ' m: . . d .
'

2 .

NR. .ZUDANS: One more question' or a couple more.- [-

i3

This-space above the. sodium in the. reactor'is connected'to -
i4

i
i i

is color gas monitoring ' systems. It's-also, connected (to some'i
-

,

.is - overflow system which functions later-on as the ind'ependent .m
~

I

i7 heat ~ removal system.. Not in'this. calculation, but in the-

-

;
. ..

is. later review would they be: broken off?

.. . . . >

ie MR. STRAWBRIDGE: No '. .I will get'~to that in about.
:

'
ao two vuegraph's.

t
. ZUDANS: All right.

. -

] 2: MR.

2'2 MR. STRAWBRIDGE: .I have-insertedt one vuegraph+

I here to respond to a question raised' earlier, to heat. transport23

i

|. 1 24 ' systems and would the same: events leading to the head loads' -
i

as cause failure of the transport , system piping? In the Rexco Hep.
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' calculations ~.that I showed', we do look at the pressure lo'ading:

z at 'the location' of -the nozzles , . reactor vessel nozzles. Here
a

3 is the' outlet nozzle pressure ~ and in fact, . as you can see here,

there'is a pressure loading' prior to impact.as the pressure'4

s wave gets up to the location of th'e nozz1'e before it gets on

and the-slus impacts the hea'd.- You have some earlier pressure-e
_

p'ak,into.that, and later on you see peaks due to fieflectede7

a waves after you have the impact with the head. But what we

have done is to use thin (3 rloadibg reqdirement a't; the' outlet
'; F . . - - r c.

ie
a s ;- :.,- v.,'1 t >

s

nozzle, another similar , loading requiremer}t calculated'fromto
.

,.

Rexco at the inlet nozzl' ,? ahd :thn bsed dnother $ calculational'
~

iin

,.,; ,, , . , , , .. .

tool to. predict loadings arbund?the"wh'oleisystdm,'not only:the-in

'

Q i3 ' piping but the components in the' primary system and these

pressures as you can see here,'which would be pressures at the-i4-

is nozzle location and generally around the system, they are
~ ~

generally lower than this but'are running ~400.to 500 psi range.is

17 And'those pressures are not sufficient to fail the

primary heat transport system piping.-is

-is MR. ZUDANS: Where was'the outlet?
,

,

'2o ' MR. STRAWBRIDGE: If this was the most limiting

^

2 . pressure along-that'. piping, then it.was.'used. I can't recall'

22 if this was simply used or not, but we looked at the pressures'

23 all along the section and chose the noct limiting condition for-

. 24 it.

J.,

as MR. ZUDANS: This time scale in milliseconds interests
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_ __

1 me. I expected it would be in microsecond range in this

's ' 2 incident in the beginning. Are you sure there are some peaks

3 there that are not shown in here?

d MR. STRAWBRIDGE: Perhaps the difference here is that

what you are thinking of shorter time frames, you are thinking5

of what is going on in the core. That could be some of the6
-

7 conditions when you have gone super-prompt critical.

8 MR. ZUDANS : If something happens, how much time 'does
,,

ittakeforthepressurepdisetopropagatetothis. location?e

Io Is that micro or milliseconds?

18 IHt. STRARBRIDGE: Th'at is nilliseconds, yes, sir.
. .

.

O

12 MR. ZUDANS: Okay.

I~') 13 MR. MARK: You will avoid a' fair amount of -- this
v

id outlet nozzle is 3 feet across.

15 MR. STRAWBRIDGE: Yes.

16 l@t. MARK: So sodium will be running out as fast as

'7 the 400 psi pressure will move it, which is as fast as it will

is move it upwards too. That is not in the picture I guess. You

will lose a fraction of your sodium slug out these pipes.is

20 MR. STRARBRIDGE: Yes. That is true. But that

21 pushing sodium into the pipe is in fact one of the aspects

22 that is pushing pressure pulse around the system.

23 MR. MARK: I am just saying it will subtract from

24 your -- of what goes on with the pump.gS
V

25 MR. STRAWBRIDGE: Oh, okay. Now, in fact, the
_
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i question was raised, are we raising other areas?

'
- 2 (Slide)

3 In fact, this is the list of areas that we have

applied structural margin beyond the design basis loads, broken4

s it into two sets. One is basic loads which can be derived

from the Rexco type model that I showed you. And that's thee

7 various Components in the vessel and under the heads and so on.

8 Then you have to take the Part B point loads from Rexco Hep and
, r. ,

,

apply it in some other'model-and get to the point of'these9

io components. That is this list of components: reactor cover

ii gas system, impurity monitoring, and analysis 'sy' stem. So we

so we are taking oth'er systems into account here and-

12

Gend specifying dynamic loads.i3

f.5B

14

15

16

17

18

19

20

21

22

23

24
.

25
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Q1

1-
MR. ZUDANS: One more question. With respect tog--

V- 2 .
. ~

'

the model, at least the, picture yo'u showed-did not indicate'

s
.

.

.

f any deformation on the~ reactor previously. Was it subsequently

4
analyzed for pressure. histories. derived in this analysis?

s-
MR.STRAWBRIDGE: No. That-Rexco calculation included

e-
a ficxible row'in that reactor vessel.

MR. ZUDANS: It'was just small enough_not to.be-

.a . .

noticed?'

9 . .

MR. STRAWBRIDGE: Yes.

-to . .

MR.-CARBON: I'have no knowledge of Rexco code. Is. >

~ ' '

: . ..

it.a highly complex one? And.if'.so,7is it well grounded,
~

12 .

~

.. , .

well checked, lots.of tests against.the code to be'sure that
.~.

'13
1

' 'it's giving you. good results;. dependable'?'
'94

MR.-STRAWBRIDGE: Yes. I consider it to.be a

is

well-verified code. .It's been tested'against different

C | [ b i' | | [ q [.*:- Q,y
'Not~only?so|meof.jtheexperimentsthat.Ihave,,_

experiments. uiv- .. .

.17

been showing,but al~so, EFTP and.-various k,inds of. experiments,,1
4 ,

to . 1: ,1> . 't . .
' '

and I think it's a recognized','well-verified code.'
(;3 m +<<

Against'ekperimenMs'?' ("
y ,

MR. CARBON:

2o
MR.:STRAWBRIDGE: 'Yes, against experiments.

21
Now, when'we performed our analysis of the components,

**
| there is a special aspect.of.' margin beyond~the design base
,

l.'
23,

analyses.
,

'(slide . )
25'

! These are given design base analysis. I would like
! TAYLOE ASSOCIATES
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,

'

to note those, load: requirements are not part of the ASME code.
,s

/ \

~ '* So-they are not included in the stress. report showing code

s' compliance. ~ However, we' prepare separate' reports, stress

,
reports. ~We|may|use.recent acceptance.. criteria compared to

s-
ASME codes, provided. functional, requirements are met.

* SMBDBeloads are not' combined with seismic loads. I

7 think NRC mentioned there is some relaxation of the acceptance

* criteria compared to the ASME code,:but the basic spirit of

9
the code is maintained. We do not combine seismic loads, for

' example, with the structural margin within the. design base loads.
,

''' Let me just summarize now what we consider to be the
,

'#' conservatisms -- summarize this portion in what we consider to

() - ' ' be :the conservatives in the SMBDB loads that we have specified.

''

,

In the.first place, we are:looking at a Class _9
.

15 accident con'dition, a very low probability condition that is
,, 3 n - ,

7
- s

7 ,

beyondthedesignbase'alid;doing'sdmeth'ing,v'e'ry)specialfor''

+ c x .. r . s

'''
that condition. The loads that we-have derived assume that-e

; >
*

.

,,
'

's *

f- *

an HCDA could be an energetic'Te,, vent, ' even' though that is not,'*

,, p ; c g:- n*e-
our best prediction. In fact', Kwe have''to"g'et quite pessimistic^

''

* in order to predict that.

2i N vertheless,.we' derived loads on the basis of an

22 energetic event.

23 Isentropic fuel vapor expansion. We have also

#d ~

f('']T
ignored the upper-internal structure, and that is another

\_
** conservatism.',
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l<

1

I mentioned at the time that we developed the ,

h& ' .' t . .

. loads. wo - had a'.. homogeneous core , and now we have a hetero-:-
.

'3
-geneousicore. But the' fact ~that we could not change load',

4 .

requirements at that-time -- we have provided.another level of
s ,

,

conservatism by still using;these' earlier homo'geneous type
.6.

' loads.
7-

^

(Slide.)
s'

.

,

. ell, you showed us.a graph'of'the load'
'

'MR.' MARK: W
.

s s

,

on'the hesd?
.io

MR.STRAWBRIDGE: Yes.
It '

MR. MARK:- So many million pounds over so many acres.
12'

xYou didn't show'us a pressure. history at-that point between.,s

! Y 13v.
sodium, but you have~it, of course.

14
,

.MR. STRAWBRIDGE: Yes, sir.,. ,

15 -

How do~ you taksi the"~sodiuin h Is it stillMR. MARK:
16' |' | , ' ';g . . ,: ; -_r '\~ i,

an'. incompressible fluid 'or ~i's' it ' put 'in ^there~ so ' thati it really
17 _ , ,

. .y

vaporizes? !. ,/~ y y ;
,

se 'C*
- .> " '"-

MR..STRAWBRIDGE: eThe. sodium' compressibility-is
-

,,. s . t_ t; i;a _ ;5 -. r

treated in the Rexco code. 'Tlie vaporization you are talking
20

about.
121

MR. ~ MARK: .It;is going to have a tremendously strong
22

reflected strong pressure wave coming-back down the sodium,
23

and it might.or might-not= vaporize it.
24'

V MR. STRAWBRIDGE: Cavitation pipe mechanism.- . ,

:25
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' MR. MARK: It will dissipate energy in the sodium,
,a
i

'' *
- heating it, possibly vaporizing it, certainly compressing it,

3 and that energy is not going to be available for your load.

4
And I am wondering what you do about the equation of state and

5 heat content of sodium under this increase reflected.in pressure

* wave.

7 MR. STRAWBRIDGE: Well, the Rexco calculation

e includes internal energy in the sodium, and that turns into --

* much of it becomes heat energy.

' MR. MARK: Okay. You have a reasonable equation of

'' state for the sodium when this pressure step comes back?

'2 MR. STRAWBRIDGE: Yes, I think so.

,-,

'8 MR. DICKSON: Excuse me, Lee. Dr. Carbon, if you'

'4 would indulge us, I would like him to go back to the two

15 viewgraphs that showed.that loadings,on._the nozzle, since
1 - r :t

Bush just returned [an'd'.he missed ~that-and heLasked a'*
~

Dr.

" ~

''specific question relative'to-those points.

is for you,,Mr.,Busd.18 MR. MARK: This
,

'8 '( Slide . )

2o MR. STRAWBRIDGE: The question has been raised on-

21 if we have a condition in which you can have a very high head

22 . load, can that same condition result in failure of the heat

transfer system piping. I pointed out that we have considered-23

24
'} that aspect, and we have imposed loading requirements on the'

** piping, and this is the calculation of what the pressure versus

TAYLOE ASSOCIATES
REGISTERED PRoFESSloNAL REPORTERS

NORFOLK, VIRGINIA

|



A a a 1 - .u

y-SC-6-
95

-

-3
time history'is.at the location of the outlet' nozzle from~the

.( 1
. . ; ,xd' 2-

same calculation 7that gave us a certain highiloading on~the

3
head'that we used for head requirements. This pressure: history,

4
one for the outlet nozzle: and. another for the inlet : nozzle, is

.s
used in-the separate-calculation to' track'the pulses around the

~

e
piping and to develop dynamic' loadings for the piping in. the

~

, .

7
primary-heat transfer system.

'

s
The point.is, however,that I want'ed.to say thatthe

9
kind of peak pressures that we see here are in the range of

10
400 to 500 psi. They are not extremely _ high, and they can be

11
readily accomodated by the piping without failure. The

12 .

difference is that-the head load is se'eing an impact'due to a
4s

-

s
; 13.
/ liquid sludge of material having traversed a certain distance

14
before it impacts the head. You don't see any_ equivalent impact

- 1s
here, but the total overallipressureleffect'isisomething that>

' ''

16 + . s

is quite. tolerable, and the' piping c^an, in' fact,.take it and
' M ( '

17 i ,

is required to'take it. ) j'
1

'

~.
i-

: - ,
-

18
(Slide.) e, - - > s

,
-.- ,

19
Now,-as shown on this viewgraph, we have identified

20
suchload requirements on other connected systems such as the

21
overflow and makeup. system, reactor cover gas system, the

*
impurity monitoring and analysis system, so they are all

23'
taken into account, and the equivalent type loads are derived

~f ) for all.of the systems. They are all-identified in our basic
v

25-
document.
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.

. - .MR. BUSH: This'says you didn't.get.a. slug. You are
,

v - .2 "

assuming a. full system on:the; piping?
3

MR..STRAWBRIDGE: Yes.
-

4
MR. BUSH: The~second thing ~is,'o~f course, is'whether

5
there is'a wave that could - :what you are. telling me there is

- g.
~

.

that.the maximum value is only about 500. psi'. I guess I am

7 -

surprised at that,~but most of my experience is.in LMFBR, so
,

a
it's much greater.,

MR. STRAWBRIDGE: Right, so'we have accounted'for that.
'

to

(Slide.)

11 .. .

Let me move on just briefly to the assessments that

12

!
we have made in the structural margin beyond design base

p
i.) ''

area.

14~
MR. CARBON: You said that-the SMBDB loads are not4

_

,- . .~r .-ts , ,., n . , ,

combinedwiththe:seismicjloads. It would'seem'that a, seismic
U

,,
_ |{<'' I [i i s ' 'c' /

3 ,

event.would be as good an initiator as you could think of for-

17 * k i'- * , I ',#

,

an protected loss of flow. Is that not s,o?- O.r-wha.t is your

rationale for not combining th'Tts6'! t;I$I ~ ' ~e

19 .

MR. STRAWBRIDGE: The rationale is that'we are

2o
designing the entire' plant,' including all the shutdown systems

.21
for the SSE type event,.and in fact, making sure it will

~

i' 22
perform under those conditions. -So we do not think the SSE

23
is a particularly appropriate initiator for-the kind of-

,

. f). conditions that we are talking about.
24

(
25

MR. CARBON: Well, certainly, there -is no high
TAYLOE ASSOCIATES

REGISTERED PROFESSloNAL REPORTERS
NORFOLK, VIRGINIA

- , - .. - -- , . . - --. ~ -



.

y-SC-8~

97-

'
.

probability initiator, butfit could seemi that a seismic event-
.

' ' ' ' * might be.'as_high_or' higher than'any other.

'' nMR . STRAWBRIDGE: Well,-a seismic event is an

' initiator'of ' lack of power.~ -However,:that' seismic'eventLI
T

'' would not expect'to be ancinitiator for the other part'thatiis

required', which is the failure of;the" scram ~*
.

7 MR. CARBON: _But having'part of it"taking^ place,athe

other part of your concern is:that.the'other partLdoesftakee

e- place when something.does.cause' loss of flow?

io MR.STRAWBRIDGE: The philosophy.that we have:used in

- si developing the analysis.and choosing what' analyses are.appro .

i2 Priate to considernis that we would combine reasonably appro-

}p f,3 priate events, though these we call anticipated that would

happen once or'so over the plant lifetime. . We would combinei4

is that range of'. events withifailure"on. scram withs s'omething.
-

. ,1 .t ' ,!
-

, . to - '. , * t +'
.

i r~ .

like an SSE. That is ex:tremely improbable by itself. We would1te

not comvinw that with f a l'ureJ to sbram: bec2use,we.would bei7
t .. i~ c

is combining two extremely improbable eventsyas-opposed to one
1 rt .*

.

,

more likely and one more improbable.i,

i

2o MR. CARBON: But it seems:there is possible common

. 2: mode aspects to this; at least, all the seismic events would

seem as.likely a'cause of loss of flow as anything else that*
22

! strikes me at the moment for the loss of flow portion, but we23

are admitting loss'of flow is a relatively probable condition.
7-s 24

"%-)!

25 MR. STRAWBRIDGE: That is anticipated, so we willj
f
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l,

'
.

tiake that_as being probable,,from whatever the cause might

> p# ' - 2i' be. It's the failure to scram, the very, very impossible.

event, and we' don't see tihat being caused by the ' seismic . event.8 '

# MR.-ZUDANS: Could'I ask for clarification?- What''is-'

* the timescale? Supposing you had an SSE,:what is'.the time

*- range between that. point and the time that you would experience

7 this load?
~

e MR. STRAWBRIDGE: Typically,-if the initiator we're

* talking-about, an SSE, this could lead-to'a loss of power. We

'O are talking about on the order of 15 seconds or so to get to-the

point of sodium boiling in the core and then beyond,that to get''

t'o tihe point of any possible condition of. energetics, so you12 ~ ~

- A
() would.have that kind of timespan at least before you could have'3

,

'd additional dynamic. loa'ds to energy HCDA.

c , . - - O.T -

MR.ZUDANS: Sof.th'ey,may]come on before but not during?
m ,

''
,

4 . ij
',

.
s

'8 That is the way I take it.
L ,

< v - 1
,

,

I-[ai ree with* that.17 MR. STRAWBRIDGE:5 J

MR. CARBON: Just.for'cubiosiAy,OIf[they did, would'

is

8 it exceed.the. acceptable levels?

20: MR. STRAWBRIDGE: I really. don't.know. I don't
.

think we have analyzed any combination of seismic along-with2i

1

-. 22 SMBDB loads.

23 MR.DICKSON: Dr. Holtz reminded me that there have
?

{a]
been analyses that combined some seismic acceleration with24

~

,

as this event, and would you say again, what:was the level that
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:s
it'would;take? -

k,i -2
' ~ -

.
.

- ~MR. HOLTZ: Howard Holtz, NRC. ~I didn ' t fsay 'it' that
~~

s' .
.

_ hat I said was that there has been a separate analysisWway.

4
done}on seismic margins by Dr. Mallet,which; indicated that-

-s .
. .

.

the heat-transfer system piping would-t'ke up to a' half.of afg,a

e.
which ILthinkLthere is margin for seismic events.

7~'
MR. ~ MAR": 'It seems tofme there might bb a-seismic

'
~

reverberation ' conceivably -going on, 'but it wouldri't af fect; 1

9
this. .It would be' shaking pipes, and might affect'other'sys'tems~

,

to-
but it- wouldn't' af fect what was going on in that - that wouldn't

''

look very serious'inside the sodium.
~

'12 - .

That's a good' point.
.

MR.STRAWBRIDGE:

Dr. Carbon, if it's-satisfactory with-you,-I will
~

14
propose the next,three viewgraphs talk'ab,out structural''

~

sig; ,' r ?; .;- .

criteria where I did n$t5 plan: togointb'dbra'il. . .Is that all
~

9 . ;; - .;-
.

16 '

right with you? p i
, ,s

- r,
,

o 1;
~ d17' fC-g + - ~/ L. . e.

' " .
,. . Fine.

'

MR.-CARBON:
.: =

+ 'a

-(Slide.)
.'' ' .

i+ n ,:' t e
,- _ -9 ~, 7 ;

_

+s- a. <

19
MR.- STRAWBRIDGE: I will_ move on to scale model

2o testing which has been. talked about some by NRC and I will~

21
try-notEto repeat what they have said. The objectiveswe have

22 ~

set-up for'the scale model tests that we have run;are.first,-

~*'
to assess the-ability of.such-models to withstand HCDA loads,

'h) provide an. understanding of response and interaction of
u

25 reactor components, provide information to.. support methods of
TAYLOE - ASSOCIATES

REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA ~

.



LI' ,

'

100''

s verification.'

p

(I 2 To date we have run'a threce!. static' test and-four"c.
.

's dynamic tests performed with. scaled SMBDB pressure-volume'

4 source that I'showed you, earlier. That was the one that.was-

5 used to develope.the' head-loads and the other loads

e around the system. .The scaled bassed on one-twen'tieth scale

model 'est size, which we'have'.use'.t d-7

a I would like to show one of those. static tests which

a this one_happens to be' called'SM7,'which had a head and shield

io plate under the load similar to one of our tests that I will

si talk about in;a moment. This shows the view here which'indicats
1

in the three rotating plugs-and those plugs testin in a test

.f) t3 fixture.
v.

i4 The device is pressurized by a , fluid from the undersidc
j!; ,'f i i ,v ' ,

.

''

and this'is a static test,;justil okinjjat'the,effect'as youis

jack up the pressure under the head,y how does,:the, head' deform,16 e*
3 ., .~'

.
,.. ,.

. .

>.

and what. is its failure mode wh'en~ it finally' reache's a . failurei7

+- . .- -..,,1
te point? So the results that'we get from'a' test'such as that

is . are indicate here.

2o' (Slide)

21 - Looking at the' deformation profile across the= head,.

22 the.three rotating plugs shown across here and for different.

23 static pressures under the head plotter here were at a

-s 24 pressure of about 2600 psi in this case. We reached the point

as- where.there was disengagement between the large and
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:: intermediate rotating plug.at this particular location, and
,

(G) m you.can see things moving apart there,-and at that point we'were,
.

.

unable'to hold pressure in the test any more, and so that was'3

4 considered' equivalent to a-failure condition.

5 MR.-ZUDANS: This -- this -- does this model

e represent the; actual.' arrangement in disengagement?
'~

7 MR. STRAWBRIDGE: It was intended to do that.-

a You are going to hear more in the next presentation of the

details of'that and it turns out that there were some'non-S

~

to Prototypicalities that will be considered 1in.a future test that

will also be described.si

(Slide) .12

.The dynamic tests that we ran are shown here. . The '
~

h is

i4 first two dynamic tests.were tairly simple. Not showing all
e.a , e, ; ) ,

, ,

? | . - g 'i a

's the internals.- j- ~! -

i ... . _ .
,

.

is (Pause)'
- -

,. ..

... : , p.
,.

i. ; ;
%, , 3

'

What we found in comparirig* the' results 'oA these
,

17
| ,, m ..w - , , , . 'c- ,.-

models'is that the kinetic ebergy'hf the'blu~g at'the time ofse

impact -- at the time of impact with the head in the twoi,

i- 2o cases.was done'by a factor of two in this case which had the.USI
t

!

and that was one of the things we were looking for out of these
2:

;.
first tests.22

|
MR. MARK: What was the motivating mechanism here?

| 23

! To get a high pressure somewhere that made the sodium move?Ip 24
! d

2s MR. STRAWBRIDGE: We placed a special shaped type
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.

, in.the~ core region, the' region in this model, which would

f~%
l ,) 2 represent the_ scale core, region, and'did the.. extensivey,

;

3 calibration: test to ' insure.that we were representing.a

4 pressure. volume relationship that we wanted to.get''and so

[ s~ putting off that_ charge in this' region'then, moved the materials

around,~gave you the impact with-the head and so.t ,

~

MR.-BUSH: That_.was fluid filled.7-

MR. STRAWBRIDGE: This is fluid filled. The scale-s
,

model tests were done with water, not sodium. Now, in the
~

,

later tests we were more prototypic. You can see it-,o

starts looking like the real thing. The USI is there. iThe,,

head has the three rotating plugs here. 'It did not.have in32

/' these first two early models,_sotwe are'getting into~moreC) ,3_

-.

,g detail, and I would l~ike to'show just.a-little. bet _ter. view
| r; r , , ,m o j,,f .

- -,

;,e 4 r we
of'this last test.

, ', ,-
w ,

'
- '

- ;t
- - .

' " L,'sis .

.,

4

(Slide) .p -
-

., , . .,e
, ..

This will indicat'e ' 6hd k rib bf in$trum'esthtion that37

j, g 3 9 , -- -;; )j,

* ~ ^

,

we had available in this test'. Just t'o poi $t' odd, all Lthe
_,,

P's are pressure gauges. SG's are all of the places'for,,

strainign gauges. The A's are accelometers, and WS is waterao
.

surface level gauges moving.the motion upward of the slug so21

that we could find out the velocity of it at impact with the,,

head so this is a fairly detailed representation of our actual23-

condition, and we did have various extensive instrumentationy .

on it.25
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s. (Slide)-

- p;
~ Th'e conclusions that'we have reached ^from the(_/ 2

a scale model tests ~are shown here. We generally confirmed the
c

conservatism of methods used to predict dynamic' loads.4

~

s ~We made comparisons of things like strains'in~the reactorf

-e vessel experimentally and compared to predicted. The

7 vesel and Core' barrel-strains well beloW failure' strains.

The response-of upper' internals structure.did.notijeopardizee

9- boundary integrity. The upper internals structure did
~

io deform some, but did not do anything that would jeopardize

it integrity. We showed that in-fact the UIS is very.important
~

12 in mitigating the head loads. We determined that the head

-(v~\
failure was by disengagement 1at interface between large andi3

i4 intermediate plugs. <We determined thats,the. head response
, 1 y..t m y~

~

.. .- 4 it.
is' is in fact sensitive to the:-representbtion of the:under-head

~ ~
'

us . shielding. The details of t'hathaEe,5in fact, important as
1. -' M , jj - - .-x

, _ ,

we showed in comparing a, couple of the, tests where we'had17
_; ,;c , s, I*''|, <

,

different types of under head shielding..
'

un

i Now, although the dynamics tests'showed that thei.

i

2o head plugs;and. margin rings remained elastic, capability for

21 SMBDB head load was not proved by the-tests.

We do not consider that the tests we have run have proved22

the capability for the head to take the required load, that-23

high load with the 160 million pound spike in it, for7- 24

\_3)
2s example, because of two things. There were nonprototypic
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~ 1

1

: things in the one I mentioned; and, secondly, the head load

n
5 ,/ 2 was lower than required ~1oad because:ofLmitigation by.UIS.%

3: Now, tae head never.saw nearly so high a load as what.our

4 design requirement head. load-is. It has-.not been the
~

:s project's. intent to demonstrate experimentally the head-

e capability for'this required'SMBDB head load. Since, as I
~

explained,' that, hea'd. was in fact derived from a calculatien7

'

that totally ignored the UIS, which'is in the design. That is
~

s

s an'-important mitigating.effect in the desing, and when we'

io' . perfornied the' scale model tests, we considered. that it was -

i t' Equite important to take that into account because in the-

12 tests even though we couldn't do it'very well analytically,

s'~ we could exclude'the UIS.and determine directly.itsd); i3

in' fluence , so we did inclu,de-its,effect in'the. scale model >

i4 - - < - - t> .s , 1

l'sI * 4 i ;;
* ~,,,, :

,

I,

is test. However, now thik overalliapprdach'that we have used
'

up to now has been'modiEIedifairlycr.ece$tly 'as; a!rbsult of-ie.

's u ' _ ; w ' ,B ;r < > ~

th'ree different things that;have,_ occurred.....The.very complex17
sr , ..

., - . . .,

is head model that we have applied -- and we.have1tried to

match that against some experiments. 'There were. difficultiesto

2o in getting an appropriate match there, and secondly there was

another situation -- you will hear more- about that .in theat

next presentation.22

23 The third aspect is that NRC~has recently required

,ri 24 that the head capability must be demonstrated

!s)
as experimentally before the actual head ^ requirements, which

,
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3 - assuming there is ru)-UIS present, so these three factors
. ,

A) i have lead us to a revised approa h that has'been agreed with-'

(_
the NRc.3

Now, the next.spe'aker,'Mr. Pannell, will discuss.this-4

. approach that.we are taking in detail, and he will show that1..

in fact'it is feasible -- clearly is feasible to design-the,

head to take the required loading.- To do that the approach
7

that we have used is to go back to that' original REXCO,

~

calculation that I'showedcearlier and to'look at.the upward ~,

kinetic energy at the time of slug impact and that turned.out,,

to be the 75 megajoule: number that has been mentioned to,,

date, so we have, assumed'for-purposes,'of doing;this study that12

-

} that 75 megajoules is all in fact inJa. slug _of-sodium that-
,3

.J
impacts the head, and that is the> kinetic. energy [at''the time,

~

g

~ . y,*t' j< ,
:: >e

!: ,

. r -,,
,

so the ' feasibility studies tcf be- presehted' by" Mr.' Pannell
is

. c - -

e head be' abielio ac,.commo3 ale. energy -t

16 ;y . . -;>> , .
,,

absorption required to be. associated with that 75 megajoules.,7
O ;| q . 5:

- - -?

MR. MARK: Do I have it correct? The 75 is,,

based on the' original estimate of some kind which even went
,,

back.I guess to a homogenous core and is free of recognizing
20

the upper internals structure?,,

MR. STRAWBRIDGE: That's correct.

MR. MARK: So you cut it in half if you put in the
23

upper internal structure?7_( ,,

'V
MR. STRAWBRIDGE: That'w what'we found from25
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~

comparing SM2 and 3' tests. That-is the only difference.-i

:f*N
\_) 2' MR.. MARK: The.real machine will have an upward

^

7 3 Einternal structure', .:s' . you take it' out , move the sodium to'geto

~

s '75, and the-head will stand it? That.is your next--

- s .experi. Tent?

s- M'R..STRAWBRIDGE: That's right.

7- MR'.' MARK : Can-you'say in the dynamic. tests that:
.

will be done howJthat calculatsd 75 compared with what.in
~

s.
.

: o fact appeared-in.that slug? 'It's'one of'your things which.hAd

. to - no internal structure.-

. - ti. MR. STRAWBRIDGE: Maybe-Alan. Christy can recall *

'

details'~of those calculations.32

1 L tQ . MR. CHRISTY: Alan Christy, Westinghouse. The33
~V,

. r n ., - y c ,.

i4 upward kinetic energy;ofvthe slug (~ fromi.the. Test |SM2. compared .

;m; t ' , , .\, \r -!
very accurately with fulk ;~scalk!

,
'

R'E E O calculations'from.which*

is
, y ,- . qy - .3

the.SMBDB loads were deriveh ['' ji[ \ |y ;s

'^

se ,

-

So tildt7givesf yoiliconfidence that the
~

^

37 MR. MARK:
<

is 75.would appear inisuch'a system?;

MR. CHRISTY: Yes.;. ,,

7

2o MR. ZUDANS: I have.a couple of questions if I may

ask. You said that you had some difficulties demonstrating
|- 2

,

.

the.results.that you get in a head of this more complex22

|fh( model testing. Did.I understand you correctly?23
9

. 24

|,d-
l 25

|-
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.arl ".''
. . MR. STRAWBRIDGE : .Yes. Yes. It is;a very

'

/'
A_.) a

complex model.

8
. MR. Z UDANS: I understand. ThereLis something.

# ~

If.else ~ that I would like' to' put -in proper' perspective .

*
'the plates.are reduced at impact on.the head, the energy-

8- .had to.go some place else, and therefore I would expect
'

-

7 -that your pressure. history would be=less advantangeous in
<

. e the rest of the system. The tests indicate that in case

8 of the presence for.a similar test with chibids and without

' ' shields,_you would have higher peak pressures in the reactor-

'' vessel.

12; MR. STRAWBRIDGE:' No, we didn't run a test that

| A
'8() would show that.. The tests -- the. dynamic tests tht,

,n f, f'
,.

we ran had the shieldd jepresented;[so?webdidn'tIhave' ' '
-

!.,
, . _ . . . .

'' _ two tests to compare one against the other to look at that
'

+ : !
- . .

'
. ,

''
.effect'. - ' "

,. , .,s

., 7
17 MR.'ZUDANS: But,'anyway, because'you~close'.the

,

is windows, and whether or,not there would be a detrimental

18 effect, I don't know.

!
' 2o MR. STRAWBRIDGE: Well, as the next speaker will

28 show --

:
22 MR. ZUDANS: Well, I'm probably going further

23 .back. Initially when you had that vessel, the code was
,

24p) used without shield plates. That means that you had a free
(

' expansion.
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MR. STRAWBRIDGE: Once you look at the real model,,

'k 2
~

where..you do have upward -- and you have a-shield plate,

3 -

~

the computed pressure history may not be conservative. The
4

shield plates, in fact, were representative of.REXCO.

5
MR. ZUDANS: But the.--

6
101. STRAWBRIDGE:' The upper internal structure

7
was not --

8-
MR. ZUDANS: And I understood that that

9 .
-

represents significant continuation of the load that --
'

- lo

MR. STRAWBRIDGE: Yes. That.is true.

11
MR. ZUDANS: Then.if.that is-the case, then

12
they tell!me that the pressure would increase in the rest of

' [~) ss
%~e the system as compared,to the one.'that you calculated?

14 4"
'

i t;$. -"
;

> ?: ,
'-' '

MR. STRAWBRIDGE:| The calculationsLdid in fact have

some shield plates there'. ; ~j t ',"

~c > ,

16 * ' " ''

- MR. BUSII: Le't me pursue Dr. Zudans' comments
i;-

i ~t's t ,n
from a different angle. We have.had one classic case of a

'*
nonhypothetical core disruptive' accident, SL-1. YouL.

19
probably get -- you certainly get a severe pressure pulse.

20
Now, the head'took that, but the circumference

21
section of the vessel and it was thicker -- in other words,

** the thickness to diameter ratio was substantially higher

*'
than this one. It looked like a rather corpulent individual

##
J )- who had a very large bulge around it which I suspect is

25
the condition here where I get a slugging and the pressure
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-

' 1
. pulse, because:I have~a thickness to diameter ratio,:I.have '-

i
'

a very large number and -- and. reverse number, I guess.you woulC
'n <

|

'

J 3 s -
- - .

-say,;and'I.would;have certainly expe~cted under these
'

,

4 4'

circumstances;.that I'would dissipate enough4 energy.in that;*

-

;. .

'
'

' direction "that I' would get .' substantial bulging of the vessel..
.

> . ,
F 'MR. STRAWBRIDGE: I?will'.try'to-put it in

,

'

! ,

.,-
: perspective .. : The solid line is datairights out of the''

1

* SM44Ltest.which_was physically-the-.same as SM-5, which I-
~

'

9 . ~

'showed. you detail on, 'and this i's the' plot of strain along-

to- - -
- -..

the vessel wall, along'this vessel < wall, and.also' strains-4
,

4

* ''
of the core barrel, this line:being1the; physically measured

12
lstrain out of the test,~and.the peak-strain is'less than'2

' - percent. 'This'is plotted,-ofacourse, not to'. scale. So
.:- . ;o , ,r ,-. ., . ,

.,!If
,

r is . 'a ' ->; .~ t
'

it looks like a big bulge:* here,;4 but itmis', only ;a 2 percent ~u -
.

'' strain peak, and 1 plus'.som'ehhing percent sit $aif1 I n thei
. .a'i' * n ' J. N L . : . . ..

core barrel, so we are - , yes ,. . ge.ttingJ some , bulging, i but
*L; + : <; L '.s '(-

, ,

fit is .not dramatic bulging. .

'*
MR. ZUDANS: I. looked at~this' picture [before.-

! ''
What is that double' wall there?-

7

20
MR. STRAWBRIDGE: Here?:

'*'

.
MR. ZUDANS: Yes.

I

22 .
i- MR. STRAWBRIDGE: The vessel' thermal line.
.

~# MR. ZUDANS: That is a double wall :like that?

##
J . MR. STRAWBRIDGE: Yes, sir.

' 25 '' MR. MARK : If. you had some magic ' mechanism, and since

TAYLOE, ASSOCIATES,

' REGISTERED PROFESSIONAL REPORTERS< 2,

NORFOLK, ' VIRGINl A ;

. . _ . . , . -.-.-,..,.-.,..-.--...__._..-,_-.,-_,.___-.m.,...._u...,.....,,,. . , , , , . ..



. . . _. .

,

,ar4 -110

1-
we are dealing _with magic potions here, anyway, to vent the_n- -

'> b' 2
gas and.then'there would be|no concern'about this whole

3- bu'siness.atJall. If'I fill the space with sodium while

4-

the pressure _is developing down in the core? ,

s . .

If~you had a solid sodium system?MR. STRAWBRIDGE:
. -

6 - -

MR.- MARK: Yes.,

7
MR. STRAWBRIDGE : You would not generate .the slug impact

,
. loads. Would you generatie.. fissures through the system?

9
MR.- ZUDANS: How about 273 atmosphere or~less?

to
That was peak pressure in the table you gave us.

''
MR. STRAWBRIDGE: Yes. That is a high number,.'

12
though.

'

13
'v MR. ' MARK? That,is 4200 psi?; . - "'

,

'' -

>...s ' ' '.. i - +

at., ;c.,

,4
I " don' t' think' so'. '

-

..

MR. ZUDANSi' JNo. I

" ~
15 <

''

MR. IliARK: All:right. ThatIis'peakf" pressure.T "*

a . + , ; -;-. _ ,,,

16
All right. m +: ,f - : i *-

.

p
,av ,,n,6

"
end 5-D

is-

19

6

'
20

21

22

23

A-' 24

%)
25
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Cornelly
pnge li ?8 - MR. ZUDANS: Speaking about pressures, I have another
.-

/ 2 question that kept cn1 bothering me. In the pressure history 1 .

3- as computed by.Rexco'-it shows that-it's over in a few milli-

.4 . seconds. -I am just wondering why is itithat fast?--Is it out

5 through' nozzles big enough to shoot the1 rest of the volume out?

, MR. .STRAWBRIDGE: No. The outflow.through the nozzle6-
~

.
7 is not takenJinto account' through the Rexco.

a MR. ZUDANS: No?

8 MR. STRAWBRIDGE: ik) . What is happening,Lthough,.

. .
- :

is the' vessel is in.factiex_pa..- ! c g' e t , i p g, j .
ndin. -some; *Thatsis; happening10 ,

-t i
,

on a time scale that causes't'he preisure ~tio drop do'wn.- That11

,.
.

, n. ym .

''i ''is one of the'important' effects'.i , . (12 *

gp .g . A u-t+ n4

I ~

If.that is the ba^sej*it'wo,uld, of.; v) ~t3 MR. ZUDANS:
~ , ,

14 course' contract?

~

15 MR. STRAWBRIDGE: Well, it can't-contract where'you

16 had two percent strain, but it will contract it about one

17 percent strain. You are talking about the vessel can move?

is MR. ZUDANS: Yes.

to 'MR./STRAWBRIDGE: And that is one of the things.

20 There is some of that happening in the. calculation.

21 MR. ZUDANS: I' guess even with the. argument that

22 you brought up, I am not sure that the Rexco-computed pressure

23 history is conservative. I mean the total'HCDA load is con-

(~j 24 servative. I am not concerned about it, but that the repre-
%j.

as sentation by the Rexco code may not be because of the absence
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'1
-of load restrictions'for the energy escaped to the. head. In'

. p:,
' 't r" *

a. vessel or in the. rest:of the volume, it may be~--

3
MR.~STRAWBRIDGE: If there is any, fluid going out'

4 'through the piping and so'on that is not accounted for,'that..

'

5
'is a mitigating effect.

*
MR.LZUDANS: But if is not going out thr' ugh theo

,

# -

^

. system and maybe much cannot be out, but because of the

a .

. resistance of the. flow. upwards toward:the head'is less.than2

t

9
the real one,.the pressure buildup may-be higher,.and the

'

rest of the vessel - I '. 2' 7
-/ ^-

* ' - 'T~
,

,'s < ,1
1V#10

in, 3 '. .
i .- :1 IJ' ,,(;'3 ' ' *

, >
;

'' MR. STRAWBRIDGE:. We'have considere'd -- I think'what
;

-

t 1i , .c ,,

' ' - ~you are getting it, if I cou'ld r'estat'e the~ area 5of concern,12 ?
- -- -

, , . . . , , , - , , , .,. (
(,/ is by not having thd.UIS'thsre, can we''be* developing lower' ~

-

.,

14-
pressure, if the effect of the UIS causes-an increase in vessel -

15
pressures which we_did not' consider in the Rexco?

.,

16
MR.-ZUDANS: That is.what I am'.saying, except that

'# '

I don't know what the quantitative numbers are.

18+

MR. STRAWBRIDGE: We have information on that from
L

the comparison of the SM-2 and'3' tests. In fact, we saw some''

'20
slight increase in vessel wall pressure at certain locations

21 in the case where we had the UIS. They were not-large in-

22 creases, and they did not occur over the whole range of the

* vessel, just at certain specific locations.

![~) Paul Dickson, I believe, has a comment.##
,

s_-
**

, .
MR. DICKSON: Yes. In an Argonne paper in 1972,
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.. - - ' a'pyramidic analysis was done. They let the bolt stretch
r

'' "' ~ and-varied the thickness of the wall. That gets'the-same

* effect you-are talking about, and'it does make an.effect in'

3

'd partition of energy, but it's not' gross. Over a large range
~

28 of' wall thickness you are' talking maybe'30 percent more going
.

* 'to the head or to the wall.
;

7
|

MR. ZUDANS: It woul'd be.qualit'atively the.same but
.

a '

'

not to the same time frame, because before the effect can.
,

* dissipate you have to reach head first. ?UIS-would create
^ -

,... 1. ,.y . ..o, ,
. > r.v.

, -

high pressures before -the' hs'ad :is [ reached', so it' 'is not' quite'
- ~ u J . . > ' , L .: Jv

'' the same. c r ,~

14. shtf' ,

<.,*g* .

.

,m-
.

1>
,

1 , . . ..

12 _ MR. DICKSON: ' It 's ' not r exac't'ly' the "same ,-| but : it 's

'3
~

f"<*-r. y r Y q 0,g. as close as we can relate t'o ricjht "now'. " ' ''' ,7 ; >-(j ' * *
~

'' (Slide.) .
,

" ' MR . STRAWBRIDGE: One reason'I am-not terribly.

se concerned about that:is the' fact that going back to this one

again where we are saying strains less than two pe$ cent --'7

.

te- remember, that any failure is out here at ten percent or

something ---so even'if-loading.did go up, there is still the''

2
L

- capability in the-system.

2: MR.-CARBON: We have'to move on quickly.
4

22 MR. ZUDANS: Just one question. Do you have a slide
.

23 that shows the tests that compared with and without UIS' strain?

'n 24 MR. STRAWBRIDGE: I don't have it handy.right~here.
'

'U
2s

~-

I may have -- that could.be dug out to show it to you perhaps
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5 later.
(%

2- .MR. ZUDANS:. Okay.

3 MR. CARBON: Let's' move on.

4 MR. BUSH: Well, I can -- I am not getting an answer
:

s toEthis, I, don't think. I am not sure that-th'e. energy distri-

6 butes it'self fairly uniformly. In SL-1 it acted as if'the
~

~

7 energy was in a relatively narrow band as if'you sheared.

e across like this', and that says that if I'have>a certain

~

e amount, it is going to be a completely different way than if
:* ;~ , . :.. . .s.; ,.

_

sheareditalongtheN'all!asicontrast'ed'i'ftIputitinnarrow~

'to I
t L - - -

,_

11 ~ bands. -
. . . . , ,.T. <; .* ;.. ,

4
-

y
+ . . q..

I think we are'l 'alk'ing ?about'highl'y 'hpp'bt'hetical12 t
- 1- c-s ,t .. f .: '; u ! e. :y., . . .y

[se .;- 1

things, but I am - .I think;I have'the"s'ame concern as'you do.3133,s/
~

14 I don't -- I am not~ convinced that the Rexco code models it

15 as I suspect it might.

'18 MR. DICKSON: Rexco did give a conservative predic-

! '7 tion for the amount of_ strain as_ compared to~--

to MR. STRAWBRIDGE: ~ The energy is not distributed

is uniformly. It bulges more at the top, and there was 1.4

2o percent strain in SM-2 and 2.8 percent in SM-3.

21 MR. CARBON: Still a large margin to a ten percent

22 or so strain.

23 Move as rapidly as you can.

,2d MR. PENNELL: I will be as brief as I can.

25 MR. CARBON: Go ahead then.
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.I MR. PENNELL: Bill Pennell, Westinghouse, Falls

b
.s/ .a . Mills site.

.

3' I will1 go through this rapidly. Here is the material

4 I plan to cover.- First-of all, I will..give you?a~brief.
4 J

'

,walkthrough.offwhat the closure head.looks'like and point _outs

the elements of it'thdt are key to the-discussion that will-
~

6

'7 -follow.- I will thenT1ookJat.the..evaludtion of the.. test results
L and show>you how we diagnosed..the actual mechanism of failure .a

,

and thereby determine what we had'to do to correct.that, put~o -

;o ;j .',,;;i , ' N,f f JaPy .

the. failure pre'ssure u'p t_'o'ai hi, h,her. leitcl . I, willi,then'sho'w
'

to,
. .m . , ,

i: .you-how modifications' 3'and:we^will then'.see energy absorption

|t , jT , ,y (; '*
s .- ,

capability that is predict $'d for th'e Eddifi$d hb*a'd'.12
p isn. rg7 y

'

There is very 1[ttle of $t diil be ba' sed on theh is _e

14 Rexco_ analysis. Then I will show.you'the tests that we planned

~

to back up the presentations,Cand then-I will summarize-is

-anticipated performances as itiexists today'and as it willte

17 exist when we make the modifications.
1

'

to Here is the closure head.

~

L to (Slide.)'

Note"that here we have-the actual structural plugs.2o

| 21 This is the small rotating plug. We will say nothing more-

22' about that.

.23. The intermediate rotating plug and the large'one.

.W ~24 Note that they are joined together by.these risers -- the,

l' V
as' riser assemblies. The' riser assemblies have significant

,
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shear; thickness,|and they were'not represented in the'SM-8-'I

-pq
..

,Under the head-you'have"three heavy shield plates,'V( .-2 tests.
. . .. .4

,

3 and'these' shield plates we;know from test, performance in-a''

4' manner thatiis exactly similar-to the deformation'that occurs

in the-large-rotating, plug. 'I am talking about the~ static5.

. pressure; tests here where"the-pressure.was applied to.tihe6

~ 7= underside.of thesegplates.- You findithat.the large rotating
~

-
. .,

. plug-is,the only member and the associated shield plates the.; -a

only~ones that undergo any,significant plasticideformation.o
p,);- I u f; j , : ~; y r ; ''

e~T
: : ,

" ' . ' , $ d 4g . . '' s #), _ f,s

The intermedia ~te! rotating >p,lu~gfis almost'a rigid,
-

to

v - -> , , . v.

| _t 1 mode relative to the deformaEion. ~That occurred'here.- These
i , : b y gf f;rg y ' ; _ , ' ?, .

elements are almost unstra,in,ed.after theetest.+ There is a.12
~

v a <y ,. . ;: ;,

g ,i 3 v.i .,

'

~ slight curvature, but it-isEvery. modest.13;

-14 .The other point'here -- and here.are the margin
,

i.
is shearings~.. The margin'shearings were present in:the' test,

'

16 the SM-8 ' test. There is on top of the margin shearing --Jand-

17 .you Will see a larger scale picture -- there is a3 keeper ring,{
L

to a continuous keeper ring. In the context of the-discussion
;

~

_

we will'.have today it's important-that it fills up the spaceto

|
j. 2o ' between the intermediate rotating plug and the~large rotating

~

|

21 plug, and you will'see the' failure mechanism was-in large

22 measure due- to the fact that the IRP was able to slide ' laterally
,

[.~
23 and thereby the margin shearing was allowed to come out of the

24 engagement. I will show you'that in more detail ~in a

I as moment.-
,

,
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t- of excess material here, it wouldn.'t.have.been.necessary. The
T) . . . _

it 's - a two-plug',~
,

kJ' 'a calculated defects of|this -- actually,

.3 segmented plug. The calculated' plastic defect capability is

more than adequate'to' deal with the'75.me'gajoule' slug. .
4

, . The fact that there.was a.previously' undetected5-

|Canomatic interaction at t'he: lower edge'would still have6

7- 'made.the' disengagement earlier,.but'we know'how to correct-
-

'

a that. -

9 MR. ZUDANS: ii.You' don t[hade a cros's se$ tion of'where.
*'5'^y '

10 the head connects tor.the vessel?
,

Q , :' )- ,
_ . _ _

g ; , -; ~ -

;
>.

I1 MR. PENNELL: IYes. rYou h.5;ve a Me,tter, picture than-
.

2

-~.. a ,

12 I have' in ~ your, handout. Jri) f act'j f i fi :
'

' ,
,

,

b is' (Slide.)- .

v

14 -- I will use my backup vu-graph .tc, show you this.

is Here is the SM-8 test results. We'us'ed these test results-

' because the Configuration of.the under.~and-head shield'ing wasi 16

|. 17 close.to prototypic. Here you'see'a series of profiles
.

is . corresponding to different static pressures in the region --

19 'below the head. The pressure.was applied'in the small

'
20- cavity-and the.-bladder sealed this annulus.

21 One point to note.is that the annulus over which

22 the pressure was felt in-the model was only up to this radius.

; 23 In the actual prototypic head it would be up to this radius,

rm 24, - and you will see more about this later on. So as the pressure
L) .'

25 built up here, the underside of these P ates' felt the pressure,l'

,
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f
The other point to mention relative to the observa-

7_ .

k)i -2 . .

tion that'was made earlier about the role'of the' bolts.is that
.

.

' *'s ..

this designLis quite different from the AFPF design incone
4 .

The'peripherylaf the'AFPF-closure. head --important effect.

s -

.

that was a fusefin,the system.

6~ ' Basically, what you.have here is another margin
7

shearing'at the outer periphery.of the large rotating plug,

a . . . -

-

and;that is the reason we don't get a'large. amount of strain

Jo'
'

r . . . . .. . ,. .

'1* -

~

.. energy. in the bolts in' this : desi,gn'. i t ./*m : ^

q !p. {t -

]!i . .-[,

..to. There are bolts th'at~; attach to the sysbem to the-.; . a '
. . . i,

, , . . [ 7: L 3 ~ ', ,
'

steel atructure here,'and.they_.have a modestiamount of energy

12 ~inthem,andIcanshowygurthefcalcula(icp,sofjtheenergythat
'~) 13\_/ is deposited in them, but'it's a relatively. modest amount'.

,

14
That is a big difference'between the AFPF system and this

. .

MIS
system.

~ '
'The triple rotating plug wipes this entire area,

17
and there is nothing I can bolt this to. I must-have a-

-
e

. is '-

rotating joiat tip now. The load path, if you-imagine yourself,

'
r impulsive loadingsgoes downwards and upwards,-and there is
F

2o
downward impulse which is counteracting that, and there isn't

21-
a large' flexible element between the head.and'the vessel.

On FFTF that wasn't true. It was designed to be-,

23
the major flexible element in the system. It was not deemed

24
e,r~) to be necessary on this design to'do that. This is the

,

x. .

25
.D ring. I think that you will see that, but for a little. bit
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and we know-from test efforts that that is the way the pressure

is applied,--and-basically'theJentire head deformed ~ upwards.2

L

3- 'Although:it doesn't appear here, when you look at the_ actual

model head, this'' intermediate rotating plug is almost a flat4

s_ disc.- :Hewever, there is marking coning - ' permanent coningt

,

e -deformation.on the large-plug; and'ifLyou now look at that-

7 large. rotating ~ plug and Compared =it with what.is happening'

~s to the intermediate ~ rotating' plug, you see.that'at.this inter-

face a large mismatch.;iWhEre'aEE -; 6 '/$ ^ ^, ,

,i* g Q ,1 i 3,Jj --{'
.1 4

to Now, you L have" to remeinber th'is 'is a"small rotating
3; - '5p .D''

.

,

type, so theother< interface b.'etweeni.the^1argeirotat.ing plug:i
.u..

- -

. . ,

~

32- and' the intermediate plug ||---fa'nd 'h~ere y,odf seeith,e; same directior
,

.O they are going. There isn't a slope mismatch. That is'i3V
^ ~

important in'that what it did was to permit.the interfaces-.4

is to remain approximately.the same in-terms.of. relative geometry.
.

is at this'i~nterface', but.there was-a-gross slope discontinuity-

at that face, and"we had the head contacting at-this bottomi7

k corner, which I hope I can show you in the next figure.
~

is

! Your figure is better than the one I will'use, but.|i,

; ,

ao I don't believe the one you have would have'' projected correctly,

so if you excuse my use of this,'here again is the-largeai

rotating plug.22

(Slide.)23
,

Red is the intermediate rotating plug, and as you'

24

t

25 got up to the condition that corresponded to the point of

'
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1 disengagement, and in fact at some point before it -- this
(3 |

~

kJ 2 point here, which corresponds to a real point, the geometry is

3 not exactly correct.

4 This point came into contact here. Because there

5 was no riser represented here,Jand once this comes into contact

e - here, the further hinging -- since there would be no displacemen t

7 from one relative to the other here, related in the overall red --

a this would simply be pushed bodily sideways inside the large,

rotating plug, and that continued _until'such' time $as it simply9
' >. .

10 was pushed out of the engagement at this elevation.

Il See, it's pivoting about'that', and you are pulling
~

away here from the margin shearing'.' Now, the action of the12

(<u)
m

13 risers would have prevented that or would have tried to prevent

84 it. And furthermore, had there been the correct margin

15 shearing, keeper rings here, they would also have prevented that

lateral motion to a degree, but those elements were missing.16

17 Of course, the big thing that should have been missinc

is was that interference. If we had just had a little more

19 clearance there, we would never have gotten in effect -- in

20 fact, that is the essence of the nodification. It just takes

21 a little relief machining there, and we don't get the reaction

22 that led to the failure in the first place.

23 You see two layouts here. From the information we

24 had previously, it wasn't clear what the layouts were made --g-)
V

2s when the plug could slip all the way over here or just as far
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I as -- in . that particular layout it indicated . it had to go.

p(./ ^

This was the maximum ita This was the minimum it could go.

3 could go. The significance is if it was only going this

minimum, amount to shear off the corner of'the margin shearing.4

s- If it was going:the maximum amount, it would actually clear
:
'

e. the margin shearing, but we since got the head model and we-

7 examined it, and we know the-lower picture is more correct.

I e In fact, I will show you photographs taken of it, and you' find
;

,

s. -

_. .

, . , . , r--

>- 4, <
-

, ,, ,

that at the point of disen.gagement:the.re was very,littlee
.

-

to scraping awayoof material >at;that interface. ,It moved over
-

, . ,

' far enough that it-could'm ve out'with actual c'learance.11
,. .. .

,

'
.. > );

Let me show you the photographs.' This is a composite12
.

4

() 13- of the photograph of the models.
,

1

84 (Slide.)

15 This is the SM-8 model, and you are looking down

16 on the top surface of it. Recall at the start of the test
.:

-17 this annular gap and this annular gap were the same width.

ie You can't close them completely because the abutment down

below is the thing that-contacts, but you can 'see that theis

i.

i

L 20 IRP has moved. bodily over some.

,

21- This. gap is closed as much as it can, and this is

22 - wide up, and you can see the margin shearing sitting there.
'

,

It's a segmented ring, and you can see the clearance. The23

L'
24 plug comes right up by-it so the mechanism was a rather

as straightforward canomatic mechanism.
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1 Were.it not that we finished the machining.of-the

i
.

a head, there'.would be no difficulty'in doing'it at all, b'ut-

i 3 having determined, we understood this failure mechanism and
a.

4

4 just --
:

', s (Slide.)
'

i - .
.

* Just.for the record,'.here'is the' conceptual' sort of

J .

-

- -

' Basically, we have to take7 modification we will be making.
- ...

j

f
'a a skim cut here and skim cut on.the, shield, plates-here. They

t V| .Q , % ; .'; i p-
3

.

~

, ,

give the interf ace the ' clearance regtiired. t'o! hinge'through the' s

!
' required deflection withoutige,tti'ng the :' int 6ra~ctibn, without'to

n, i
..es m r >

.

.
,

2 11 pushing.the plug sideways.,
, . , ' , , , ,,,,,

( e !
' 'f ; .-, ,

! '12 MR. SHEWMON: From the figure that we have, it.would

_

seem to me that it would rupture at the other' side or separate13

i
.

14 fro'm the other side of the I guess third interface in. I[ .

15 guess;between red and blue.on what you have.there.
,

16 MR. PENNELL: 'Yes, I know what you are referring to,
.

t
17 and it. reflects the fact that -- and I apologize for this --

~

le but at the time the drawings were made,.we didn't have an

' adequate'un'derstanding of that interft*/ You actually haveto

I.
2o to see the three-dimensional -- and you we referring -- I

21 don't know if.this will show it.;

!
"

22' (Slide.)

23 MR. SHEWMON: But I misread'from this --
i

2( MR. PENNELL: If I remember, I said disregard the

as small rotating plug, the small rotating. plug which appears to<
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1 be almost on a point of being able to come out. The small
rT
(-) 2 rotating plus is not accurately represented. We have looked

3 at models, and the small rotating plug is firmly engaged, but

4 the IRP is of concern.

5 The IRP modification is the one we are concentrating

6 our attention on. Now, this --

7 MR. ZUDANS: Could I ask a question with respect

a to this? Although it's clear,that machining..this point -- you
i

'

l ~.would not have this disengagement effect loc' ally. If you areo

~

to not changing anything, then the physical possibility for the
, -

,

11 entire intermediate part to move in your pictur,e, to the right --
,

12 still there?

[) 33 MR. PENNELL: No. You remember I emphasized in the
us

84 model, the risers were not present. Now, the risers constitute

15 normally stiff short beams. For this red plug to move laterally

le relative to the green plug, you have to shear that riser,

17 and that riser is very stiff. It's not as stiff as the

is reactor vessel, but you are talking about that order of-

-19 magnitude.

20 MR. ZUDANS: I don't see where the riser is

21 connected.

22 MR. PENNELL: Well, okay. Let me put back up the

23 picture of the closure _ head.

p. 24 (Slide.)
(.>

25 Now, the closure head, here is the intermediate

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA

!
|



____. _._ . ._ _ . -_ . _ _ _ __

;.
.

.gc 14

'124

i plug, and there is a cylind'er,that.is bolted to the intermediate
s ' '

rotating plug and another cylinder'here. At the top ends
,

3
they terminate in fairly heavy forged rings, and then the

4 . '

rings are connected by a large. bearing.i

s
MR. ZUDANb: Okay. That is where'the' bearing is ,

i

| -e
located.

J

MR. PENNELL: That is where the b' earing is located.

am ,' ,1 . . ,

And you have a sinusoidal; shear'd'istrib'futlon froriethe IRP to-,

*
, f; -

'
,,
. . .,

this cylinder. It'goes up to the top at the bearings. Since
(. 3',

-
'' '

- ; , ,- ; ,

,_
>i! 10 #you are only transmitting normal * loads',;and"you.will get 904

;

-- ,, c, o i. , ,: e
i degrees' interface, so that angl'e~; enters.there,,and then the'

12
outer space, and thenLit comes back down as a sine direction

'
to the large rotating plug, Land that was absent.

''

.

Once you take away.the. forcing function, that will
,

15
keep the plugs centered.

16
Now,-the additional centering mechanism.-- it's

17
a -- it is the presence'of the shearing keeper ring which'in

i le
the. context of this discussion you can simply regard as a

''
radial packer. The plugs can't move laterally one relative

*
to another more than the amount of gap between the margin'

21'
shearing keeper ring and the plug.

!

## Does that answer the question?

<

' '
MR. ZUDANS: Yes.

#
MR. PENNELL: Now, having determined what the

~

25
mechanism was, we concluded we knew how to make that go away.
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1 The next problem was to determine whatLthe energy absorption
'

a
capabil'ity.of the head would be once'we made it go.away.

-(Slide . ) '
.

4
We. determined that we would rely on, test data and '

s
basically here you.see the test da'ta'from the SM-8 test. 'These

~
~

' ' are two points on either side of the plug, IRP and'th'e LRP,,

7
where the failure occurred.

'
. < , , . , - . ,.

* See, you havd.herenthe ' nonlinear' tail-end section.
gi

- +~ e
1 _..

d 9
If you look at the test results about here, disengagement

i, a .
'

' '
'

'110 - "

between the plugs started to occur,'so that;is what'this
.

'f~ *7 ^g.#

represents. * -

12
; .Now, in order to-extrapolate-these concerns, we

. () '' have to do a number of checks. First, we-checked the elements
-

i
14

with straining.plastically. We found.it was only the large

-15
rotating plug, and therefore, we had a basis for. extrapolating.

16
We checked the strains that we'get in the larger rotating.

17
plug. If we extrapolated that'part of the curve -- the

,

to
strains that-we got when we extrapolated up to 3,000 -- and

'' the significance of that will become apparent later -- we:

L to
have the order of 1.2 percent.

*' The uniform elongation at the operating temperature.

22 is about 7 percent, so we were nowhere close to the limited

#' uniform elongation, so we determined that we were'in a

**() region where stable post-yield of the large rotating plug

25
would continue, and we extrapolated'the curves, and I will
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,

show you a typical extrapolated curve.
f_ I>

*'
'

(Slide.)

3
In this manner we went up to 3,000 psi because in

4
separate analyses we surveyed the limiting strengths features

5
on the head and determined that the strengths of the joint

*
between the large rotating plug and the vessel phlange was

7 the next limiting factor,

a
Now, it's important to reference that we have gone

' from a defect-limited problem to a strength-limited problem.

'
Three thousand psi corresponds to_the failure mode of that

''
joint. I have data to show where that was derived, if anybody

'
is interested; but I don't plan to present it otherwise.

(^N '(,) Basically, our acceptance criteria limit us to 90

14
percent of the load. We are using collapse criteris.. The

15
failure load is built on the actual as-built properties. We

16
are allowed to go up to 2,700 psi.

17
Now, basically what you will see in the next curve --

'* MR. ZUDANS: I would like to dwell on that curve.

'' MR. PENNELL: Surely.

20 MR. ZUDANS: I can't quite perceive that'you can do

#' it -- since you are now in the inter -- I can't see how you

22 can extrapolate. My feeling is that there is a point that

#' it will be asymptotic.

##I) MR. PENNELL: It's continuing to rise in a very
LJ

25
stable manner, at 1.4 percent, another .2 percent strain. At
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. . .

i thisipoint we woald predic about between 1.1~to 5.~4. I

a agree with you. It will becomeLasymptotic, but.that is at

the poin't of. uniform elongation,-and that is about'7 percent,3

,

4 so my' reason _for saying extrapolation is valid is that I am so
~

s far away from'that point.
i

~

6' MR. ZUDANS: Talking about here a relatively narrow
.

'

7 ring with variable widths.

La MR. PENNELL: That's correct. That's correct.
,

9 'MR. ZUDANS: And .this ring produces --- once you reach

to certain deformation,-it will just flip over?
!

11 MR. PENNELL: We.are very far from the stability

12 -limit. If you.look at the geometry, we are talking about ---

y~

(). is 'I should have emphasized the point, but this geometry here --

84 this'is -- you have an accurate layout of it in your hands,

is but this actually does represent the deflection that we are

to anticipating going up to. You can see you are very far from
4

| 17 the stability limit on that.
|.

.is MR. ZUDANS: Now, this is actual deformation?

19 MR. PENNELL: This is obtained using the extrapolation

2o technique I just' described, but basically the deflections up

to this point are germane to the concern about a stability21

22 limit.
,

23 I agree with you. If I tried to go up further --
I

}- 24 'if I tried to go to 7 percent, I am sure I would get into

~25~ instability, but we satisfied ourselves we were far away from
1
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1- it. -
~

i - 2' MR.'ZUDANS: And'that is --

3 -MR.-PENNELL: You remember 3,000.was what I said was

4 .the limit of the load. We are only; allowed to go to 90 percent

5 -of it,'so that is -- that is the flexion. That is the deflectica

6 that corresponds to that.
i

'7 MR. ZUDANS: It is far away from any trouble?<

e MR.~PENNELL: Yes.
,

e MR. ZUDANS: The small' ring section, I guess it is

to ; made rigid by other elements.

t MR. PENNELL: There is one offect I ought to-

12 emphasize here; the effect of the margin shearing keeper ring

ta is coming into play here. Remember, this wasn't present'in

14 the original test, but you can see now that that ring'has

is . rolled to the point'where it has come into hard contact with

16 this. That prevents..further rolling of it.

,

17 MR. ZUDANS: Since-all of that load has to really
,

te go through that last shearing?

'

to MR. PENNELL: Through here, yes.

2o MR. ZUDANS: If you check that cross-section..

I

21 MR. PENNELL: Yes. That's where my 3,000 psi came
;

22 from.

r

23. (Slide.)

24 I think this picture will illustrate the area you

25 are concerned.about. The margin shearing is in here, but, yes,
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1 we checked the strengths of this joint. The actual limiting

()
is' 2 strength was governed by the shear out of this material here.

3 Unfortunately, the cutout isn't shown here, but that was the

4 weakest piece of material. The shear out here plus the~ strength

5 of these bolts. These bolts added-about -- the bolts account

6 for about 270 psi, and the shear -- the margin shear ring

7 actually shearing out of the material in the vessel phlange

e accounts for the balance.

9 MR. ZUDANS: To the right?

10 MR. PENNEL: This is the vessel phlange, and this

it is a plug, and the artist stopped short of showing the margin

12 shearing, but that is -- the abutment begins here, which the

(, ,)
.

shear ring rests.13

14 MR. ZUDANS: And this is divided?

15 MR. PENNELL: It is not a single piece. Yes, but

to it has a continuous keeper ring.
|

17 MR. ZUDANS: What is that?
l

is MR. PENNELL: You have to put the margin shear ring

to in after the head is loaded. You put it in and slide it

20 into the grooves that are not shown, and then you bring down

21 a continuous ring that goes into this opening.

22 MR. ZUDANS: And the shear ring position -- where --
;

'

23 it is selected so that it is --

r^ 24 MR. PENNELL: The shear ring has no toroidal bending
N.)N>

25 in it. It's driven into the receptacle that it sits in, and
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just~ pure-compressive load is all. In the tests the keepers-

fid 2 ring wasn't even present, which'is theLonly thing that --
4

,

' '

There was'no toroidal bending.3: there was no toroidal b.ending.

4 resisting capability.

i
5' MR. ZUDANS: I guess that is.a typical.locatio'n*

-e anyway.,

7 MR. PENNELL: Yes. We treated it as such,'and our,

a assessment was.that it was the thing that next limited the<

I 8 strengths'of the head and the 2,700 psi was devoid'from an

10 analysis of that joint. That used actual archive materials,

11 test data, and the~ limited ~ analysis.
,

12 MR. ZUDANS: Thank you.

13 MR. PENNELL: Okay. Now, moving'onto the result.

84- of that extrapolation.

''5 (Slide.)

16 In the SRI report there-was a pressure-deflection

; curve,,a volume change. This is, if you will, the swept17
,

is volume under the domed head. Here you see it for the SM-8
,

~

d to- test. This represents ~ about the limit of capability of -the

2o head as it exists then. It's 90 percent of the maximum load,

21' 2 ,' 0 1 0 'p s i , that the head was'available to withstand; so if

22 you were to do an energy absorption' capability of the head

23 'as-it existed then, you would integrate the area under'this4

24 curve up to this point, line.6, with extrapolation of the;

as deflection curves using the straight line extrapolation
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i technique that'I just: outlined.. Failure occurred at 3,000 psi.

2 Whether we will get nonlinearidisengagement.with

3 the modification I can't.tell'you. It is not germane because
.

,

we are only allowed to use 90 percent of-that pressure,-and4
~

4

so we can integrate now'up to this line marked 4. So basically
~

s
;

e -with the modification in place and the elimination of the
i

7 canomatic: disengagement mechanism, this area represents the

c a energy that'you can absorb prior.to that from the existing

9' test data. This represents the energy that you can. absorb..

; to I am sure.it's clear from the discussion up to this.

: .

but there is the potential for error in this. A number
. .

'

-ti. point,

of the interferences that I looked at were determine'd by.; 12

F

is graphical layout. There'is always'a potential for them being-

1 . .

the
'

in' error. The reason I don't get too excited about that,i4

i

is area under this curve is substantially in excess of that'

,

! which we need, and'I will show you those numbers in a' moment.is
-

i '37 MR. ZUDANS: I guess.it has been pointed out that
.

!. >

is this.is how much energy you can absorb, but that is not the'

!
to . energy that'you can dissipate.

:

2o MR. PENNELL: I haven't got to that point. I agree
|

.

with you. This is how much energy we can absorb, and I will2i
,

give you actual-numbers momentarily, but the thing I believe22-'

,

23 ~that I have to address is how much energy we can actually

-
, .24 . deposit in the head. Before I get to it, I will pick up

i 25 a point that came up earlier on. Here are some additional
'

b . TAYLOE, ASSOCIATES
REGISTERED PROFESSIONAL. REPORTERS ; '

s (1*' i NORFOLK, ' VIRGINIA ,
+g .i''*

- . . - - - . _ _ , . ., .._.-L.. . . . - - , m... _ _ - , , - . . , , . - - - - - , , - - . . _ , , , , . - ~ , , , . . . , . . , . . . . , _ - ~ . . , , . . . - .-



.- i >

f ,
'I*< * r

sc 22
. . e-

' '

'i 5
~

132.,

1 sources of energy absorption capabilities that are additional
r~
k_)N - 2 to those that I described up to this point. You remember

a earlier on I showed you that the model area was a slight

4 underestimate of the pressure area that existed in the real

s closure head. This is the correction for that. I am using

e engineering -- mechanical engineering rather than megajoules.

7 I Will Convert it back later,'but I think it's 8 1/2 times

a 10 .

9 Here you cee that area correction gave us 36 times

to 10 pound inches. Simply raising the head through the domed

11 elevation that we anticipate that it will go to -- it weighs

2 about one million pounds -- gives us 5 times 10 pound inches.

'T The reactor support strained energy, which was the[V v3

14 subject of the earlier discussion, attributes about 11 times

is 10 pound inches, and adding those together gives me 52 times

se 10 pound inches.

17 When I compared that to the numbers I am getting

is from the head, you will see they are very small. Don't react

39 to the 22 megajoules. I will give you that explanation next.

2o Dr. Zudans, I can go through the derivation of

2 this. I know you were concerned that that seemed like a

22 Prime energy absorption location, and it's a rather low

number in my record.s

rx 2 MR. ZUDANS: Well, the way it's designed, it's
!\ )l

25 not so.
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i .MR. PENNELL: Well, then;I won't go through that

2 if'that's all right.

3 (Slide .' )
t

4 This is the calculation that determined the amount-

of energy that you were going.to' deposit.in'the head. It'ss

e a very simple momentum calculation'.- What'we have is the

mass of the slug over the. mass of the' head plus slug combined7

a giving us-a velocity of-that combined slug after impact. This-

e assumes an. instantaneous transfer of momentum. The kinetic

to energy is pressed here, and following;the algebra:through,.

4

:: you got the kinetic-energy that will be deposited.in the, head'--

and assuming ^inelas' tic collision -- and I will come back to-2

i3 that in.a minute -- has been deposited in the head being:1.95

i4 Llegajoules out of what started out.at-75 megajoule slug.

i s' Where is the rest of the-energy? A quick water
7

is hammer type calculation shows you that about 40 megajoules
,

i7 at the~ instant following impact is potential energy right there

is in the slug. It goes on to strain vessels, and we believe to
~

_

is create violent turbulence in the slug. It is a rather simple

2o- calculation, and we'll show you.that is the home of more
-

21 than 50 percent of the energy at the instant immediately follow-

22 ing impact; but this level of energy we still believe to be

23 significantly on the conservative side. I base that statement

| | 24 on the results from the Rexco analysis produced by ANL where

as they would be getting something like half of this number.

|
'
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i
Perhaps we are a bit less than that. So that then is the,_

i !
^

amount of energy that a 75 megajoule slug may deposit in

3
the head, and I believe it's a conservative estimate of it;

4
and I will compare the energy absorption capability of the-

5
modified head that I just showed you with this energy -- and

again, we will be working in pound inches, so 173 times 10

7
pound inches is the amount of energy I need to absorb, and

a
we will now look at what I can absorb.

9
(Slide.)

to
This curve represents nothing more than the results

11
obtained from integrating under the prior curve. Remember,

12
I had two balloons on the prior curve -- one corresponding

/oV) to the usable energy in the head as it existed, and here you
13

see_it, and it's about 94 times 10 pound inches. I need to

15
be able to accommodate 173, so we are short. With the modifica-

'end tion-in place, the head alone can accommodate 308 times 10 .

Graham
Tape 5-d7

18

19

20

21

22

23

/~3 24

%Y
25
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; . . .

to-see whether.there is toroidal bending..;T.5F(8L 1

; 2 'MR.=ZUDANS: S'ince that is a critical. area, I think' !

, ,
~

3 that you probably, hopefully, Will. find,it. unique. ,
e <4,; , r,

,4: e; -
:- , . - ,-,

- ,t
. . . .

>

PENNELLII -I ithi~ k 'that2IL.just g'ot taYstrong ' head *.
. ,

. - 4 MR. n,

.

r s . .., . .. . _.

; .s MR. DICKSON: Dr.' Griffin 7.of Westinghous,e will *

p 3'. ]q, -

r'/ .m ,.

j. -e respond to a. question-a'sked, earlier.
'' ,, , , .,

., _; ,,A ! . ,
.

b- 'l '

.

7 . MR . GRIFFIN: - Dr. Bush asked. a question about the'-

i~
e duration of weld data 'that we have. The data that I was

,

;

|
'

referring to in the' range of 900 to 1000 degrees.and all the- e-

to ' data I could dig up in.the.last couple _ hours is also in the

; 11- range of 900 to'1000 degrees. There is no significant effect

12 of the welds. Now, the data.I have in the range of.900 to ~

~
~

.is 1000 degrees Fahrenheit is'in the range of pre-exposure.
e
i

.t4 Well, it's ---this' sum after 1000 and a few points after 2000.
!

^

15- In all -of these data they show that the various effects are

te negligible.j

17 I don't have specific data at the moment. I presume
!
t

i is it exists for:less than'800 degrees.
<

is Did you have some rpecific data that.you were

2o interested in?

2i MR. BUSH: I have looked at the casting. You get

!' some embrittlement in the 600 Fahrenheit range.22

! .23 MR. PENNELL: The amount is not significant.

|
.24 MR. BUSH: I simply do not like to see the statement

|' as that there is no problem without some backup on it.
,
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t

T. 5F ( 7) t information I want you to hear. There is something about-the

.

2 testing that'you need to be aware of. The yield strength of.
~

materials was ftailored as best we ,co.uld to match - the s hot yield~3
- -. , .

'- * ,*3/ r4 |: 1 e
''

4

strength of the materia'lgn} operat' ion'.. . YoE can ''t'. do an exact
' d

; s - job and' it turned out the' yield strength 1was ,allittile bit higher .

^ '

for the head [a(s it exists today, the predicted?-1> :a :/s 6.'y ,,

6 That means that
+,_ , ,ci,

.,,
s i.

energy. absorption is a lit't'h highed because it was a deflectionl.7-

,

e limit, if you will. :The kinematic interaction was -- and if

4

; o you change from that and you go to a-stress-limited situation,
.

A
to which we now have, what.happens is when you extrapolate the

_

.' curves, you slightly underestimate the. energy-absorption

12 capability because to get to the same load, the head will dome

~

a -little bit more and neither effects are very significant,is

-14 but basically they are. present.

is MR. ZUDANS: The previous model that you showed in

I' is the head cross-section didn't seem to resemble head closure.

17 Were these tests 9,- 10 and 11, is that the head closure and the'

te vessel flange?
,

to MR. PENNELL: We are still doing analyses to see
e

V

| 2o whether that is necessary. The margin-keeper rings ~. They are :

|

21 all represented.

MR. ZUDANS: Whether it's strong enough or not will
c 22

23 determine what --

24 MR. PENNELL: It's going to be prototypic in'the
-

.

.

2s local area. What we are doing is -- we are doing the analysis-
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T. 5F ( 6) i Here is an analytical model.that was used to assess

(~~/\(- 2 load transfer under dynamic loading from the vessel and the

3 head not shown here. Through the vessel flange down through

'

the spring, which repre,s'ent's -- you can, see the bolts here4

and down through a spring that represents the steel support.5

'

e That load transmission -- that load was' subjected to combined

7 loading -- you see here, the ressure - 'the pressure history

a acting downwards through the core support structure, the vessel

9 Wall and acting downwards, you see here, the upward pressure

to history which is the same that Lee Strawbridge shows, and this

si combined history was imposed on that model. The resulting de-

12 flection and load transfer is shown here.

(~) i3 Here you see the vertical displacement. Here you
v

e4 see the force. This gives us the 11 -- I think it was 11 times

6
is 10 pound inches, but you can see the topping out. You are

se yielding those bolts a little bit, but there is not a lot of

i7 deflection he re.

is MR. ZUDANS: Yes, you gave me more detail than I

i9 wanted to hear, but that is fine. The weakest link in the

2o head structure is really now not a large part, not the head

21 itself, but the joint between the head and --

MR. PENNELL: Yes.22

23 MR. ZUDANS: And that does not compromise the 150?

A 24 MR. PENNELL: No, it does not compromise the 150.
t i
V

25 No, it does not compromise it. .There is another piece of
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T. 5F ( 5) ' -
c |138

,

|

' ~

i had we . noticed this effect that Mr. Pennell described, we would -,

~

a have been able to take 75 megajoules now,'and we may.be able to

3 when the. test:is done properly.

4 .~ . p

All! 'ri'ght;. . r|nn$ th'e upper ' head is good4 MR. MARK:
- A., -s; s g . ., -

.

., ,
,

enough to take that' 75 b'acki dowri th '50' or bel'od in real life?s

4 . 37:3 ;<
~

,9 1
* #

e MR. DICKSON: I f. we ;have to, . we will' sha' eL the head.v
. , c s - --3i

7 MR. MARK: But all'of7thi's will',be,rgons through '

.

a tomorrow?
j .

s' MR~. DICKSON : Yes, sir.
'

.

I MR. MARK: Thank.you.to

,, MR. ZUDANS: That's a figure to.show the load capa-

'

12 city of the shield and the other rings?
4

i

MR. PENNELL: I will explain about that. The joint-,3

,4 between the shear ring'and the vessel itself is designed in a

is . rather unusual manner. Uhat is required'is that the fabricator'

is of the attachment bolts have a bolt yield strength for the
,

ma te rial . The as-delivered certification. Then the actual'17

- diameter is dimensioned such'that the throat area of the bolt,e

is tailored with that yield strength to limit the load trans-,,.

t
~

mission capability of the bolts to the ledge to 50 millipounds.r 2o

SO.you can't get significantly' higher load being transmitted
| 2:

'
there. Now, you might ask is that. going to yield -- and I22

1

think I should show these.very quickly because it will clear23

this point'up. '
24

(Slide)25
|
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SRon 139 '' >

Rabb.

~1 apologize. lit was good for 75 with a high level of competence.
i

2 MR. MARK: What is the 150?4
,

' 3 MR. PENNELL: That was to limit why I had a'high

. . , .. . .. -,
. ~s

: - level of confidence. You are, bas;ing ity onigraphi; cal' extrapo-4

| ,0; q - a
t .r f ,y y_7y~r..

, . . <-

,
,

s lations.
f.

o ~MR. MARK: The> points at 1,50 which Youdon'twantsto
> , .

'C M J t i.7 lean on, of course, at all?, 7 |Q ' ''
'

+

e MR.cPENNELL: That's correct. That's correct.

i
s MR. MARK: Which would, of course, point _at the same'

,

level that the Staff's. old 1000--plus megajoules would point .at.10

I li MR. PENNELL: I ' hear.a ratchet clicking.

12 MR. MARK: No. No. It will come up tomorrow, and

13 we will learn the current status.*

;

14 MR.DICKSON: If I can understand where you are lead-;

'

is ing, I don't.think it is quite like that. When we did our-
;

Original analysis,.We did it on a Conservative basis, as Mr.16

,

17 Strawbridge explained, and did not include the' mitigating effects

. .

! is of the upper internals, and we required our-head to take that.

19 kind of load. What the NRC is now saying to us, since you
,

i
2o designed for it, we don't want you to back off on it.and take

as advantage of the mitigating features. It's not quite the same

| 22 as ratcheting.

| 23 MR. MARK: So you are telling us.that you think you
!

|
*

24 are okay at 75 megajules?
i

.2s MR. DICKSON:That is what we designed for, and
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T . 5F,( 3)
Ron". 'l(0

; 'Rabb

i ' tubes. They absorbed negligible energy. They trimmed the
.

z .. spike of the pressure curve.-- They were'aiload spreader, .if
.

i

.

3 you'will.. ItLturne'd.out'on this head when'the designers went

4 through,it that "chey foun'dfit!#as"mo're than trimmedJout by the
.: i ) ; ', | '; ;< J,- ( ~ .',*

. n.,

., ..,,,3 .
,

i s' nature of the large under-the-head ~ shield' plugs' and'they didn't
, . , - ,

._, ,

needthecrushedmateria[1. !j * ,,;.j (<_}.
.

7 .'6
,

; . - i- , . <.

! 7 'MR. CARBON: Anyt other questions? ; *-
e - 4 t,

a MR. MARK: There was a time-about five years ago,

.
maybe seven'-- you,had 661 megajoules.-o

:

to. MR. PENNELL: Yes.

|

i et MR. MARK: The-Staff at the same time was saying

12 something approximately-twice that was necessary. Have they
_

,

33 now joined you in saying that the -661, which is .also what'

i ~

'

34 translated equal to"your 75 -- that that is a satisfactory level
:
f

; 15 to work against?

16 MR. PENNELL: I am going to.ask someone else to

! answer that.17

.is - MR. DICKSON : That 'is on tomorrow's agenda,

i MR. MARK: Of course, we can.--is

2o . 'MR. PENNELL: My understanding is that we don't

i .

-

! 2: get anything.like that.

' 22 MR. MARK: I think so, too.- Then in addition you say

23 you are prepared, on paper, anyway, to'say that your design

I ought.to be good for 150, which is twice that?24! 0:
( 2s MR. PENNELL: If I gave you that impression, I
L
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Ron 141
Rabb

I will have two static tests. Depending on what those static
x

N-) 2 tests tell us, we will run a 75 megajoule scaled appropriately

3 slug test with no UPS inside the vessel, and that will be the

final demonstration that we..have a head that 'can take that slug.4

5 Now, bear in mind I'had capability to take substan-
~

6 tially greater than that~on paper, and.that gives us the

7 assurance we need to feel co,nfident that that test will be a

e succesa. We don't have to be correct in all the elements of

9 the analysis I showed you. Here is the summary of what we

to believe.

si (Slide)

12 Here is the existing head. There is an increment

(-)s is of additional energy absorption that can go in there that I

6
I4 haven't added in, but basically it has 94 x 10 pound inches.

is If you conduct it through the conversion from slug energy to

16 energy deposited in the head, corresponds to a slug energy

17 of 40.8 megajoules, which I think is the number Howard mentioned

is earlier. It can go up to -- we only need 75, and we don't

'

i9 plan to test it beyond that. We are confident that the head

20 can accommodate the energy delivered to it, and that completes

2 what I have to say.

22 MR. ZUDANS: Did you at any time during the design

23 process -- did you consider the pressure material?

<s 24 MR. PENNELL: It was done on the FFTF reactor. I
f i
%.J

25 was directly involved with the design of that. We had crushed
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Rabb'
TSP (1)- i The increment due~to the corrections and the small

a motion of the. support gives me.an additional'52, giving me a

6
s total of 360 times 10 Now, it's true.to"say that I would.

have an increment-that.I.could _ add to this energy _ absorption4

i | i} f; D < , - '>;
b6. f q|uiti.e - as -l,'arge 'as -that, but

?!tl'
_

s, capability too. It wotil.dn 't s , a. -
. ..

it would fall way short of the.173.ge- nevertheless, t

. ,h . - 10 J. C . I -..

7 Now, I.must emphasize''when.I say that there is in
n~f : r. , i.4r ; s ', . ;,

.2 L e : t 1
-

,< , ..

s' this- test some very important features 'that would have increased

the strength of the headiand' therefore it!s energy-absorption
~

a

to : capability.was missing from the_ test, so we do plan to rerun

tt that test. The SMA test.. With those features in the mo'el --d

12 and we will be revising that number, and depending on what the

1,3 test tells us, we either will or' won 't need to modifyE the head

configuratiion, and' that' is why I see' in - the table of tests that34

j is you' have -here one more test that' Iloward Holtz mentioned, and

is my numbers are.slightly out of sync.

| i7 (Slide)
;

i to IIere you see the repeat of the static pressure test

if and the model.is the existing head geometry, and it has.proto-
,

|
| typic representation of the riser, -the keeper rings, and the2o

i

shield plate support cylinders, so those additional. items will21,

be'in that test. We plan a static test which is going to be on22
1

a geometry which is identical with this, apart from the fact2i
-

that the machining relief that we identified as being necessary24

| as to take away the kinematic interaction will be present, so we
!
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T. 5F ( 9) : MR. GRIFFIN: According to some data by Wilder, it
,e
V 2 runs out to 67,000 hours at 900 degrees Fahrenheit. He found

3 none. Apparently the delta feroid>would'.not change.
. ]'

,i
,

4 MR. BUSH: You have'three embfittlement mechanisns

5 in this range, and I expect;-- what I.would represent -- not

4 e about 4 or 5 percent delta feroid. I wouldn.'t expect anything.

7 MR. GRIFFIN: If we can pursue it further,

a MR. BUSII: No.

9 MR. GRIFFIN: Thank you.

to MR. CARBON: Any other questions from anyone?

tt Let's break, then, and come back about 5 till 2:00.

12 (Whereupon, the meeting was recessed, to reconvene

C 13 at 1:55 p.m. the same day.)d
End T. 5F 14
End
5 series.is

6 series te
fols.j

17

|

18

19

20

21

|

; 22

| 23

7" s 24,

I,j,!

25
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Riley
fis R&L i AFTERNOON SESSION |Rab

W 2 (1: 55 p.m.)
;

3 MR. PLANCHON: I am Pete Planchon. I work for

4 Westinghouse on the Clinch River project and I work out of

5 Oak Ridge. I will talk about features in the Clinch River

6 design that allow us or the plant operators to cope with

7 emergencies that might happen in the plant.

8 (Slide)

9 Now, this is an outline of the topics that I will

to discuss in my presentation. I will discuss our on-site

si emergency control centers. Those are principally our control

12 room and the technical support center. Also, I want to mention

_) i3 right now that we do have an operational support center in the

14 plant. I won't spend a great deal of time discussing it, but

is it is an area to put emergency personnel and equipment for

16 responding to emergencies.

17 In discussing the control roon and the technical

is support center, I will discuss a large set of instrumentation

i9 and data systems for getting information to the control room

20 operators and supervisory personnel in the control room and

21 technical support center so they can make the correct decisions

22 and carry out emergency response and emergency recovery pro-

23 cedures.

,~' 24 Now, after I put together the presentation, I was
.:

25 relayed a set of questions about emergency response that dealt
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t with sodium-leaks and how we would deal with those. I intend-

a to work most of that discussi~on in with the presentation and

3 then wrap up and address'any residual. concerns at.the end of
3

4 the-presentation.
f

5 (Slide)
'

'e This'is an artist's concept of the Clinch River

7 Control room, and it is;taken from_the perspective of the
-. : ,

4 * a* ; i .N i*
. c

| technical support center.'] Thisjpe,rson _rightihere could repre .s
,

e sent the supervisor in the' technical 1 support center. This
j s

- o. . ,
'

! 10 person right here would be"the contr61'ro'o$' supervisor, and
I . . . . ' , : ..' | ;[ ?:j

'

11 this person right here would be the unit operator.

12 I will' talk about the details of this layout, the

() is- instrumentation and controls available for dealing with emer-g

14 gencies in more detail,'but first'I would like-to talk about
.

15 one of the major elements of philosophy that has led usf o that
~

t

_16 particular design.

i

17 (Slide)
:

is MR. ZUDANS: Could I.ask a very quick question?. I-
,

see that poor guy sitting there,.and he has to use his. keyboard.to_

; 20 on the CRT, right? Where- is tua going to put his legs?

i". MR. PLANCHION: This person right here. Where is he2i

i-

L 22- going to --

23 MR. ZUDANS: -- put his legs when he wants to use.

J s 24 his CRT keyboard.

,
s_ .

j 25 MR. PLANCIIION : lie will be able to reach the keyboard

|-
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i

from where he is sitting right'here.

O -
MR. ZUDANS: Have you.ever tried to do that?

.

*
MR. .DICKSON: That is an artist's concept. We have

4
a mockup.of it, and I. guarantee you can sit at.it.

*
MR..ZUDANS: Good, because -I use it and I know --

8
MR. PLANCHON: One'of the major elements'or one of

~

7 ~

the. major considerations thataled us .to this <d' sifin'is thee
i v, t<,

,t. y,t,
,

.. t ., , ,* consideration of comman'd and7 con.. trol'of the whole plant
c sr, .

*
operations. We think it";is'jimportant't'o' provide;the control

n (, - .. -

'
room supervisor information.that.will support.hin^1n a coani--

< , . <,g ,

'' tive behavior mode, that he is in a mode that he can access

'#- in formation , take -that information and make decisions from it,

- ' direct actions both inside and outside the control room and
.

'd throughout the plant and to deal with normalLoperations''as

'"
well as emergency operations and'then have information available

'" to see that his directions have'the desired effect in plant

'7 operations.

to. The.other consideration is that we want to provide

'' the unit operator, this person at the board that operates the .

2 various pieces of equipment in theinlant with information to

21 support him in a real-based and skill-based' mode.- A real-based

22 mode would be where he would follow procedures step by step

23 and carry out a prescribed action. Skill-based would involve

24
- the skill of manipulating the controls and getting feedback

from the indications to control'a plant evolution or control- **
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'

1

?

I

-i .a piece of equipment at a plant. .
;

z- Now, the main thrust of what we have~ proposed-to
i

3 provide with these' two concerns ' or- desigri" requirements is to -
'

~

provide a : state of the art plant' computer system.where s the .i 4-

>.

's supervisor a the; unit operator.will use'-it too~, but:it is

primadily for the supervisor to provide him information. We! e

7 have ou'tput terminals here f and(you; can see those ron-.the ' layout
;; . :,; il 1: j' ,i ;

~'
, , .

of- the ' board, and we provide ' ' board ! hat!I-is' laid' out 'that hasa ts-

f ,, s v , -, ,, . . . . . ,

e' a number .of human factors .considerationst factored ~into thisa

n ' O s 1. - ,
. ;

* ~ >
,

so layout to help the unit operator..in actually directly control- '

~

. . i r,. ' ;- : f i ,;, .

; :: ling the plant process.

| 32 (Slide)

l-| . ,3 Now, I want to talk a little bit more about thet

i4 _ details'of our emergency control center, and the first one.is4

1 is- the control room. The picture'that we are.looking at right

se now, we call-this' arrangement an. overview arrangement. It
,

i

.
17 provides an overview from.the supervisor's perspective.so that

:

-se- he has a_ direct view of the actions of the unit operator and

also he has a wide, view and can assimilate information that,,

i s. -

! ao. he receives from the control board.

- ai The'. layout on the control board -- it is laid out

i

to follow an energy flow scheme. The safety controls are down|1 22

:

23 here. These include the containment isolation system. The

24 reactor controls are in this area right here. Included in thato ;

: O- . .
.

'
'

would be rod control, overalf plant control and readings ofas
<

;
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1 -reactor flux. The energy then flows from the reactor through
~

-

the primary heat' transport'sys' tem section, intermediate, heat
.

t'

'3 transport system section. Steam generator controls and indi-

~

n4 cations are located' here. The-balance of plant,' main steam,

s feedwater condensate are in this. area, turbine-control, and

;e finally controls and indications for the generator.

Wehaveincorppra46d?intb.this.Tayouto[urka'ccident-7
':nt, . 4 1 . ,-

A- '
, ;

,^

a- monitoring instrumentation. Th'is'is~ instrumentation that-is

;'
. .: ^

s consistent with the guidance: that is given in; Reg'' Guide-1.97
,

as we have applied them to, an :LMFBR, ,,isyst.em.' " Thet k, ey parameters ,io
, .<

it and for an example, one of those key parameters would be measure -

ment of reactor flux, are Class-lE safety-related instrumenta-~'
~

12

is ' tion, redundant, seismically qualified'and environmentally()
14 qualified and integrated into the main control panel in'this

is energy' layout scheme so they make sense to this unit operator

se relationship-wise.

17 Their location is fixed'so that'it facilitates

is control of the reactor.

is Perhaps I should say a few words more about accident

2o monitoring instrumentation. I mentioned that we had

incorporated accident monitoring. instrumentation into the21

design of our' plant using the guidance in Reg Guide'l.97.22

23 Basically that means that we have instrumentation that corres-

ponds to the types that are described and perform the functions24yg-
'V

25 that are described in Reg Guide 1.97. As you know, that Reg
i
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,. a

I Guide is ifairly specific- for water ~ reactors , but in functional -
~ '

,

,,3 .

ts) 2^ terms we have found it to..be applicable to.our plant. That' |is ,
~

4 ~

we provide information for the~ operator to make decision'sE. .

3

4- about the' actuation of safety' systems.-

s We provide instrumentation ~from which he can assess.

e whetner or not the basic safety functions ,-- reactor shutdown,

s. - n ,., ~ ,. ,

7f decay heat removal and 'c'ontainme'nt iisola' tion? :da're"beingrper-
y.-

,
x . ,/ U _ g, t %-

. : ,

.,-j,j
..

.

~

x -<*

a- formed. We provide inf6rmation from which the . operator and
.

, .,

w y ,s %
,

9' ' supervisor Can assess -- ' [ 9,3,

to MR. CARBON: Let{me. 'in' terr.upt M inoment, jMr. Planchon.

in We have had somewhat ot a. mixup |here. The topic on the agenda

-12 here was aimed at Mike Bender's question .the other day, which--
.

[; i5 had more to do with~the recovery from an accident rather than
w/ -

-14 the emergency handling at the. time. This stemmed in considerable '
,

is part from Mike's concern that we had an accident at TMI and-

3-1/2 years or 4 years later it is still sitting there and weis,

:
'

~

17 don't have it cleaned up or anything like that. And part of

_
ta - this- discussion , at least, was intended to'say: suppose we

. ,

* =
had an. accident at CRBR, could we recover from it, and how'e. x- is.

| r

~ ight the design be changed if.need be to enhance recovery?"2o i m

$ Maybe nothing needs to be done, but have you consi-ai-

22 dered that aspect of it? I don ' t know whether you are prepared ~

23 to discuss that at all here today or not. What you are saying

q 24 i3 good material but it isn't exactly what we are aiming at.'

N.} ''

$, ( ' '
'_

.as - - MR. PLANCHON : Okay. A good portion of my
-;
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1

, presentation does.have'to do with managing'an emergency u'p to

~

the; point of . recovery; 'H o w e v e r ,: I have included some discussion
,

2

of| recovery, particularly in .areasithat ~ involve sodium spills. *-

3

4 . MR .- ' CARBON : |Would you, to'the extent practical,
.

s emphasize-recovery.in contrast with_up toithe time of-the

accident or up to_ recovery? -

'

.
- ,- g, ,h

MR. ' PLANCHON $ I
'e..c, .,All'hi$ht; lyes,, sir /Ifigill. I~will

,
-

~ ~

'7
y'iJ* - t i ,- ' Tf - f p | s

try to be.very brief about'the other one.,cs'
i t: ! -

,.
*- , .e

..- . ,, , .

_MR. CARBON: Okay( c'N., '"ia 1, , ,,

, ,. ~, ,, , . . . ....

MR.'PLANCHON: Now,:let/me just be very,brief.andto. >

,, say that our plant computer system' supports a safety perimeter

- ~ display system, .an -integreced set of graphics from which'deci--12

-G sions can=be made and emergency response and recovery procedures
. .

,3
%/

_
.

i4 or strategies-can be applied.

is- II guess one other point-ILwant to make with respect

to accident monitoring is that-we have an extensive capability,i.

for detecting sodium leaks to be able to determine that we'do,,

.

, , - have a sodium leak and be able to determine it in very low

levels of sodium leakage. We can determine the location of,
,,

that leak with a fair amount of_ accuracy.. 2o

As you know, our plarit is divided up into cells,.
. 2,

| ' 22
so the consequences of a leak are basically restrained to that

'

2i -cell.
M

I I. guess the other point is that, given a sodium leak,

O ,,-

.

l'
'

our design is such that we can continue to carry out the safetyas.
i
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8 functions of' cooling the2 core and we have the capability with

'OV- 2 our instrumentation to monitor that.

3' MR. ZUDANS:
.

On that' slide that you are showing here,

4' couldjyou show where the in'strumentationLof' controls of direct

.sI heat removalisystem are located?
.

6' MR PLAN'CHON: The direct heat: removal system-
, ;'v q r ~,; :? ,

-

n ~ m . . ;

controls are on a panel-that-is''\/ .i!not' visible;f' rom th'is. view. -I t

. i'J u 7 : r _ ., ''
. .-

7
b ta t. j s ._ - ., u-,

-e :is outuin.this area-right here,.and-that.is basically at-right ~,
~

c
><>: s. + ,, ,

.9 : q ;O i ,n
*-

to this . edge of tl$id ' panel? ~Th'e pan ~el has" the K-frame
.

.,
s angles

.~ . ; , 7 ~; myy ; 19>

s y 4 - . . 4 it.shape and has a layout simil'arlto thecmai~n codtrol panel that''to e
,

il you'see here.
.

12- MR. SHEWMON: Sir, you talked about Reg!Guid'e 1.9.7
_

' 13 and. emphasized =how nicely it' allowed the' operator-to see when
.

j '- t

- ~14' you were getting into trouble. One of the main-thrusts of that -

_

" 35 was to cover -- also have' instruments with range adequate'to
~

,

is be able to give reliable proportional indications even when you

'17 were~in bad trouble, and this got into inordinate ranges.
|

|~ tal To what extent have you also got:that' aspect in your
,

19' instrumentation?
,

2o MR. PLANCHON: We have addressed that and let me see
i
i

21 if I can give an example of that. I guess the quickest example

22 to give'would be instrumentation that would monitor pressure

23 in containment, in the containment shell to make sure that --
t
i

24 well, first to be able to determine the status of our contain-g)\._
,

25 nent. We have' arranged that not according to what our design
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^
8 . basis pressures are.for containment, but we have arranged that-

~

-X.~
) a instrumentation so thdt it.goes up.to where the containment is

3' adtually being' structurally challenged.

'

4- ~ MR.. SHEWMON : What about sodium temperatures up to-

[
'

'the boiling point?s-

e MR. PLANCHON: We[have provided,._where the,thermo-
j |b!! / -; } } 4' ;! ##

. couples' above 'the core -{their rarige'- does igo':up' 7-aI believe27

that is up .to the boiling point.c ?.Couldryou confirE that, . Boba
;4- - ,f t; .,

L , , s> . >>r n .,.

9 Tinder?,

, . . . 'y.

[4 ] ",
.

., .

'

',t- , 4t
to -MR. TINDER:. Yes.

It MR. SHEWMON:' .What about radiation level-in'contain-

12 ment?- That is three orders of magnitude or-four higher than

operating level but' comparable to what you'.might have in a bad.is..

1

14 . accident.

is MR. PLANCHON: There-was consideration of that. I-

16 don't recall the exact numbers-for the containment radiation

9

17 ranges,-but they are ranged well in excess of what one would

I- to expect with a design basis event.

19 MR. SHEWMON: Fine. Thank you.
!

20 MR. LIPINSKI: Could we go back'to the thermocouples if we
.

! 21 .are goin~g up to the sodium boiling point? What are the

22 materials?'

23 MR. PLANCHON: I don't recall. Could you help me

]. 24- out?

' 25 MR. TINDER: Chromel alumel.
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.1'_ ,; - MR. LIPINSKI: It doesn't'go.up to'that point. I .-
r~
k)s z .: -(thought you were talking about tungsten'or something lik'e..tNat.

.

3' ' That'is why I asked 1the-question-.

4' MR. SHEWMON: Tungst'en boils |at 2200 K. was'it, or.
-

1 s . C.?
,

'e MR. LIPINSKI: t3200:C. p. 6 , -- +.,
. . ,s . p-a8 ; <

7 .

;**
4 2 - 4,

,. , o ,

*
,

I don'te know ,twhatjthe - thsoretical limit'-?7 'MR. ~ TINDER:,

< c - ~

~! >
, ..,

--
,

'e' _on it is. | . ,-s
,

,
L. 1; :r % - n ,, ' ^ *.

_
.;

'9 MR. SIIEWMON : Walt,. sodium boils.well_before_1100.C.
vi _ 'JE y ; i ,'.i:. ;

to Chromel alumel will go up to that.,

::- MR. LIPINSKI: It -is , not guaranteed :to- one p;ercent.
i

12 butiitawill go up;there.
4

'

13 MR. SIIEWMON : By'the time we'get up to 1100 C., one

a .

14 percent may not bother _ us.

is MR. CARBON: Go. ahead.
.

te MR. PLANCHON : Let's see. ' I believe I made the point
,

17 that we'have an extensive set of instrumentation to detect and.
; ,

~

se -locate and allow us to confine and deal with' sodium leaks.
r

ig Perhaps now would be a. good-point to discuss recovery from a'

*

2o sodium leak. One of the things _~we have done ---
.

21 MR. CARBON: Could you go further and discuss

recovery for'the big accident?-; 22

23 MR. SHEWMON: Have your sodium be well contaminated.
+

24 MR. PLANCHON: Let'me bite off one challenge at a

O.
time and then talk about sodium, please. One of the things thatas

i
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.

'
'I werhave done in our: design and in the-design of.the= control

-

G . ~\/ 'a . room-is to review the control' room'and its-adequacy and the

. adequacy''of our procedures and provisions for' dealing _with3 .

,

4) . emergencies ~. - We'have conducted Ta sockium : leak and sodium fire

s. ' review a'nd they. looked at our. capability for~ recovery from
.

.. . -,, <- .
e sodium'leaksiin.theJvariousTcells,]in cells ,that :are air-filled,

i si{ f 'p#* . , L *J ', W ;
k

'
.s

which would.' systems in iti Mhich' woul'd noti'coNtain'rddioac'tive-1
-

-

7

c . < . . p
'

xn e
~ ~

, - ,

sodium,in cells that are} inerted 'undhlined' Ithat..would containa
;qe 3s; , - - u

-

.

s' sodium that would be radioactive, ,,
*

.ptr-

4:s4 -
. . :.

4 6 -1
..

, The conclusion of-that task force was our approach-,

io-
,

to cleaning up a sodium leak or sodium spill would be essentia11 /
i

't2 the same used in other sodium facilities, and in particular.in

. O- test facilities.
'

i3
' - V ,

14 Now, to give you some idea of what this would' involve,

-is we can talk about some of the experience in the containment
,

-te. system test facility at the Hanford Lab where they have actually

17 tested the cell liners and they have also tested some of.the"

is catch pans that were typical of those used in FFTP and'
,

Clinch River.is

!

2o In one of these tests 'an area of sodium, I~believe it
,

[- 21 was 110 square feet, hot' sodium was put onto a test pan. It was
t

in an air-filled cell. The test pan was filled up to a depth22

$
23 of abbut six inches, so it was a sizable sodium spill.

. 24 They found that about 10 percent of the sodium burned~

as before the oxygen in the cell had depleted, and the cleanup
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.

after. the ~ tiest had been run ' and the' capabilit'ies ~ of- the, test '1
'

,

(; a pan had been determined - they. spread Metal-X onitop of the-
1
,

'3' sodium.and they put a covering of: light: turbine oil on top
t
!

d
} of the solidified sodium and actually dug ~ 'it out with mechanical

5 . shovels. -
s

,. ,, ,s., ,m mn y.

6 I understand ,that~ it 'was ; dug ' outj in squ' ares about 6'
im.,

rcv - o - < >g( < -.: 1 ,

inches' thick and 8 inchss by 8' inches,'put,into 55-gallon-drums.7

, ,; .;e' , ~
; ; .- - ; pi

These drums were backfil ed ?with(argo.n' arid! u. tit in[ storage.d'a
7 ,

. v-

There are similar experiences. "for..'so'diu.m#fi'rss' is~inertede
. .n -

t

to cells. However, there you. don't have1the burning phen ~o'menon

11 and you don'.t havegthe oxides"to deal with.

~

- 12 .I guess the conclusion is.that the approach'for clean-'

0 ->> 1"o "9 #e e these ee11 e taet "e - = a =ee i= 'the eve =t c
-

1

14 a major sodium spill would follow ~the experience and be.similar
.

is to that that'was-used in these test facilities.
-

~ 16 NoW, ' We also looked at_ a typical radiation level; that

j . 17 one might-expect,.say,-in'a radioactive cell after sodium leak.

! is If one does a fairly simple. calculation.where'some of the fuel

19 is spilled and the sodium leaks out and forms a planar surface'

20 the thickness of about a . foot, the calculations are that after

2 about a ten-day period af ter shutdown, the radiation levels

i

22 will be.on the order of 50 to 250 millirem, and the cleanup

23 effort would have to deal with radiation levels in this

24 area.' p
U

25 Now, if one had damage to the core that was more
.
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9

1 extensive, then the cleanup ~would have to deal with higher -

: q
~

i- 2 radiation levels.

END - T 15 3 - ' MR. SHEWMON: [Is the application of..-the' Metal-Xiand
-Riley.

.

,

.

~Rabb 4 the-oilsautomatic or~'does someone.have:to-go.in there with~a-

5-gallon.can and' spread it around?.
~

.T 2L
-

.Riley - 04 1">W/ C / D 0 '''
"

. Rabbi . f.. CHON:]Jg.th,i ,experimentthatl{3i related tio-~

.? ? . .v u. _ , / w.

7' you, they.put'on protective. clothing and went into~the cell,and

de-interted the cell, opened)itt|up,
;h kb \: k'; jj :E *

ventilatedkit.and'~ spread;.s :
.t . _ . , , g. .g . 7 .,

8 around the Metal-X and thet turbi'ne''oill J': '-

'to MR. SHEWMON: You-don't have.anything that would-

automatically, :sprea'd .either.'in your ' cells? ct1

t2 MR. PLANCHON: .No,.-we don't. 'I'would like to talk;~

13 ' about the other emergency controls that are in -our TSC,J.or

technical-support center. -This is,is-the. layout of the TSC.14-

15 (Slide)
-

16 MR. CARBON: Excuse me. Is--that.the' final topic of-
s

your talk on -the ' technical support center?17

to MR.-PLANCHON- Yes. We had one other thing we wanted

to talk'about in response to the questions that were asked, and19

2o it was to discuss some aspects of the Fermi incident and - how

21 it would relate to Clinch' River.

22 MR. CARBON: Why don't you just skip the support

'23 ' center and go on to that.

.

24 - MR. PLANCHON : Okay.

~ 2s ~ (Slide)
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1 Now, George Clare was going to talk for a short
'ni
(/ 2 time on Fermi and how that would apply to our particular

3 situation.

4 MR. CLARE: If I could just do that briefly. We

s were not certain exactly what you would be interested in,
, . . .

,
_

although we did see that.. Fermi might!'come up! I did go backe
,1 - +

,

7 and check over theoFermi-1 incide.nt,.and without going back to
' .

: ,

a the very beginning of th incident'and.whatvIas. involved, there

'

9 Was a Considerable amount f-fuel d mage-to tW'o of the assem '

io blies, what you might describe as a complete meltdown of two

it sub-assemblies. The plant was shut down after several days to

12 allow the power in the core to decay. The undamaged fuel

( ) i3 assemblies were removed. The sodium was essentially drained.

14 down. The decay power in the fuel at that point in time for tbe

is remaining two damaged assemblies was not so great that it had

16 to be kept in the sodium.

r7 They were able to go in with the periscopes and

is determine what the status of that fuel was, and they found that

io the two sub-assemblies were self-welded together, essentially.

2o Melted together is perhaps a better term. They again remotely ~

21 down through the reactor vessel. head chisel 6d the assemblies

22 apart and then removed those damaged assemblies.

23 They were sent off to Savannah River to be

gs 24 reprocessed along with the rest of the spent fuel from Fermi.
? |
v

as We would anticipate with any reasonable low amount of damage to
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any of our spent fuel assemblies that'we"would'handlefthem in
~

- 2' a very similar manner. Now,'it is conceivable-that in some

s' situation we might:not be- able to drain -the sodium out, so.you
_

.'4- would have not only the. difficulty of~ remote' handling ~but'also-

'
,

s of. blind handling, if I:can' call'it-;that.
;; d : T:s [ ; f p (,;; j | |'

- A' recent- instance at' EBR,-2: perhapslis; at goodte c ,

o
,

; , ,, s v. .

example of the kind.df thing that,could,beedone intthat'situa -7. t

:< . i '. , ,
.

..-4
,,

ie: 6: : . , ::c
..

e tion. They ' dropped ' a newifuel- assembly, "di opped "it "offiof one

of their refueling machines'.and it' built'.?in'y y
.tf ; r. , g,a q < n .j,. ,

to~a" location at
~

e

so the bottom of the reactor' vessel. .Once they figured out~where

: it was, they-just kind of scratched their heads an'd figured'

32 what could have happened to it, and then I think.they sent''

-(O~'b
a grapple down to see if they could touch it, and.indeed they-.33

>

34 found it.

is They then fashioned a wire rope snare-for the fuel

is assembly.-- that is my understanding of:the description for

it -- and again Completely blind, they-did not even' utilize'

17

i

is under-sodium viewing equipment, to the best of my knowledge,.

i,- although it is available, they went down, snared the fuel

'

2o assembly, and it turns out that they took it back up to their

fuel-handling cell,. inspected it, found out it was okay, stuck21

it back in the reactor, and today it is in there operating.
22

23' We could use similar removal techniques for loose

_- 24 Parts, pieces, whatever damage might have been caused in the
-

core in Clinch River should that be the case. Continuing alongas
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'with.that. kind'of a' concept, of . course '. the n probl'em z at 2 Fermi-1 ~-

that caused-the fuel-me'lting incident wasisom'e loose parts <in'

2

the inlet plenum of the reactorivessel'. Before . they 'cotild . '

3-

4 restart the plant, they.had to'go in.and' remove.those' loose-
-

s' parts. ~ They did_that by c.u.ttin.g into, anielbow of.s the primary- vc , s .

j'? !. i ftp , ,
. ' , / o'~

t ,

y h - [ ;' f ' ',1 s .heat transport system pipirig. i <s. 1,

- Again; after. allowing the sodium- to; be : drained off7
"~

'

. ;- : .--
,

, ,,
,_s, .

, >m
;<w .

u_ . . ,

e of what would be the . equivalent of our reactor cavity, they- <

3. u -
_'

m , - , . - ,
, , ,
s|t *:p _ y' * ' < ,s,

e pushed a probe -- again, maybe it was a snare, maybe that ris.

to~ the best word for it -- into .the: reactor vessel inlet plenum,

ti and at the same time went down through the reactor vessel head

12 in the core support structure'inLa manner'similarLto what we

might be able to do. So they had one arm coming in from.the.is

i4 top and one arm coming in from the" side, and they were able to

'

is manipulate the. loose plate that was down in the inlet plenun and

ie. pull it out. And furthermore to avoid 'any of, the' other- similar

17 plates inothe inlet plenum from coming out, they were able to

chisel-off and, in fact, do.some torch cuttidg of some rivets,is
i

i

I think they were, that were holding the other plates on and.
~

; ,,

, 2o pouring all that debris out of the reactor vessel.
,

We again would be able to use similar techniques on21

I Clinch River. Insofar as the cleanup of the sodium was con-
3

I cerned, whether the sodium was in the guard vessel having spilled23
|

out of the piping, we could heat it up, process it through.our
- 2,

.(
i

'

system just as' normal sodium, clean it up with a cold trap,25
,
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.

clean it up with filtration . devices similar_ to what we expect .
.

'

'a 'to'put;in the core positions-prior to plant'startup, what wei_v.

~

3 refer to as our core special assemblies.
.

4 Insofar as; the disposal of _ whatever debris there was --

:4

in the core '-- excuse . me ,|'i.n" the priyarygsystem, it- would bes'
~

int: _ i _, . f(*
*

handled again as Fermi''did the $ame' h,., .$ty Ye would,, hShidle any_'

J8

other spent fuel, kbpt coo.Aiin sodium asil'ng asineed be'and
-

..- c, f -,
i

. .

7 o
!5 i >$$2 R.L3e,

,

a- tnen reprocessed or whatever,the situation was-at~~that point-in
;.v. ..g- .., ( ; ji'

9 time.

10 The sodium would not be.so.sufficiently contaminated

that it would be unusable once it-is processed through cold11

traps and filters.''Indeed,/the? Fermi-1 sodium was putaback12

h 13- into their primary' system,.the plant was restarted with the
.

14 same sodium, and indeed with all likelihood Clinch River will~

15 use the same-Fermi-1 sodium in our primary. transport system.
~

16 Now, . we have not done.. detailed scenario-by--scenario

17 studies as to exactly what' machines would.be fashioned and
~

is exactly what procedures would be followed to. clean up from an

19 event. We1think we. have -surveyed the technology to be confident

.2o tnat we could~ clean up from any of the types of scenarios that

2 we have talked about and that.we would certainly have sufficient

22 time once the incident occurred to develop the appropriate

23 machines and procedures to do that in a safe manner.

24 MR. CARBON: Let me ask again. Suppose they had

25 a serious accident in which damage took place to the core and
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I contaminated sodium was spread around'the containment, a Three-

L : /3 -
~ 2 MileLIsland kind'of thing. .Have you looked at the problemsA-) -

3 that would be encountered in recovering from'something like

that and explored or1 thought about what kind of changes you4

. might make.in'your init.ial, design /to'accommoda'te s'ome such:- 5

* ' ,
~

a ;y. . , ', -. ,1 ;k t<4

- '
._ '

* * 'i e accident? - .- -

, , ,+ , .
. i #

7' MR.- C'LARE : IIam not aware. of anything} we have
t. ,- u v'

,

a specifically done,to-accommodate an accidenttsevere as the one
-

, , ; r- . .,
,

9 you are postulating where we are thrusting sodium into: the area

to up above cont'ainment. 'Certainly the very extensive cell' liner
_

it system that we have in the. plant' is specifically designed to

.12 minimize.the consequences of the, sodium fires.

The guard' vessels are a similar example where'we would --'

) 13-
r,<

14 minimize the effects of a fire. Our emphasis is to prevent the

is sodium from getting above the operating floor.
~

'

te MR. LIPINSKI: You mentioned that Fermi had two
-

17 subassemblies fused together. If that happened in Clinch River,'

is could you handle it?

to M R .- CLARE: We would. handle them the same way Fermi<

2o did, break them apart and then handle them one at a time.

i- 21 MR. LIPINSKI: You would have to go down through
,

22 the cover and work through the sodium in-the site where you

:

23 are going to chisel and break them apart. You wouldn ' t be able
,

: 24 to see whe re they were fused together.'

L
25 MR. DIXON: You possibly could if you waited a long
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'- enough period.of-time.so'that they would not be overheated in-
. i--
I

:n ' air and did not need the sodium coolant. Then, o'f. course, you

8 could go inLthere'with a tank drain.

4 MR. LIPINSKI: But we'are talking about having a full

s. n , _ ,. ~,4, - , , ~ . _ ,

core-in place. You would h' ave!to decids which-5ubassemblies5
t -

7 , . t
*

. . r- c. i
. a $

, w,;i .

.5 e

6 you:Could. unload and. leave'the fused ones last.
p ~ (.

,

I7 MR. DICKSON: $Th5t isigxactly Yhat Fermi did..

a. MR. LIPINSKI': iDdj you[have a. :,tsnk'.tha't' will take your~

's entire sodium supply if you had to move it from the primary

80 system to somewhere else? Do you have a tank that will accept

l' it?

12 MR. CLARE : We'have a. combination of four tanks, but

() 13 - yes, they will do-that. That was a design requirement for those

14 tanks.

15 MR. DIXON: I think it is worth noting, even though

16 these'were not engineered with the thought of what you do'for a

87 long term after an accident, there are cell liners, and every

le cell of the primary system is separated so that anything spilled

-is in them is isolated from the remainder of the system, isolating.

20 any radioactiv'e' matter.

21 MR. CLARE : That perhaps is a key point I forgot to

22 bring up earlier. One of-the things we do is compare what might

23 happen in our plant to what happened at TMI. Any incident

24 involving the primary' coolant boundary for Clinch River, save

25 a' highly energetic HCA that could be postulated to push sodium
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-8 out through the reactor head, would be contained in a single
,

V)!

2 inerted blind cell. You would have no trouble with access to

3 containment. Insofar..as-the bus is above the operating floor,

4 whether the sodium is inside or outside the pipe is not impor~

That certainly makkid th[ngs ;a | lot.'edsier 't'a ' deal with5 tant.

e than what they are dealing with at TMI today.
'

> , . . ,

7 MR. CARBON: Except i'f you have .any ' sort. o f core
'

a molt, it certainly won't befisolated. '

o MR. CLARE: I believe it would be.

10 MR. CARIlON : Well, we have had all the discussions

it on TMBDB and ae rosols.

12 MR. CLARE: With something approaching 100 percent

j na of the core down through the reactor vessel, that is certainly

14 true. It is much dif ferent than TMI.

15 MR. CARBON: But it is not apparent to me that it

is would take anything close to 100 percent to keep from having

17 radiodCtive aeronols of all kinds coming out into the upper part

'

to of containment .

to MR. CLARE: So long as you are able to avoid, a gain,

ao any highly energetic event --

at MR. CARBON: No energetic,

i 22 MR. CLARE: We haven't drawn a line, but depending

i

23 on the particular situation and whatever the decay power might
j

i

24 be, any event which does not lead to a rapid penetration (f thej c)
| C'
l as primary coolant boundary we would expect to be contained below
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:
-8 : the ope ~ rating ~ floor.

; n
-

Q a' IIans, why don't you come:up.and'make.this point.
,

3 MR...FAUSKE: Ilans . Fauske .

4 -I think to. differentiate between TMI and a complete

~

, y y (' p ;) :s;-Q C:p|L 0
5 core melt accident,' in thei case' ;of a' TMI-type', accident, the;

!j \; Qf * ). ? u. : ,
~

' -

6 Core'ultimat'ely Would DO Coolable and all the fission product-
- 3 , , . 7% a 3 y>>> 1-

7 released from the fuel would be dontained'infthU primary. sodium.
~

1

. .-m1 . o+- gc
There would be'no contamination 'in:34the p ,tainment itself.a ' con

9 MR. CARBON: Well, really'I amttalking,about -- we

-

~to didn't anticipate TMIrand we didn't'know what was going to

11 happen, and it isn't all that clear. that we know what 'is going
.

'12 to happen-at CRBR, and'_I don't_think it'is out of..the realm of
~

.O pm sibility that we will have some kind of core melt type13v

14 accident which would lead to considerable. radioactive material
.,

getting out somewhere, po~ssibly into the upper part of the
' 15

!

le containment. I don't really;try to tie it-to Three Mile
,

,

17. Island as such except to say we were surprisdd there; are we
,

is maybe going to be surprised at CRBR-or have we tried to look

' 'o ahead and see what might happen and try to allow for it,i

2o MR. DICKSON: I guess the answer to that is yes, we

at have tried :t ' look ahead. In the cases we are talking about,
.

22 SM.BDB and TMBDB,- we have certainly taken the complete extreme

23 of'the spectrum of accidents, and apparently we have conveyed

24 the impression that a partial core meltdown leads to TMBDB.
i

,s-

25 That certainly is not the case. TMBDB is a complete 100
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percent' core meltdown.right.after operation at full power

a-
instantly,-.not any': delay,or any partial' meltdown. Partial-,

^ ~ 8 melt' downs-thatLdid not penetrate the reactor vessel or, if it.

# did, didn'.t penetrate throu, git the , guard vessel, would stay,

'\W ; it (ph.
,

~ ''' within containment -- or rath'r'sbay['wi' thin' t'hO primary sodiume;

e and would not. involve-radiation (getting.'intbithe|decess portions<

'
. pt 3

~

7 i
-

.
1 :; .: n - * ' .Y . .,, .

'

of the containment system.
, ~ . -.

-

p , ;y r g , g7 ..,3
se ..:"t, . , ,-

a MR. CARBON: Well, if you follow through it,

'
' mechanistically, I guess I.have-to. agree. I think if we follow

'O through the TMI -accident prior to it happening, it didn't do

-' . ' anything either. There wasn't'any problem.

12 Well, it didn't do'much except that itMR..DIXON: :

''3 did' contaminate the. containment area. It'is virtually impossi-. .

'd ble to visualize every possible thing that could go wrong that~*
, . ,

'5 leads to something beyond your design! basis. As I said,-we
a

'8 have taken the worst case. It can't get any worse than that.

17 Anything smaller than that certainly is' going to be tractable.

' ~

is Most of . the types of accidentst you can imagine will retain their

$ '8- radionuclides within the primary sodium, or if not within the

ao primary sodium, at least within an inerted cell.

2 . MR. CARBON: Well, I think you have answered the

question that we wanted tio explore on what sort of thinking22

yott have done and what sort of possibilities exist. Let's23

24 leave it-for the present and go on to the next topic.
O
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1 MR. LIPINSKI: I have one more Max. Even though they

/^h
IJ z sayfthat the fission products are going to'be contained 1in.that

3 . primary system, the gaseous ones are going to mix with the cover

4 gas, and as the concentration,goes up and you have'got any

5 leakage from that cover gas some fraction appears inside

e containment.

7 If I recall the.EPR 2~ experiments with the.~ failed.

pins,,as they releaseithe gas..into their cover gas,1then.theya

have got some fraction'.that they measured within their contain-s

to ment, and .if you have a whole core go' and an appreciable -number
.

.it of pins and you get your entire gas inventory into the cover

containment12 gas, it is not' clear what is going to appear inside

and your leakage rates.~

,(a} .
,3

.

MR. CLARE: If I could address that just very briefly,34

is we or course do have a complete clean-up system on our cover.

gas system that would over a period of time completely cleanis

up'even a hundred percent release of the fission gas into-the17

is cover gas.

Further, the cells in which that equipment:is
,,

|

located where one might expect some leakage to valves,' 2o

compressor-seals, et cetera, are fairly much closed cellsas

and we have the ability to process those cellss and the atomos-
22 .

phere in those cells with holdup prior to' release to atmosphere.23

~

Again, these would_be largely nobel gas's.and eventually, yes,.e
| 24

indeed, with no more operation they would .1x3 released to the.

2s
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't environment and'subsequ'ent to any venting, we again would.have.
.

-) 2 access to containment.

3 MR.~ CARBON: Let me move.on to Mr. Palm.
,

(Slide presentation)
4 MR. PALM: I guessfbased on the past discussion, this

5 is sort of a continuation on one:of the detailed evuations

e that-has been performed by Clinch River considering a core melt

7 through the reactor cavity and.into the. foundation mat.

s Specifically what I will be covering is in more-

' e detail from what I presented at the committee meeting last

to week, the evaluation of the nuclear island foundation mat due

.i t to' the effects ofJa core melt through the cavity and into the

12 foundation mat.

( This is specifically the~ area that'I will be talking'3

14 'about very briefly.

The analysis that has been performed basically was''5

a thermal stress analysis'of the mat in the local region below18

i

the reactor cavity considering the worst of all worlds.withI '7

f
,

| is the fuel melt occurring rapidly, the accident times zero, the-

<18 floor liner failing and considering various realms-of

penetration of the sodium fuel mass into the concrete abovezo-

!

21 this containment liner and then-further on beyond the point
.,c. . .

| of sodium boil dry whethereor 'ot;the fobndation: mat would bej 22 n
- . -

23 able to maintain its integrity for a very long period of.
' >

,

~
.

.

time such that the containment,Ywhich: is of: course.: supported24

[-}/
'

' s-
as off the foundation mat, its inte'grity would notibe compromised
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1 The. analysis thatJwe.have done;is'. basically a thermal

('N <
.

\/ 2 stress analysis.using finite ~ element elast'ic-plastic. techniques, '

using :the computer ' program' JANSYS,qth'e temperature profiles3

4 that were ' developed by . Westinghouse for tyr to a period of 8,000

hours, or approximately: a -year af terr the initiation of .'the.5
~

e accident;

7 .MateriallpropertiesLare..thefsamefproperties that

s I had mentioned last week. .They are'an outfall of a=very

~

~

9- comprehensive high-temperature test program that was performed

10 by the' project on prototypic concrete 'to be used in the-

~

18 Clinch River plants.

12 ~The material properties are non-l'inear and are

h 83 high temperature dependent.

Id ' 'The analysis-that we performed is.very similar.to

85 the analysis that-we-performed on.the internal structures and

is the confinement structure, that is it is a step-by-stopL

process-where we consider cond'itions at:various time. increments-87
,

is after the accident. This is done'with iterative procedures and

to we do account-for the change in the material characteristics

2o from the highitemperatures, both.the steels and concrete that

21 is in the models, and we also account for change in the

+ 4:. ,. , ,,
22 cracking of compressive *c~rushingiof the con' crete at the

i ; ^'

23 sperious time steps.
, ,

Thespecificmodel:th'at.we;us'edforihefoundation.
24

as mat is basically, it is a hdif exisymmetri~c model from the
-TAYLOE ASSOCIATES
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1 ;. centerline of the reactor on-out to this edge ofLthe founction'--

;2' notfthe_ edge,~butEthe portion of the nuclearrisland? foundation' - ' 'w

3 mat.
,

d ~ The nuclear' island foundation mat actualiy continues~

s ~ on out. Itiis'approximately 350 by:400 feet'in dimension. This
;

1;e' particular section here.is'about 190 feet in diameter.
.,

7 The model is, as Iisaid, a finite element model. What'

we-have-done' based |on the output from Westinghouse.is plotteda

e the-various temperatures with time through the accident, and

io. two things'are. occurring.,

~

~

11' One is'that the. melt front is continuing down through

12 the thickness ~of the mat and the temperature increase is
>

.

-
.

!' h' is progressing outward from the center of the reactor cavity.

14
_ This particulat plot here-that you have in your

15 handout shows the conditions after one year for the 8,000'

!
16 period.

17 This particular analysis-is for the base case:where

! le the nielt ' front of 2200 degrees, .this is the melting temperature
,

, ,
,

| 19 of concrete, that is Fahrenheit, progressed down to about
, .

2o five to six feet above the bottom of the mat.

~ 21 'Under the margin assessment. case, this melt front
.

. . . . . , ,, , . . .~
f S I[ [, -) ?

"

is further down about one lor two feet above tihe r bottom of the
.

22

23 mat, what we~ consider the worst.of all worlds-insofar as the

j '. .
,

^

worst maximum' penetration that coul'd' occur ~with dn accidenti 24

' ' ' '
'' '

25 of this type.
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Now, the importantLthing from.this plot here is
-

1
.

-I
A/ 2 that when~weLperform,thetthermal stress analysis, we found'

3- that we were really, concerned about was.whether:the. stress

conditions, out in this region:here'where are counting on this
~

4

-

5 section of.the mat-to' support the containment. vessel and the
<

6 Confinement structure.

7' As you can see,'the temperatures out here are

a relatively small,.,150 degrees or 100Ldegrees. Under'.the

,
s. margin assessment case these. temperatures are essentially the

There is rea'lly no' difference as you get out:beyondto same.

il _about this point here.

2 The results of the evaluation-to the' time of' sodium

j ) boil dry, and I should mention'this, it is very7 important,13

and that is'that the temperatures above the foundation mat,.
~

14

15 above the containment liner.are approximately about 100.

16 degrees. There really is no influence of any significance

up to the. point of sodium boil' dry, and that under the, base17

is case is 132 hours,_and under the margin assessment case it
.

is is about 50-hours-.

2o The conditions at 8,000 hours based ' ort the

- 21- temperature plots that. I showed o,n the model measuring out
s - ,

.

-

. > .

22 from the centerline of the r'eactor(cavity, we do have concrete
- -

23 that is completely degraded'and crushed.

Let me show ybu another viewgraph' wh'ile' I am24j"
> V]

-

25 talking here.
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l' This illustrates what I am point out, that in the
r~c
- 2 -center zone, and again this is the center of-the'' cavity or

-

3 reactor building, that for a radius of'40~ feet from that.

4 center we have concrete:that'is degraded and crushed from the

-5 .high compressive stresses. *

6 perhaps I|should explain very briefly:what really.

7' happens with this mat. 'When you heat the center section of

a this mat it tends to want to grow outward obviously, and the

8 ~ surrounding section of-the mat, whetherLit be the outer area

80 of the mat or strained bedrock, will tend to restrain this-

15 thermal growth and that promotes very,high compressive-stresses

12 in the mat section.

() 83 Now the reason that this degrades are.two reasons.

1 34 One is'that it is getting'very hotnin this area,
-

85 and two is that we have the core melts. We have the

16 degredation from the core melts' advancing through the concrete.

'7 So it is stress degredation and the core melt degredation.

is MR. BUSH: I would think you would get severe

to spillation as a consequence..

2o- MR. PALM: Spillation on the surface'as you are

- 21 - going down, that is right.. And when you;gettbeyond 40
7, ;- < <

'

roughly from 40-to!6'difeet we''have partial-degredation
'

D~ 22 feet,

'

23 and crushing. Acain, t6is.is of nofsequence. That is this

zone right here because this is Atill well away from thisr-S 24
,

-V
25 area out here where we need the support.
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>l .Beyond_the 60 foot radius the concrete remains

Q(,- 2 . structurally sound, as I'said, becaus'c the temperatures
(

3 'beyond this point are 200 degrees andiless. So the temperature, -

~ d of the heat up;of the concrete is relatively minor.

5 MR. ZUDANS: Bob'.the analysis results don't show.

~

any significant mat rotation where the containment and shielde

building'are connected'to it?7:1

e MR. PALM: We looked at that and and mostly we
.

8 had shifted the thermal moments of cost in' addition to the

10 actual' heat up force, and the answer is no.

13 .MR. ZUDANS: Now you'had another semi-CDA type of

12 accident'where you--had a'large sodium spill in another cell-

( |
that was' essentially right next to the containment. You'will-15

14 speak about that, too?

'5 MR. PALM: .I hadn't intended-to.
_

16 MR. SUDANS: I remember. because last week --

17 MR. PALM: Are you talking about this cell, the.

is - tank cell?

18 MR. ZUDANS: Yes.

2o MR. PALM: That is a' design basis accident cell.

21 .MR. ZUDANS: And it didn't damage the containment?

22 MR. PALM: No. We had done a very detailed analysis

23 of this structure above the mat and including the mat

,; - .24 interface and determined the influence of the cell accident

as- condition, as well as the containment DBA on the containment
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vessel?that is embedded in the' concrete from the mat up.:

7

h_")s
~

to the^ operating floor level. That is a separate analysis'.
, -

2

3 We'did do an analysis due to the temperature.

4- outgrowth through the reactor cavity to the PHDS cellLto
-

5 -this outer wall'.- We did also do that. ~ That was-part of our
.

e DMB evaluation.

'

MR. ZUDANSt' Now in . your.model-I saw"you showed
'

7

.

that-the mat ends with the shield' building. 'In actuality; e -

.

9 I guess mat goes beyond that. At least this slide shows-

to it goes beyond'this.
<

si MR. PALM: Yes, it does. but-what.we did isEwe> .

12- simulated either embedment in the rock or. the continuation

' () -is. of'this.very massive mat with a fixed condition.
%-

14 MR. ZUDANS: Oh, you assumed fixed condition-,

is: at that line?
~

I 16 MR. PALM: That is right.

17 MR. ZUDANS: So that is actually conservative.

is So yo6 are conserystive with respect.to the center portion-

! is of a mat because you created 1a larger conf,traint, but you

2o are not conservative with respect to containment building

2 connection because it doesn't allow rotation'.

1

MR. PALM: We have insofar as this particular22

4

23 area, we have looked at this in some detail.

24 MR. ZUDANS: And you have no problems with-that?
\

^

25 MR. PALM: Actually. it was kind of surprising
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1- the fact that the growth here, the thermal: growth here'and-4

[s - a the thermal growth here is pretty much theJsame.
.

3 MR. ZUDANS: Of. course, if you have'a 80 foot'' '

-

.

. diameter hole in a mat,. I dori't think you are greatly'
~

4

5 concerned-about that.- <

6: MR. MARK: Could I.ask, you assume concrete is
_

7. all right up to-some temperature. Youisaid'200 degrees.

's Is that Fahrenheit?

8' MR. PALM:-Actually the temperature is good up'until
1

10 'anywhere about 700 degrees. Fahrenheit. That'is what we

~11 assume.

12 MR.. MARK: -Now something will happen to it at
.

'

n
13 100 degrees'Ce'.tigrade, the water will come out.()

,

14 MR. PALM: Yes.

15 MR. MARK: Or at least half ofLthe water, not the

.
16 CrystaliZation water but the' free wat'er.

r

! '17 MR. PALM: That is right.

is MR. MARK: That will-come'out at 100 Centigrade.
~

19 MR.' PALM: That is right.

i
p 2o MR. MARK: Then when is.it that you really begin
.

21 to damage concrete? You say 700 Fahrenheit?

22. MR. ZUDANSi No. I just can't believe it will

23 ever get that high.

24 MR. PALM: Based on a test, we have run out to

.

2s about 1600 degrees Fahrenheit, from relatjively 70 degrees
'
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< g ,

-on outi to 1600. Roughly above 700.t'o':say 800 degrees thei,

1..
'

2' amount of residual strength in the: concrete is in the' order
.

,o

1 3 of about 20 percent or.so. At:100C up to say 400C'we still
: c

have stirength in the concrete _, ' although;a ma'jor portion --of-L the4

si .% .,-

water has been forced out. 7~
.]<s.

'.!ie'll,,that is what'.I'was supposing'

~

- IMR. MARK:.. , ;, s -

of' course. ~ v7 ,,

,

r
MR. PALM: 'And this has.been- through the'

e
,

experime'nts that we had. performed.,
,

:

So'in c,onclusion, through thi's evaluation:of'the
'

io

4 s' mat, we find -that 'there is adequate ~ support' provided.| for

the1 peripheral ~.wa|L1 in containment vessel and the confinement12
;

- )
structure and that.the containment conf.inement integrity13

4-
.

will~be maintained for at.least 8,000 hours.after th,e'|
L

i4

|- ,

;~
' accident,is

,

4 1 2

That is all<
is

;

MR. CARBON: ,Ariy questions. /

f 17

n
MR. ZbDANS: I would like tio clarify a little, bitto

x

about concrete strength because-we,might be left with a. , ,

1

2o false impression. You.do have some. strength that you can
.

measure in-the' compressive direction, but you wouldn ' ti . have
~

21 ,

>s

any strength in the tensile' direction.E 22
| a
i iMR. PALM: We don't count on tensile strength.| 23
i ,

MR. ZUDANS: So wherever your calculations of24

~

tension, which it.wil1;wherever.the temperatures are' lower,25 1t- -

)y- %
,
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.

' ;you.have toLassume that it is none existing'or cracked.
. ,

:- w'' '8 .or otherwise.y
P

~

3 MR.: PALM: I' don't'think that your. conclusion'

d o;C lthis 40 or 60 radius is bad. It is'all right, because,

s. you had temperatures there of around 500 degrees.
~

i.

,6- MR. BUSHi That is' why'I raised-the' question on

7 spillation, because'that is 'usually where you get:you'r-

a. -tension interface and then it just~doesn'.t' support it'very
a ,

8 well. -

'O MR. CARBON: Thank you; Mr. Palm.
,

Il' Let 's ' move on ' tio the next one.
i

.12 - (Slide presentation.)-

- 13 MS. NI$MDZYK: My name is Sue Niemczyk. I work
.

84- at. Oak Ridge National Lab. The question I have been: asked
i

.to address is assuming that the basemat melts ~throughi.what-is-

~

,3-
' -kind of a problem is posed by_the radioactivity released

, -

'to the. hydrosphere in case of alsevere accident.in the-,7

3. . Clinch. River plant.

To address that problem I think we really need,,

,1

to consider two basic issues. First of all, what is the2o,

;

i

c . 21 ' problem what is'the' source term that would be released,
.

, r
' what is_the radioactivity that would be released to the

22 . s;-

subsurface and what would be the consequences resulting-23,

,

from,that. In other words, is there really a need to do. 24- 0-'

v- .
.

2s , anything about those-releases and, second of;all,f'what can-

; a
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if *bc donc'about those releases.-.

.; 7 - s ;. ; ,; .,;<

- ./ ' Wa( ^ ::f . There!hasn'.'t/really been:much.done atfall for- .

8
. .9 a. .

s , . .- - .. ,,
'

c
." J / ' '' 1., ,

.f 'G ' "
, __

c Uthe brbeder reactor.itsp!lf. There was, however, a studyar'. s= , >. .- .
,

.
,

;. ,. - ,' ,bnf C '

4' ./donc,-at Sandia that looked at'the same problem.for all-
^'; -

> . ., ( y,

.. light 4/Ater reactors,. and -i{i's that. that~ I wil1~'use as5
'

..,ap.. ~ ,
,

,

q .s ( basis for-yhe discussion today.
--j,~

. ,c. , s.
,

.. s ,; . i -j ,
-r

. >

n' that'studyj' shat they did was consider. 311'
,

.- ,. - --[[ f.p ,'7+
. ,

'C

} j,f a~
.3 ,. . . _

y,, ,
,

-.

the operatin,g and _tindhr--construction light'' water reactors
,

/.. ~
e

' plus a numbcr:of propasbd ones,-

r. . (3' ; ./-< , ;
_ .

p
<, ..

.e << .,

fZ# to Fii;st- of al'li .theyr estimated the consequences,..

n ,s -,
t - s , _

assuming that no ac,tionOwere taken. Then.they went back
s .

si

.4 q, -
, ,

12 and 'ptit' in various types of. interdictive procedures.#,,- -

-. ,a v ~n
~ n.

.. .+ ,.,

w[3 . i s~ " , " tn addition, they considered both the' feasibility-
~. / f L,/ y, ,

* ^ .Jsr' #; ,, ,.

, , ii4 x and effectivenessf.of_various types of interdictive procedures
+ ',. ; p y

I
e' .!'N that could be taken, and they considered both source

,

/
'

' [ ', f ' io+ '4'.., ,

!interdictive procedures which are.ones located.at the- -

.j, ,.
**:. .i

P 17 site of the reactor and pathway interdictive ones.
' '

4 i, .

Perhaps yoth wouldn't want to take action' within
< . . . .

1
'

~

is

'the imme'di$e nvicinity of a plant' but you would wait untilis
,

2o ~ the radioactivity got,odt,into the environment. So th'at

., 2: is ja distinction between source and pathway.

22 According.to that' study for light water reactors.'

.

' ~

e if basemat melt-through occurs, even if you don't take any
4

, . 24 actions the consequence of releases to the hydrosphere
~ A . , . . ,.

as are not expected to be.significant'for'many sites.
.!

- *
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i However, for some sites the consequences are such
,
,

(_) 2 that releases may be significant unless adequate mitigating

3 procedures are taken.

4 Although adequate mitigating procedures can probably

5 be taken at most sites, it is not obvious that they can

e be taken at all sites. Only mitigating actions taken close

7 to the source of the accident can be very effective in

a reducing the radiation dose to the population.

o So keeping that in mind, we will just discuss

so source interdictive procedures today.

si The emphasis in my talk will be to discuss what

i2 is the case of light water reactors and to put the Clinch

~

River plant into appropriate perspective and show how it( ') is
q,/

i4 compares to the light water plants.

is First of all, we have to consider the source term,

se and this is obviously a gutted out PWR, but I think the-

i7 melt-through release is about the same for both, at least

is the basic of it.

is What would happen in the melt-down accident is

2o you would have your core eventually melt through the

21 basemat. At least that is the assumption we are making

here.22

23 As the core melted its way down through the
>

3
24 concrete it would pick up the residual of the concrete

(Q -
' '

2s and it would pick up'th,e soil.as-it was goi'ng. Ek) you
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't- would get a very large mass. '

,

"

As it was moving onidown, you would h' ave gasesa

3 boiling off, you would'have your carbonates in-your. limestone

4- and your carbo' nates'in your combination. water and' concrete.

1 - s. So what you would end'up with eventually,.it=would-

'

e take presumably longer with the breeder reactor but many days or.
~

.
.

-

| 7 .wceks.for the light.w'ater reactor.for the basemat to melt

a through and for your melt mass to come to rest.-
2

o Because of all the bubbling that was going on~

you would probably'have a rather porous mass. As the. mass-to

si cooled <it would crack substantially. So if you had any

4 12 ' ground water under there. presumably'it would into-very

'
~

is good contact with it and leach' out the materials relatively.

14 rapidly. Also the' mass would be warm for..a period''of years,

15 - very war. So you'would have accelerated leaching rates.
4

to What would work in'your favor in general is if

t7 you would have a kind of a vapor shield floating around

to the' mass. As,your melt came to rest in the soil and this

.

ground water tried to contact it, there would be a. vapor[ no

2o ' shield formed around it. This would form in effect a

.

barrier.21
.

22 The calculations estimate that'for light water
i

23 - reactors that barrier would be effective in preventing

,

24 radioactivity from contacting the ground' water for a period-

[,. fi ! ' 'i.

2s of about six months to two years'. -So presumablycyou have
'

,
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3- at'least six' months to two-years:to get in there'before

. (/M
.. ,

; ,/ - a theEradioactivity got'into the ground water.

3 Foria light water reactor you have not only thef

melt debris,.but you'have opened'up a hole here in the,4'

s ' bottom of.your-basemat. In allot of,your accidents you

e. :could . have large releases of' . very.. contaminated w'ater. For:

:7 example, if your Containment didn't fail ~and your sprays'
~

,

a worked, you would have a large. fraction of'your more volitile

o radionuclides contained in that. spray water'.

io There are many cases in which that~ spray water

it- could presumably be dumped down the hole here and go into

12 the ground. That release is much-different in character

(} ~is than the melt-through-release for two reasons. No. l ', it

i4 would be mostly more volatile radionuclides, and, No. 2,

is it-would be'a much faster release. You would have your

i6 radionuclides-already entrained and you wouldn't have to.

iv ' worry about-leaching or about. vapor shields or about any-

is . thing else.

is ~ There -is not' that kind of a relase at a breeder

20 reactor. So at a breeder you have gotten, rid of one of

as your worse types of releases, and you'just don't have.it

22 present.

23 Just summarizing the points, in the light water

'

'24 reactor you have two basic types.of releases and in the
.

: > ' -|,
' ''

,.. .

breeder reactor you:only have._ypur melt debris release.as
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1 The nice point about the melt debris release is
'j)

> 2 it would generall'y take a long time initially for ground

3 water to contact the radioactivity and then for the material

4 to be transported. In the sump water release that you

5 don't have with the breeder reactor, you have got the

8 potential for a relatively rapid release and that makes

7 it very hard to interdict that type of release.

a Comparing the Clinch River source term and the

8 typical light water source term in general for most of

10 the LWRs that were looked at in the Sandia study, the

11 Clinch River plant has a much thicker basemat under the

12 reactor cavity. Therefore, you basemat melt-through is

(n) 13 less likely. You have a smaller core in the Clinch River
s_-

14 plant and there again the basemat melt-through is less

'5 likely.

16 In addition, there is less fission product

17 activity available for releasing at the Cinch River plant

is No. 3, there would be no major releases of highly

to contaminated water from the Clinch River plant.

1

| 2o In addition it is the sump water or the suppression

pool water that would contain the volative radionuclides.21

So you would have a whole class of radioactivity that22

23 wouldn't be involved in your breeder reactor releases.

24 No. 4, not in~ favor of,the Clinch' River plant,
.

25 is you would have more plutonium'in your releases. but here
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i- .you will see that that does.not dominate the releases or
p,

.V5 a 'the consequences.
, ,

3 MR. MARK: This point you make.ab'out the' smaller
,

4 ~ core and'less-fission fragments is really only comparing

s with :the. 3,0.00 megawatt thermal reactor. If you. compare -

'
e .it with a reactor'of the same power, you.have got just as

7 much. fission products.

s MS. NIEMCZYK: Right.-

o Here by-long-term, I mean greater than a. period-

to of about-300 years.

si- Overall,' what do the consequences'of the releases.
1

.

~' depend on?... Well, first of all, it'is initially related12

O). 13 .to rate of releasees to the hydrosphere.,

ud
: . .

-

)

.e4 First of all, you have the delay until ground
,

',

water contacts the debris and then you have your initial '
'

~

is

te rates'of leaching.,

17
' Second of all,zonce the material gets intolthe

.is . ground water you have got to transport it to the nearest
'

to surface water, which in the case of Clinch River is

2o the Watts Bar Reservoir,
i-
r

; 2: You can characterize that really by two times.
~

4

The'first is the time.it takes for ground water.to.get from22

23 beneath the plant to the nearest surface water, and we

/% 24 call that the ground water travel time.;and;that- is the
, t, I ; ^ (

'*
:

- 4 - ? s i.

j 25 ' minimum time it would'take radioactivity to~get"from a plant-
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,

. to'the nearest surface water,
.

'1:,

d '"a The1 radionuclides in. general' move at a slower

,

rate than the groundwater. They absorb the: soil'by' ion-;3. -

'

h
- '

.

'4 exchange, the' precipitate out and they do arlot of other .

;

i s -things. ~So|they can'take.many more years to get to th5-
,

,

e surface water than'the ground water itself.
. <

7: And last affecting the. consequences you-have the-

I e various exposure pathways you have to consider, your popula-

9 tions at risk and their characteristics. .

|
. Io MR: LIPINSKI: Could we taik about tha Clinch '

ts River site water. It sits on a peninsula and the river'; _ ,

~ has to run around'th'e site. The borings showed that the12

rock strata ha'd cracks'and crevices. What can you say inis

14- terms of what the istructure is like at river water level 4
-

+
+

is- beneath the plant grade?;

.ta' MR. NIEMCZYK: We will_get:to that in a fewf .

j- i7 minutes.
'

,

.sa: First of all, from the Sandia' study,'if you look*

:

.is at the ground water travel t'ime,.and this is the time it

i . 2o . takes'for the ground water to get from the plant to the
.

a

: 21 nearest surface at all light water, reactors, and.here they

were lumped according to-all the plant.s currently operatingi ~ 22-

and this is the number of containments versus the time; 23

it' takes for che water;tofgetjto th'e su'rfacd wat$r.'~
~

24

-.O w1

.

~ . -'

'2s This.is.the" total ~ number. They considered a lot
. . _.
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:of: proposed and under' construction. sites.+

.

5-

Q 'a
~

,

e 1'If you3 ook at..whereiClinch River fits in, it |,

3 .is over here ---
.i ;

f 4 - MR. S!!EWMON: We would,like tojlook at where
! -1

'

s Clinch River.is but.it is very difficult. 'Could'you move

's over.~and take the' pointer there and point at the screen
.

; 7 maybe.
~

s MS~. NIEMCZYK: - It'is'right'here at 10''to the 4th-
.

9 MR.-SHEWMON: 'Thank you.
!

i
~

;3 to MS. NIEMCZYK: If you do'.the approximations in- ,

4

ii the'same way they were donefin'this study. So -it compares-

.

in very favorably.

i MR. CARBON: Excuse,me. Tell'us again'what that13

I 14 means, that ground' water travel 1 time.

't

is MR. NIEMCZYK: This is the minimum time it. takes
1

16 for groundwater from beneath the plant:to get.to the nearest
,

-37 surface water.

,f is MR. CARBON: Which you said was-the Watts Reservoir
.

'

! is or something.

ao MS. .NIEMCZYK: Right. So presumably you have

2 at least that much time to get in there and do something

-

22 about your source term. -

t

23 MR. BUSH: So that is from time zero after it

:.
24 has benetrated the mat; is thatLcorrect'? -

~n -
.

,
,

25 MS. NIEMCZYK: .Right.
,
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1' MR.. MARK: And thi's:is. water travel time.

2 MS. NIEMCZYK: This is!the water travel' time.*

.

3 ~ The radioactivity would be traveling 'more . slowly.
,

4 MR...ZUDANS: It bothers me you are using a. statement.

? .
. . .

.

! .. s that_you have time'to do'something about your source term.
,

6 On'ce-it is in'there what can you do about it?
f'

7 MS. NIEMCZYK: We will get to that,.too.
.

4

8 MR. CARBON: Once again!.this is saying<.that
.

| e it is ten to the'f6urth days before any water becomes

10 conta'minated..

It
'

MS. NIEMCZYK: .The. groundwater would be contaminated
1-
-

! - 12 but.the river wouldn.'t.
3
.

h 13 MR .' CARBON: Before it gets to where it would

,.,

14 ' . influence population? -'

is
~

MS MIEMCZYK: Right.--the idea being that once-

16 it gets to'the river, the problem kind of gets away'from
t-

'17 you. " '.'-_,, mr -

'
-

'
i 1 , '3 r , ,-

CARBON 5," ,iBut up'but.il then it'is|really
,

| 1s -MR.
.- ~~, ,

19 not_ harming.anyone.
<

<, .* e ~ ;. , .e -'
,

>a,

' * ' - ,t
, _

,

20 -MRc NIEMCZYKi As long as it is still in the
|. ,, . ~ ., ,

'i .

21 ground you have got some control over it.

- 22 . Well, what difference does the ground water. travel
i

23 -time make in terms of population doses? Well, in the
,

h ' -- Sandia study theLlarge leg is Lake' Michigan and they looked- 24
I.

* ' as: .at a series'of water bodies.
i
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4

t- The figure for the-Clinch' River, Tennessee, Ohio

2 and Mississippi system is justEabout like this, but'I don't

; 3- have it. You know, if you look'at'the total population

4 dose that is'possible~from the. releases,'and this is for-

4
' '

s .an LWR,'and look.at'it as a function of groundwater travel-

e time. This'is Oh'at I was-talking about before.

7 There is a period where'they are fairly.significant-
t

e out to about aL hundred days. As soon as you'get beyond'-

'

s. a hundred days, the population-dosei if you don't do anything,

to this is,if you don't do anything about your source term,

it falls of f very rapidly, -and Clinch' River ~wa's 'over a ten

12 to the fourth.

.( Us What about.the C1' inch River' site in particular?

* ~t4: -Well for those of you who may not-be familiar, the Clinch-

is' River--site is right here, and this is the Watts Bar Reservoir
~

'te -that.goes all around it.
,

,17 This is kind.of, narrowing in,on'it. .Here is.the.

., ; f3 ;, __ :
-

*| . >- - > <e , ;{
,

_

,

Here islthefc~ntainment' building.',,In the~1s ' plant itself. o

topographyherethereis'ri'sefrightthrough|here. There
~

to
1

~

i; '

'1- -

, a,,
.r ., , .. e w, .

is silt layer right'through here that is relatively weathered,! 20
-, r ,,

-

,,
' <t <. ;

,

; 21 and there is a valley that runs down this way and over this

22 way.

. 23 - Where your groundwater would-flow is it would

- 24 take the shortest path through here to the surface water.

25 Both the layer here and the layer here are limestone. You,

? TAYLOE ASSOCIATES
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e ,,

s have got silt stone _ layer that is rather impermeable and'

~

s_/ 2 then'two limestone'. layers.
f

3- MR. SHEWMON: Can you read-that scale in the1 upper
,

4 -right-hand _ corner and'tell me how far:is it to the nearest.
,

,

s body ofc. water? ,
,

; e MS. NIEMCZYK: I.know that-from here to' about

7 here it:is about.60 to 100 feet, taking the' shortest-

r

a estimates, which is this case is inappropriate because it
.

e .doesn't look like that.
,

+

to This is the site before construction and'then -

>

11 when'the building is put' in there. What is~under here again

12 is silt stone'. It'is'a4rather impermeable layer. It.is;

() is probably one of the"best places you could-have put a reacter.
.

14 :It is-really' impermeable.' There: would1be a very low level

ss of ground water.- RIt is very hard for ground water to get:

! le into it'.
i

17 The construction,at the site'i:s to go down to

1e this level'. With a large number of the LWRs what they do|
|

L is' is go through and dig down a ways and put in underdrains

I [#
"

, ,
.

. ;.,s
.

| 20 and other systems to|disruptlyour subsurface. :There are
|

- : n ;
,

! 21 no plans to'do that at Clinch River. .What.you would have
5 a >

' ,-.
,

- 2 c, , . 1

'

- > -

is your melt debris sitting down h're in.what'really woulde22
. r . ..-,

be a very nice repository'on a'long-term'b' asis.-23

.

Looking at this section, it is perpendicular24 -

25: to the last one.
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1 Remember, I; mentioned these two limestone. areas

'

n' on either side and then;again there is.the silt stone.

3- Here again this distance is well over 145 feet

i _in thickness. So you have a lot ways to go before your
~

s melt debris can get out'of the silt: stone.

e What>about the. potential pathways for escaping; _

7 and' reaching the acc'essible environment? Well',~the usual

postulated path is'it would escape through the silt stone.
~

a
.

In this case.it is.not too likely.because the silt stone9

,

io .is so impermeable. 'It could. escape via construction channels .

1

That is not very likely at~this site either because they1 I
.it

2 are not putting-in any spare' channels. It~could escape
-

{]). through fissures, at~least the ones on~the surface groutingi3

i4 through. Then. last, it could escape through the degraded-

is silt. stone. If you have a very harsh core melt in there

is' for a long period of time, it is going to cause changes

,t'o.the silt' stone and I am not really informed about what
~

i7

se .they.are. So your last.~two sources here would probably.
t
+

-te 3e.your main escape routes.
- - , .s ,

-

2o' Whatthat-$Suss.is;that[hou: don'.'thav '[a major
,

, ,-
.

,

21 flow of groundwater through your melt, you don;.t.have a'

- i . r . _

massive transport probl'em'and you have act^ escape only,

22

| , . - , . , t

J
23 through the leak paths. You have got'a very 1ong time to

.

.24 get in there and you have got very low, slow releases.

25 The way the material could get to the river, it'
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{ i -wouldstransport through the unwetted' silt stone or~it might-
~

.

(/~%/ 'a move over to.a' limestone' layer or"it could move up and
,

s- move through the. weathered layers of the: surface where it
'

-
.. .

.

4 would move a little. bit.more rapidly.to get to the river.

~
'

s' which would decrease-the ground water trave 1' time than-
y

a what I stated before.

7 MR. SHEWMON: Chemically what is s'ilt in this ,

e case and what are'the' exchange' characteristics:for the
,

e fission products likely'to be?

io MS. NIEMCZYK: .The silt stone would have fairly-

si good absorption characteristics. .Is that-what you

32 c.e asking?
.

~( } MR. SIIEWMON: Yes.i3

i4 MS. NIEMCZYK: The radioactivity.would tend to

,is exchange very strongly in the silt stone. 'It-has.enough,
;

2
-

.

'and'I can't think of a good term for:it, but it has enoughis

37 stuff in it that 'exchan'ges very well with materials ~. If

is ~the radioactivity moved over into a limestone layer you
,

*
,

-

Limestone does not exchange at allwouldn't have that.
.

-

:1e 1q j-;
,

ij ,' 7 f ,_ - |' '

/

verywell.andyou-have:mhc,hNorehhpid-movement'2o .

'

MR. LIPINSKICJ{WhattwasLthe deepest site boring21
+

, .T -

7' ,, , , *k b. ,

'

*

22 compared to the river' level? Did the borings go below the
., . .- ..

* *-

,3 c:; ,4- ,

23 river level?

MS.JNIEMCZYK: I believe river level is 740, if- 24

as: I recall correctly, and.that is right here. So your basemat

? TAYLOE ASSOCIATES
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'~

1 - is beneath tihe river level.' .Is that correct?

:f'
2 MR. PALM 5 .Yes.- Wo ran several borings,'most' -'

, 3 in the order of 200 feet below grade ~and grade about 800

4 .in the plant area.
;

~

5 MR.'SEEWMON: Where is'thati relative to the water

o' level in' the reservoir?-~

17 MR.iPALM: About 140 feet:below..
,

.e MR. SHEWMON: All the borings and nice and-dry

! o ' indicating'there is no groundwater transportation?
.

10 ~MS. NIEMCZYK: That is right. They have done -<

t1 all these indicated borings that they-have taken, and when

-12 they look'at the permeabilities of the rock, the rock is
:

-

is very impermeable.

14 -MR. PALM: That was one of the~ criteria ~we had

Linsofar-as-locating the foundation level'for'the nuclear.'

15

i
' island ' Was tbo get- essentially; into a homogeneous rock below-16

17 Clay lenses and Cracks'and so forth'.

-te MS. NIEMCZYK: In.other words~, you have what
,

.looks naturally like-alvery, good, site.- You might decide' 19 7
.i s ,; ; ; y,+;,~;

,,,i. r
~

,. ,
i

.

; - 20 that it didn't look cjoodienou0li..i !Youi might decide that-

i

4

you were worried about;your.ldak! pathways,,youImight.
. .- ~

21
_

-- .. ; . .,-
, . s

decide that there was great,public pressure,and;you wanted22.

G 4. . ~ '
' '

,.

-23 to do.something about it. Well, what could you do about

. 24 it?' And bere by." temporary".I mean what could you do on

> ' 2s a hundred year basis,'because presumably what you would !
f.
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want to do :1s go in and ' temporarily isolate the melt debris-.

! ) and then: ultimately you would want to remove it to'a1 repository.2.

But what could you do on a sort-term' basis?' 'Well, youfcould3

put in some-dewatering wells around.the' site and you.could4

s pump the water out and lower the watertable. Because you

e are below the river that is not all_that good an. idea. I

am assuming if you stop pumping your Waterflevel-Would rise7

e' -again, and also'in your very impermeable rock th'at'is'

e difficult to'do. - You Could inject water, .and again that

to .isn't a very good; idea. You could say, okay we will just

I let the groundwater get; contaminated there~is not thatsi

12 much of it and we will pump it out it is contaminated ~and,

purify it, but.that just displacesJthe problem and then(7 is

i4 .you would have to worry about. all the radio ' activity taken:
'

is out and the contaminated resins.or whatever.'

Dl '

is. You might,go"in and freeze'the' ground and;that

-i7 is obviously Very temporary- and very expensive. .You'

,

might~put in a slurry trench and dig down to'an impermeable'
is

layer and fill it up witheconcrete to stop;therflow ofis

. i ,| T S| |j j)!(, |[
|

~ groundwater. That is really3just- notsall that good a |2o

solution because quite :o'f ten hou can g.et se page' under|
~

zi *- s ._ - - (. .-,

that.
. .-

. . _ ,
,

-- 73-22 s:
_

4,-. ,, .

I Probably the best solution is putting in some23
,

24 kind of an isolating grouting and I will describe that
.

~

a little bit more.- as
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,1 MR. ZUDANS: What would water injection do?

.(V')/
.

,

2 MS. NIEMCZYK: You can divert..the flow of water.

1

3 quite-often. It does cite it wouldn't buy you much at all.

4 It takes ~a tremendous amount of water. Essentially w' hat '

you would be trying to do is to keep.the water from comings

6 down tho'h'ill in this case.

7 MR. ZUDANS: And the ground freezing, I guess

you would go away from the heat source and maybe there isa

.

8 'a hope to freeze.

10 MR. NIEMCZYK: Where: ground freezing'would be

It' . good'is if you-had a site that.had pretty permeable. scil

and you were:just. worried about'early releases and you.could12

(); very quickly go in and freeze.the ground.and. sort of_ isolate13

14 it.

15 MR. ZUDANS: Can you imagine doing anything

't6 .Very'-quickly on that size?.
,

~

17 MR. NIEMCZYK: The advantage'of the Clinch River

is site is you don't have to do anything for a'long time.

. ..,. .. .. . ..

|.
to It is naturally a good. site. fIf:you werecto plan a

, ; ,1 '

i. .,

reactor on the basis" [f'the releases to the hydrosphere,p 2o
' : .

,

whatyouwoulddoisiyou;wouldplant'o'putI'your. reactor*
~

21

'' '
22 on an-impermeable layer. ;u -

:-

23 MR. ZUDANS: So these are the interdictive

measures that you mentioned before which you promised to- 24

! 'as :tell me more about.
i
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'MS. NIEMCZYK: If for some reason the; site isn't

( good enough,fthen what else could you do?'a

s .MR.'ZUDANS: I am not very.well sold on any of-

4 these.

-s MS. NIEMCZYK: The last one is the'only,-one''I'

e -would' recommend and'that is a grout curtain.

7 MR. ZUDQNS': I~ thought you meant the No. 7.

e (Laughter.)

9 MS.'NIEMCZYK: ,What I note is that any time you-t

2
so are dealing with a' subsurface is that you are dealing with

.a very uncertain situation'and you have to have an extensive

12 monitoring: program on the. site because you have always gct

( }- -33 a potential for leakage'or-some kind'of escape path.

This is a very idealized melt debris sitting'under-.4

is your plant. The. idea is to go in'and completely isolate

se -the; thing with a grout. curtain. Obviously you would have

17 to do it farther.out than what is indicate'd in this figure

is- because of thermal problems. LYou can have serious thermal

,c ~ w 3 ..
-

Ldegradation in your grouting |andithatLw~ouldn'tireally helpto
1* c - s , . . .*

_ s, . -

:2o ~ you. So you would have to be out far enough that you wouldn't
., , r;

i .-,
'

2i ~have that. .

'

What kind of an[ effort.woui'lbe reg'uired? What
. d22

i

1 23 kind of a time scale and cost? Well, first of all, you

i

24 have to convene your experts and really formulate a solid
~ O-..

25 plan to do it.
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i Then if there have been any releases to the

(~N
(_) 2 atmosphere, you have a contaminated site and you have to

3 get in and clean up your site. The you have to determine

4 the subsurface conditions. At Clinch River, you already

s know what those are. Especially at some of the old light

e water reactors you don't always know well what is under

7 there. Yod would have to go in there and first determine

a what was there before you could plan a mode of operation.

o Now you might decide to wipe out a couple of

i

io miscellaneous buildings at your station because they just

get in the way of your grouting platforms and drillingsi

12 equipment. Then you would have to assemble your drills

(''-) 33 and your teams and your grout. You would require very
m

experienced personnel to do it because you would be slant14

is drilling. It would require very careful preparation of

is your grout. It would be a very sophisticated operation.

i7 Once you"hdd all this done, you would try to

is completely isolate your station.
~

MR. SHEWMON: :What material have you; selectedig

for the grout that has superior properties to the rock2o
,

2 that is already there?:
-

_ <.

MS. NIEMCZYK: It'would depend *on whether you22

wanted to do extensive cracking of the rock that was there.23

24 If you went in and took an option of extensive fracturing
%s

then you could go with a cement or bentonite grout.25
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-

s I fy however, you decided to grout in the'. situation;.

~n , that is there, about the only thing,you could use is some

kind'of chemical grout because of-'the low permeabilitys

4 - of the rock.or low porosity.
.

s MR. ZUDANS: It just doesn't ' make any sense

because if you took care,of concrete and took care o'f' silte 1

,

7 what'do you have to put-in there?

e MS. NIEMCZYK: I beg your pardon?.

,

9 MR. ZUDANS: LI.mean it already went through the
.

to. concrete and it.is going-through the silt.

i:
4 ft MS. NIEMCZYK: -It.goesn't: keep going forever.

12 MR. ZUDANS: I understand that, but this idea

. 33 of saying that you can inject something or. grout something,.

i4 it sounds kind of childish.
,

is MS. NIEMCZYK: Well, you can always eventually

;is grout. It is'not-a, rapid procedure. At. sone sites it ,

17 Would~be your only viable procedure. There isn't really

is a problem, but you are doing it in addition to it if.'there
c , ,;- ,c ..,

!'
,

r e f
'

,

g
.

is enough public con'cern. What {you,kould ,initiia'lly do, gg

ao is-form a' group curtain that.would encircle the-whole plantn
- <

,
, ,

hand initially what you wo'u' dLwant~ to do"is form ~a singlel2i

pj - As *j
,

.

>,,: u .
,

22- group barrier.

23- MR.SHEWMON: That has to be one continuous barrier.

-. 24 When you showed your cone, you would have to generate the

as surface of that cone underneath the entire mess.
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~
2

t MS. NIEMCZYK:. That is right. Obviously you

.( a vant to ensure the' grouting conditions. What we were told,-

s' you need to do'is to drill holes about every five feet-'

4' around the perimeter.

.5 MR. SHEWMON: Well,' holes every five feet won't

: Le do. It has got to'be,a continuous wall,.the surface of

7 a cone, otherwise-I'will get past'any~ columns I put'in

{'
.

and go in between those columns.s

~

i e MR. BUSH: You are drilling at an angle though. ,

10 'So five feet >at the surface doesn't.mean anything down*

j 11 be' low.
:

12 MR. SHEWMON: Oh , I see what you are saying.

! t( 13- MS, NIEMDZYK: The preferre'd procedure that we-

14 were given was to go in and actually go down, if your
I

'
is rock isn't fractured enough, you go down and actually fracture

i

16 ,it So'you'would have.'a complete penetration.

17 What you do in an idea situation is first you
1

.ie ' form an initial grout curtain. ,You-form your single cone..

/, ?> t
' '

> 4
.2< <

-

3 . Then'you go
,-

-

,

1
?Then you go around ahd form another:. cone'.to

I.
I 20 back.between those two" cones and putEin[another even dense

?; i,'; -
, , , .

21 layer. We are-assured that probably.within three layers
' .: t'.

you could do it -but it is jus $ the time and effort required- ::2 -

23 to ch) it very carefully which obviously would take some,

; 24. effort. It is a difficult site to do the grouting. It~

as would probably take at least'two years to perform the job,
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,

i but then you-have that time because.of your' vapor 1 shield
!

/")
| \_/ m and you will probably'' have a- lot more time than that ' because -
, ,

,

3 you are stilling on. silt stone.
A

I
-

4 It is;really questionable whether.you even need

, s to do it because of the silt stone.under.your'basemat.
1

i 2

i e MR. MARK: It is really scarsely even' questionable.

7 You are going to do all this, and by these estimates and
'

f a of course I don't believe them at all, to avoid 10 cubed

it o man- rem. .You are allowed to spend up to a million to'do

that and '~ou can't even draw'the= blueprints for the. grout:yn>

'

:: for less than tha6.
!

2 MS.-NIEMCZYK: Well- that is the' thing. Most.
i

.

() 33 of those doses, that' population dose,:'this is primarily
4

i4 a very low dose to a very large number of people. 'These
<

, .

get in and do'anythingis are doses that you normally wouldn't
.

..

1
'

ns about.
4

't? MR. SHEWMON: She : prefaced this by saying of
!

is . popular demand and said,just don'.t stand.there,rdo,something
|

- .4 . (w ,
-

,

.., 3 ,s

so and'this would be something/ as I: understood;her'.,

ao MR. MARK: Ye's,'you co.uld clear T se~ dump.t
I- -

..,-t
_ .

: ,, - 3 ,, -
< , ,

2 (Laughter.) .r,
'

.i, , ,

22 MR. SHEWMON: That would guarantee you a few'

:

23 votes.

24 (Laughter.)

as MS. NIEMCZYK: You can't say that we do what
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8 is necessarily logical. 1

-

,
,

2 As far as the permanent solution, what would you- .

'

;

3 do after your first hundred years?. Well,:you could reinforce
4

the grouting,-but that is probably not all that good'an'4

, '
. ,

s idea. You are surrounded by limestone layers. The layers
,

i

currently don't have.solutionin', but eventually most limestonee g
,

7 layers do get solutioning. So if you are~ talking about,

! a tens or hundreds or thousands of' years, eventually you

8 get solutioning around your grouting cavity.

~

10 You~could a1so get settling of the ground because

, - 81 your groundwater. table is_ going _to change over a period

12 of time. Therefora they will be put a stress on your

( )~ grouting, and'the grouting.in this reinforcement could13

.

84 ultimately deteriorate'. So you will probably have to do

15 'something about it.
,

What you would h' ave to do is then move -the debris18
,

| '7' to a permanent repository. I't is mostly not any technical

problems that prevent |youtfrom doing something abodt itis

' - : ,,
.

18 after it has cooled down~sufficiently, but it'is'mostly
|

. ,,

,
, .

ao legal problems. ' '

j,,
.

,

21 The main thing ;you ;would have -to ; worry about
, ,

.

22 is preventing any e- ss of the debris to the environment

!

| 23 as you were doin.9 it.

The good features of the Clinch River plant and24

as site as far as releasees to the hydrosphere is that the
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-. I building would have a relatively thick basemat. Also,

.f%V. a the core is relatively small. So for both points melt ,

3 .through would~probably not be likely.

4 In addition,-you would have relatively small

s amounts of' volatile radionuclides being released to:the

e hydrosphere. You would have no signisicant-releases of

7 highly contaminated water |which are the hard ones to control.

a . If basemat melt-through occurred. the melt would~

o reside in siltstone and therefore there'woul'd only limited

water available'for leaching.to s

I8- The bedrock.beneath the plant'would.be'relatively

12 undisturbed by construction. Therefore, again you would'

h is. have only limited. water avaialable for leaching. You have
.

84 to get the material out and into the' water before it can

go anyuhere and this site really doesn't permit that'.
~

58

to If.everything-I'have'said is' incorrect up to

17 this point, we still have the fact that the site is a long
' y ( -

. ,

,

j te - way from the river. 1600*is a?l'ong*way,comparedfto~most
. -

|

, --if. your rinitial .ef forts to contain'to LWR sites. Therefore
j - ( : ;'

.

| 2o the radioactivity, you wo'uld'have time to 'db 'sometihing
' , , .

,

'
^

'1 *2i else.
' ~^

i
22 In cusaary, if.the basemat melt-through and

,

| 23' no interdictive actions are taken, it is estimated that i'

I I

the resulting co'nsequences to the public will be relatively24

' l'as small.
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,

i ~

-If'it is decided.that mitigating measures are
"

:
,

'

- a indicated, then.it should'be possible at' the Clinch-River ~ ,

's site.to almost completely prevent any radiation dose.to

.

the public by appropriate source interdictiive- procedures.4
,

]. 5 MR. SHEWMON: Is that all?.

e- MS. NIEMCZYK: Yes.
.

;. 7 MR. SHEWMON: Thank you;very much,

a The Chairman said we had earned' a 10- minut'e
4

s. break. So why don't we take'one.

I to
~

(Whereupon, a.short. recess w'as taken.)

,(ok) ''
;

4

12
,

'O ',
.

I4 '

i

| t5

:

I6
,

17

3
, s 1 , .g,

'

16 a . 't. . ) s ','* '

'

; ; x ; p.m .N,m,

,., . . . ,

19,

*
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*
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*

j 20 {t , . , s
. . ,

,
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8' MR. CARBON: Let's go ahead, Mr. King.

5/ 2 MR.~ KING: My name is Tom King, I'm with the staff,

3 and I'm going to summarize the results of the staff review on

d local failures, and in particular, how local failures affect

5 failure propagation.

First slide really just giVes you an idea of the6

7 scope of the staff review, which really paralleled the

8 applicant's work. There was a review of experimental and

8 analytical data on local failures and blockages; that included

80 those things for fuel assemblies, blanket assemblies and

l' control assemblies.

12 We did a review of the detection systems primarily

,,
() from the standpoint of detection that would be acceptable for13

terminating failure propagation.84

"5 We looked at the work that was still planned, both

16 analytical and experimental, in this area, and we had quite a

17 bit of assistance from Los Alamos National Laboratory in this

is area. They were our primary reviewer and consultant.

^

19 The first thing I want/to emphasize is we'think
,

the potential for failure propagation is very small'. This2o

viewgraph just lists sode:of the~ major features :which we feel2:

22 help prevent failure prapagation.> The fact,that'we used ducted

23 assemblies that have about a 120 mil thick hex can around the

_(-} pin bundle which tends to retard any propagation from one24

x_-
2s assembly to another. There's flow blockage prevention devices
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~' andthe zion gas entrainment prevention devices,' features to
.

'' * prevent'misloading errors, extensive QA and inspection during.
* fuel blanket assembly control, assembly fabrication. And

*
'

there's instrumentation. Delayed neutron detection, fission

gas detection, co're exit thermocouple systems'in the plant.to*

* look for effects of local disturbances'. -

7 - Types of failure or,causes of failure that were looked

a at were stochiastic pin' failure -- two'different defects or
; -

* welds or cladding. Failures due to insufficient heat transfer,

'O due'to low flow or excess power.

MR. SHEWMON: Sir, this.has been a prob'lem for longer''

12 than many of us have been around. Is there any -- or a

'3 hypothetical problem. Is there any evidence that it can occur,

,.

'' or under what conditions.might it occur?

'' MR. KING: I'm going to get.into that in a little
.

'

'' ' bit ..

,

'7 MR. SHEWMON: As quickly as possible.4

'to MR.~ KING: To give a little more breakdown on the
i <,r. -, . . , , .,

types of effects that were evaluaped|-fission ghs'. releases''
<, " , . _u,

7 ,,,
- 4, ,-,

* 2 within several'different scenarios follow that. Fuel,
"

j|-, ,,; y-

release, excess power eventk,lo'w flow events;! changes-in heat-ai

.;..,. > .. . , . , . .

22 transfer, fuel performance,'.and: fuel performance after a cladding
,

23 breach, and I won't talk about each of these. The main. thing

I wanted to'show you was I put an asterisk next_tc.those424.

as events where there was not only analytical data but experimental
,
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< ,

' data to back up the conclusions that were reac!hed for each of
g
' *

these. And as you can see, there's quite a few asterisks that

8 show up on here since there's quite a bit of experimental ,
.

# support to back up the conclusions of the analysis. '

* MR. LIpINSKI: That must partain to individual

e pins as opposed to the whole core.

7 MR. KING: Yes, individual pins. Local events. *

a MR. SHEWMON: But presumably, he's still talking about

8 propagation. ,

'O MR. KING: The. intent is to keep local events from

' becoming whole core events. ,

12 The conclusions that.we reached from our review are, .
~ i ,,.

C, one, there's been no observed fuel failure propagation in ahy'3
'

'd operating LMPR and that includes t.he United States and foreign

'" plants. Most of the failures'-have been small pinhole cladding ,

'8 breaches that release fission gas. All analysis and experi-
s

mental data indicate that fission gas re' leases, small local r,"

is blockages do not lead to additional pin failures. It takes
,,

+
, ,. .

large flow blockages or (expulsion zof molten fuel to cause'8

ao additional pin failures. The. time required for additional pin
; -

.

21 failures to occur, at the earlies't-i's on'the order of minutes,

~

'22 and depending on the event can extend out into hours.

23 Fuel will be exposed to flowing sodium in a situation A'
24(-} that leads to additional pin failures.

V
25 MR. MARK: Excuse me, could you interpret that for
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f'

ma? Do you, pean that if there are additional pin failures, that
,

a things, will sti'll be cool because the sodium is flowing? Or

3 ,'
the flowing sodium causes the additional pin. failures? .

4
~ KING: What I meant by that is that it takes an-MR.

''s' .
.

. - -

event that causes either the injection of molten fuel or flow

bl'ockage severe enoigh wnere you nave cladding melting and

physicalmotionofNucltoaffectthepinsaroundit.andto
e I

cause-additional failures. In which case you.will have fuele

ty[ exposed to flowing sodium. -

MR. MARK: Okay/ So that may lead to some processes' ',- >
l ;

11'

like fuel cladding interaction and dissolving and stuff.
,

:2
-

MR. KING: Right. Which has been -- part of'the
,a

~' evaluatic'n is one of the things they looked'at was fuel. cooling
'

I .4
interaction. i g

is
MR. SilEWMON: One could also conclude that it would

.>s
' 16

quench the fuel and it wouldn't travel so far.
,

'

17 MR. KING.? For small ' amounts of fuel released the, .. x

y,
tendency has been the coolant s, weeps it right out of,the core.

.

ookingatdetecionneeds,wp)bonclubdthat''
In

20 we need : to . absolutely do a reasonable, job of. saying we can
i

~

'

;
~ , ,

#' detect ~a'nd prevent failure propagation, covering the range of
*

.

,

<
,..

** itypes of things that can occur. We need a~ fast acting system

'

''
to detect it.''

j ) "/~ 'And we'vellooked.at the core exit thermocouples,'

25
core exit flow meters and the DND systems, and we've concluded
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that,the DND system'has the'high'est probability.of giving us'

V'. .2 that detection capability because it will--detect fuel exposed:

to' flowing ~ sodium, which we've concluded'is th'e condition8

'

d required to have propagation.

8 MR. LIPINSKI: Is it a fast-acting system or'is fast-

~ '

e enough on.the basis.of the'timescale'in which it takes. place?-

7 MR. KING: 'In Clinch' River, it's in=the order of about

'a minute to,get'a signal on.the DND, and we feel,th'at that's,a

fast enough. Whether that needs-to be tied into the plant8

^

'O protection' system or not'is something we're going to evaluate

'at the OL' stage and:the next slide will get into this.38

Basically, our bottom line is that in installin~g the12

DND system, we don't want to. preclude being able to tie that.

13

into the plant protection-system, the scran system, at this'd

'5 stage. Whether that.needs to be done or not will be part of

38- the OL review.

17 There's additional data or additional testing still,

is going on in this area,. evaluation. We feel that.we_would like
A y j s. 1

g

._ ; ' :, >s' .> . n
to have that completed.'>iI havelisted.t'he three; items thatJ18-

we feel fall in this category::[ completion of-the run beyond
no

;
^

21 cladding breach program. This country,has not generated much
.. . <. .. .

data on the performance of LMFBR fuel after.there's a cladding22

23 breach,-and this program at EBR-2 is underway to do that and

;24 we feel completion of that program is a requirement.

25 . Completion of the confirmatory FFTF testing of
'
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1' .

That ,the~ assemblies that are prototypical of Clinch 1 River'.
- (J .-), n. .

-
. .

And comple' tion of.includes assemblies up to cladding breach.=

3
the examination and evaluation:of the P-4 test which was a test

4
run in the.SLSF(facility in Idaho.that'actually injected ~

s -
. .

molten; fuel into'a ~- I think it was a 37-pin bundle for any-

e . .

looking'for. propagation. Arid thatworst cas'e site conditions,

7'
test is under, examination right now.

s
.

,
-

~ And the summary of our - position at. this stiage. is the
9 . .

. .

DND-system should be-installed so as not to preclude connec-

Io ,

tion to the scram system. A final decision.on the'need for'that

11 -

.
_ ''

connection will be made as'part of the OL; review.' At this

12 -

. .

stage', o.ur' position is if there's failed. fuel,.if there's a-

- / fuel failure in the pla'nt, it's detected, that.should be !

14 . . . .. -

removed at the next shutdown, whether that's planned or

15
unplanned shutdown. And if the DND. signals sees a pre-determined

16
level, that will be a special shutdown to take that out.

} 17
And a complete P-4 tech examinatioli', a rundown

~

'

is
cladding breach, the FFTF ~testingtprograms and ~colisider it's

, t ',pj:
'

* !- O'e -'
-pi _.

19 - ,

acceptable for a CP with the'above'conditibns~meti
'' ' ~

, . !20 1

t That concludes |what Icwanted'to say
1 .s ...

21
MR. CARBON: Any questions? *4

,

22
MR. LIPINSKI: In connection with the RSS, have you

,

23
concluded whether it has to be both primary and secondary,

2e

, .

or are you not considering that at this point?

25
MR. KING: We haven't considered that. We haven't
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8 _MR. ZUDANS: Mr. Chairman, I have one residual"
,,
i ) -

question from the previousIWestinghouse presentation relatedA~/ '2

3 to-this load-carrying capability of the' top' head, and I'd like

to ask it and maybe'the. answer could come later.
~

d

5' This is the, question. The head and rotating blocks,

e from what we were shown, they form non-uniformly around the

7 circumference. As~a consequence of that,_the shear teeths that-

a- transr..r that' load to the vessel flange will be loaded non=

9 uniformly. And-I'm wondering whether the non-uniformity of

to the shear- key loads- has .been factored into the load capacity .

~11 that was associated with these shear teeth.

12- That's the question, and the answer can'come later.
~

{) 13 MR. CARBON: Unfortunately,the individual that. answers

14 the questions has now left, he's driving back to Pennsylvania

15 so we will have to get that answer to you next time. ,

16 MR..LIPINSKI: This is a residual question-from that~

17 Dasemat issue. We'VO talked about instrumentation following

the course of an accident) HasianIbbd{ considered Iayingis

n3- ',
.,, , ,

n e' thermocouples underneath that b'asemat before it's poured?

20 MR. SCHWALLIE: If.I could~ answer'that,u >
'

the answer

21 is no. , ' _ ,, .
. .

22 .MR. CARBON: Move on, Mr. Schwallie.

23 MR. SCHWALLIE: My name is Ambrose Schwa 11ie from
;

24 Westinghouse. The next series of presentations that you're~){J -
,

t 25 going to hear will be an attempt to summarize the technical
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1

f-
- information that exists today on local faults. To get_to that'

k_s. 2

end, what we'll do is provide a description of the fuel'
.

3
~

design so.that we have a. terminology that's consistent-among.
'4

,

us so that the follow-on presentations are on a common base.
5 ,

We'll review for you the pertinent' data base relative to local

e
, faults, _ conclusions on' fuel' failure propagation and the potentia L

7
for . it'. The kinds of local. faults that.we'll-be talking about

a
basically'are. operation:with breached fuel, the breachLitself

9'

and follow-on operation after.that time, and blockage potential,
'

icr

both inlet blockage'as well as incore blockage.

Il

We'll describe.to'you and give you'some idea of the

12

sensitivities and what we can see with_the detection of'the.
~ As)

-13
locations systems that are built'into the facility. 'And.this.

f4

area, as Mr. King described,is the cover gas monitoring., system,.

15
failed fuel location system, the delayed neutron monitoring

16
system, and we also have-the capability to take cover' gas

- 17
samples as well as sodium samples. We'll describe to you'the'

< ,, ,
,

te -

, ,

*,

intended use and utilitynofctheicorejo,utlet therm 5 couples and~ ~

*

s w ,, ., .+

19
i .what their sensitivity and intended = purpose-for incorporation

e , -, ,
'

20 . , . - .

into the plant,is, and then we'll'close off with a discussion
'*

2: F i .

*

of the foreign and domestic experience on'PPS=' instrumentation

22
and the usage of that relevant to-local faults.

!

23
MR. SHEWMON: In view of the fact that we're now an

}\ 24

(_) huur behind in schedule and that the committee isn't too shy

25
here, would you tend to skip over things, and if we have
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l'

questions we'll ask them.,~,
r ;

\_/ 2
MR. SCHWALLIE: Okay. What I'll do, then, is

3
basically state our summary on technical and local faults, and

4
this is where we want to get to, to this understanding ~at the

5
end of the day. The position'is that rapid rod-drop failure

6
propagation due to local faults leading:to a cause of loss of

7
coolant geometry is incredible. What I mean by incredible is

8
there's no realistic mechanisms envisioned to do that on a rapid

9
basis. And it's not occurred in any of the experience to date.

10
WE do have instrumentation to alert the operator to

11 ~

and'considering the long time intervalslocal fault conditions,

12
necessary for any postulated propagation, we can provide the

,,

(s)/ 13
operator with sufficient warning well in advance to take any

14
kinds of corrective actions necessary.

15
So since rapid rod-drop propagation is incredible,

16
we do not believe that the requirements for local fault detec-

17
tion and protection against any kinds of propagation is

18 1 i '
-

considered necessary for incorporation i,ntofthe-PPS._
19 Most of you I think are fam,iliar with the, design
20 ~

and I'll save some time here. All I wanted to do was to get
>

' some terminology straight between-ds. The' presentation

** following me by Mr. Markley will discuss the potential for

#'
this area of the fuel assembly to undergo a blockage situation,

##() from the lower inlet nozzle up through and including into the

25
rod bundle itself. Mr. Tilbrook will talk about incore blocking,
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8 this heat generating type blockage. Just to remind you, we
9,y

^>1v. 2 do have a discriminator'to protect against sub-assembly mis .

'

3 placement in the core. We have one. enrichment zone.so.we do
~

4 not have an'over-power situation in the core. We do have_-

s protection fon .the top. end of the' assembly to preclude any kind ~-

6 .of blockage of a misplaced [ assembly coming into the core through

7 this feature.
,

a- :The. thing that might be of concern is blocking from-

8
'

In terms of the fuel rod itself, we'll talk'-the lower end up.

'O to you today about breaches, cladding-breaches. The rod, as
.

81 you're familiar, has, from the' bottom.up, 64 inches of pellets ,

12 the active fuel region surrounded'by depleted uranium oxide,

b and then a-fission' gas plenum on the top.13,

v

'd Now, we'll talk about incore sodium contact breaches.

'5 That means'a breach in the cladding next to the active fuel,-

is where a fission gas leak could be:from anywhere up in this

] 17 region of the pin; not adjacent to fuel, but could be a region
-; ., ,

whereby sodium could ingress finto' tlie pin _ and'. go 'down next tose

88 the fuel. e p- .
-

, , .
,

,,

Blanket assemblies' lock'just like~ fuel assemblies~

2o

21 and all the pertinent features re'lative' to' blockage and local
;

22 fault considerations. Same kind of inlet region, orifice plate

23 design up to the rod bundle; both the fuel and blanket assemblies

24 use a wire wrap to space the fuel pins in the bundlet relative
,

25 to each other, which is a fantastic design feature for providing
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1 swirling, -mixing?and cross-flow: between pins _ relative to any

.(
N 2 kind |of blockage situation. -You can see that wire surrounds

3-~ and wraps'up around the pin.
~

4 MR.LIPINSKI: On that gas capsule,'is that gas open-
,

to..the full. plenum, or is it contained in the capsule?
-

s
.

e MR. SCHWALLIE: .Yes. .What happens is after we weld

-7. the pin shut and it's hermetically sealed', weLrupture a

diaphragm with this penetrator and the-tag. gas' permeates itself-a

throughout1the. pin. sol t'sfavailable wherever the breach wouldio

to occur.

11- MR. LIPINSKI: That would occur at construction.

12 MR. SCHWALLIE: ~That's right.

( )_ 13 MR. SHEWMON: You have one set of isotopes'per sub-

i4 assembly?

15 . MR. SCHWALLIE: That's right. Each assembly has

16 a unique Xenon-crypton' mixture.

The only other point Iwant to leave you with at this'17
- +e n ;,

1 - , ,
-

point is the design phi'losophy; kind of. thing;which'is kind ofis
.s.. - -

>

important because it has some connotation to.the finds of19

numbers and how many you'5$pect'to'hav'e. '"

20
,.y 1 4. . - - -

,

d
. . . ,

.
.

t-

2: The bottom line of this'viewg~raph is that all the

way through normal, anticipated and unlikely events adesign22-

23 basis for the plant is that we've established design limits

that preclude mechanistic age-old failures from happening.rs 24-

V)>

25 And that's through normal anticipated events and the worst
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j3 unlikely. event including uncertainties.. Such.that we're'trying

() a
to-do~the' job.from the standpoint that what-failures we have-

~

3
will probably.be'stochiastic1in nature, and of the infant

,

4

mortality type.. And LWR experience, if we:can get to be-that

~'5
good, indicates that..that's about 01 to 02 percent. The--

6
.

That'.s in.the range of 5 to 10.
.

number of rods ~and thrusts.
.

7
So we don't. expect a large number of. failures to have to' deal

,

a
with.

9
Now,'unless you.have some specific questions'of me

,

to

at this time, I would close'at:this point to save time.

11
- MR . CARBON: Fine, thank you.

12'
MR. SCHWALLIE: 'Mr. Markley will now talk.to-you>

I'h is
\/ about'in-core blockages.-

14

; 1P T 4 starts MR. .MARKLEY: I'm going to be discussing the CRBRI

15 5

' inlet blockage consideration.: My.name is Bob Markley.

' 16 -
These are the two viewgraphs~that summarized my

17:

lar t presentation in Febr'uary~,fjust ,to bringf you [ toft. hat - speed
e ,, , : ;

is 1, s

-;, '. s ;; .
.

'

. .
~

~again. The summary inlet "in-module blockages'are h'ighly
* *. .T'*."i- to ~

improbable because of thd. built in-flow. bl'ocyage, prevention-

20,

features'which provide.much flow path redundancy.- And let'

, 2 ,

21
me just review those.

22
First of all, we have multiple primary ports; six

23
in each of the inlet modules, which would be certainly very^

s 24
. ) difficult to block. Further, we have radial and axial debris

25,

barriers which would prevent any large object getting up into
1
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this' region (indicating). And then we have the auxiliary flow-3
..

e
~

\'' 2 ports'where flow can also enter the modules. It seems just
.

~

8 impossible to. block any-of that region.

4 - We :have a strainer that strains all' the flow that

8' enters.all these holes, and a wide open area'for flow and also,

multiple' slots where-the flow enters all the core assemblies.e

7 MR. SHEWMON: - What 's the - shape of your strainers?.

e MR. MARKLEY : - They are quarter inch diameter. holes.

8 MR.SHEWMON: What is the' shape? Where are they?

.MR.1MARKLEY: The shape is a sleeve on the inside")

8' here-attached to the module and the flow --

12 MR. SHEWMON: So it's a cylinder, not a flat filter ~.

f - 13 MR. MARKLEY: It's a cylinder. . The strainer.

prevents debris larger than a quarter inch from entering the.84

"5 modules. The orifice plates provide another-level of screening

up above in the unlikely event.that anything would even'be in-se

'T there. And debris not; strained by the fuel rod support keys'
"

s^' e'',,1 ,'
. .

-

o
is- -and'the unheated rod bundle entrance *will pa'sb thro' ugh the rod

mynextviewhaphcwill'el[borateonthat.bun'dle, and ~ '

88
>

, , v.

2o - And again, even'50 perc,ent aerial; blockage is here

al causes very small decreases in temperature. So we have a lot .

22 of margin in these areas.

23 Now let me go up into the rod bundle inlet region.

24 This is a picture of that region. This is the bottom of
)

as the rod bundle, the' flow enters.from below. These are the
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. .
.

- - - - attachment railes; they are: attached to these support bars which- '

O. .'m
: are attached to our shield box. So the flow is' entering ini

.

3
this direction, and.let me.just go through.the rationale.on' the.

4-
screening effect of.this. First.of all,.-there's certainly a.

'

s .
-

very low probability of having objects in the system. 1We'have
e

a-QA: program comparable to the FFTF program-which'was very.

7'
successful. .They had very little debris in that system.

* ~We have core support - . core special assemblies-'

.

9-
during pre-operational testing which will filter anything out,

,

(id 7ph
io

i[g[fgb , Of.the system greater than'4 mils. _

*

.

11
>

; e

~

| 12_ ,,
.. g,

_

'

13

f

! 14 - .

1

15
4

16
'

,

'~

17 ( ' h, ih ,' ~ f*

.,, . i t ;,< ~
i ; , .

: n ' s.
i I3

'

i.y

,. u a*, , .

~ ; .

'
,

'I
, ,y*19 *

3 . . . , ,

t- 5'. . , ~ .,

I 20 -" = : - " , f. F", ;,

. .- ,

21

22
4

23

24

Ji _

25;
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' MR. MARKLEY: And in the unlikely event that
'g- .,

(s! 2-
you would.have particles in-this particular matter from.all'

* ~
~

the evidence we have'seen, we would expect very slow build-up.

#
In1your test of path entrainment, and even if you put a-

*
large~ amount of particles into' this system, it's widely.

''
distributed. We never saw a preferential type of. flow

7 that would just go.to one' assembly. 'It's very widely

a distributed in all of those tests. We saw that in all

* cases and, of course, particle's of concern'would have to

"'' be-exactly in this-size range and at this entrance region.

'' There are more than 400 interconnected flow

12- channels. What I mean by that, all'these channels are inter-

() '3 connected and you would get very rapid flow recovery even

'd' behind any. kind of blockage that you coul conceive.

''
In addition, the margins to accommodate blockages'

,

'* are large. We have, as I mentioned, redundant flow paths

l'7 in the subchannels. They'are all connected, and there is a
~

"' large amount of cross flow between any of these subchannels.

1
- 18 For instance, in one foot in the fuel assembly,

you have about 200 percent crossi flow; v's. your a ial flow,20

o . . .

i

21 very large amounts of cross flow. - There :is a lot ,of flow
- -

. t.

22 coming in and out of these ' channels. That's based on the
>

,

tests that we ran, air flow tests, st'udied'those in great23

p) 24 detail.
x

25 MR. CARBON: What does that lead to? 200 percent
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velocity or quantity?,,
i r

N) 2
' MR. MARKLEY: If you take the average. axial. flow,

3
mass. flow, the amount of cross flow in and out of'that channel

' 4 -

it is 200' percent of that.

5
In addition to that, there is also a cascade

.

strainer effect here again in the event that you would get

7
something, anything larger than about 150 mills would stop

8
right here at the leading edge of these rails. Something

9
between'150 and 100 mills might get into where the rods

10
start, and then further anything smaller.than that, about

11
56 mills might get a few inches up here, but again-that's

12
a foot below any of the heated portion of the rod, so there

v) is again sufficient' time for any flow recovery. It's just13

14
hard to concede that you would take tremendous amounts-of

15 < .- -

particles.to cause a flow reduction, and thit's:again
. + .

.,

+5 ~? -16 what I am saying here.'Adtually b'ecause of some of.this-
,

~_ . .
, ,

17
cascading straining .effect,; it(would ,take, even l'arger

18 than a 50 percent blockage to get thatj kirid 'of a' temperature
19 .

increase.

20
MR. MARK: That 56 mills is magic because

'' anything smaller just goes on through.

22 Does that back''up the picture you are describing

*
here?

##O MR. MARKLEY: Yes.
. %J
I 25

FFTF is almost identical to our fuel bundle.'
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1

.
There's a little bit of . difference 'in length.

2

[ MR. MARK: I don' t know how long it's run, - but
.

3
there is no blockage experience.

4
- MR. MARKLEY: No, in fact, if their CSA, if they

5
'

did run, showed very little particulate matter. They have a

6
little few' particles, but not very much.

7
'MR. ZUDANS: When you made this presentation

'*
1ast time, I had some problems believing:that you didn't

'

F have accumulation potential right where ther entire wirihg.-

1o
'begins.

'''
I Now, I understand last time you explained it,

'#
you would need tremendous amounts of particles, and you

~''0 simply didn't have them.-

'
14,

-MR. MARKLEY: That's correct. And.further, all
I'

is i . 1. .
,' ...

! inter-
'

of those channels are interconnected and hiihlJ
*.i - , , .

connected.
, y e

,

I 17

|: MR. ZUDANS: ?I'r saying 1 hey are' connecting
is- -

If you,w'ould' block ~.the' entrance, youabout that point.
- < . ',

.

''*
could'either connect them a foot higher or --

20
MR. MARKLEY: Yes. It's interconnected to full

'

21
length.

22
MR. .ZUDANS: Is that only within a single channel?

*
There 3s no interconnection between adjacent channels?

.

*#

' _ J-
, MR. MARKLEY: Yes. It's just within one of these

,

**
i 217 rods and also the 400 subchannels. They are connected

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA

|

, ... , - - . . . . _ . _ _ . _ . _ .- _, . . - - . - - - - - . . . - - - - _ _ _ , _ - . -



- _

-ar4 217

8 with a large-communication of flow between them.
/^\

2
~

MR. ZUDANS :- What we see here is --

8 MR. MARKLEY: This is the bottom of.the inlet to

4 the rod bundle and one subassembly.

s MR. ZUDANS: And this~is i'n case of a duct?

6 MR. MARKLEI: Right. The duct is round in;

7 CircumferenCO.

e MR .' ZUDANS:- If you blocked off this one, there is

8 no communication?

'O MR, MARKLEY: There is no communication between

8'' this assembly and the adjacent one. They are closed ducts.'

12 MR. DICKSON: However, if I could refer you back

() '3 to where those were1all initially fed, there is significant

84 interconnection in all of these, such that anything larger
- , . . ~

'

than the quarter, of an';inchithat would :ba screened out and'8

,,; - : .; .
-

- -

18 did block one hole, would not block a subassembly.
1- ,

| 17 MR. ZUDANS: 'Well,'I'under' stand that: question.
4

. .:' -

The only thing is if I blocked it beyond tho'se' rails, thenis-

'8 there is no recourse completely.-- I would have to have lots

2o of particles to block this beyond the rails, because your,

28 smallest cross. section begins where the pins begin.

| 22 MR. MARKLEY: Remember, we put assemblies in

23 here, our core special assemblies that filter the whole

(-} system down to like 4 mills before we start --24

xs
,

L as MR.-ZUDANS: Yes, I think you are convincing.
i
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-

't The only thing .- 'something stiill' lingers in my| mind in that.
L~ O: s -I. don't like the? place where they.got stopped. ~ It is.my -

~

'
j- ~ feeling they.should have been stopped before, but that's
!

. s

okay.
.

,s
,

. MR. CARBON: Let'sImove on to-Mr. Tilbrook. +

* '

. MR. .TILBROOK:' My name is' Roger'Tilbrook, from-

#
the Westinghouse AdvancedoReactors Divisioa."

*
,

Some of wh'at I am going to'tell you, you have seen

E.before, so I'11.mov through.as;quickly as I can, and tell
,

'
me if there'is anything you want to discuss, if I left some''

_ _

'

, - 11 '

of'the details out.

''
j Basically I am-going to cover whatris in 15.4'in

'
'the failure event. A' failure wh'ich is' initiated within-a

L
'

14
single fuel assembly within a bundle. The: details, of,

..

|;.- f, *: a f ' C N. U^
:

.
,

,3

deWign -ind: ths' filterinc) !procdss'sas a, ddr.e'sded; earlier.
~

.-a s ~, ,

'

16
; I am going. to -look att what happens' in the bundle. ;

~a >
, s. ,

stukted' loa $bl'ock~aghknthe"
Stoichastic rod failure

..s. , 7,. #, ;n , ..,

' b t- 1j- g''8 a' - b1 *
! assembly,.a bubble going through the cor'e, and finally'
|'

'' '

because it's addressed in the.PSAR' molten fuel' consequences.,

: ..

*
-- This here is stoichastic rod failures.

( (Slide.)21

22 rem going to' touch very quickly on fission gas
r-

23 release, fuel particle release, and operation with failed
. -

(;
'*'

fuel.

**
Fission gas' release. We consider several effects.

| TAYLOE ASSOCIATES
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-

' ,

'

i. .s . . . .- . .
. ~,

.,
The initial! thermal'effect'of thefgas. jet impinging onta^ pin.

0 < .- g , <.

'

We .look ;at' rod'. gas ! blanketing, . which is a more microscopic
~ ~

,i-
r~ ' 3 -

-

- -- - 1
-

;effect, : and-|we address transient mechanicaliloading within
f

4
i the PSAR. - -

.
-

*
.

' ~

~'|' m
, ,

' ' 's
' ~ This |first o'ne !wasyaddressed very extensively

' '
6 '- - .

,
, by a series'of: tests at the-|Argonne-National Lab, Land

.

Y

'7a

bla'nk'eted'all'the'co'e designEconditio'ns significantly_on; . r
e

a .

( _ either side,:and;we apply'those to conditions within the
,

p. ~
.

,

, core;on a'3 sigma pin, and-we find that we.can reach,-if
;- to

~you assume a' steady L state -jet .of ~ the worst stype of 1600
-

-

~
.

i 11
degrees' Fahrenheit.<

n On the other hand, we find the blowdown is
;.

-

.

'

13' M
., Erelatively now out of the-fuel 1 pin, i f " i t ' s . i h.= a ' p l e n u m ' --

14
- 'in' which there is ~ no thermal, effect on, the neighboring

4 . , , , -, , , . .
g - ^ '

. ,

.

a .,t - '
.

/ .. .is- pin, because1there-is(n,o heat; generated,-and-if'i't's being-
-.

16 . .. , , - - - * ,
released, .th'ere ris two[ orders of.2magnitudetof- levels on

' :~. -9 ' , . , . ;.,
. ,

'
17 ~

*

.

which you would see"any significant thermal. consequences.
'

(<1 ,:;;
' ' '

< +. ,
,

to . - -

: : 7.-B - ' So this-is not a-problem within the scope that
i.

'' we are looking ati= With the thermal blanketing effect, we
,

*
find that this is postulated within the PSAR. The condition

~

.

-

.2,.

,

we fail, on 217 pins, and we-find that we get'perhaps 150
.

** degree temperature increase maximum for 3 sigma, 115 percent
1

23
of a power pin.

.

''
. On"the other hand, if we consider a single rod

j '25
; . failing in the core, the consequences are negligible. . The
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i gas is.' dispersed throughout;the' assembly, _shown by tests,
f,a.

.

- - - 1c -

< and they are'of no: consequence within.. the bundl'e at all.' ~

.

3 .- s .In terms of mech'anical. loading on.the. ducts -- well,>

-4
we look at'the mechanical? loading on:the' rod and the ducts. 1-

-s . In terms ofJthe rod, we find that'we have'a very high~ sonic.

|

6'
velocity in sodium, and you cannot sustain a pressure if

7
there is'a' cross pin sufficient'to.cause damage. If you

*
look at a duct, we. find the duct-pressures are limited for

~

9
analysis and experiment to be about:30' percent of the fission

to
gas pressure. These conditions'give us about 200 psi maximum

11
' local pressure, and this'is.well within the range that-we

12
-have as the capability within the'. bundle.

''
This was addressed as part of the OECD-

'# international agreemen't|$5nd the^ reports,$CSNI; report'40,-
? '~.t<, -> .

' '

i '~ . ' fand this basically say'1 .s there i's'no'past~, no~ recordis . <

propagation,'and this w!as.: agreed to infthe ACRSjSubcommittee;
' 1 ris

.a '/ s < .,,i
y f _ t4

17
on Advanced Reactors report that,|is being; reviewed.

to
There is also some experience in this area,

19
as much as we.have never seen fission gas related propagation

1

#
that I mentioned, and experienced.

,

21
As we consider particle release within a bundle,

**j operating experience with failed fuel indicates little or no
!
| 23

washout from fuel pins.

##
Gregory in the United Kingdom issued a paper.

: Leon discussed this in some detail and said particle release
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1

is very rare, and there is 'no evidence 'that is caused by slow

'(3s_/ 2
consequences at all.

r
i 3

He also indicated that it takes place over_a.

4 -

considerable period of time, and the particle sizes,-45 percent

5
of .them are below about 10 mills, and 75 percent are less than

'6
40 mills, which is well within the range addressed earlier

7
for things being swept through the bundle.

8 - - -

7-C Heat generating blockages associated with
_ ,

9
assumed particle retention in.the bundle are' discussed later.

to
However, in the mode they are postulated, because

it
the tests performed at UCLA that I mentioned last time,

12
wouldn't show any evidence of blockage generation at all.

(~'\ i3(m/ Operation with failed fuel. We find that you can look at.-

14 -- < r />' fission product leaking <into'the system.">jThis:is cleaned
" "C 'fis < .

. . - '
up by the sodium cleanbup system and does not represent a

'

is
: is2

safety hazard to the reactori .If,you' consider how you
.

"
get sodium ingress into the: pins: such'as occurred during'

18
power cycling, - the pressure that may be postulated, if you

''
f get vaporization of sodium, it's relieved through the

20
initiating breach.

#' GE did a test where they shot a fuel pin which

22 actually had a plug of sodium on the fuel centerline without
i

21'

' any consequences at all.

_ I~) Finally, you can look at fuel-spdium chemical*#

\J
25

reaction. This was addressed a little earlier, and the next
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I
line addressed that.

2 - -

In terms of operating with failed fuel, let's

3
consider:what experience around.the world has been, and if

4
you look at-the. molten 1 test, they had-grossly destructed fuel.

5
,What test?

-

MR. - CARBON :

6
MR. TILBROOK:. A series.of tests done by the

7
Germans, Belgians, and Dutch, and the PR-2-reactor 'There is

a
a. series of five. The first two had stainless blockages

,

9
around the fuel.- It was operated'in one case for 48 minutes:

10
without any effect.

11
After the test'had been done, they.used the fuel

,

'*
-blockage, they ;ran for five days without any consequences

.I '
:to the system at'all, and that's a bounding type considera-

tion for failed fuel opera $ ion.' b '$'#
, . ;

- ~ *'

1s The fuel-sodium, th"e reaction is part of the
7 , , ..

. , ,

' concern that we have widh"16c'alEfault and(why|we take#

"
[ particular interest in it.*"Itlisidifferend.'t..One of the

'*
main characteristics with light water reactors, you can't

''* get a uranium-plutonium form in the presence of free oxygen,

*
You chn get some ' fuel swelling through the breach. Under

#' the worst case conditions at the end of life, where the

:2 oxygen potential in the fuel ir maximized 2by the deficiency
i

2 during life, and'you assume all the free oxygen is available

##

{} at the one breach site.

**
| We still only have 1.7 percent expansion, which
| TAYLOE ASSOCIATES
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1

.has negligible effect on the flow, the rest of the circuit, and

. O *'
the heat-transfer;in..the rest of the' bundle?

' 3' Kinetic. data indicates about two.to six days to'
~

4 .

.
.

. This. reach equilibrium, which is a-relatively slow process.
i

s ~ is based on stabilization of- the DN signal's in which they
6

' fail fuel.

: MR. SHEWMON: Are you saying if.all the excess

e
oxygen reacted, there would only be enough uranium to give

9
that much expansion, or what?:

io
MR. TILBROOK: Yes, if you assume all the free

11
oxygen goes to that.one site, that is the assumption.

12 Experience indicates sodium-fuel reaction does

' ~

not lead to failure propagation. There have been several'
- . v .

.
. .

5Rapsodie,.anhl sev'erbl other reaEtors',1where they'#
tests,.DFR,

,
, _ , , .-

15
run with no fuel and even,100 days,,and ther6'is.no

t
-

, -

, .
,

'

16 i - - -

end 7-C consequence in the . fuel bun'dle at' all by way'of propagation.-

I - ,,,.e .

* '17 , ,

18

19

20

21
.

22

23

24
4 -N

25
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| J-1:
|.7-D - 1 MR. LIP !.N' KI : . Before;you.take that off,non theS.

Leslie,

Q'.Y
;

sodium, MO , what does that mean?'2 4
.'

s MR. TILBROOK : It stands for-uranium. It-is used
i +

4 for.the heavy elements.
'

,

s- MR. MARK: Well, the1 temperatures'that'are' applied:

's in the DFR,~Rapsodie, are all the same temperatbres?''

: 'y MR. TILBROOK: They are all in th'e same ballpark.

e They may be slightly cooler ~in some cases, but they:are all?

:s basically in the same regions.- -

to MR. MARK: I imagine what you might.ever-go on

i, could be sharply' dependent on temperature.
'

12 MR. TILBROOK : That's probably true.=

j) The'next item isflocal' flow blockages within theis

bundle. These were addressed at the last meeting when we; i4
!

is talked about this back in. February. All I will do'is put.a

is summary sheet up'here. The six-channel in-core passive.

| . 37 ' planar blockage, based on the experiments.-that were run at
i

- te ' Oak Ridge, indicate that'the worst consequences will be a

j reductionJof fuel lifetime.
'

3,
,

The formation of heat-generating blockages, whichao
~ - ~ -.-a ,

,

could occur by fuel be'ing':re'lodated|within a' fuel' bundle,
21 .

- <, ,# 7 q,,-<
,

we would know about that du..r.ing the relocation due to --22
3

-
s

,

,

3- t, , ,

first, we know we would;have a'faile'defuel-pin from the cove *'

23
+i

gas monitors,.and then we would be ab'le-to thack any expansion4 ,

i i
24

- {~~)} .
.

.25 in the breach size with the DND system, so we are not going

I'
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,

'

:j-2? t 'to. create'a' heat-generating blockage that,we don't know about-

O[(- 2 and that we'cannot monitor to maintain-within the criteria ,

.

that is to~be. established for'the plant operation.3

4 The DND system is capable of-detecting HGB smaller.

s. than.that which could propagate' damage.-

e- MR. MARK.: . I think the'last speaker showed'us

i:P ctures of the fuel; pins with-a mysterious. gas tag capsule.7

a MR. TILBROOK: Yes.
,

~

; o- MR. ' MARK : Now, does that not belong.on this page.

so -that we are.looking at as'another' thing you could be watching-

is for?

12 - MR.'TILBROOK: No. The gas tag capsule is inside'

p) i3 the fuel pin envelope. There is one_per fuel pin'and,it is.
'

x.

.i4 within~the. envelope of the-fission gas --

is MR. MA2K: But you have got here -- it just tells

I

- te_ you that you have got somethingfto look at.'

MR. TILBROOK: ;No, I understand the gas tag is just.17

a location device. You don't monitor the gas tags'continu-to

ously. You monitor the cover gas constantly, and if you can3,

2o detect a failure, then you will -dip into, the gas tag -for a
- 4 ,

. ,,
-,,

sample for the gas tag sys' tem:tofidentifyltbe. failure
2i r 2 , ,. . ~ ><..

location. ~ )22 3- .

;. + - ~

*
. .c.,

MR. MARK: Now, 'I wanted a word lor 'two about that
.

23.
~'

, . ,

-~\ 24 gas tagging. It is a mixture $5 what? 'Is l't'g'a~es or isotopes?s

'( )%
25 MR. TILBROOK: Gases. I am not the best person to
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J

f , _. 9,.
.

; * ~

>. < --n . :

..

i
,

Lj-3; y tl . talk abou't the gas sys tem.~
~

'

; ?' ~End 7D'
~

' *

4- '

.2:-. This. is one.^of?the'. potential'causes of.failuret a
, .

-
* iwithin the fuel ~ bundle,,the~small; bubbles passing;through the

.

; - * It-has'been taken_within the system to design socore.

* thattpo'tential gas pockets _ accumulate gas in a significant

* '* lvolume that' could go through' and get into trie . core, Jand -~

(E - 7- :back in February we~demonstraied how~ bubbles were - .any
':

s 'j., - large bubbles _were broken ~up'and dispersed, so_there is 'no
a ~

f - 1 chance of getting a#1Srge, bubble,'for example, of this' type-'

''O
|- as being; postulated here'.. -

3' Part of Se'ction 15.-2, the reactivity -- as!a

12 consequence of it, there^are some heat transfers, along

N;- (gf - with reactivity preservation, something of.this size, and'3 '

.

a

'4'
| we get|68 degrees Fahrenheit.-
i

'8
; The reactivity consequences, the small. bubbles,
-

.'. _ . .

;' 16 are ' negligible, a.5-inch ~ bubble' going through,a subassembly
1' 87 _is worth, the maximum location, around about 1 cent or
:
1

I.
< ta something of that order.

!

h 18 So the preservation is due to negligible and

2o
; -undersized, is 25; degrees.Fahrenhhit maxim,um' increase in
. ,s ,

.. . ,

' '+ ~, 7_ ,, , ,_
,

21- temperature of the exit of-these conditions,'and we see4

.1 , c., , . .
.

, ,

'no propagative con' sequences du,efto bubbles in the system.'22
,

L
.

23- rim going to go.through.a very quick > summary of
,

;
-

i a
a

' 24 molten fdgi issues. In the PSAR they are addressed as
.

I 25
| potential hypothetical postulated consequences and how a lot
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'
of research has gone on to address the issues. We know,_

(_) 2
from our analysis that molten fuel:wilL not' occur. They

'3
occur during a molten event, but not'during any other, and

4
in these circumstances is a scram transient.

5
Molten fuel is not formed behind passive planar

6
blockages that could be postulated. Boiling should produce

7-
-clad ~ failure, if you postulate a large enough blockage for it,

8
a sufficient size,-but it won't give molten-fuel. Molten

9
fuel just isn't formed in heat generating blocks which

10
are nondetectable.- The sensitivity'of-the DN system will-

11
be addressed later, about a factor of 3, smaller than the

12
smallest blockage that we have identified that could

N "

i 33 q
-() .potentially cause,- 1600 degree Fah%enheit on-the; cladding.

,

1 ''' i . . ! .1 , - .1 - ~i4
The D-1 and D-2' tests'show transient operation

.ii5
- - y .

with-molten fuel. Therb.-is about:79 milliseconds,. There
>-

.- ,, ,,

16
are no consequences in theser- However, P-1;,'they generated

, m . .- - -

"
molten fuel 'in there and operated with it for the equivalent,

18
of-about a day. It was not all in one operation. They

'' melted and remelted the casting and remelted it, and there

20
was no consequences out 6f that, either, and went on and

*' performed the test as originally planned.

2* Worldwide experience with liquid metal oxide fuel
!

| *'
plants is extensive and all the evidence supports the facts,

,

##() that there are no consequences from fuel failure. We have a

25
quick review of what we know of some of the failures around
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i

,

t
. .the world.. Many of these plants, whether identified.like

z-
Phenix, PFR, where these''are operating plants, they are,

_.

3
.also being used as.a radiation type facility as well.'

4
Many of these-failures'are in' precisely.these types of

-5'
assemblies where you are . testing a new design,1 pushing a

.

6.
design harder, when this' failure here, FFTF,

i
.

_ was precisely'
7- one of those ' types of sitiuations' with it's' advanced' design
a .. . .

for blanket pins, and this'is^what fail'ed in.its early life.

end~7-E
10

,

11
,

!

12

I Q , l~ ' \ s.N ''1 *- - ' ; 'I' "
13

;

-
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e

;;
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, , e-5 3 * * .s

*
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7F _, ;In some cases this large number here'on'DFRs is

b-)- ..

because of a ddwnflow plant'and you don't:get the normal'
(" .

a-'

3 gravity of the bubbles, so that is not really representative

4- of situations we are looking at=. Several of these other

areas like Rapsodie, most of those fail'ures are way out beyond5

e the. design conditions that you would expect in our plant and
~

7 are representative,.again, of: fuel design prototype tests, n'ew,

i e design proof tests and things of that nature.
i

e ~ In no case is{this propagation being seen'from

to one pin to another, so we conclude for local faults that

11 local. failure rates in normal driver fuel, stochastic fuel

12 rod-failures doesn't lead to failure propagation. Failed

/ )- fuel is detectable first by the cover., gas. You can then.ss%s

14 locate it and you can monitor.it, progress, if you choose,

'
15 to leave in the core after a DN signal-has been established

16 by the DN system.

17 Degradation processes are slow and can be

monitored with removal-at predetermined operating' limits as'
is

is appropriate, and they may change during plant desig'.i.

~

20 Finally, the| consequences'of1 failed.fael are
' '

.
'

;,. .

2i benign. The processes ' are wel'l- cohtro'lled. 'They are so slow

that EBR-II even took a'DN sys5em'out.that they.had at one22

) 23 time, Even though'they are a test reactor, they remove it'

24 from tbc systca.
\s

; 25 Any questions?
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.

. 7F . ..t MR. CARBON: Yes, a general question. At one time
J

- 2 there'was considerable concern about possible rapid and pin-'

3 : to-pin propagation. Are you saying that.now it is
~

-4' essentially a complete consensus in the United States-that
,

s that:is.just no longer?

e MR. TILBROOK: I would say.that is complete consen-*

-7 sus among the international. community. ' The.only way you can

- s: get a rapid failure propagation is at time of failure, is

.o what you f are postulating, 'and that means it' is associating

. io . with fission gas release.and CSNI-40 Reports had'a committee
t

is which included the Japanese, the English,-the Germans, and
'

12 the~ French, all in working on.the report. They.-came to a
,

consensus'that fission gas release by itself is not, of
,

. ,3

i4 course, a propagation.,

END 7F
15
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,

19
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,

21

1
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.
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. 25
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1

7- MR. CARBON: Fission gas release, but there are

|||arl ,
other potential initiator events, and my question was,

3
insofar as the United States is concerned, is there a

4
consensus that none of these; potential initiating events

5
will lead to rapid propagation?

6
MR. TILBROOK: Fission gas is your only rapid

7
propagator that you have at this time,

e
MR. CARBON: You say fission gas release?

9
MR. TILBROOK : Yes, sir. That is the only thing

10
that occurs when stoichastic pin failure happens, that is,

11
release of fission gas of perhaps a particle, that is

12
swept right out with it,.and the only consequences in the

'
neighboring pin by pro'pagation could berthe' gas release

14
effect. -

15
MR. SHEWMON: And you are saying that the

16
only possible one, and that doesn't seem to work that way?

17
MR. TILBROOK: There is a postulate for rapid

18
propagation which is defined within the industry of something

'' that occurs at the time of stoichastic pin failure, a pin

20
failure itself, gas release, and that is the only thing

*' that can occur at that time, and it isn't a propagative mode.

22 MR. LIPINSKI: Could I react to the question

# and leave the word " rapid" out?

##
f) MR. CARBON : I'm still somewhat unclear. You cite

25
European agreements and so on, but I can also cite European

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA



i

232
ar2

'
publications where they don't agree, so that's where the,

';

\ '~/ 2
#

source of. my first question on consensus in the United

3
States came from, and I guess you are saying --

4
MR. TILBROOK: In the United States there is

5
consensus.

6
MR. CARBON: That there is no concern about the

7
rapid propagation due to failure of the pin itself, whether

8
it be fission gas or anything that --

9
MR. TILBROOK: At the time of failure, it is

10
not a concern within the United States.

11
MR. CARBON: And then you are saying further

'*
that that same consensus holds internationally?

, . , ,

, ,) ,

'
(_ MR. TILBROOK: Yes? )

14
MR. CARBON: I guess Item No.[6'here ha's to doI

15
with that discussion internationally. If that is so, I'll

;

16
raise this question. I can wait, or I guess I still can

17
go back to where I can cite data that not all people seem

'*
to be inagreement with that. I don't know whether to ask you.

''
MR. DICKSON: Roger, you did look into some of

20
the reports that Jack Moore was paraphrasing.

*'
MR. TILBROOK: We adjusted the reports in the

22 paper.

23
MR. CARBON: That's what I'm referring to.

24
['i MR. TILBROOK: None of those reports are concerned

../

25
with rapid propagation. The three reports from local
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1 .

failure that ~went to the rest of the Leo meeting also havej
:( ]v 2- .

supported that, because you address the-French experience

3
and the papers.that you cite in that were cited in Jack

4
Moore's paper. . Gregory is.very strongly of the opinion

5 -

that those things are so robust you can almost do anything

6'
to them and you will will still survive.

7
The foreign paper, which-is a source of figures

*
with a branched table, that leads you through to some of-

9
that, the requirements are not' concerned with rapid failure.

10
They are concerned with postulated flow failure and sort.

I t'
of conditions that heis -using as part of his argument' .-

'12 ~

or needs as part of his azgument-7 way beyond the . bounds,
;- >- - .s

.

' of acceptance, as demonst athd' by' experience, and in the~

-s
.nr .,,,

Gregorypaper,whichis'.alsopresented,addhessedsomeofy
. _ .

15
those concerns and indicates ~you'.dj have to "have about three

_

16
kilograms-of free fuel in a relocated assembly to form a

17
blockage sufficient-to give you the sort of conditions

18
that'are alluded to, and there is no way you could get

''
that sort of blockage without being well aware of its

20
existence within the assembly from the DN detection.

*'
_MR. CARBON: Perhaps my final question is why

22 did they' feel they needed rapid-acting rapid propagation.

end Lelise'7

25
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'
1. MR.:TILBROOK: I! don't know. I can see no logical'-

.- ggm
. _ _

~ a reason.for;them doing that. When I look;at some'of the.other
.

, ~ fls '
-

~Leslie' 3 European information, like,thefFrench, I-[talkedltofthem just
, ~ .' 5, \r , ;; y 1 t . .,

. -; n . ,< - -3 . . _,
.

' yesterday, . they stated 't!o' inie'- thit *Io'd$dp'er PHENIX I.'they would
-

4

.x p .3;.p ,, . .
,.

,

, 5 be'_quite happy to reduce *their thermocouple'to'one-third
-4. , . . ... .. ; ,

,

e: coverage. They are looking;f[o,r.;globaljeffects.,{They are not'
;, v , ,-- ~ - +

.
-

7 looking for' local.

s MR. CARBON: That . 'doesn ' t..seem to tie' together,

9 'MR. SHEWMON: Do you.have evidence that in thelnext.

to generation the decisions that: they are making now, that they
.

,

11 will use-thermocouples? ,Whyrdon''t we ask(them'next week?-
V

. . .p
~

12 MR. DICKSON : Perhaps we should. defer thisoquestioning
~

13 . to' Lee Strawbridge when he gets back on?

,14 MR. SHEWMON: You will recall', Max,that you in the

is paper went through a-rationale. We don't see any reason.why.

is they name thermocouples. Nevertheless, we useLthem.

17 MR. CARBON: Yes. Pretty much so. But-he also said
,.

se that the British are doing the same thing.4

;

to- MR. TILBROOK: I.was talking to some of-the people
-

2o over there,'and there are several variations in viewpoint even

! 2i within the British organization. The closer you get to the
,

22 people who were working on DFR and were involved in it .-- were

23 involved in the DFR internal tests, the more firmly you find

24 people of,the opinion that they aren't going to-do you anyq:O
2s because you don't need that type of response.

|
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1'

: T. 8A(2)\; .

Li - The French juse . thermal monitoring 'and they put- them

.2 in the PPS'becauseithey'happenito have'.them'.available.

N $t ih n'uber 0 again$fMR.. CARBON : * I
~

i3
*

L . r t. i 'i a; i ,n;y: i <, ;a, ,p'- w*-
..

,, c,

'
' 4 MR. DICKSON : Since we got your passouts out of order,

. (-~. ; 23 n
-

,
y e,

s

I notice that the second,;_talkjfollowsthisjfirs;t talk' jus'
,

.. . . 3 <

5
,

t 11
.

,

. . . . , . - , , , - . , , ,

e pages into the passout. ('
'

+ . , - C:.. (,, ; i
-

-7' MR. SCHWALLIE: Okay; AtLthis point,-then,.what-I:
r

would lik'e..to describe to'you is the, fuel-failure monitoringta

~

;o- system that.weshave.'in the< facility, Land basically'I;think to,

*
- 4

.

.
.

.,

give you some indication of the extensive; tests of the system ,1. io

. .. .
.

,

ti !wh'at we..can see-and.when we canssee'it.:
' ~

.
,

I
'

.12 When'we'. talk in' terms of fuel ~ failure-monitoring,

O' 's the cover gas: monitoring system is a continuing operatingi.x) < . .

14 system. Its' intention.is to detect, locate'and characterize>

,

'

1

.

.ts fuel and blanket rod failures and provide'the operator'with.
'

-

.

f

information about}a failure,.a-situation that'is in-the-core:is u

^

I
17 that needs some action to.De ,taken.

1-

| -te He can' turn on the fuel location; system, which has:

a

io- a location' system to identify which fuel or' blanket assembly~

does have a' breach in''it,~and then'through cover gas analysis2o

21 both the tag ga's that.in his' opinion - -which is the 9-krypton
-

: 22 gas mixture, 135,1372 krypton,-and emission products-can charac-
-

'
:

23 terize the extent.

24 MR. MARK: 9-krypton. So then having put,in

V
as a tidy mixture, and you are. going to have what, a couple hundred

,.

1
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. T. 8A( 3) .1 .of these?-

..2 MR. SCIIWALLIE: Different tags,[yes..
,

'
|_ i f ': [*. 1 |- 3 '; . 3, "

3_ MR. _ MARK:- As' many- as vyou |hav' e ;as,semblies?
',g.- +it. .- s -

,

4 MR. SCITWALLIE :_ That 's - right ., 156 fuels and a
- t.y, , ,..

5 ''' S'f*~'couple..hundred~ blankets. ''< "- '

,,=7 7, .,7 z;--
6 MR.-MARKi So d fferent' tags'.'' 300; Now, you have

fission gas. injected'into your well-selected gas mixtures,'so7

that each of these_wil'l change, and they will change at-differ-s. ~

*

9 ent rates and you are going to have to be discriminating.
10 MR. SCIIWALLIE.:- Right. The tag composition, the- l

11: dilution effect first''is time has'to be dealt with.
12 MR. MARK: It sounds. pretty. hairy. You pull these

~

is out of.the cover-gas. It has argon'and-then you have to.
.

14 separate and you have what? Not a chemical way-of' distinguish-

15 ing those gases.

16 MR. SCllWALLIE : Mass spectrometry.

17 MR. MARK: And does it take you.less~than.a week?
~

Is MR. SCIIWALLIE : It| takes eight hours to collect a

sample, - refine it, . trap it, get enough of it to make a positive-19
.

:
20 - identification.

'

21 MR. MARK: And you have confidence-you can say, well,

this is' sample number -- th,is is tag number 311 and not 312 or22
.

23 313?

.q. . 24 MR. SCIIWALLIE : That's right. And we can -- what we
O

25 have got is we think we unreasonably -- well, the dilution
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effect'versus' time.and the-fission products that produce in'theT. 8A( 4) - 1

'
- 2 range of'the tag. Now,._ clearly,early in; life'that is not a;

- - ..g 4, 'e; .y . ?,
', 3 problem. It.gets into'a Yrobledtflater,in-Jife.withtthe dilution

,

4 o f the . krypton. [7 , r ,',s . A T
cy ii:

, , . <.. ,

La 3 . ' . . !' ; \ , ; \1 ' ? ~'

5 MR. MARK: The dilution of krypton?
; ~ . . - , , , p,

6 . MR. SCHWALLIE : Ye.:i . ''he krypton.' '

7 MR. MARK: - es. All right.

e- MR. SCHWALLIE: '. N o w , . tags are put in about 75 percent

e composition of xenon and 25 krypton. We are primarily looking

to for xenon','and the xenons that are-produced from fission =are.

i t. pretty.short decay, so '135,137 .is pretty robus t :and it stays

12' there for a long time'.

. {') is Now, experience with the same type of tagging
,

t'echnique-is sometimescpretty good. Sometimes for old failure14
.

,
is- we-have had some concern finding, narrowing down .the' two to ~ thre o

} :e assemblies once.you get that amount of dilution. -But~ in c the
i

17 rallge' o'f ,7, 8, 9 percent'burnup: we are'looking.at.in1 Clinch River,
,

.

'

is- I think we can distinguish ' the assemblies very well.

j . .

'

se MR. MARK: So they aren't-depleted byfneutron

2o flexions much?
,

2 MR..SCHWALLIE: No.

MR. MARK: Well, it sounds great. Fine.22

I MR. SCHWALLIE: I kind of looked at it the other23

24 way. Finding the early-in-life stuff, very early, one.or two
y.,

as days of operation as opposed to old stuff.
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'

:MR.: MARK: Thank you.
O

2 MR. SCHWALLIE: If-you narrow.it down"to(the
9- p: q. ~

, j j_{
' -

.si, : -#. . ,. 1 , or

probability of. two to' threek.the~n[yob, m,ight' pull - 13 'ome.s
.

'*' MR. MARK: Of ,courso ,gif, you/.d,on ' t narrow' i.t 'down' at~x . .;.: - ; , .y

all, you might pull them'al'1. - 4.i;,",5 g}' i.,-, %
,

s s .

> ~
7 3 ;q r. -

.

6 gg|'SCHWALLIE: lThen the! third system wel have is the
~

i.

7' delayed neutron-monitoring system, andIthe primary function~

a
there.is-to look atfprdcursors- coming out of the-fuel to.give

,

-

8 you some _ idea of the -extent and cliaracterization Jof in-core
~

'O sodium content. -Relative to your concerns about how-long does

'' it take the. systems to work, the cover gas monitoring system,,

12 I am showing a range of time for detection of 15 to 90 minutes.
;

O The 15 minutes.'is basically a bursted: pin. Fairly large breach.is

! '' They get a blowdown', burst, and the 90 minutes is the type
.

'
~

a. pin that has a very small leak and.'5 where they are looking at
_

is- leaking-one percent of its inventory for a. day, very low escape

17- of the gas out of- the pin.
i

; te -Okay. So the cover gas monitoring system within an

~
'

'8 hour and a half will tell you that something is going on.

|-
.

| 20 MR. MARK: ~Is that a continuous monitoring?
i

21' MR. SCHWALLIE: Yes, continual all the time. This
'

22 system here normally is not continuous. We could run it once-

23 a'c'ay or whatever, but normally we would only turn this system

!

I q 24 on once this. system says there is some activity there.
D

2s Now, here what we are talking about is once we get,
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@ 8A(6) 1 'an indication of breach,-it takes about eight hours total to-
7%
kI 2-

get a1 positive identification through the-mass sp}ec, techniquej<p. # !/; - ., ' 3 r , o ..y*

.. i- ' v i .: 38 - of. an indication' of who.Sh'at assembly ~is% , t O. /'theb DND system,^-

. d N o w ,-

Dwa kind of worry about ' tdo chtremco.. ( Fell EloU l'0'0' percent.d '

' ! ' ', p:" : .3; *, .-

5 Here we Jare talking about less_,than a . minute. for , transient time-
7; ,, o . .

,,

6 from the' core breach out to the detector. This is less than

7' two minutes. There should be a "less"- sign!there, and the ' count

time, depending on.the b'ackground that you have in'the. system,a

. .

9 is about one to three minut'es.
.

to ~MR. MARK: -That=is also' running continuously?

11 MR.'SCHWALLIE: Yes. That is a continuous system.

~

12 There is . one on: each ' loop. .Three detectors per loop.

. .
13 (Slide)

14 Now, it','s 10-12 :cc of fission gas per cc of. .
-

15 cover gas in the system. Just to give you an. idea, to peg

16 that back, we could see fuel failures at that sensitivity at a
,

17 one' percent leak rate per day within two to three days.

to Now, we have a program startup at Clinch River, so

19 We fully restructure 'it. 'Within the next -day we could see a

20 fuel failure.

2: For example, the ETTF claims they could see something
.

22 on the order of 02 to 05 ppb with a very clean cover gas

23 system, and our system is very similar to theirs. The

24 experience that we have had already-in finding an infant
n)

25 mortality'in~FTF -- it was very good in terms of positive
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, .

. T. 8A( 7) ~ it identificationsof.who was withdvery little: tag coming out of
. . .

'' h,

- v a the pin. Okay. .'The delayed-neutron monit,oring| system. The
7 j y ,. ,t -

si> p ;* ;
i N._

. , , . . y,

ssensitivity is set such tliat'wei precl6Ide the rods"getting- too3-
. ,

, _
. . - + -

bi'g- due to . fuel swe11ing' pnd enlarging the cladding . at the .4
~

,3 - ;>
,.3 , . .,

breach site th'at we' don't get-any, kind of-. flow characterization- S'

.i i~ r i , q Z '.:j ; t '- e

6 or Closure doWn,'and We also Want to protectJagainst these

-7 postulated porous heat-generating situations, and this is'
s

.

certain1'y the most restrictive because'it takes. huge; blockages- s

- e to get-boiling.

. to So the sensitivity that we have specified is 1.5,'

5 . .

square centimeters offexposed fire-bh re66il. That 1.5 '
'

11
4

12 square centimeters by geometric exposure of fuel.to sodium.
~

O is MR. L P NSK : H w.d es the first one compare?

I4 Would'it have been'necessarily a break?-
1

1s (Slide)
I

16 ' MR. SCHWALLIE: I am not sure I' understand your
4

*
'

17 Connection there. ;

,

is 'MR. LIPINSKI: You will have surface contamination,
.

is' :and you won't need a break in your elements.
,

2o MR. SCHWALLIE: That is a consideration'of the

23 design of the system.

22 MR. LIPINSKI: Isn't it also on the upper one, too,.
,

i
i

23' for cover gas?

24 MR. SCHWALLIE: No, because really what we are

25. looking for here is xenon-133, but definitely yes, that.is-

.
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'

.T.8A(8) .I taking into the foreground,; background ~ considerations all'
'R '

- ,. ,~ ,,. . ~ ,,

3 '
' >-} f ,A./ 2 kinds of things. .' -- ' S./ Ej'! 0

;r-t-
? * 3_n .

O,s 4'F.,
.

-

. ~,3 x...; .: L > > ,a s
, .

-3 MR. . LIPINSKI: It will-give off gas,as we,ll as give
f - Y r , , +*; ;, r: .

r -

4 you-the reccils? It 's gd.in.d.itb * cio,'bdth[? [ " 1 }; ' ,
.*3

. . . . . , ,

5' |MR; MARK: One:l'asfEju5sjioni g that\ pas. If you
~

.6 have the iniserable' luck that assembly 13 and 213 should both'
~

'

start to release . gas _ atL once, t hen there- would be afchance Lthat-7 -

you.would point" at asdembly. number 111 because you now got twoe ~

8
..

of your-type gases.
,

_

MR. SCHWALLIE: .There'is always that problem.'10
-

11 . MR. MARK: That is the compounding of the'improba-

12 bilities. -

b. 13 '!!R. SCHWALLIE: But what'we believe we.can do is in
,v

I4 the~ presence of two, find-the. third.with greater than 95

'15 percent probability.

16 (Laughter)

17 MR. SCHWALLIE: :How.is that?
-

ta MR. MARK: That is fine.

to - MR. SCIIWALLIE : -Like I say, we have to do that in
'

2o view of economics.

21. MR .~ -DICKSON: Ambrose, could I add something to that?

22 I am almost as skeptical''as you are that they are that good.

They said that all the ratios.so that no two look like a third.23

24 That is tough, b ut apparently it can be done, a nd then wheng
-kJ

25 they get a leak in the FFTP, they went right to it with very
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|*

L1
'

~

T 2 8A(9) . little gas coming;out. They did'not claim ~it was located 100
''

3 ,_ y?it .,r _ ; r. . ;

percent. I 'believe' it was 99..'9 .perce; ntjassurance} tnat ' tihey,
|.

C , t ' s ij ;i . _ ' ~. - t v- ;,

'8 '
1 -had.the right'one, -and they did.

., 4 3 e e. +.-r- .r O.'){ij-(U[ [,. ~D N$ * ,. _ | U |-. , 4 ;
, (Laugh ter) _.

, , . - o > + . ~ -,s t

. n, m v. - ! M ~ r,'m
-s SCHWALLIE :; i N'ow, 'j'ust to try: .td? bid together aiMR.

-e- little. bit about:what we have talked about,'we-have sort ofJ

'
.

' i7 said:that blockages are incredible and from-the bottom of the-
,; ~

s assembly up, and,that from a safety. consideration you can have.

~8 huge' blockages.and large gas bubbles and blowdown pins and

'O so forth; and'that:isinot.a problem, so the intent,of having

''
.

the system in ' there with its sensitivity set. at . such. : values is

that it~ protects you .from igetting' up ' to . local' .faultsihaving 'the12 ~

'

p2
-

! () . sizes that ' Mr. .Tilbrook talked about., the whol~e idea - of.why.83

that system is there, to'run the fuel fsom an economic point.' of-; - 'd
~

'8 view beyond breach to a convenient shutdown time.
..

'8 Our_ intent'to~use that is to operate with gas. leakers

17 until we get a DND-indication to some_specified level of fuel,

- te
. exposure and then shut down and take everything that-is either

5 88 leaking or has a. fuel-sodium' contact out of the-core. Okay.
:

ao So the systems are tied more to the economics of' fuel'utiliza-

21 tion) of economics and plant utilization as opposed to safety.

i 22 Now, in terms of specific experience in.the U.S.

23 with breached fuel, the conclusion that we would arrive'at out

i

24 of the data base that we have coming out of EBR-2 is thati the

gas. leakers absolutely present no problem. They just blow downas
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5T ; 8A (l'0)
1 - at wliateveFirate;they.. choose.:in terms: of: the ' nature of the

'

- - -- -

-

..

e . .
c. , .. .s 8 ,~-

- +
.

breach and continue runn,.;,g,inif. 4. ! % j i ! -t m. ' ,4j f t, -
, , ,. . ,

1.?.; jem sy~.:i..
. ,c

-
- 12- - *

,. i
- -

.
1. - - - - .

. ; ?. . ..

swwsr "%'. .'L'_ QS ?n _,a1.. { } \~- . ,- '
- s

' *
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: Tape 8B
! 7Connelly.

.. ,

,
_

,

t- ' Out of.the assemblies where we'have had fuel.
,,1 .. 3 fw -gc4 ;

jK ~ z :, t + c p f : ;; -| r*~y (|' #
'

:

sodium contact-in core,; we haveiron-confidently 122idays withV' ' 2 '
,

~ + m, , .

. .

,

's. like three-quarters of atsquare, centimeter ~breachgeffect,
,.
* !.%,

: , -)
.ig, , , .3- %

-

! '. , : n - - ..t- :
s'

- 4 and.everything.is bsnign'. fThere i's"ons Essemblp th'atchas
, ., 3 2 ms, ,...,vgr+

> - !.V
s- gone 96 days.. The nice thing |that we li<av-ej :oun. efl'd is that the' .

v 5 3 - ; \' +

f

DND system is mbch more sensitive from a operating rod point-c e

7 of view-than we ever-designed for. We are.. finding that-the

p.

DND_' emission over. recoil extremely sensitive. We haveLseene

o factors of - 20 up. to 200 enhancement of 'the signal,: so us
.

to designing the system means that in actuality," operating' rods

it give you a much more~ sensitive signal.

12 MR.' MARK: I am not clear on your word " recoil"'.here.

~

MR. SCIIWALLIE: I am saying what are the precursorsi3

; 14 that will come on the surface of.the file into the sodium- I
.

is MR. MARK: So the cladding is missing. 'You have --
4-

'

16- MR. SCHWALLIE: Now, what we''are finding'-- and

you have an 'perating rod that has a' severe temperature gradiento37.

,

,

. is ~ and it is acting like a pump and pushing more precursors out

of the breach than we'have'ever imagined it would.|- i,

2o MR. MARK: Right.
,

MR.-SCHWALLIE: So the rods are pumping these24

j 22 things out. This is kind of. handy because it gives us
'

:

2 -23 capability to determine if we have a DN signal when we have
1 .

an operating rod or a blockage because-we dropped the power; g 24

. . .

and see how the DN signal changes because blockages only reactas
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~ as recoil.3 '
SoLthat aives us an operating: flexibility here'

p.t.n , -_ ; , ., o

(,- n) ' _

little more! capability. to|,driderstan'dEwhat ;weghave'. In
. - s ; .. 7, . - ~ , .,

land a2
s .v.> n . . - _ . , , ,

3, terms of transient operation we-have loggedfrodsg and Roger
jt ii*r' ,; c 3 (| , ,

~
'

,

. talked' on ' thisl. the GE test.''' Thh ' original br'each'' site is4-
*~

t':
;

, , , , r { . ', ' g p t ( -
- more than capable of, takiiig care"o'f the 'A$ditim ~pressuressthat

~

s

-are built up.inside the pin. And th'e other concern'there is-..

., L if you h' ave a -breached mode, .and you have a fuel--sodium

contact, you are in a' layer there.a

'What does that~do to the thermal conductivity,of,
.

the fuel? And.the-bottom-line is not much. We do have^someto-

'

development to take care of. We have'to make sure we under-,,

stand the diameter' increase versus the amount of exposed12
.

Ifuel so that we can clarify.that down and.make sure that-

,3C
,

1 1/2 square centimeters.is adequate. We do have to.make,,

sure that we.get more data on transients.over power.is

(S lide . ),,

The next vu-graph jus't givet you specific testsg

if.you want to read -- that you could - that have been done; ,,.

;

in the planned' testing program. We started out with pre-
,,

defective pins, then went to naturally breached pins, then
2o

*

ran natural breaches to get multiple failures. This is the
,,

same kind of conclusion I had before. However, in this RCBC

test we did get a-followon breach a short while after the
23

first breach. Pin-to-pin contact there., We put together
p 24

' (') and we had bowing. Metallographic examination indicates the
as
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'

,

,

hot spots, about what we would expect.,,And'Af.you. analyzed, n .
,

-

m ~f. :
4-

I(
. > ; . t t ,j ,sr .4 ti a,a. j .t

!hatpinwith'thathot!sgot'',3 itjou(IdiNav'e'predi'cteditto '

t
.

.
.g. -

..

fail about that' time. c_-[ . ,. . Ni '1 P ''':c'

8
s L, - ? i , 3:* e., .7. ; t ., t L/ ' > s. s...- .r

-

,'u-s.% a ,,

So - it is not "is , relation to th,e fi,rsti, breach |per.
'

4
,

,
.

.( Q T 7 ? bj ,W iV;!* M -
,

It was'a. bad. design. Okay. There is.some 13 or 14'iieststse. 7

,

that'are'either. ongoing or planned relative-to. developing this, .

.

. ,

J -

'

s ) -
'

data base. They'are including both fuel variabl'es as-well,

, - as' blanket variables. Plut' onium concentration, plenum defects. '

- i, .. Unless you-have any questions,.I' won't go into that.an more,

than that'at this* time.,,
.

MR.[ MARK: You~have. point'd at,the number ofe.
,,

.i
'

experiments (that:are in prospect which will' expect to be run-,,

through.that list.in what, in a year or three' years or what?*

.bq -;
^

. .

MR. SCHWALLIE:- This program'down at the bottom-
i 14
.

'

here is aimed,for completion-in|early '86.-
.,,

MR. MARK: Three years?

MR. S'CHWALLIE: 'Yes. That'is~it then.

MR. CARBON: .Thank you, Mr. Schwallie.
..

t

(. Walt, I didn't medn to cut?off your. question a
to'4

f -
_.

'

while ago'of the low propagation. Di'd you get your answer?

.

MR. LIPINSKI: Yes. There is nothing further.

MR. SCHWALLIE: At this time'we will have Bob
'

22
/

; Markley talk about the use of thermocouples.

MR. MARKLEY: I am Bob Markley, and I would
-

-

24

O''. - discuss the core exit thermocouples. If you found that in
)

25,

' TAYLOE. ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA

.

; y- pe y ,- 3. - , , - -=w.p.y- .- ., -- . - - - - ,->% .s , , + --eme-. .,. .,-:,-n ~..-** .-e,- e - ---



- ,

cc 4 - ' -i
> '

~

247

your handout. .And'BoblBenderm wi,ll'/then' discus.s ' how the1. . cr- 14.g- -3 r, :*q ; i ; ;
*?

j.
;rvt' + .a . . . . . . ..

, . .

signalsifromthis-thendis[1aydd-th'th'e)operdtoria'fterI .j
f

~

.,

,- m _ . .. _ -
-

complete ' my part . of -' the' it'alk . & ' ' '' , ." . ; ,
' r' '..

-
3

i. : ,U: "L- ^r _ ; ' g,
'

The CRBRP' core exit {thermocouples have'two-func-_4
.1 s. . , = . , , , .. . %

:tions. One_Jis to.controlrthe reactor, and we will talk.more3

( about'that.later. . An'd the second is'--for design verification, 1<

basically to verify our| margins, power. distribution'around7

- the core, any. symmetry or.lackm of that would..be,there. .And',.

further, 'we monitor 'tihe fuel rod lifetime. The signal from,

-the thermocouples is. fed to and on the computer and at quite
to.

,,- regular intervals the; lifetime,-the CDF of the fuel'is'calcu-

' lated,' predicted. They will..also look at any - -see any
,7

e, operational disturbances'that might affect the outlet
U '

temperatures such as a change in a power distrib'ution, shift
,,

in the power flow. .Also to assess our uncertainty factors
_,3

that we have' factored into the design predictions,'and.further,

it will be an actual look, an actual measurement of tempera-'

,,

~ tures.'throughout the-lifetime so that we can factor this. , ,
.

into post-irradiation measurements.

MR.-LIPINSKI: Last time we talked about this

I think there was a problem about-it.
,,

MR. MARKLEY: I believe Bob Tinder-will-cover how
22

the operator sees the signals, so we will leave that for him.

This vu-graph shows the core exit thermocouple

' ") coverage.
25
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.3
|

e
4 . , ,, ,

, . , . . -+m, , , , .

- im -

,.
'-(Slide ' )- ', ( > , !?, . (.2 l' c. ,- ,

Q _ ,f L e - u . 4 ; .4> *

(/' 2~
.

, Practically all.of-the locations,are covered with
'! o . .. 't, i

The X ibD $r''de$Ign N rificat'i'on'thermoco'uples.* '

thermocouples. f

_. .. r nTT, si E. n~ T c h, T4
- The C: indicates the control'thermocouples.: As far as the

s . coverage,-148-of 156 fuel' assemblies - there are some more

6 -locatied'above them. -Interblanket 72 of 76. .All.the alternat-

7 ing "assemb' lies and 112 of 126 ^ radial b' lanket assemblie's giving
-

-

-

a
_

a; total of~338 out of~364 of the locations covered.

9
-Before I.go.on', I will just show you the~ control

to
thermocouples are in three sectors. You will see ten of thein

- 11 are in a sector here, ten"in another sector, and~ ten in

12
-another sector. They are symmetrically located. It helps to

~

' '
see that here.

''
(Slide.)

'

15
The thermocouples that we use-for automatic ~ control

''
are required to maint'ain a steady state. outlet ~ temperature

.
within a' fairly narrow band,.within a few degrees. We don't'

!
'*

want' great variations over a lifetime on those, and also to
,

''

| minimize any temperature overshoot that would occur.

* As I mentioned, there are 30 positions of these

21 in 390 degree sectors.- There'are ten in each of three

22 sectors. The rationale for that is we want to closely

23 approach the core mixed mean temperature and follow the.

'' cycle swing as things change somewhat in the core. They are<

** fairly w, ell distributed within a 30 degree sector and with
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:

~ Y d- the three se'ctors' that; we c'o'vd.r ~ws coul. d have're' dun' ancy -.s , 4' r
n > 9 ;; ) y9
, ;. ,,3 4,

:(. ,) ' and ' coul'd go Kto anothe'r s~e~ ' tor Li n" case . ws
\_. _

1 <. . .

v- =

wantJto placelany.c,
,

. . _. . >
_ m, . c. o .;

. .,.
>

, , ,

otherzthermocouples. They:arefof.the/ dry,;well-typie,-and their-3 _r , . ,. ..

time [ constant - is . less than 10J secon,ds i: >v' .[<, . T. 7d, T ~

> . < ,e: -5 + ;.,

-

MR. MARK: . Can'one' thermocouple: running-very hot
~ '

.,

affect the. control system?,s. ,.

.

MR.:MARKLEY:. They.are:-- if'it wodld -- you mean if,

one went way out bounds?- 0
,

'
MR. MARK: -Yes.

8
__

MR. .MARKLEY: 'I gather they' don't go in that.

~

' direction. -Usually they are in the other-direction. .They-,
.

are monitored:and they'als'o look at a.. max and.a min to~ deter -
12-

~

<

- mine --
- t 13
> - %

MR. MARK: If you-take an.'averag'e, then'one'or-
~ '

. 14'

two indicating - trouble 'in their . spot- wouldn',t affect the
,,

control system? 4

_

MR. MARKLEY: I am-sorry.. Will you cover'that,
,

,

Bob?
to

.

VOICE: Yes.
19 -. ,

MR. MARKLEY: Let Bob go into that in detail.

I MR. MARK: Yes.
21

MR ~. MARKLEY: .The temperature measurement
224

uncertainties over the fuel assemblies will range from-about
23

eight degrees F. This would be~a center._of a core -- with,

24-+

! U sixfold coverage by symmetry to as much as 25 degrees of
25

'
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v 2 - As
- far'as.the inner,: blankets,Ethose uncertaintiest- :: . _ , ' ', : 4

_,

'

.,

, 3
>-

'

range from 15 degre'es, again'~i.n. a h'icjh' flok, . symmetrical'3

.
. ;T* .. Sp|1- -

~t , , .,
4 '

position, 40: degrees in a itw flow, single coverage location'.

5
.

2 And these- are the reasons why <the. thermocouples are not

6 . hooked to our safety system or.not safety-related.

7 As far as local faults are; concerned, things-like

a blockages, high heat flux,. first of?all, . there is only a

9 very limited range in which the thermocouples would-detect-

10. things that occurred.' They.are insensitive to very low
,

11 faults. Youiwould have gross blockages to 50, 60 percent'

12 range before they would be detect-that sort of an' occurrence.
'

~

13 Further, on the high side, the:thermocouples:are

14 blinded when you get very large flow blockages such as

15 90 or 100 percent. With no flow coming up, the flow-from
.

16 adjacent assemblies would determine what temperatures and this

17 in that range'or above. You just would:not get an adequate

is signal.

19 Further, there certainly is a low probability of

20 occurrence of these type of things. Basically saying that
;

as you don't need the thermocouples, and if a local temperature

. 22 increase would cause a cladding failure,.this would be

23 detected by the failed fuel monitoring system which Ambrose

O 24 Schwallie discussed.
.U

25 We do scan a limited number of clad failures. They
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,- . are not' safety; concern!ed becatis~elof,ithEfa'c;t[tihat![ rapid7

y .' ? x.. ., Li t ; ~)\
',

v ~

. (e.sJ' j propagation will not occur,;as Roger Tilbrook covered for'you.-

- g :~;} ;m . ; ' i~

That 's the _ conclusion tol mpIpa'rti' of the'J ' lk'.! Nos' Bobta;3

v... < n. s r. e r a. , % r>. . . .

Tinder. If .there are nofques'tioris'! hs. can tsilk; about how4

the operator sees the response and i$terprets. these signals.,

* '
6

MR. TINDER: T5 answer your question on the.thermo-
,

_ couples, one use for using 30 is that'we bring:all of those,

into an~ average and reject any one of the-30 that is outside
,

of the band, 5 o'r 10 percent band. It is rejected and not.
.,,

' included in the . average.
.,,

MR. MARK: .Okay. . So it 's telling yoti that this
,,

p. one is for some reason-or other running 60 degrees too hot,
,,s.)

and you don't believe it?-

,,

MR.fTINDER: Throw it away, right.. For the control
33

purpose,g
,

MR. MARK: Sure. '

17

MR. TINDER: You will see as I go on it is

monitored. All 338 fuel and blanket thermocouples are in..
19

the reactor vessel.- Each of those is wired to the plant data

handling display system. In the data handling'and display ~,

i 21

system, each one of those is' compared with an algorithm that
22'i

takes in the history. That is in'the core. We then compute.

an alert when it is outside of a tolerance band. An alert! .

24[-
. types on an alarm' typewriter. That is a typewriter sitting'

,,
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'
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g . .,

- 'to-the left of'the chief' operator'there. An 'lert alsoa,.

'

() ~ 'a te J. ,I'^ '
appears' on an alarm CRT,f;:>. E ~Normally,;the operator would have-.

- ' ,

, r

3 -

one-of the CRTs in the main control roomidedi[cated to alarms."; ,a

4
,to where it wculd appear on that-one all the-time. It would .,

s ~

also -- the last three lines on all CRTs will'have the last

*
threef h'ings to' alarm.

.

t'

7 There are 5',000' channels in the 'ata-handling systemd
~

,

,

-

. .

and probably half'of them do'have alarms associated with them.
9*

The las't three would appear.on|all CRTs. The opera' tor'can ,

io
request thermocouple reading-at'any time. He can' ask for

!!
'it to come out on a CRT or on a hard copy that he can get

'*
his hands on and deliver to somebody. 'And as-for the trend4- c

I '13
(_/ 'of any one of the :thermocouples, we take 30 of those 3384

'#
: and - we use these for contro'l' in die average and reject

15
circuit that I answered a' question on at the beginning.

16 s
'

.Now, when we have.less than-25.out of those 30 are

i 17

| being averaged, that is alarmed to.the operator on the plant's

is
main. alarm system. You know, those human factors and what

'* the operator needs will be under study for the next three
s

20
or four years at least.

*' MR. ZUDANS: That would appear to me at least

22 as an impressive, alive, dynamic information.

* MR. TINDER: You may be right. There is a red

(~) and green and orange, and there are a lot of ways. You can**
s-

25
use' candlesticks at the core.
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, .When youfsaytyou can hook'a'nd take aMR. MARK:

() look a a trend, across|what'';so'rt of ime? ;Would it be 3,

milliseconds orc 3 hours or,what?3
> .

,

MR. TINDER: It would be days. The computer,

system has a' trend file established in it where -- and I said,

this is just starting to be-done now, the programming and,

so forth of the computer, to have it set so that if the

thermocouple moves over three degrees, that point is put in,

the trend file, and do that for X number of days and then
,

have it to be a circular file, and it will be at least days.

Then the data is put on magnetic tape for permanent storage

use by the engineering department.
,,

,m MR. MARK: That is for use after an accident if
() '3

you ever have one?

MR. TINDER: (Nods affirmatively.)

That's all I planned for the display to the

operator.

MR. STRAWBRIDGE: I am Lee Strawbridge, Westinghouse ,

Waltz Mill site, and I will be discussing the review that
19

we have made of the worldwide application of local fault in
20

response to earlier questions raised by Dr. Carbon. As part
21

of that we did review the Leon papers that -- the ones that
22

you gave us and the other references in that paper, so diat
23

formed part of the base for what we did. We went beyund
24(^

5>,' ' ' that, and we looked for data from other places as well. We
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., . performed the survey ' which2 included 'look'ing for information
~ ~

/) on 17Jsodium-cooled fast'rea'cto'rs"in ordeh to see if we
'

G * p a; '. Vsy:J'. .i L: '
'

could"make some sense out of,,the, data,that we got.f
- 3 ;g_ {

3

As the end result.of that, we. looked at it from,

the standpoint.of certain major plant design ~ variations ~such.,,

Las are there trends that; exist with respect to-l'oop versus -

pool considerations?. Are there trends that exist-for power

versus test? Are th'ere trends for~small-versus large-reactor'

a
'

size,_and in--termsoof the fuel desi'n characteristics?g
,

-The two princip;l characteristics were how about.

to

oxide or. metal fuel, and wire wrapper versus grid spacers.

The information.-that I have in -- by the 17 reactors'that

cover those areas is on'the two;vu-graphs combined, and perhaps
Lg)s '(,<

I can just use:both vu-graphs. I will put'them on at one
,

time, two views.
,, ,

(Two slides.)
16

I had two blanks thatlyou have in the passout,

'and just as a result of a meeti'ng' yesterday, I was able to-

complete ailittle more information, and I filled in a couple
19

of blanks on this one on the screen which is not in your
.20

passout copy. The one we have.done-is list across the top
21

of the 17 different. reactors considering the various foreign
22

countries and finally the U.S. reactors on the end here and
23

,

down the side we considere'd these characteristics that I just
''

1('~) mentioned -- the loop or pool, power or test, fuel, spacer'-'

25
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'. ; w ; 1- w .w- "

't- concept, and L then , asked the question does the design include
- f3 e -c ~

,4 3:'

,

) 'a core exit thermocouples ,',;ar$d care 2the'Nd'I-hbrmocouples iri the~ ~ '

thatare-thereJforpurpos'es6filocab'fau[timnitoring?3- PPS

4' :Th'e~overall results are thbulated',here on.these two
.

'

,
.

5 -- =vu-graphs. .What we found was when.we' looked-for trends with-

6- respect 'to the different either plant o'r fuel design character-

7 istics, one place'where we did find what I considered' a ver'y

s. significant trend,was in the area of loop versus' pool. ,

8 concept, and those results are-tabulated on this:next vu-graph.
~

:80 I apologize'for the! corr'ct on, This was dueie

to adding that new-information on the previous'tway:vu-graphsit

12 and the two-that were in the-unknown column before. One got

I~) is added into'the yes' column'and~one into the-no column, but
v

14 the strongest correlation was for pool versus loop, and in

85 effect, _ for'the 11 loop concepts,-only 8 we know the answer.

.

16 to the. question of are-thermocouples in the PPS for local

17 _ fault monitoring.

is Of those 8, the answer for 6 of them is no. Six

19 out of 8 do not have- them in the PPS for local fault monitoring .

20 If you look at the pool' reactors, 4 out of 5 in fact have

21 outlet thermocouples in the PPS for local fault monitoring.

22 Now, it is not entirely obvious why that kind of

23 a substantial trend does exist. It is individual designers
,

24 in countries taking certain position, as I think you heard

25 before from Mr. Tilbrook, even in a country such as the U.S.
-
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,j-1-8b.
fls sc-12
~

L~t 'There are; strong differences of opinion when you talk to
. , ,

-(_) 2 ce'rtain parties'in the'U.K. versus other' parties::in the U.K.
. .

'3 .about'their: effectiveness'and whetherlit makes sense totput
-

4 'them in ths PPS or not'. '

The'one' thing th't I point"out isa
.

s that, with.the-pool.conceptpis that a' delayed. neutron moni-2

,

'toring system:would be less sensitive,'and involve ~ longer.t'me*
ie

delays'than would the-system in the loop, reactors,,so'th'at is7

a - a possible expldnation for that, atsleast-intuitively.
,

, .

.. LIPINSKI,: If you sum-them, you end;up.with
. . .

9 MR.
,

10 six and seven.

f- 'st: MR. STRAWBRIDGE: 'Yes.
,

32 MR.*ZUDANS: -Doest the' age of.the loop ~~ plants-where-
,

Q :youihave six'of them give some kind of a clue as compared toi3
%

'the two remaining one's,; or' thef design rather than age?i4 '
,

'Is 1HR..STRAWBRIDGE: I guess I do not'know the' answer

16 - to'that. I would'have to go back and.look at the two previous

(3 7 - graphs, and.one could'look at.that for five minutes..and-

is probably= answered the question. I had not: looked at it.fromi <

.so that standpoint.

2o - MR. ZUDANS: .All"right.

2 ;MR. STRAWBRIDGE: So overall, what I would like to
.

4 ..
. y. ; ;-

., '+ ,.
. ,

22 say is that there is'no univers'al!dgre'ement'onfapproach.
, t. .

23 (Slide) -- > -
3

,( 1;''
i $ t

'It is certain'ly a trde fact that'for core outlet2
24

) -
,s. s#, -

xs ..
.

.
-

'

thermocouples usually indluded'in*PPS in pool' reactors,as
,
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j-2-8b- 1: usually not included in loop reactors -- including the Clinch

/ 2 River, which, of course, is a loop reactor. .The applicationm

3 of the instrumentation is consistent with the worldwide

4 trends that were noted.

s I would like to turn now to a few conclusions from

e this whole series of presentations we heard on the general,

7 subject of local faults and just try to tie these different

a Presentations together, if I could,

o (Slide)

to First of all,'the first section, that_there should

is be a low probability of loading defective fuel, that is,'de-

52 fective in the first place, and that includes loading fuel

J}. 33 into other locations besides where it was designed to be

loaded because of the features that we have. The designi4

is features that were described to you and the operational

se requirements prevent ex-core blockages.

i7 The in-core blockage expected based on operation,
,

i

is tests and analysis. We do not expect in-core. blockages, and

that conclusion is based on operation, tests, as well as,,

2o analysis that has been performed. We certainly do expect

some fuel failures during operation. They are anticipated and21
' 5/ . ,

they will be detected.22

We do have extensive experience that shows that23

when such fuel failures do occur, they will not propagate.
-

2,, e, . c<
'

'
. .-

| 25 On the question of thermocouples, it is our belief
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5 ,'' :t t+.'t' .at' a.\,
,

. , .

.j-3-8b. 8 that thermocouples-do not significantly' improve the margin3

.
. 'v: %, . h.1?)-

,- - i - s- ;. ' ~-
3

,

iit:*

.L - -a. of. safety for local' faults? They.cm ;are:not=.very effective
.ry,. p .,.,u - -

3 ' in showing the effect of smh11'b1'ocka'ges;,1 foi*gv. example. Systems
_

.i

. . .

.such as 'DNDs are more sensitiive for ' detecting failure' condi-4

"5 ~ 'tions from a safety standpoint, and'we do useithem.
1

6' You include the Clin'ch-River design being a; loop -

7 reactor and not. including them in the| PPS is consistenti with

a the majority of'the worldwide experience.
,

9 MR. ZUDANS: That'is a little too strong because

~four'of tihe six are U.S.. plants.' You know,7look at'your list.'to

I1 Four of the'six,that you have identified.
~

'

l.

,12
_

MR. STRAWBRIDGE: Yes.

() '

is MR._ZUDANS: They are U.S. plants. .,
'

14 MR. DICKSON: Are-we not;part of'the world? I~would -

'like to think we can be inc1'ucied in the worldwide experience. -^

t15

16 MR. ZUDANS: .I don't know that'they'are. strictly ,.

r

17 worldwide because there are a' couple of them.that'we don't

te 'know, one in Germany and one~in Tokyo.
.

19 MR. STRAWBRIDGE: Well, the Russians are the ones

20 we don't have informationton, but I think it is appropriate

as to include earlier U.S. experience when we are looking at.what

22 I am defining as worldwide. I: certainly would not intend to

.23 exclude U.S. as being part of that worldwide experience, and

the final and perhaps overriding conclusion is that instru- '-

n 24

'. V
25 mentation for local fault monitoring is not needed in the PPS
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1- .t (' '

,

. .

j-4-8B s- .because.-there'are no' faults |thet could propagate-on'a' time". o

), 1: ( w.j y..
3, .., . . . . ~ . . -. 1

3 , 2 scale that does '.' require * PPS','' '
, '

' '''
-

"e, . xp r( ,i > 'c
3 MR.. CARBON: I' guess 'you can' mak'e' nything~out.of-

4- numbers : that you wish. .You can find evenia stronger correla-
~

,.
5 -tion.is. thatIthe'U.S. does not put~them-in, other nations

-e do.

7 MR. LIPINSKI: I was going to:put my observations

in'that;if I.look at the French,-the British and the Japanes'e,,s'

,

1 ., .
,

So.theo I see all yeses, with some unknown for the Russiansi-
-

to rest of the world, I woul'd conclude, is yes, and the U'.S. is

it no.
.

12 .

h is 'MR. STRAWBRIDGE: I don't think it quite that

14 simple, but I' agree. One can look at the information and come

15- up'with different ways'of interpreting it. I looked at it

from the standpoint of those"various design conc'epts, and the16

17 only place.where I found what I would-call quite a strong

is. . trend was the loop versus pool.

to MR..LIPINSKI: But is it a question of national

2o licensing policies in being conservative.from a safety

.2i standpoint?

22 MR. STRAWBRIDGE: Did you have a comment to make?
.

23 MR. SCHWALLIE: Some of those people use grids and

. qs- 24- so forth, so you can temper that with the design feature that~

.(/-
as goes in that. If we had grids, we might change our position.
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,

j-5-8B .You understand?,
-

3Q MR.~ CARBON: I don't-think-it'is.a very productive2

drgument. The grid and wire wraps don't.make much differencei 3

in that chart either.4

MR. STRAWBRIDGE: The thing:that stands out most isj s

'

the thing Walt was pointing out. .That'is'more of a country-by-,

c'ountry type. .I don't say that you make snything out of it,*

7

but that.is what seems to stand out.,,

MR. LIPINSKI: .You have indicated that SNR300: is . an'-

,-

; alarm. 'The last I knew, it was a trip. You have verified,,

that it.was'an alarm?.,,

1

VOICE:- 'Whichico'untry was that?,,
,

/~ MR.-LIPINSKI: Germany..
k_%/ ' "

,

VOICE: ~ Leon confirmed. yesterday ~that they.do not-,,,
.

~have a trip on that. !They have'an alarm to the operator and,,

it goes'into a normal shutdown sequence. They-don't expose,,

.the. plant.to a scram,.an'drthe licensing. authorities, having_g
i

reviewed the information, they have not requested that.it:be
,,

a-trip.
,,

| MR. LIPINSKI: Your information is later than'mine.
2o

MR. STRAWBRIDGE: The,qu.estion: involved,is the, , .
v= , oi,

delay times for.some condition".tN exist-bEfore-thermocouples
22

- ,

could tell the PPS.to do'~something'.. It would be~a short time
*

. ,

after the signal reaches the PPS.
'

24 . , . y

MR. MARK: But this is instantaneous once you have''

- 25
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j-6-8B i said?

(-) 2 MR. STRAWBRIDGE: Essentially, yes.

3 MR. MARK : Now, the neutron detectors _that tell you

you have fuel that just appeared, that is about a 15-minute4

s wait?

6 VOICE: No, 40, 50 seconds, two minutes.

7 MR. MARK: One or two plus another one or two.

s Very-few-minute warning that there~is fuel failure somewhere.

9 And then the other thing you are pointing at is that the

io evidence for spreading or' enlarging of some failure somewhere

11 can be from hours to days?

12 MR. UTRAWBRIDGE: That's right. Up in the days or

('J) 33 beyond the time frame as you see it, yes, sir.
w

I4 MR. MARK : So it's in that context that you say we

is don't really want something that happens in a very, very short

is time af ter this temperature is on the average raising a

i7 question?

is MR. STRAWBRIDGE: That's right. We see no need for

se a response on that short time span.

2o MR. MARK: But you would expect to have a warning

21 tied into this? The temperature has passed some li'ne which-
; ;'

s ,

you could have predetermined? '

22

23 MR. STRAWBRIDGE: Yes. The operator would be

r~T 24 aware of those cenditions-in a' hurry., .

U
25 MR. ZUDANS: Excuse me. Now, I think I got
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'j-7-8B t confused. You said the thermocouple would be slower and the

(/ 2 DNDs would be faster?

3 MR. STRAWBRIDGE: The thermocouple response time

4 was about ten seconds, less than ten seconds.
,

5 MR. CLARE: I think'we have a semantics problem.

6 If the temperature goes up --

7 MR. ZUDANS. Oh, no, no.

a MR. CLARE: -- then: the thermocouple will respond

9 quickly. We might expect it to occur over the life. You

to wouldn't even see it.

11 MR. ZUDANS: That's correct.

12 MR. CLARE: Correct.

( ) la MR. ZUDANS: So therefore that was the main reason
x.;

14 why you would rely on that?

15 MR. CLARE: If you want any response at all, you

16 'Can rely on thermorouples.

17 (Pause)

is MR. CARBON: This concludes it then, Mr. Straw-

19 bridge?

20 MR. STRAWBRIDGE : Yes.

2 MR. CARBON: Any questions that didn't'get

answered? We did skip yo'ur ' ten-minute ' presentation at22
~

23 2:15 following the accident recovery planning. Did you have

'

24 comments to make the re?
' " ' ,'g-

QJ
25 MR. STARK: We didn't have anything significant
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, n2
4

j-8-8B. Lto a'dd , 'an'd .it was kind of t':hree subjects under one heading e ,4

' 13 +

V a so I'.will. skip it;
4

g MR. CARBON : If'there are no more. questions or3

4 if no one has anything to add, we will" recess:until tomorrow
i

5 morning.

-

..

e (Whereupon,:at 5:35 p'.m. the committeebrecessed',-:

7 to reconvene the following day, Thursday, March'17, 1983,

s' at 8:30<a.m'.)-
4

.,End-:
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