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i PR0CEEDI NGS
2 DR. ISSIN: Good morning. The meeting will now

n.

3 come to order.

4 This is a public meeting of the ACRS Working Group
5 No. 4 to review nuclear reactor safety matters raised by
6 Messrs. Bridenbaugh , Hubbard , Minor and Pollard in their
7 recent testimony before the Joint Committee on Atomic Energy.
8 On February 17, 1976, Chairman William A. Anders, U.S. Nuclear
9 Regulatory Commission, wrote to the Advisory Com.aittee on

10 Reactor Safeguards as follows:
,

11 "As you know, an NRC Sta f f member and

12 three GE el ectrical engineers , who re cen tly
13 resigned, have ra ised concerns regarding th e,

(
14 safety of nuclear plants, lhe Connission .

15 requests the Advisory Committee on Reactor
16 Safeguards to review the s ta te.aents thes e
17 individuals have made to ascertain:
18 1. 'Whe ther they ra ise issues a f f ect ing the
19 safety of nucle 3r facilities of which the

20 ACRS has not been aware.
21 2. Whether they present new informa tion con-
22 cerning generic or specific issues which

23 indicates a need for regulatory action, and
(- 24 3. Whether their statements present any other

45 basis for altering Commission regulatory

bh /js
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i requirements or research priorities.

2 . "The Commission wishes to be informed
<~

3 at an early date concerning the Committee's

4 plans ror conducting this study with an

5 estimated date of completion."

6 In response to the Commission's request the ACRS

7 has established five work.ing groups, Working Group No. I

8 has already held its Subcommittee mee ting and is exanining

9 the cencerns regarding structures and containment, components
,

10 and material failure inspection, and er 'e m e n t , two QA

11 requiremen ts , Fort St. Vrain.

12 Working Group No. 2 will examine fire protection,

- 13 electrical systems, human errors, simulator and ccntrol rocas.

14 Working Group No. 3 will examine regulauary pro-

15 cedures and philosophy, reliability analysis, reactivity

16 problems.

17 Our group, Working Group Nc. 4, will examine

le thermal and hydraulic problems , flow . r.d u c ed vibration,

19 pump flywheel missiles.

20 Working Group No. 5 has already conductsd its

21 .Subccmaittee meeting as is involved with spent fuel storage,

22 ' personnel exposure and protection, de contamina tion and waste

23 disposal, deco missicning.

- 24 The categcries noted for the working groups are
'

25 of broad designation, but they do cover specific concerns

ib - 005
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1 raised end serve to partition the subject areas. In this way,

2 the Committee ,has sought to make its reviews more ef fective
''

3 and efficient.

4 Some overlao in topics among working groups is

5 to be antic! pated an.d we have provided f or such arrangements

6 in our agenda today to enable some of our participan ts to

7 augment their presenta tions in a more meaning ful manner.

8 Our ~ working group assumes for the most part that

9 the testimony presen ted to the Joint Committee on Atomic

10 Energy by the f our engineers who recently resigned their

11 position has been rea:!, that the testimony of GE and that

12 from the Nuclear Regula tory Commission have been examined and

13 that the ACRS itself is :<nowledgeable in saf ety concerns that
( 14 it has dealt with on a generic basis, as well as in case by

15 case application.

16 Thus the purpose of today's meeting is not to

17 redeveloc anew the safety concerns, but to reexamine issues

18 to see w ether facets have been missed or misunderstood,

'9 whether there is a need for change in how issues are being

20 treated and ahether the pregr ess being made in the develep-

21 ' ment and ccnfirmatory research is adequate.

22 ', The presentations may involve scoe re capitulations

23 to improve our understanding and a t least in one issue, some

( 24 new f eatures of core spray which is a new topic for the ACRS.

25 We will have a mere definitive developmeht of the subject

48&s 006
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I ma t e ria l .
'

2 This working group also wants to use Utis occas ion
,s

3 to ask the General Electric Company to comment on the testimony

4 presented by the NRC Sta f f to the Joint Committee on Atomic

5 Energy and thus we will cover the assignments f or all working

6 groups. Although most of the agenda topics ere related to

7 boiling water' reactors, cur agenda does include several topics~

8 relating to pressurized water reactors.

9 In addition, several items not covered in previous

10 Working Groups I and 5 will be included in today's d is cuss ion.

11 Our participants include representatives f r om the Nuclear

12 Regulatory commission, the General Electric Company, the

( 13 Mark I and Mark II containment owner groups and their con-

14 sultants, EPRI, Wes tinghous e , Combus tion Enginee ring ,

15 Prof essor Leahy frca RPI and the Atonic Saf ety and Licensing

16 Appeals Soard.

17 ACRS members present are Bush, Carben, Plesset,

18 and Isbin. And our consultants are ith e ri ng tcn and Ca tton.

19 The meeting is being conduc ted in acccrdance wl-h

20 the provisions of the Feder31 Advisory Committee Act.

21 In attendance at the meeting teday is R. Muller,
,

'ne designated federal employee.t22

23 The rules for public participation have been
'
-

24 announced as part of the notice of this meeting previously
,

25 published in the Federal Register on March 15 th , 1976.

488. 007
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i Copies of t.5e Federal Register. notice are available for

es 2 those in attendance today.

3 A transcript is being kept and will be available

4 to the public on or after March 31st, 1976 in the Public

5 Docunent Rcom at 1717 H Street N.W., in Washington, D. C.

6 Since a transcript is being kept, I would ask

7 that each speaker first identify himself and speak clearly

8 so that everyone here is able to follow what is being said.

9 We have received no requests for, oral stateaents.
10 If there are others present who wish to participate and

11 depending upon our ability to stay within the schedule, you

12 may have the opportunity to present a short statemen t.

( 13 For each presenta tion, I and ny colleagues will

14 try to restrain ourselves and not ask any questions until

15 the presentations have been conpleted. And shculd our re-

lo ;traint f a il , .ny ins truct ions to each of the speak ers is t ha t

17 he continue his presentation and not stop to answer any cues-

18 tions until ne has finished.

19 It is importa nt to preserve the continuity of

20 each presentatien and we do want to try to a.here to the

21 schedule th a t w o have established.

22 We are now ready to proceed with the ::e e t ing .

23 First, are there any introductory statements that.

(

24 the Staf f or GE would like to present?
,,

25 MR. STELLO: No. I think it is best we get

4Bi 003
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i started with the ambitious agenda. It will be necessary to
.

2 move quickly..

3
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i DR. ISBIN: That being the case, I will call on

2 Mr. Ross f rom ,the General Electric Company.
'' .

3 MR. G. ROSS: My name is Gail Ross. I am the

4 Manager of Operating Plant Licensing for General Electric
5 Company and I have here with me today Mr. Steve Stark,
6 Senior Engineer for Mark I Containment Application ;
7 Dr. Fred Mecdy, Senior Engineer for Systems, Metheds and
8 Engineering; and Mr. Ron Engel, Manager of Special Projects,
9 Licensing; Mr. Pat Marriott, Manager of ECCS Analysis; and

-

10 Mr. Bert Sobon, Acting Manager of International Re a c tor
11 Licensing.

12 We sincerely welcome the opportunity to appear
13 before the ACRS Subcommittee Working Group 4 to re spond to

(
14 the allegations made by the three engineers who resigned

'

15 General Electric Company February 2nd.
16 The first i tem I have been asked *n comment en
17 is ;ne NEC Sta f f's responses to the tes tim eny o f Bridenbaugh,
16 Hucberd and Minor, as presented February IS, 1975 before
19 the Joint Committee en Atenic Energy.
20 General Electric ha s perf ormed an in-dep tn re vie w
21 of the Sta f f's comments o f the 72 7-page a ll ega t ion . While
22 General Electric may address some of the responses in a

23 slightly dif ferent manner, there are no material dif f erences
. 24 between these responses generated by the S ta f f and tnose that

25 would have been prepared by General Electric Company.
'

.
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1 I believe it is very inportan t Jo note that the

2 exhaustive e f forts to discredit the uclear industry has
-

3 not come up with a single new issue , and tha t in itself

4 represents a significant t es t t ha t the pIesent way we are

5 doing licens ing is adequa te.

6 I would like to state that in another way from

7 your point o f. view.

8 General Electric isn't trying to hide anything

9 from the NRC or ACR$.
.

10 At this time I would like to ask"Mr. Ron Engel
11 to start with comments on flow-induced vibration and
12 control rod design responses.

13 One of the subjects in that set of responses

14 is core spray. That will be covered by Mr. Marriott at a

15 little later time.

16 (Slide.)

17 MR. ENGEL: I would like to say --

18 DR. ISSIN: Your na me aga in?

19 MP. ENOEL: My name is Ren Enge l , Manag er o f

2C Special Projects Licensing for General Electric Company.
21 I would like to state :nat I fully concur with

22 Yr. poss' : atements in that we have reviewed in de tail the

23 allegaticos of the thr ee ex-GE e ng inee rs .

_ 24 Vie think that it provides a significant

25 indica tion o f the concern that both the NRC and General

' hs O'|
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i Electric Company have with respect to plant safety.
2 I would like to give you people a brief over-,

''
3 view of the way we look at the concerns expressed on flow-

induced vibrations and on control rod drive design.o

5 I will start off first with flow-induced
6 vibrations.

7 We have two areas here that have been
8 identified as concerns the feedwater sprager and in-core
9 vibrations.

-

10 First with respect to the f eedwater spargers,
11 we have inspected twenty plants. Six of these plants

12 had cracks in the feedwa ter sparger.
13 In no case had the feedwater spargar f ailed

( 14 in a gross aanner. They were all still in place.
15 The allegations of the th re e ex-GE er.gineers
16 said you cannot detect a cracked f eedwater sparger while
17 a plant is in operation.

IS It is true you ca nnot dete ct cracking, bu t i f
19 you ha1 a gross f ailure o f the f eedwater sparger or a
20 significant cpening in the feedwater sparger, you would
21 get power asymmetry because of the diff erences in sub-
22 dcoling throughout the core.

23 This is a measurable quantity and i t ha s been

.

24 deacnstrated before tha t it can be seen if.you have
25 differences in f eedwa ter inlet entha lpy. .

0:2- s
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I We have designed and tested a fix which

2 consists of either welding or putting in a very tight
s

3 fit en the f eedwater sparger to limit the amcJnt of

4 bypass flow ar,und the thermal sleeve in th e feedwater

5 sparger.

6 This has been demons trated to ef f ectively

7 reduce the vibration levels. It has -- spargers o f

8 this type have been operated for a year, inspected, and

9 th e re is no indicat ions of any problems.

10 i- have also, as a part of this ' program, done

11 an extensive safety analysis on the implications of f a il ed

12 feedwater spargers.

13 Three areas of concei n were identified. These

14 were : a change in f eedwater subcooling which could Iced to

15 power asymmetries.

16 It has been demonstrated that the normal

17 operating mcde of the plant ta k e s into account this, and

18 there is no safety issue.

19 The poten t ial for ficw blockage on the je t

20 pumps has been evaluated and it has been shcwn to be

21 less significant than other transients.

22 The poten ti al for blocking of the fuel

23 .inle t orifices has been evaluated, and it would take an

'- 24 almost impossible size piece to find its way into the

into the plenum area belcw the fuel.25 area below the --

0|}s
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1 It would have to ha ve the right weight, size,
2 and other f eat'ures to find i ts way there , and the densit',,

' of that piece would be too great to be li f ted up by th e
4 low velocity water and block a fuel assembly.
5 The potential for a piece impacing on the core
6 spray system has been cvalua ted and we . find, again, th a t
7 the core spray creak detection systen would adequately
8 cover any concern with the possibility of that system failing.
9 With respect to in-core vibra ti cns , we ha ve

10 identified the cause of the problems and on all domes tic
il plants interin corrective action has been taken.

12 I tnink this demonstrates again the concern of
'

( 13 the nuclear ir-fustry for potential problems.
14 Onc the potential concern was identified, planto
15 tha t had the poten tial or indications that they could have
16 worn through channels i 'ediately reduced power to a level
17 censistent with a thorough safet y analys is.
18 They ther shut down and plugged in a
19 normal mencer, plugged the cypass flow holes whi ch had
20 been identifi^d as tne cause of the prcblem and testing
21 out of reactc; demcns tra t ed thic would substantially
22 eliminate in-core vibreticos.
23 Une of the allegations that has been posed by

~

24 the ex-GE engin eers is t ha t it ic impossLb.le or nearly
25 impossible without high risk to the oublic to drill

48:L 0i4
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I irradiated fuel.

2 We have demonstrated that fuel can be drilled,

3 out of reactor but this is not a nece: sary part of the fix.

4 We can , and have demonstra tt i that it is an

5 acceptable solution to install pre-drilled reload fuel

6 assamblies and it is an economic decision as to whether

7 or not the irradiated fuel is drilled.

8 You can either implement the fix in part by

9 putting reload fuel. assemblies in, pre-drilled, or you .-

-

10 can do the drilling on the irradia ted fuel.

11 In the testimony of the ex-GE engineers I

12 would like to point out that they mention LPRM seal

13 failures. Th ey say tha t" tha t is due to in-core(
14 vibration.

15 The LPRM failures that ha '. e b e e n iden ti fi ed

1( c: curred on all product lines, BWR-2, 3 and 4.

17 BWR-2s and 3s do not exhibit si gni f i can t in-

13 core vibraticns.

19 ne have identified tnat the cause of the seal

20 failure is irradiation embrittlement of the seal which

21 causes it.tc crack and leak.

22 Another s tat e.nent ira d e in their testimony was

23 that we unexpectedly identified rounding of the channels

24 during our testing at Vo s s ' . ad i ng .
.

25 Tha t , again, was not true.

4Ba 0:5s
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1 We, in 1973, reported to the Commission the

2 existence of a channel deflection phenoment, a creep-

3 related phenomena, which is operational history dependerrt.
4 We have accounted for the additional bypass flow

5 due to the rounding of the channel in previous safety

6 analyses.

7 It is not a new concern and it is one that
8 does not have an impact on the safety of the plant.

9 Next I would like to go on to the CRD design
10 charges.

11 First was end of cycle scram reactivity.
12 This, I think, is again a plus for the industry.

( 13 (Slide.)

14 What happened was that we discovered that the

15 scram curve that we were using in our analyses was not
16 conservatively based on operational data accumulated frca

17 plants.

18 With this discovery we incorporated into all

19 licensing applications the new analysis technicues.
20 It has always been the philosophy of th e
21 General Electric Company to take into account the most

22 limi ting points in the cycle.

23 Ne have proposed fixes which enable plants to
s

24 get up to full power and increase thei r ope ra ting ma rg ins.
25 These have not been accepted by the Staf f in

4 EPl. Oi6
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I certain cases.

Ho'Yever , this is not an indicat .on that plants2-s

3 are operating in an unsa fe manner, since the MCPR and

4 pressure margins that have been identified previously are

5 still maintained.

6 In some cases this does result in a derated

7 end of cycle.

8 Howe ve r , this is an economic, not a saf ety

9 concern.
,.

10 As an aside , I would -- in the end of cycle

11 scran reactivi.y, they talked about a patch that was

12 implemented on the Gregliano Plant.
'

( 13 Again the testimony of the ex-GE engineers is

14 misleading in that the Gregliano fix involves in essence

15 a time delay on scram from flux, from the in-core monitors.

16 This fix was conceived of during the final

17 des ign stages when the final transient analyses evaluated

18 were done or Gregliano.

19 It was evaluated. It shcwed that there was

20 less than a 5 percent increase in thermal flux due to the

21 time delay, less than a 2 psi increase in vessel

22 pressure, and it was t ested durir.g the s tartup phase

23 and then implemen ted.

24 So I think the ca tegori za t ion._ of it being a

25 patch is not correct.

4Ba 0i7s
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1 The nt t concern had to do alth control rod

2 lifetime, talk'ing about leaching of boron from the control
,s

3 rod drive blades.

4 The control rod drive blades that f a iled during --

5 not blades. The rods that fa iled during plant opera tion

6 at Dresden I were special test rods loca t2d in high flux

7 positions. They were not production reds.

S We have not seen any boron loss f rom our

9 production reds, and because of the very inherent design
,

10 of the control rod drive, boron loss would only be

11 significant if you had f ailures of many rods in a blade.

12 There are from 44 to 84 rods in each control

( 13 rod blade and it would fake a significant number c f these

14 to have any saf ety significance.

15 In addi tion, we do shutdown margin tests prior

16 to each criticality to determine if there has been a

17 significant control loss due to the blades.

18 We 'hink that this is an adequate demcnstration

19 tha t tne centrol rods are capable of providing their ce sign

20 function.

21
.

s

22

23

24
.

25
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1

h 1 Next was the recent discovery of cracking in the

2
control rod drive collet. I think it is important to realize,

3
,

j with respect to this, that we have not seen to date any
.

4 failure of a drive to operate as a result of the cracking of

5
the collet tube.

6 The cause is understord. We have had meetings with

7 the Commission to describe what the cause is and the
8 significarce of it. We have tested drives up to six times

| their expected lifetime in San Jose,9 and those drives have
|

10 "

i| always filled their design function.

11 They are still capable of being scrammed. They

12 1
are also capable of normal maneuvering.

13-

( In addition, 1 - you were to hz e postulated complete

14 severance of the collet tube, this failure would be discovered

15 |'
; during the normal surveillance testing which requires the

16 |I blade to be exercised weekly,I and it would take -- and by
I

17 ; very design the control rod system we have always designed
t

18 . 'the reactors should be made subcritical with the most
|

that

19 ;
j highly worth rod stuck out, so we still meet that design
:

20 |' runction.
.

21 |b But I think it is still important that we
I

22 - have gone to six times the expected lifetime of the blades and

23 ' still not seen any failure. -

24,y Finally, with respect to the rod drop accident,
,. % g

25 '
we believe that the overall probability of the control rod

48!L Di9'
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I drop accident is small, even without the operator aids that

2 have been installed on various product lines. I think it is

3 important he're to remember that the rod drop is only signifi- .,

4 cant at low power levels.
, ,

5 The event does not use the rod block monitor as

6 described in theaex-GE engineers testimony. The RBM is

7 designed to operate only above 30 percent power level. It is

8 there to provide protection trom the control rod withdrawal

9 there, not uhe rod drop accident.

10 The rod worth minimiter and RSCS have been designed

II
and installed on a number of plants. The operational history

12 has been iaite good.

k I3 These are t patches, as is-alleged in the testi-

Id mony. These are design systems which are operationally -- are

15 working operationally.

14
,

In addition, they say that there should be added
*

I

17 concern in the rod drop accident, because oi collet tube and

18 channel failures. It is important here to remember that the

19
important function is to maintain the driveline integrity.

20 Neither of the other concerns have anything to do with drive
.

21 integrity. Therefore, we see it does not have any signifi cant

22 impact on the overall already-insignificant activity of the

23 '

control rod drop accident.

24
In conclusion, I would like to say that GE agrees

reseras Reporten, Inc.

25 completely with the staff assessment in these areas.

4'1 00<
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1

DR. ISBIN: Thank you, Ron.

2
Are there any questions?

3 '

MR. ENGEL: Okay. At this time, I would like to^
s

4
introduce Mr. Bert Sobon to give you a brief overview on the

5
containment concerns.

6
MR. SOBON: I don't have any viewgraphs. I will

7
make my presentation from the table.

8
My name is Robert Sobon. I am from Genera] Electric.

9
I have. reviewed the staff's March 2 response to

10
'

the testimony given before the Joint Committee on Atomic

11

Energy on February 28 by the three former General Electric
12

! employees. My specific area of review was what could generally
/ i
(' 13 -

be categorized as the area dealing with the dynamic loads
14

that might be imposed upo: the containment and its main com-
15 ,

ponents.

16
i I believe that the staff responses given, again, in
i

17 j
j the March 2 response accurately reflect both the history and

18 ,
the present situation relative to each of the contentions

19 j
i riased by the former empicyees. General Electric also con-

20 |-
curs with the conclusions that were stated in those responses.

21
I We, in the Vermont Yanker. ACRS subccamittee and
I

22
full ccamittee meetings, addressed several of the containment

23 .

status items relative to Mark I and scme of the non-Vermonti

24 | Yankee items also covered by this testimony, so I will not go
~+enw nmawm imq

25'
into that again.

4El 021
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1
I do think, though, that it is important to point

2
out the considerations that are given in reaching conclusions

3 ,

_ on safety. In reaching these conclusions, it is important

4
to note that considerations are given to the inherent con-'

S
servatisms that are built into nuclear power plants. This

6
j is referred to as " safety me gin."

7| Margin. of safety is a qual'itative considera tion of
I

3
risk that includes such factors as the probability of the

9
e rents that you are d^ signing for, potential consequences of

10 -

those events , possibilities for human error, the de: 'gn
;

margins that are built into the codes and standards used tar
12

construction of the plants, the material properties that are

l' N D '

- used, Your material properties are generally 'etter than

14
the values stated in the material property handbooks.

15
There are calculational conservatisms that are

i

16 3

built into the desicn, and,ypu beccme smarter, if you will,

17 | frca plant operating experience and inspections that are

18
conducted regularly.

19 |
| Plants are designed to accommcdate, then, pcstu-
i

20 !
lated equipment failures, operator mistakes, design errors

21
and failures. In other words, the plants are designed to with-

22

_

stand certain low probability events to insure that the health

23
and safety of the public is protected.'

24
~.ww neponm. inc. Therefore, when new information becomes available

25
as a result of the continue effort to .mprove the quality of

k O92/v
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1 plant design, concerns about the adequacy of previous designs
2

can be evaluated in a timely fashion without undue risk to

3 the health ahd'_ safety of the public.-

4
It should be noted that where temporary quick and

5 relatively easy changes can be made to the plant design for
6

the mode of operation to obtain increased safety margin during
7 this detailed evaluation, they have been made. An example of

8 this basic philosophy is reflected in the effort being given
9 to addressing the pressure suppression containment capabilities.

;

10
With the information frcm the more sophisticated

11

testing that was done to support the design and model con-
12

firmation for Mark III containment, it was appropriate that
..

( 13
the previous suppression containment types be reevaluated to'

14
assure that the so-called new loading conditions could be

15
a ccommoda ted .

16
For this, the utilities with Mark I and II contain-

17
ments formed owners' groups and retained GE, along with other

18
i consultants, to perform this reevaluation. Today in the
i

19 j
| audience there are members from both Mark I and Mark II
I

20
utilities.

21
To complete this evaiuation, each group chose to

22 1
repo rt the results in two phases. The Mark I effort was tos

l
'

23 'i conduct small-scale tests to define load's that would permit aI

24
. . . , n _ ,,m, rapid assessment of the structural capability and thus demon-

25
strate that the plant operation could continue while further

!

I
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1
testing and more sophisticated and detailed structural analysis

2
is performed.

3 .

Mark II effort consisted of using all the available_s

4
information to develop a dynamic forcing function report

5
which would allow plant-unique load determination for plant-

5
unique structural evaluations.

7
This is being followed by selected -- by confirma-

8
tory informa tion to verify the load determination ef forts.

9
Again, you have heard the effort of the Mark I

10
evaluation as part of the Vermont Yankee subcommittee and

11

full committee meetings on March 3 and 5 of this fear. Mark

12
II applicants areein the final stages of submitting their

''

k 13
analysis to the staf f.

14
As a result of the short-term evaluation, Mark Is

15
are operating with the dry well to wet well delta P to

16
increased margins. Several Mark II applicants have incorporated

17
. structural modifications to increase their capability to with-
!

la i
stand pcstulated Isrb determined f rom this dyn1mic forcing

19
function report.

20
This, the is an exarple which, hopcfully,,

21 I
demonstrates that prompt attention is given to assessing and i

22
assuming and assuring the safety of operating plans und the

23
capability of plants under design and/Br construction. !

I
24

i
-now, amomm ing That is my presentation.

|

25 |
DR. ISBIN: Thank you, Bert.

,

(J% U r, 4 i
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1 Are there any questions?

2 Some of these subjects will be covered in a little

more detail during the meeting. I think that would be the
,,

a more appropriate time to ask questions of you, as well as of
S the staff, when those topics are introduced.

6 We will go along, then, to thr. next item, which

end 3 will be the _ core spray.

8

9

10
s

ll i

12 -

''

( 13

14

15

16

17

!

18 |
1
|

19

I20
.

4

21'

22

23 .

24
Mederal Reporters, Inc.

25
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44 1 MR. MARRIOTT: Gocd morning. Pat Marriott,

?/fml .

CR7662 2 General Electric, manager of ECCS engineering.

3 (' Slide . )

4 MR. MARRIOTT: I would like to talx this morning

5 about this concern which is, as you say, new to the ACRS , al-

6 though we have been discussing the potential concern with the

7 staff for some time. I would like to address it first by

8 referring to e allegat'.on in the testimony of Bridenbaugh,

~

et al.

10 First of all, Bridenbaugh and' company assert that

11 the present test program for core spray is inadequate for de=cn-

12 | strating good cooling. In particular, they make reference

13 ||to the fact that we usa what they call cold tests to deter-(

14 mine the distribution of core spray cooling over the core.

15 ' This cold test is certainly true but it is a limited part

16 | of the story and I will go into detail on that in a moment.
|
|

17 Their second contention is that if there vere in-
i

i
13 ~ adecuate core spray ficw, a core meltdcwn could result.

19 And their third contention refers to what theyi

20 make sounds like very mysterious European tests, which

21 i-dicate that steam upfiow could prevent delivery of cooling

22 to the fuel rod. I will address these contentions point-by-

23- point in a later part of my presentation, but I chink it would

24 be useful first to describe what I think is the set of
-coerm nenwm, w.

25 European tests to which they refer in their test.

4 rf). 026
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fm2 Assaya Atom, which is a Swedish nanufacturer ofi

2 boiling' water reactors with whom we have a technical exchange

3 agreement, conducted in 1974 a series of tests on their own
,

4 core spray system. It varies substantially in concept from

They have an overhead sparger adjustment in which theurs.5

6 nozzles are vertically downwa d into cells. They tested

7 their system using a spray cell system,in a steam environment

8 at pressure. They test single spray nozzles in the

9 vertical orientation, which is_ characteristic of their re-

jo actor. The trajectory of the nozzle between its placement

11 and the collecting apparatus is of the order of two feet.

I

12 | As I say, it is conducted in a pressure vessel

( 13 in a steam environment with a range of spray water geratures
~

14 and system pressures, which simulate the conditions expected in

15 the reactor under post loss-o f-coolant conditions. The noz-
t

16 | zles, which are used in the Assaya reactor are very fine
}

17 j1 droplet, high velocity nozzles. They are centrifugal atomiz-
I

13 ,p'
ing time.

-

19 We use scme nozzles of a design similar to this

20 in our reactors. Details later. But the nozzle which they
!

21j use is significantly enough different from that used by us
|

22 - that their results were not directly applicable, but they did
73, reach conclusions which we believed had.some relevance to the

24 , GE EW2. Namely, that in steam, under certain conditions, the
- M wd Rw a m tx.i

25 spray co.,e can change as a function of water temperature and

k bhu O-[''
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fm3 j as a function of system pressure. We considered this observa-

2 tion, which was brought to our attention in May of 1974, to

3 be significant enought that we undertook a series of tests in
m

4 their facility, using nozzles of the types used in BWRs. We

5 found some results which were similar to theirs on some
,

6 nozzle types. We found some of our nozzle type 3, wnich were

7 practically affected, and I will go into that later.

8 Re quickly told the staff about it, and initiated

9 a analytical and experimental program to address the effects
-

10 more precisely. Given that general conclusion with regard

11 to the Assaya test, what does it mean to the spray distribution

12 of the boiling water reactors built by GE?

( 13 (Slide.)
'

14 MR. M ARRIOTT : Well, as you know, the General

15 Electric core spray system consists of two-ring spargers,
16 which surround the periphery of the core, slightly above the

17 top of the core, and for a typical reactor, there sie alter-

na ed around the spargers course low veloci 2 nozzles and high18

19 velocity atomizing typ nozzles.

20 As I say, they are alternated around the core and

21 in the particular typical c;nfiguration I have shown here,
22 there are 65 nozzles of each type on each of the two core

.

23 spraphspargers.
.

24 Now, because of this c.ose placement of the noz-
-cowad Re,xarters, Inc.

25 eles in proximity to each other, the core spray flow into any

4Qa. 028
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fm4
1 given fuel assembly in the GE BWR is the result of the

2 super-position of the flows from a good many nozzles. And

_
3 so it is pos'sible to conclude intuitively that the BWR spray

4 distribution should not be particularly sensitive to vari-

5 ations in the cone angles of the nozzles. As an example of

6 how one might reach that sort of intuitive conclusion, let me

7 point out that we have used a number of nozzle types in

8 BWR designs. We have used very narrow pattern nozzles,

9 pipe elbows, as a matter of fact, we have used very wide
'

10 cone angles and we have designed spacessful core spray systems

11 using both types with the same number of nozzles on each

12 sparger.

( 13 That points to the conclusion again that it is the

14 super-position of the flows from many nozzles which is

15 ! responsible for the flow into any given fuel assembly.

16 Furthermore, the BWR typically has two independent

17 full capacity core spray systems and we conduct our core

18 spray heat transfer test using the minimum specified flow

19 from one system, so that the existence of two provides some

20 additional margin.

21 (Slide.)

22 MR. MARRIOTT: I mentioned that on becoming aware

23 of the Assaya test we put into place ah~ experimental and

24 analytical program. Let me describe this in a small amount
--a w W R w ,Inc.

25 of detail. First of all, before I begin this part, let me

|} $
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.

fm5 i say one thing about the staff's test on this point. The staff

2 has chosen in one place in the test, to be very concise in

3 an area where I feel a littl'e more detail is due with respect
-

4 to the effects observed in our tests on the various nozzle

5 types, so let me expand a little bit on what the staff said.

6 I think their statement is excellent on the point,

7 but it does need some clarification and expansion. We did

3 indeed in tests of our nozzles at Assaya and subsequently at

9 our own facility, find some ef fects with fine droplet

10 atomizing types similar to the Assaya test. That is, we found

11 that elevated pressure in steam, the cone from the no::le

12 could contract.

13
( We have ussa a number of types of atomizing no --

14 les and we have observed significant contractions in some,

15 practically no contraction in others. It is simply impossible

16 to generalize.

17 Cn the other hand, in testing the open elbow

18 nor:le, which is the work horse no: le in many of the EWES, we

19 cbserved practically no ef fect to the steam environment.

20 This is probaby not surprising because that is a very low

21 velocity with very large droplet size so it is not as

22 subject to condensation effects as the high velocity types.

23 Finally, in one of our no:219. types, the so-called

24 VNC,we observed a shift of the pattern 7 to 10 degrees off the
W Repo,1ers, Inc.

25 center line, so in summary, we have conducted tests on our

402. 0:0
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im6 own nozzles. We have, in fact, in the past few months con-

2 ducted quantitative tests in order to precisely measure the

3 amount of contraction experienced by each nozzle and we have
- .

4 found ef fects on our no::les ranging from quice notable to

5 practically none at all. We have also conducted tests in

6 our full-scale air test facility in order to test sensitivity

7 of the core spray distribution to large changes in the nozzle

8 angles. We did this simply by reconstructing a sparger from

9 one of our earlier plant designs and modifying the nozzles
,

10 in such a way to make the cone angles very much narrower than

11 they were in the original designed tests. What we found, I

12 won't go into the details of the results, but what we found

( 13 was indeed the BWR spray distribution can tolerate very signif-

14 icant narrowing of cone angles without making big changes

15 in the overall core spray distribution, which confirms what

16 I said earlier, about the super-position of flows for many

17 no :les, being the effect which really controls the distribu-

13 , tion into any given fuel bundle.

I

19 j ne have a continuing program underway, I mentioned
I

20 i a moment ago, that we have done tests to quantify the per-
1

I

21 | formance of the various no les. That is an ongoing program
!

22 ! in that some of the data ret ''on is not yet complete.

23 We have, in addition, experiments planned to

24 attempt to quantify the interaction between pairs and triplets
- eteerms Reporten, I,r.

25 of adjacent nozzles. We have a test planned to measure the

k b]).
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fm7 l' distribution with steam environment effects simulated. That

2 is, to actually measure the amount which the cone angles

3
m

change in adtual steam environment tests, and then simulate

4 these effects in air tests in order to get a rather precise

5 measurement of what happens in the steam environment; and

6 finally, programs to determine the interaction, if any, with
7 liquid over the core.

8 You are aware of the counter current flow limit-

9 ing which exists in the fuel bundles. We have programs
,

~

10 underway to assess whether that has any effect on the spray
11 distribution. I am sure that we will find that on balance

12 ' it is a very positive effect.
l

( 13 Finally, we have an analytical program under>ay
14 to dome up with a predictive model for the core spray dis-
15 ' tribution. That is a rather complicated phenomenon. The

16 approach which we have chosen is to begin by predicting
17 single droplet trajectories ir steam, extending that into
18 a r.cdel which will predict the performance of single nc: les ,
19 use empirical results to determine the interaction between

20 no::les and, finally, develop a globnl model to predict
21 the overall distribution.

4 22 (Slide.)
.

23 '-

24
vf1derad Reporters. tric.

25
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.

#5
frank I don't want to end this presentation withoutj
amwl

2 talking about the treatment in our evaluation model of a very

3 significant related effect'.

. .

4 We have talked in various ACRS Subcommittee meetings

about the countercurrent flow limiting model, which is5

6 currently in use, and for the record, let me summarize it.

7 The core sprays inject wa.ter over the core, which

! re ches the lower plenum in part by passing through the8
1

fuel bundles , in part by passing into the bypass region and9

10 into the lower plenum through the leakage augmentation paths.

11 The counter current flow limiting medel, which'is

17 . Currently in use, assumes that the entire core behaves as a
!

<

, j3 single, average power channel, and it uses the results from
i

14 single channel counter core current. flow results to deter-
|

15 | mine what the bundle 1.ne is.
I
i

16 ; Counterflow limiting at the top of the fuel
!

j7 [ assembly restricts the down ficw then and any liquid which
|i

|

73 ; is not permitted to pass to the icwer plenum in our medel I
i

|

19 , is simply thown away.
i

20 ; It's simply ignored in the calculation.

I

2j' The use of this model has resulted in very signi-

22 ficant delays in the calculated reflooding time for boiling
i

23 water reactors,
~

24 ; Up_ealistic delays, we believe, because we have
-man Reporteri, Inc. |

25 ' substantial and growing body of experimental evidence that

b. 04 G'l~w UsJ
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cmw2

i introduction of subcooled liquid into the fuel bundles

2 breaks down the countercurrent flow limiting phenomenon.

3 I don't recall if I mentioned it a month ago.

m

4 If I didn't, I will say it now.

5 The current model uses test results which are based

6 on saturated steam, input to the top of the fuel bundle.

7 Saturated liquid, I beg,your pardon. The liquid

8 over the core is injected by the core sprays, m,st assured'.y

9; will not be saturated.
I

10 It comes from the suppression pool and possesses ~

11 a great deal of subcooling.

12 ( .ie r.ow have a lot of experimental evidence that
i

13 | introduction of subcooling into the bundles breaks down the

14 countercurrent flow limiting.

15 The moment you get liquid into the bundle, it

16 quenches flow inside, which means more restriction and more
i,

17 | water can get flow.
i

lIs It's a positive feedback effect, which causes

I
19 ; unimpeded flow.

20 Even if breakdown occurred only in the peripheral

21 fuel assemblies, these closest to the core spray spargers,
i

!

I
22 ; where the subcooled water is coming in, it would not be

i

23 cessible for any accumulation of liq * aid over the core to

24 occur.
,

- -m-w nnomm. inc ; '

25 ' Which says two things. It say, first of all, that-
i

!
*

, _,,

j |
i

.
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c=w3 1 the current evaluation model is indeed very conservative

2 and it says in the second place, that the calcualted reflooding

3 delays w.5ich are coming out of our current mcdel are very
.

a.

unrealistic.
'

4

5 Now, I have made this point only because the

6 calculated reflooding delay in today's models is so much

7 more significant than any variations in spray heat transfer,

8 whica one would wish to postulate be.cause of the. consideration

9 of the cone contractions.

10 (Slide.)
- '

,.

11 Now, let me talk point by point about the specific

12 ; items in the Bridenbaugt testimory,
i

13 There firs.t. point was that we used cold tests
i

14 [ and by that they mean te sts in atmospheric room temi-rature
!

15 ! conditions in air, to measure this core spray distribution.
i
i

l

16 i That certainly is true.
|
.

17 : We have a full-scale :ot_ spray distribution test i

I |

13 ' facility, which dces just exactly that.

19 The effecc of steam updraft is simulated in that

20 | facility with fans, which put air through the simulated core

21 mock-up at a rate that simulates the effect of steam updraft.

22 | So, yes, indeed, we do use atmospheric air tests

|~

23 | to evaluate the core spray distribution.
j ..

24 | Bum : hey go on to condense that there are no
-eteral Resnrte,s. Inc. '

25 | " actual thermal tests," on the point and that is not at all

|

4 D2( UJ)n--
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I true.
emw4

2 We . conduct hot tests under simulated reactor con-

3 tions to evaluate a great many things which are directly on
- .

4 point.

5 We conduct tests of single core spray nozzles

6 in steam over the range of pressure and spray water conditions

7 which are Staracteristic of the BWR. under post-LOCA conditions.

8 We conduct full-scale full power tests to determine

9 the amount of spray penetration into the fuel assemblies.

10 Full-scale, full power tests-to measure the updraft

11
j due to vaporization in the bundle and to measure the heat

| -

12 ! transfer coefficients due re spray convection and due to

13 reflooding. "'

14 ' So the contention that there are no actual thermal

15 tests is not at all true.

I
16 The third contention is that the core spray has!

!

17 to be effective in " seconds" in order to prevent a meltdown.

13 | Now, one could mean any of a number of things by
il I
o

l9 ] " seconds."

il

20|' But this staterent is certainly nonsense.
!
,

21 | There are a number of phenomena involved as you k.now
i

22 | in the BWR loss of coolant accident.
I
,

23|: The BWR is completely self-cooling, using entirely

24 natural phenomena for 30 or 40 seconds after a postulated
-mee aeronen, inc.

25 accident which gives the emergency core cooling systems plenty

4 j]{ O'<
uso
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c=w5
of time to coma on.

Mr imp rtantly, in all but the very earliest
2

BWRs, the bottom plenum refloods and even if there were no
3

-
.

heat transfer at all, from the core sprays, there would be a

' "9 # 9 '

5

design basis LOCA, due to reflooding, with no credit for

spray heat transfer whatever.
7

The final point which isn't really relevant, but

since it was mentioned I will address it.
9

10 | " Steam blasting" will prevent, spray delivery to
'

!

11 | fuel rods.
.

I

i That's not true. I think what they are probably
12

referring to is counterce ant flow limiting phenomena, which'

( 13

as you know we have evaluated in full-scale full power tests

i

1.y ! and have found that stern updraf t, while it does delay delivery
,

|

1 f the spray water to the lower planum, certainiv does not
16

i
i

g| prevent it.
4

i: I

g] What's more, the cooling which you get from the
i ,

! I

updrafting steam is very 'gnificant in and cf itself and we t

19
,

i take no credit for that ir the calculations.
20 !

,

(Slide.)
21 ,i'

!

S t summari e, we have evalucted the tests frc:a,

22

Assaya Atom on cone spray angles.
23

24 We brought it to the Staff's a'. tendon and we have

-coww %mn. inc. ;
! been working with them since then.25
i

|
'
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cmw6

g We have conducted experimentn1 progrcms anc our

2, own nm:n is and our own syste.m to determine the ef fect on

3- ; pray distribution and a continuing program is underway.

4 ne found that our overall distribution is not

5 spray system to cone ancle changes for the reasons I have said .

6 It's super po.'ition in flows that really governs

7 the distribution and, furthermore, we have two full-capacity

81 systems in each react'or.

9 The third point, the peak temperature is insensitive

.

to to spray transfer in the first place.
,

11 We have very conservative treatment cf related'

12 effects in the evaluation model, contercurrent flow limiting,

13 the fact that we now.. inventory away if it's not permitted
,

14 to pass to the lower pleanum.

15 We ignore counter core flowing limiting breakdown

16 , resulting in a much delayed calculated REFLCOD time, much
I
|

17 ; more significant than variations in spray heat tranfer.
i

|
I

l a ,i So in conclusion, on this concern, the ef fects of i

I

19 |j a steam environment are significant on some no::le types,
!
'

20 used in GE BWRs.
r
1

21 The design of the EWR, ECCS, however, minimizes

22 the sensitivity of the peak clad temperature to variations in

23 spray heat transfer and the whole ef fect is very conservatively
24 treated in the evaluation model.

.., vasmi neponm. inc.

25 That's all I have prepared to say. I will be happy

h)hs
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to answer any questions.y

cmw7
DR. CATTON: How does the steam affect the cone2

3 angle physically?

..

MR. MARRIOTT: In two ways. , Number 1 is by4

condensation.5

Condensation, of course, adds mass to the droplets
6

and therefore affects their trajectory.
7

'3 ore important --g

DR. CATTON: Does it increase or decrease the cone9

'

10 an gle?
,

i

11 Added mass will increase the movement of the
|

12 | droplets.

MR. MARRIOTT: It would decrease but in a vertical
. 13
i

field it's clear to see.ja

15 By making the droplet heavier it would make the
I
i

16 | gravitational effects more important.
I

i

17: DR. CATTOS: 1sr't your spray momentum enough :
.

i

! I

j3 i that the gravitational effects are small? j
i ;

i l

19 ; MR. MARRIOTT: No. I

||
'

I
20 DR. CATTON: There is quite a distance between the

.| *

21 spray head and where it is supposed to impact.-

i

22 MR. MARRIOTT: There is a horizontal difference.

23 The spargers are just above the top of the core
i

-

,

24 , ana they lost water over the top of the core so gravity
i

-werei Reponers, Inc. I

25 effects are quite significant.

t
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emw8

i The more important effect, though, of the steam

2 environment is that, as condensar accurs on the droplets

3 inside of the cone, it causes a net inflow of steam which
.

causes an inward drag on the droplets and actually pulls them4

5 inward.

6 DR. CATTON: So there cone angles that you talk

Lbout are relative to the axis of the spray?
7

I

MR. MARRIOTT: That's correct. That is a good

8|
9 question.

.

10 I should have made that clear.

11 DR. CATTON: So what about relative to the central

12 ; part of the core?

; 13 Yuu are talking about a single cone spraying out

14 across the core.

I

15 ; If you change the cone angle a little bit, and you
!

16 have got a whole lot of them, I wouldn't expect much of

17 f a net effect.
1
i

la MR. MARRIOTT- There isn't much net effect. That's,
t

; |

| |

17 ; right.

20 DR. CATTON: If you draw down the overall spra'.

21 Pattern, that might change thinJs.

22 MR. MARRIOTT: It might, indeed. Let me explain.
i

i
23 DR. CATTCN: You talked a, bout cone angles but

i

24 !'l not the intecrated effect.
- -, a acarms, ine. |

25 ' MR. MARRICTT: I guess I need a little elaboration

$k -

..
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Cmw9 1 on the effect.

2 DR. ISBIN: You mean the net results.

3 D,R . CATTON: Yes. Talk about a single spray and
. . . .

4 its cone angle, I think that is different than talking about

5 a multiplicity of cenes around the periphery and the net

e5 6 effect on the spray distribution over the core.

7

8 I
i

9

,

10 , -

11
|

|

12 :

1
13 *'

14

3
15

16
,

,

17 I |

!
18 ,

|
i

19 !
i

i

20 i
!

21 !
!

22 '

23
.

24
-meral Reporters, Inc.

25 ,

I
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1 MR. MARRIOTT Right. Let me reiterate something

, 2 I said earlier' on tha t poin t.
3 Ne too:' in our full scala core spray test facility

4 a sparger from one or the BWR 4 designs and modified it in

5 such a way that all the cones contracted, very severely, as

6 a matter of fact, much more severely than we have measured

7 them to do in a steam environment to find out what the over-
8 all effect would be.

9 DR. CA *To ti: Okay. You are picking the spray head
,

10 that you know to L^ the worst.

11 MR. MA7R1,TT In f act we didn't do quite th a t .

12 We simply -- we took a BWR design whi ch uses a very wide cone

i 13 nozzle and modi fied tha t' nozzle , modified all of those
14 nozzles in such a way that they had a very narroa cone.
15 Simply to find out what the sens itivity was to big changes
lo in the cene angle.

17 Ne weren't a ttempting to simulate what the

18 nozzle: would actually do in steam. In fact we kina of

19 overdid it. '/l e Tate the nozzles in th e tests a f a ir a moun-
20 narrower than we have measured the nozzies cer for .an ce to be
21 in steam.

22 So we svaluated then what the overal1 effect would
23 be. It wasn't surprising that the d istribution was not as

24 uniform with the narrow cones as it was with the wide cones.
25 Why wasn't it surprising ?

41). 042



.--..--. . . ... - .

.

.,

.

cam 2 42

1 Well, because we optimized the design in those
.

2 tests to get t'he most uniform distribution we can, so anything .

3 you do to it brings it o f f optimum.

4 But the important results were, one, there were

5 no area; of the core which received zero flow and second, the

6 distribution while less unif orm was not all tha t m uch less
7 uni'orm. The minimum measured flow went down by about 30

8 percent.

9 DR. CATTON: So wha t you are saying , wi th the se -

10 cones, very narrow cone angle , you didn't run into any

11 problems relative to delivery to the core.

12 MR. MARRIOTT: That's right.

( 13 DR. ISBIN: On this point, let me be more explicit

14 and address i.y question also to the Staff.

15 On page 2-28 of the Staff's testimony they refer

16 to a review of all operating SWR plants, acd i f ic a t i ons in the

17 LOCA evaluatien models, were not needed. This was on the

18 basis of the review of the core spray results.

19 My question is, who made this review ? Was it both

20 GE and the Sta f f independently or was it a single review ?
21 Let me ask the question first of Vic Stello.

22 MR. STELLC: The statement I think is still true

23 today. I believe the reviews were made by the General Electric

24 Company and the Staff jointly. The view, in looking at the
25 SMR plants, except Oyster Creek and Nine 'dile Poin t wni ch

b Odj
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1 didn't have flooding capability and the ones remaining that
2 did have the ability, are concerned with the c.untercurrent

.,

3 flooding distribution and the results that would be obtained

4 with countercurrent flooding indicatid to us that the real

5 concern was countercurrent flooding.

6 In that case the SWRs f or which flooding was
7 included there. was a rather substantial penalty imposed on
8 the way in which the calculation was dene. So t ha t case,

9 tha t remains true today.
,

10 I share the same view as Pat had', that when we
11 have better data, we prove that we have indeed imposed con-
12 siderable conservatism in the way we are calculating per-
13 formance in those plants..teday.

,

14 I believe the nozzles are dif ferent in the two
15 other plants, for which there is no appreciable change in
16 cone angle in Oyster Creek and Nine Mile. Basically open

17 elbows were shown to be insensitive in these tests. That
18 still is true today.

19 MR. MAR 7IOTT: Tha t's c orre ct .
20 MR. STELLO: Th is i s a qui ck summary o f wha t we
21 did and I might ask Pat if he will speak for what the General
22 'dlectricCompanydidinitsreview.

~

23 MR. MARRIOTT: Well, Vic , I have nothing really to
24 add to that. What you say is very true. We ha ve indeed
25

'

systematically tested practically all of the nozzles now which

k 0S,
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I have ever been used in BWRs and steam environments, to be

_ 2 sure that ther'e are no surprises and we have run tests in
3 the full scale ' facility at as appropriate

4 when cone angles did change to quantify the effects of those
5 cone angle changes and our conclusion still holds tha t it is
6 inappropriate to. make any changes to the evaluation models to
7 account f or t.nis ef f ect.
8 DR. ISBIN: Now, will this also include Dresden !?

9 MR. M ARRIOTT: Yes. - '

10 DR. ISBIN: Are there any questions particularly
11 with reference t Dresden I which might be a ffected by the
12 changes in the spray angles ?

( 13 MR. MA9RIOTT 'I should mention that. We have
14 been evaluating not only Dresden i but all of the so-called
15 BWR-Is, the very early boiling water reactors, along with
16 the rest of the SURs, with respect to this phenomenon.
17 We were not prepared at cur most recent meeting
IE with tne Sta f f wnich Raul Borner a ttended to discuss the
19 SWR-Is, so he hadn't had the benefit of a presen tation ca
20 that. But first the core spray distribution systems in 5719-Is
21 va ry in de ta il from plant to plant.

,

'

22 I don't propose to talk abcut them plant by plant
23 today, but we have tested nozzles of th e types used in the

'

24 SW9-1 reactors. The da ta reduction is not yet comcle te. When

25 f t is complete we will assess the af fect on tha SWR-Is as we

A f;} r-' - U- U
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1 have for the other reactors.

2 If there is a potential concern indicated we will

3 notify the customers and take appropriate actions through the

4 normal licensing channel. The sys tems , howe ver, are roughly

5 similar to those used in the later reactors. That is, they

6 are ring sparger systems with a number of nozzles, so it is

7 quite likely that my general comments with regard to super

8 position and so forth hold true with respect to th e BWR-Is

9 as well as they do to the later reactors. . ,

10 DR. IS3IN. Wha t is the position of the Sta f f with

11 reference to BWR-1s?

12 MR. STELLO: If General Electric Company is doing

13 some new work I assume they will also make sure that th e Staff

14 is informed of any results that they have. At the uo.aent we

15 have se veral of the older reactors, and by tha t le t me just

16 say earlier that Oyster Creek under review includes Big Rock,

17 Humboldt, and so far we found no reason to change an y thi n g m

18 said thus f ar, but I would have to leave the futura open to

19 what the future hcids.

20 rihen we finish the review we surely vill keep tha

21 \CRS infor.ned as to the results. I have no reason to specu-

22 late there is any serious problem.

23 DR. ISBIN: One more q ue s ti en in this area, Pat.

24 The ACRS, particularly through its subco mittees

25 involved with reacters and emergency ccre cooling systems, has

k fj} r. ' /
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I been meeting with you.
..- . . ..

_ 2 At 'our last me et ing I recall your making a state-
_

3 ment that you would include both the pluses and ainuses in

4 the evaluations of emergency core cooling sys tems. In retro-

5 spect , how did it come about that the ACRS Subco.nmittee was

6 not in formed on this particular topic?. Was it the Co ni tt3e

7 members and our consultan'ts weren't as tu te enough to ask the

8 questions, or was it perhaps your thinking that this was a

9 trivial problem or.what? Bu t wha t d o we learn from this ex- '

-

10 porience to improve the communica ticns ?

11 MR. M ARRIOTT : Okay. That is a good question.

12 Clearly the ACRS cannot be artute enough to ask questions

( 13 about some thing that thiy don't know about. I would not

14 call this a trivial concern , e ither. Indeed we have devot ed

15 a fair amount of -nanpower to studying i t, but we have not

16 interpreted it as a safety problem.

17 Clearly, the effects on 5'/|0 desigr are significant

18 and we are going to benefit greatly I think in the desig" of

19 the subsequen 3 /:R s from what we have learned en this, but in-

20 asmuch as it didn't represent to us a ma tter o f burn in g s a fe ty

21 sigificance, we have simply not brcught it up.

22 ?!e hava notified the Staff and we have been working

23 with them in en orderly manner to understand the effects more

24 precisely, but neither se nor the Staf f ,heve seen fit to, for

25 example, take action to account for it in the ... ode l s . Take
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I action to impose more restrictive limits and so forth, because

2 we don't believe it to be a significant concern.
-

3 MR. STELLO: Herb, I think the Committee and the

4 Subcommittee and the Sta f f, in that we can be blamed I suppose

5 to the Staf f for not bringing this to the Committee's atten-

6 tion in a forceful manner.

7 The Staff has taken steps some time ago to be sure
2 the Committee is fully in formed wi th respect to our inspections
9 and our meetings with the vendors. I made sure th e m e e tin gs .

10 that were referred to were sent to the ACRS and they in fact
~

il were sent.

12 However, I think perhaps in retrospect what we
13 should have done is ca11'ad this more forcefully to your
14 a ttention and we ware negligent in doing so and I apologi ze
15 for not doing so.

16 However, I think what we were preoccupied with
17 was the new phenomenon which we felt was a ;uch ore sericus

18 concern for which the penalties ware much more signi fican t.
19 That was countercurrent ficcding. In our viav a model where
20 you could stack up water over the core o f several f e a t, up
21 as hign as 10 feet, that the spray distribution was not th e
22 concern that we need2d to focus on.
23 Th e true concern at tha t t i c.:e was countercurrant
24 ficoding and how to directly account for that phenomenon. As

.

25 1 recall, th a t is the phenomenon ve force fully brough t to the

A [d f r, * O
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i Committee's attention and perhaps in focussing and concen-

2 trating en tha't particular aspect of it we were negligent

3 for not saying, oh, by the way, there is another natter that

4 nas come up and didn't bring that to your a ttention as force-

5 fully as we can.

6 We will try very hard in th e future to make sure

7 tha t we interview the syste.a to make people more aware of

8 these problems. Although I think you have to agree that

9 perhaps it is useful for the Staff to act as kind of a filter . ,
'

10 mechanism and bring really important issues to the Conni ttee's
~

11 attention and hold back some tha t -- al though we can uake the::.

12 available to you, but don't make as big an issue out of the

13 less er impor tan t issues'.''

14 DR. IS3IN : Thank you. Thank ycu, Pat.

15 M R . .'1 A R R I O TT : Th an!< you very much. It was a

16 pleasure.

17 DR. ISSIN: Our next ite:.' starts with the dta f f.

IS MR. D. ROSS: "y name is Denny Ross.

19 With respect to agenda it:m 3 <e -/an ted to eke

20 item B first and calk about the E N.2- pump overspe'ed and I would

21 like to note also, sometite this and the EPRI repre sen ta tive

22 'would be available to discuss EPRI's research en this, nher

23 you get there, I wculd suggest we find a place for hin at that

24 time.
..

25 DR. I S S I .'I t All right.
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1 MR. KLECKER: My na me is Ray Klecker. I am

.

2 with the NRC Division of Operating Reactors.
3 My subject today is the reactor coolant pump
4 overspeed and flywheel missiles.

5 You might note from the ti tle tha t the first

6 part of this, pump overspeed, will pertain to boiling
7 water reactors as well as pressurized water reactors,
8 but that the flywheel missile part of it will pertain

9 to pressurized water reactors only since the boiling - '

,

10 water reactcrs do not have flywheels.

11 I would like to start with r eading. the
12 allegation oy Mr. Pollard.

12 'ctually his allegations were contained on,
.

14 se veral she o ts. I have taken the liberty of excerpting
15 from that, and I believe I have covered a few of ^his main
16 points.

17 One, there is the existence of a generic issue
18 and, tso, tn a '. the ICC is proceeding with licensing
19 fa:ilities ~'ile tne issue remains unresolved.
2C His allegation, or at least the excerpt of

21 ljis allege ~ Ion, reads as follows:
,

'

22 As a result of the reactor coolant system pipe
23 rupture and the bic'.idoan of re ac tor coolant to the reactor
24 coolant pu.rp, the pumo imoeller may act as a hydraulic
25 turbine causing the pump, notor and flywheel to overspeed

.kk O T
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1 and become potential sources of missiles.

2 The potential for missiles f rom pump overspeed
-

3 remains an unresolved sa fety problem for Indian Point 2

4 as well as other plants.

5 This particular issue was under review in depth

6 by the Sta f f some three years ago, and at that time we had

7 a series of neetings with all of the LWR, that is the light

8 Water reactor vendors, and subsequent to those meetings

9 we prepared a Sta f f report which was presented to the ACRS.
,

'

10 The date of the report is August 3, 1973, and I

il believe that the date of cur presentation was August 8th
12 or 9th of that year. I am not sure of the exact date.
13 Mr. Pollard h'imself was a participan t in thesa

s

14 meetings and also had an opportunity to contribute to our

15 report to the ACRS.

16 Since the suoject was discussed with the ACRS

17 at that time in some detail, I am planning cnly to go into
IS it brief1; today.

19 -ic we ve r , if the subcommi tte e wishes , I will go
20 into it at any depth or any aspect of it, at your desire.

21 I have additional slides here which can be used
22 for that purpose, if you want to take the time to use them.

23 I might just at this time put a slide on here

24 which gives the conclusion as indica ted in our recort of
.

25 August 3, 1973. It states as fo11cws:
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1 We believe that because of the small likelihood
2 for the occurr'ence of a pump overspeed event that could

3 seriously increase the consequences resulting from a loss-of-

4 coolant accident, the action being taken by the Staf f to

5 assess this problem in a generic fashion outside the

6 context of individual application reviews is an acceptable

7 course to follow.

8 Our con clusion today is essentially the se..le

9 as it was at that t. i me . And I have a slide here which very -

10 briefly gives the bases for that particular conclusior..

11 (Slide.)

12 First, flywheels are simple de vices. Tha t i s

13 the stresses and stress" intensities can be calculated to
14 the degree of accurecy required.

13 The gecnetry of a flywheel is essentially a

16 flat plate.

17 of courso, it is machined to be a flywheel,

13 but the surfaces are all availecle f or inspe ction prior

19 to essembly.

.

20 It can be built without welding and, as a

21 consequence of these items, it is easy or relatively easy

22 to control the quality of the flywheel.

23 Number two, the material properties are known

24 and specimens from each or the sane plate es each reactor

25 flywheel are tested to determine its spe ci fic proper ties,

bk Oh2
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I and I might point out that generally the materials used

2 for flywheels 'today at least are very tough materials of
3 essentially the same grade as used in reactor vessels and

4 in many cases it is exactly the same materia).

5 Number three, the Staf f has had a Regulatu y
6 guide which is now numbered 1.14 -- it .was originally
7 Safe ty Guide 14 -- which' addresses the design and
8 inspection of flywheels.

9 Within t. hat Regulatory guide we request f rom -

.

10 th e applicants and ultimately from the various vendors
!! topical reports addressing the subject.
12 In these topical reports we would ask for

13 design bases and the vendors' critcal -- the vendors'

14 calculations of the critical failure speeds.
15 I night point out there are about three

16 potential ways in which a flywheel could f ail if it was

17 overspeeded to some unlimited degree.
18 One is it could fail cuctilly. That the

19 material reaches the yield strength and yields.
20 Number tw o , it could fail in a non-duct ive
21 manner. That is if it had a flaw in it to begin wi th.
22 it could fell ductilly.

23 Here we request vendor to do a fracture
24 mechanics analysis.

25 The third way in which it might possibly fail

480t ory
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I is as the flywheel overspeeds the interbore region will

2 tend to expand' first and reach yield and, as a consequence,
3 the flywheel may lose an undershaf t, to some extent to

4 become unbalanced.

5 These three areas we are asking the vendors
6 to address in their reports and, of course, the Staff

7 will review thea.

8 Next item, flywheels are spin-tested at 125

9 percent speed. -

10 This is a requiremen* of the Regulatory guide
11 and, further, we ask for in-service inspection as well

12 as the pre-service inspection th a t I m en ti on ed a l it tl e
"

13 earlier.

14 On the in-service inspection we understand that

15 flaws less than -- or up to one-ha l f inch or greater can
16 be detected, such tha t even if flaws were to develop
17 in servi ce , we have a confider.ce that they would never
16 exceed, say, 3 hal f inch in depth.

19 Flew growth rates have been calculated en d

20 fcund to be extremely slow in service, so that e ven between
21 periods of inspection, we would not expect flaws to exceed,
22 say, a half inch.

23 This at nornal opera ting speeds is really no
24 problem because the critical crack size i s ' th e o rd e r o f --

,

25 let's say several inches or more.

k k r.
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i The fourth item, the only potential aechanism

2 for significan.t overspead is the loss-of-coolant accident.
.

3 I have under> ined the word "significant" because

4 I am sure all of you can imagine turbine tranrients can

5 drive a flywheel or the pump itself and, as a consequence,

6 the flywheel, to some degree of overspeed.

7 However, the magnitude of those overspeeds are

8 quite within the design capability of the flywheel and the

9 motor itself, so they are really not of concern.
,

10 The only overspeed of real concern is the over-

11 speed as a consequence of a LCCA.

12 Number 5, we say the specific LCCA probability

13 ic low. By this I mean that the only LOCA, l os s -o f-c ool an t

14 accident that will result in a very sericur oversceed, is

15 tne complete severance of a pipe and the pipe of fsetting

16 such that we have essentially unimpeded blowdown to th e

17 containment environment.

15 If the pipes do not separate or if we have only

19 crack type fla'vs in tne pipe , even feirly large ones, then

20 the everspeed probler diminishes very rapidly.

21 We have put a prcbacility here of somewhat

22 be tw een 10 to the minus 6 and 10 to the minus 5 per

23 f acility year for this type of rupture.
+2

24 In addition to that, the E'i:R plan ts in particular
'

25 tha t I am familiar with have a restraint system. By tais I

k bh.
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I mean it is a system to limit the of f set of pipes, should

- 2 there be a rudture in the pr imary coolan t sys tem.

3 Now, these restraints are not rigid against the

4 pipe such that there can be some opening of the break area.

5 However, it is difficult to envision a full
,

6 double-ended break.

7 The. third item of probability is that missiles

8 from the flywheel would cause additional damage to the

9 plant over and abcVe what was caused elready by the LUCA '

10 anu, as a result, the consequences would be more severe

11 than what we now analyze.

12 We have placed a prob?b tlity of somathing like

13 10 to the m.'nus 3 to 10 to the minus 2 on that.i

14 The overall prcbability then is a range of

15 somewhere between 10 to the minus 11 and 10 to the minus 8

16 per facility year.

17 h,w, we noted in our report to the ACRS that

16 even i f ';e were of f by a facter of 100, that is , we would

19 reech a probability o.' scmetning like 10 to the minus 6

20 .per facility year, we felt tha t we could still procesd with

21 ,the licensing of plants because this probability was low

22 enough for an interim period.

23 I night make one cbservation en the side here.-

24 That is, subsequent to our preparing the,se numbers, the

25 Rasmussen Safety Study Group came out with what is known as

AIXl 05g
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I WASH-1400 in which they also addressed the same subject.

2 Our approach was somewhat dif ferent f rom theirs.

3 However, I believe that we arrive at essentially

4 the same conclusions.

5 Their net result for this particular sequence of

6 events is two times 10 to the minus 6 per facility year and

7 I th ink in view of the uncerta inties involved f or the

8 numbers, that is pre tty good agreement with what we have

9 presented earlier.
,

10 The si x th item on the slide is present analytical

!! calculations are conservative. By tha t I mean all of the

12 vendors and the Sta f f in our calculations have used more or
13 less idealized analytical procedures because we do not

14 have sufficient test information to treat certain of th e
15 phenomena we expect to occur.

16 In each case we have been, I believe, overly

17 conservative and these EPRI tests that Mr. Ross alluded

15 to there, I believe, ultim.ately should demonstrate tne

!9 degree of ccnserva tism we now feel that are in the

20 calculations.

21 I have to admit that we are still specula ting

22 at this time. We have no positive proof but it is just

23 in tuiticn and knowledge of other aspects of pump perf ormance

24 and that leads us to believe the " w o-p ha s e flow through the

25 pump is going to be less e f ficient iri driving that pump as

A 96~ 057
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I a turbine and, as a consequence, the mechanical engineering

2 in the flywhee'l is expected to be less.
-

3 The seventh item I have on my slide is th a t

4 electrical braking can limit overspeed.

5 Now, this , again, can be argued with to some

6 e x ten t.

7 If you will recall in Mr. Pollard's allegations

8 he specifically stated that there were people who disagree

9 with this a pproach.. .-

10 I think the reasoning behind this disagreement

11 is that the electrical braking, as it is ncw installed in

12 plants, does not meet the IEEE criteria.

13 That is the switch gear and controls are not

14 Seisaic Category 1. It is not single-failure-proof and

15 the pump motors are not qualified for the LOCA environmen t.

16 In Mr. pollard's discussion, or at least earlier

17 in the paper that he wrote, prior to our presen tation to

18 the ACES in !)73, he did discuss these issues, and at that

19 time he pointed out that the pump motor could probably be

20 expected to survive at least for the 20 seconds during blow-

21 down, so that that wasn't the m a i r. i ssue , but wnat he was T.ast

22 conc e rne d '.ri th i s tha t the swit c h gear , of course, was not

23 s ingl e-f a il ure-pr oo f .

24 We have considered this matter 'previously in

25 our reviews with the vendors and a.mong curselves and we find

lh. h]8
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I that it would be extremely dif ficult to make this heavy

2 switch gear cohply with all of the criteria that I think
,

3 Mr. Pollard would like to see.

4 For instance, the main breakers for the coolant

5 pumps could not readily be put in parallel without

6 Jeopardizing the noraal protection of the pump motors

7 themselves.

8 Tha t doesn't mean tha t certain parts of

9 electrical braking schemes could not be made to comply; .-

10 but, again, this was discussed with the ACRb earlier.

11 Despite all the limitations of electrical

12 braking which we in our paper to the ACRS acknowledged,

13 we still feel that the electrical braking can go to a
s

14 reduction in overspeed that would be contained in the

15 event of a major loss-of-ccolant accident.
.

16 If electrical braking does work, the problem

17 is prcbably moot, simply because the overspeed t na t

18 would be reached would be the ordar of perhaps 5 to 10

19 percent which is well within the design capebility of the

20 particular pump motor and the flywheel.

21 So, in conclusion, we do consider the pump

22 overspeed issue to be resolved on an interim basis, so

23 that we can proceed with licensing of f acilities.

24 We do believe it pruden t , howeve r , to obtain

25 two-phase blowdown information, test results and so forth,

'9k us' 9
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1 to better understand the phenomenon and to determine the

2 efficiency of actually converting to hydraulic energy

3 to mechanical energy.

7 4 That more or less comple tes my presentation.

5 I will be happy to answer any questions.

6

7

8

9 .

.

10

11

12

13
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14

15
e

16

17

18

19

20

21

22

23

24
.
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_ 1 DR. ISBIN: Do I understand EPRI will cover some
-FM1'

JR7662 2 of the experimental parts?

3 ME. D. ROSS: Yes. Tom Fernandez is here. Perhaps,
-

4 you would like to go directly to his statement.

5 DR. ISBIN: One aspect he might want to consider

6 and answer later, Ray, your report of, what, 2-1/2 years ago?

7 MR. KLECKER: Yes.

8 DR. ISBIN: Was a very good report and the ACRS

9 members did indeed study that report. I think what we are

10 trying to do in this particular meeting is to give an account-

II ability of what we have been doing, to point out, however,

12 that perhaps we have not tackled some problems as vigorous-

13 ly as they might have'been tackled.

14 One item in your report, as I recall. gave a

15 schedule for testing. You are far behind that schedule now.

16 I think some ccm.ents should be made on the spred in

I' wcich items are resolved. The experimental data base

18 obtain_d. This would be the time to do it.

I9 MR. STELLO: I agree it would be tie time. I

20 noticed Dr. Kouts was here a moment ago and he is gone.

21 I will try to answer it. I think I hnve to share your ob-

22 servation that it would have been more desirable for the pro-

23 gram to have proceeded on a schedule t,P.at gives us results

24 sconer than we somehow have gotten on track with. I think
*awrd Reporten, Inc.

25 that the priority for which programs are funded and the
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:m2 schedules that are set and the money allocated for each programy

is one that causes the schedules to vary the way that they2

3 do.
,

4 In retrospect, I don't know that there would

5 have been a way to rearrange the priorities with the avail-

6 able budget to have caused this program to have given us the

f.ata sooner then it seems to. I think it is the classical7

8i story of limited resources. We just did not have sufficient

9 funds to start the program moving vigorously enough to get
,

10 us the information. -

11 However, I think things now look better. When

12 1 EPRI gets up, the program is in place and it is moving,
t

13 although I guess I just have to agree, I would have liked

14 ; to have seen it move faster.
+

|

15 ! Maybe, if you want to ask the question again with
|

|

16| Dr. Kouts back, he might want to add something to what I have
.

I
17 ; said.

;
,

13 | DR. ISBIN: No. Let's go cn with EPRI. What was
!

519 the last name?

MR. 'E RNA{IDE 2 : Fernandcz.
20]

.j
,

21
-

DR. ISBIN: Would you want to come up?

22 MR. FE RNANDE 2 : I am a program manager at EP RI .

23 I regret to say that due to fravel schedule and the,

24 short notice about this meeting that my remarks will be
-= = w n e x w s,inc.

25 presented in an informal fashion. I will try to do the best
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fm3 1 I can. And I will try to address the two comments that you

2 just'made, Dr. Isbin.

3 EyRI currently is' sponsoring four research pro-

4 ject. in the area of coolant pump behavior under LOCA con-

5 ditions. These four projects, the funding support for them

6 amounts to approximately $1-1/2 million, which reprasents

7 a significant commitment cf our safety budget in this area.

8 And the projects, as currently laid out, should

9 be ccmpleting their schedules between late 1976 to the early

10 to middle part of 1977. So, we are trying to proceed with all

11 due haste, in this direction. The project includes both

12 large scale pump model tests, as well as small scale pump

13 model tests. It also includes both fundamental analyses,

14 as well as what you might call engineering model development,

15 verification and application.

16 Now, if you like, I can go through a brief hop,

17 | skip and a jump through the four projects we are sponsoring
|

18 ! ar I could entertain questions.
i

|

19 | DR. ISSIN: Let's take the quick jump.
!

20 f MR. FERNANDEZ: Okay. The first and probably
1

21f larger project is being spcnsored by Cctbustion Engineering
i

22 and EPRI at Combustion Engineering. It predominantly involves

20 testing a one-quarter scale model pump under both single and
, .

24 two-phase conditions. There is a phase of testing that
-tJe.vad R-taxters. Inc.

25 , includes steady state tests to characterize the pump performance

b), I'- '
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_m4 1 under single and Phase 2 -- single and Phase 2 conditions

2 and that will ce followed by some transient blowdown tests,

3 with this pump, to obtain information on the behavior under
,

4 transient conditions. The status of the project right now

5 is that shakedown tests on the loop and the pump are in pro-

6 gress and we hope soon to be into the Phase 1 testing.

7 A second project, which is in direct support

8 of the CE project, is being conducted by Creare in New

9 Hampshire. The Creare project will perform scale model tests
-

10 with a 1/5 scale of the 1/4 scale, CE pump. Therefore, it

11 would be essentially a 1/20 scale model of the large pump.

12 In addition, it will perform tests on a 1/20

9 scale of a B&W pump. The test loop is a mock-up for the

14 CE pump test. They have a mock-up of the CE test loop, so

15 that we will be investigating the nature of that loop as
16 well as the pump. And the same will be true for the small
17 ' scale tests on the B&W system. Tests will be performed wit't

18 an air-water system. Later on I think there will be an-

19 j other lcop that will be constructed that will be able to go
20 to higher pressures and rest under steam water conditions.

21 That project also includes some phenomena of

22 ecological analyses and some model development, as well as

23 a review of the state of the art on multi-phase behavior in
24 pumpts.

% n.po,tm. inc.

25 The third project that is being performed by

b0h n-
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im5 Babcock and Wilcox. It essentially utilizes their test dataj

btained on a 1/3 scale pump, with air water conditions. It2

3 includes approximately, I think, 500 steady state data points

and about 250 to 300 transient data points. Don't quote me4
x

n those numbers, but they are approximately right. And5

essentially what they will be doing is constructing6

homologous curves for thepump, both head and torque curves,
7

feeding those into a pump model and then later on taking that
8

model and using it within the system calculation to assess7
.

the pump behavior under transient LOCA conditions.10

11 The fourth project is c,ing conducted at MIT.

12 , It is a small project. It is essencially addressing anal-

13 yses of the pump under two-phase conditions.

ja DR. ISBIN: All right. Fine. Thank you.

15 - DR. PLESSET: Who is setting the scaling logs?

16 Is the MIT group going to do that? Also who is going to

!37 compare tne significance of air-water tests with steam water

1
'

18 tests and the effects there?
i

l
j9 i MR.FERNANCE2: The scaling question is being addressed

|
20 primarily by Creare. We are obtaining data on different

model tests. I should mention that CE and B&W will21

22 1so be looking at this question, both questions, Professor

Plesset. The scaling, as well as the Iglative behavior of23

24 air-water versus steam-water.
e w n m e,t m ,anc.

25 A part of the CE pump testing -- I don' t

E,
.
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fm6 1 want to say that. The CE-EPRI pump tests will be followed by

2 some KWU-CE pump tests, and in that program they will be

3 testing both 1/4, as well as a 1/5 scale model pump, so that

are trying to obtain data on -- we will be obtaining4 we

5 data on 1/2, 1/3, 1/5, and 1/20 scale model pumps.

6 >m. ETHERINGTON: You evidently expect to show the

7 pumps will not overspeed to the point of disruption.

8 MR. FERNANDEZ: We will be addressing the pump

9 overspeed question in the CE pump test program.
,

staff's posibion is, I believe,10 DR. ISBIN: The

il you expect from'the tests to show that the pumps will not

12 overspeed to the extent they were calculated in Ray Klecker's

13 report. This has to e verified. This is on the basis

I4 also of a Westinghouse report, WCAP-8163, which the staff is

15 reviewing. The staff does note that they expected additional

16 data to confirm the calculation of this report by December of

17 , '76. Dces this tie in with, or is this another set of

f
18 ' data?

39 MR. FERNANDEZ: It probably ties in with the

20 schedule for the CE pump test program and we hope to main-,

21 tain that schedule as close as possible. It is going to be

22 a difficult testing program. We are going to try to bring it

23 to a conclusion as soon as possible,'around December of

24 '76.
*W Resxwters, Inc.

25 MR. DOCHERTY: The data you we e referrini to,

t~ae data that you were referring to in reference to the

k hj ) b
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im7 i Westinghouse WCAP 13 an independent study data'. It is being

2 developed from pump tests that are occurring in France,
0

3 conducted by Framatone.

4 DR. PLESSET: Where? Where are those tests?

5 MR. DOCHERTY: In France.

6 DR. PLESSET: It is a big country.

7 MR. DOCHERTY : I belie </e scmewhere near Marseilles.

8 I can get the specifics if you wish.

9 DR. ISBEN: Thank you.
,

10 MR. 1(OUTS. Herbert Kouts.
''

11 Dr. Isbin, we did have a pump test program ir 1973

12 and in 1974. Because of limitations on resources we had to

13 decide where to place the emphasis in our program, so after

we discussed matters with EPRI and foudn whare they were14

15 trying this, we decided as a matter of emphasis we would put

16 our resources in a plenum fill experiment and they would
17 ; take care of the problems, and this is the cut we have had

la since that time.

19 ' DR. ISBIN: Thank you.

20 We are pretty close to schedule. I think we will

21 move on.

22 Thank you. It is suggested that we break until

23 11: 00 o' clock. -

24 (Recess taken.)
-aierW Retxxters, Inc.

25
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I#9 DR. ISBIN: We will resume the meeting now.

frank
2cmwl (Slide . )
3

MR. KNIGHT: I am Jim Knight, from the Regulc. tory
4

.

Staff.

5
Our next topic concerns the allegations of Messrs.

6
Bridenbaugh and Hubbard shown on this first slide.

7 The emphasis lines supplied by me.
3 The essence of this allegation is that the postu-
9 lation of a pipe rupture in the vicintity of the reactor

,

10
vessel nozzle referred to here as a nozzle break could

11
yield incalculable results due to large lateral motions

12
or even tip-over of the reactor vessel.

13 The allegaEion states thes gross vessel motions
I#

would be due to instantaneous pressure wave that would build
15

up between the vessel outside surface and the biological
16

shield.
i

17
We believe this is more accurately characterized ;

l *'
i as nonasymmetrical delta Ps that arise as a result of steam
I ;

19 ! i
i flow into the ca.-ity. -

!

|20
gn7, , finally, the allegation implies that these

2I !

are new ccncerns and that the NRC Staff does not require !
,

t

i i
l

evaluation of the phenomenon associated with pipe rupture ct !
;

$

the vessel nozzle.
.

24 <
(Slide.)- aderal Repor ers, Inc. ,

,

25 |4 The NRC Staff response nade three primary points.
I

kOf / -? .
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1 First, despite the very low probability of a full

2 pipe rupture in the reactor coolant lines, protection against

3 breaks postulated to occur at the juncture to the vessel

-

nozzle has been a design requirement for all light water.

4

,

5 reactors for many years.

6 Secondly, the external pressure differential

7 effects referred to as instantaneous pressure waves is

8 nly one of the three~1cading phenomena that must be

' evaluated.9

10 Reaction forces, and internal differential
.

11 1 pressures must also be considered where appropriate.

12 And finally, that the natural resistance to motion

13 stemming from the high innt' shaft massive somponents coupled

14 with the resistance from support systems, piping and seismic

13 restraints result in small vessel motions, yielding results
16 calculable by common techniques in fluid and structural

17 mechanics.
,

i

18 (Slide.) !
,

!19 Just to put it very quickly in context, a very
!

I

I
20 simple picture of a pressurized water reactor vessel.

21 The pressurized water reactor vessel, this happens
i

??| to be a Westinghouse vessel, the vessel sitting down within

23 the biological shield.
..

24 Not shown in detail here, this type of vessel
- ese Reporters, Inc.

25 - would be supported by a nozzle support, sitting right up in

bb9
1
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We take a closer look.
'

2

(Slide.)
3

,

The vessel taken out of the cavity, with the loca-
*

4

tion of the supports, depending upon tne vendor they either
5

be as shown here resting directly on the concrete.
6

They may rest on a shield tank, or may have columns
7

g ing down to a concrete support near the base of the reactor.
8,

|

9| However, they are all nozzle supports, all current

pressurized water reactor nozzles are supported. - '

10

This is a similar view of a boiling water reactor.
11

I

(Slide.)12
i

13 | This is the full 360 degree support.

Not shown in great detail also would be lateral
j ,3

restraints, primarily seismic restraints, which typically
15

would be in the vicinity of the upper portion of the shield
16

i

wall.
37

! (Slide.) |18 i

' l
I

19 To give some further insight o f the Staff review |

1:
1

i

of this matter, Mr. Vincent Noonan of the Regulatory Staff I
'

20

will run thrcugh the situation on the more difficult loading
21

22
case, that of a pressurized water reactor.

(Slide.)23.
..

24 MR. NOONAN: I would like to start my presentaticn

- eejeral Resmrters, itr |

25 | by giving you a rundown of the typical pressurized water

!
4

483. 070
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1

reactor support, the ones we used in our analysis and also
2

to tell you about the conservatisms in our analysis compared
3 .

_ to the acutal support.

4

What we see at the top, we are looking into the
5

reactor nozzle, fro _n the reactor head.

6
This part is supported by socket plates to some

7
cap screws _and some dole pins.

8
In this particular version eere is a threaded ball

9
point that sits in the lower sliding block. .-

10 '

On the side here, before any load can be reacted
11

there is a gap into the hold-down pins which are carried by
12;

the shear key and the vertical load carried out by the
13

'"

vertical cap screws.

14

This is part of a redundant support system because
15

,

in the analysis done to date, these hold-down gyp plates
16

| in the end have been recoved and we have looked in analysis
17!

where it's free to move this way cr this way without any
la

restraint.,

19

That's a small version of the vessel. Only half-inch.
20 '

21
.

The large support would be provided by the large; .

i

! piping systems.

22
An idea of the type of loads.

23:
' .

(Slide.)
24

-e,o smonm, ,x , There are three types of loads. The first one is
25

called the asymmetric internal pressure loading en the vessel

ig p)q n''jQ Ui
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due to a cold leg nozzle break.

It can be noted during the first 25 to 30 milli-

secorils this type of load is very, very transitory.
3

In fact, if you look at the load, it's four times
,

with relcxation occurring within 25 milliseconds.
3

In fact, you can get a complete load reversal.

l After that time, from 25 milliseconds out to a half-
7

secone we see a typical expedential decay, a classical
-

,

textbook type of decay of the system.
9

! A third type of load-second type of load is what w'e
10

call the asymmetric extern: . pressure loading.jj

Again, this load is very, very short time duration,12

ccurring in about 60. milliseconds coming in a steady type13

I
load around 200 millisecords.'

14 |
t

g! Once we reach this plateau, this is well within

i

g limits of the support by itself.the

j7 g (Slide.)

The #i-'' ' cad that we conside- '' e analysis ,4-g
I,

we re:er to it as the jet -o, *i-- --r e, again we see the !
j 9 ,l;

n

20 1 peak cccuring within one millisecond.
;|-:

3.1:h, Very rapid drop-of f.
p
|

22 A stabilization of approximately 900 kips of force. -
i

The oscillations out here are due to the pipe23
|

'

24 dynamics.
i

-eenal Rego,ters, Inc. '

25 The pipes are constantly in motien while this force

!

4 e.,
E

- U.L,
,

_



.
-

72

-

cmw6
1 is being applied.

2 (Slide.)

3 To give you a brief rundown on the analysis and

4 results of our analysis, looking at the pressurized support,

5 horizontal load is applied to the nozzle, reacted to the

6 socket plate, threaded ball, sliding block, eventually down

7 to the concrete support sector.

8 Due to the transitory nature of load, all of it

9 remains within the elastic limits of the load, except for

'

10 the cap screws shown here.
,

11 There are six cap screws. And the analysis shows

12 ; only two of them go in it less than six milliseconds' time.

13 I might note, .he definition of plastic in our

14 analysis is nine-tenths f yield.

15 (Slide.)

16 j Finally, to show jou the final benefit of conser-
i

l' ! vatism used in the analysis, we as sume a cne millisecond break;7

! |18 , time and a 144 square inch break area. i
\ |
i

19 ! The analysis o;. the pressurized water reactors
|
t

20 - have shown this is indeed conservati ve .

21 The piping sy. stem analyzed here took from six

22 milliseconds to get to 40 inch breek time, and average out

23 |I around about 40 square inches,
i

24 ' In the analysis, again we ar-2 using 144 square
--mes nwann. w.

25 inches.

S. Pa1 u ,' 3n
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1 This is less than one-third of the value of the

2 values for the analysis.

3 In summation, I might add that because of the

4 original conservatisms used in the design, we find that due

5 to the -- in spite of the high load we now experience in this

6 new loading that the support itself is well within the

7 limits, very capable of taking this~ load, and that we see

8 close motions of less that two-tenths of an inch of the

9 vessel.
,

10 MR. KNIGHT: To summarize the' Staff's response then,

11 we feel very deeply, I feel we have a strong basis for saying

12 that the spectra of catastrophe that is portrayed in the
.

13 allegation simply ha$ no basis in fact.

14 DR. ISBIN: Just to be sure, your presentation is

15 covering really A, B, and C?

16 MR. KNIGHT: Yes.

I

17i DR. ISBIN: So this is meant to be complete.

18 MR. KNIGHT- Yes, sir.

19 DR. ISBIN: All right.

20 i Are there any questions?

21 DR. CATTON: One, on the assymmetric external

22 pressure loading due to the cold leg break, is this due to

23 the flow into the annulus, between the vessel and the wall?

24 MR. KNIGHT: Yes. That is a point I should have
-m m neponm, ex.

25 made rather quickly.

A 83 074
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1 DR. CATTON: The forces seem to be so smooth,

2 whereas the flow rates seem to be different.

3 MR. KNIGHT: Perhaps some of the follow action
.

4 from the containment system could go deeper into it but I^'

5 think that is primarily from the fact that the analysis, it's

6 a multiload analysis and hence it tends to smooth out at

7 Peak values.
.

8 I think you can actually see in reality peaks

9 below this.

10 It's an envelope. - '

11 DR. CATTON: Okay. So essentially it's integrated,

12 over part of the vessel wall.

13 MR. KNIGHT _: Yes. ..,,

14 DR. ISBIN: Vincent, these analyses were made by

15 who? The Staff is critically reviewing analyses, but whose

16 analyses are you presenting?;

17 ! MR. NOONAN: The analyses are based on Westinghouse i
i
!

13 and Stone & Webster for the North Anna case.

19 DR. IS3IN: Now the question of vessel support and .

|i

! l
20 the subccoled blowdown load, was raised in the spring of last

I
.I

2'1, i year.
1
'l

22 ; MR. NOONAN: Last year. That's right.

23 DR. ISBIN: The Stcff has been looking at the question
,

24 , as posed for a specific reactor, but has now cenclikd that this
4.ars nomn, inc. '

25 is a generic problem?

0,~sCt
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I MR. NCONAN: That's correct, sir.

2 MR. KNIGHT: If I may address that, I believe very

3
_ early in th'e game we exm to the conclusion that it should

d and must indeed be reviewed on a generic basin.

5
And the Staff review proceeded initially to look at

6 the case, North Anna case, in greater detail, while simultane-
7 ously looking at all other vendor support systems and our
8 appraisal was based first on looking at the original design
9 bases for these supports.

-

2
10 -

The original design leads used for the supports ,
11

in the realization that phenomenelogically the loads are of
12

a similar magnitude.

I3 |
...

j In doing so, we found indeed the lower design loads
Id

were used for Westinghouse plants because thcf used a far more:
I

15 sophisticated analytical technique.
16 L

Others, rather than investing time and mone2 in
I7 ; the more sophisticated technique, tcck a much higher original

I
,

i
I8 | design lead and designed within elastic limits within that, I

19 |'
i a typical engineering approach.
I

20
For purposes of immediate comparison we had the

21 support or the vendcr's approach that gave us the 1cwer
22

design loads. I

| .

!23 -

We looked at the responsive systems designed to
*4^

those Icwer loads first to see if there was indeed a majorW Fleonnen, Inc.

25
problem.

|
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We concluded from these analyses, from original,

simple analyses and the in-depth analyses, that thesemr
2

were n t the case and we therefore have the confidence that
3

those supports designed to much higher original loads, even if
'

4

subjected to an incremental load, still do not put you in
5

a situation where you have an immediate cause for concern.
6

DR. ISBIN: But just to follow through on the
7

chronology, you.; identified potential problems, the consequences

9| were not yet evaluated, but you came to the conclusion that

this could be a generic problem, but wasn't it until December
to

11
perhaps, that 'etters went out to other Applicants to review

their vessel support systems?
12 !

Or was it. earlier and in a specific case where
13

one Applicant was applying or going from 80 percent powerja

t 100 percent pcwer? They had not even completed their
15 )

!

16 |
analysis.

I t

1 I'm just trying to have you ascertain whether the j
17

|
i
!

substance of what I'm saying is in place or not, and you can
'

33
i

19 ;
modify it as you rhink appropriate. |

t

i
'

MR. KNIGHT: Ve ry gCo d . Of course , what is missing
20

I

in y ur scenario is the fact that within~a very short time,
21

!
6 after learning, if you will, on the North Anna docket thati

22

this is a possible problem, the Staff had made its own23i
1

-

t

24 ! immediate assessment of the magnitude of the problem, and had
!

moeve Reporters, Irc |

25' not simply put on blinders and let things go on until when

4 BDL 077
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1 the eventual letter went tout to all the vendors.

2 By the time the letter went out to all the vendors

3 we feel we,were in command of the knowledge necessary to
_

4 ascertain that there was not an immediate safety problem,

5 in that you ould get loads sufficient to cause gross

6 vessel motion.

7 What was now needed was to ascertain by virtue of

8 the letter that went out and others that are going out and will

9 come out, that the design margins that are appropriate
.

10 are still raintained. '

11 I la differentiating between a situation that is

12 an immediate s afety problem and one where we want to restore

13 design -- restore appropriate design modules that may have

e 9 14 been infringed upon.

15

16

17

|
la :

|
19 '

1

20-

1.

21

22 ;

23
g '
.

24 ;
-ene Reporten, Inc. !

25 '
8G
ta r, v -
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I DR. ISBIN: One final question in this regard.

2 Does the Staf f have access to any independent
-

3 evaluations for these loads?

4 MD. KNIGHT: We have two programs underway. Une

5 at Aerojet Nuclear and one at I believe Arnold Research.

6 MR. D. ROSS: In addition to doing some technical

7 assistance work at Aerojet, there are two other loca tions

8 where we are seeking independent aid. One is at Sandia,

9 where we are asking them for specific assistance in reviewing
,

10 the Westinghouse report on the mul ti flex code , and assistance

il in doing some independent calculations with the Sandia code.

12 Its name, I believe, is CSC, but I don't know wha t it stands

13 for. It is a general multi-property nechanical code.

14 Also, Arnold Engineering Center in Tennessee

15 where we started to work about a month ago on the effects of
16 succooled loads on fuel asse:blies. All this work is at best

17 a f ew months old and there is no progress to report at this
18 da te .

19 In addition to that, we are d oing so.ne wor? in-

20 hous e w i th t he W:i A'.i c od e . Along this line , we are se tt in g

21 .up models of each PWR type. That is , cne per PWR vendor,

22 ioinitiateblowdownand folicw some of the pressures as a
23 rather simple matter. It would not reprcduce as is sone of

24 the hydroelastic results tha t Wes tinghouse . uight get.
'

25 Now, Dr. Kouts is here. He might like to concent

k h[9
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i further on further work or research in this area of a longer

2 range. *

-

3 The work I'n speaking of is Los Alamos, doing both

4 analysis and experiments on subcooled loads and doing some

5 -- planning some exp'erimental verifications.

6 MR. KOUTS: This work is very early. We don't

7 have anything to report.

8 DR. CATTON: Can I ask one more question about this

9 diagram you showed on the asymmetric external pressure loading..

10 Who did these calcula tions ? Did I hear you'say Westinghouse ?

11 M R. KNIGHT: ahat is shown here are calculations

12 accomplished by Nestinghouse. In the particular case, on th e

13 external, what we re fer"to as the exterr.al f orce or nonasym-
14 metric external pressures , the Sta f f does an independer.t

15 analysis to con firm the pressures that are calculated.

16 DR . C A TTO N : Do ycu know enytP ing about how it

17 was done?

le MR. KNI GHT: I wculd like to re fer to colleagues

19 f rom the Cen tainmen t Syste;:.s Eranch who are ready to speak at

20 great length cn that matter.

21 DR. C ATT0 h : I don't need any great length.

22 VR. KUDRICK: Jack Kudrick f ro.:: the Staff.

23 We as a matter of course do independent evaluations

24 cn reactor cavity analyses. de norma lly us e the RELAP-3 pro-

25 gram as our basis for the ncdalization and the detailed

61 000
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I calculations.

2 DR. CATTON: This would be between the vessel and
3 the concrete wall.

4 MR. KUDRICK: Tha t's correc t.

5 DR. CATTON : Most nodalization I have seen done

6 with RELAP is very coarse. Here if it was too coarse you

7 would tend to underpredict pressures.

8 I am curious now fine a nodalization did you

9 use? .

10 MR. KUDRICK : Nodaliza tion sens'i tivi ty studies

11 have been done with nodes ranging f rom 6 to a dozen nodes

1.2 all the way up to 75 nodes, in this angular region.
13 UR. CATTON: Dkay. Tha nk you.

14 DR. ISSIN: With reference to the nozzle break,

15 was i +, the impli ca tion in the state:r.ent by the 3 GE engineers
16 that the nozzle itself might rupture from the vessel ?

17 MR. KNIGHT: No, sir. I don't bel.ieve tha t to be

le the case at all. With a ninor bit of facility, if I can get

19 back to the slide showing the a llega ti on , they spe ci fi cally
20 discuss past experience wi th prima ry pip ing sys te.ns , cracks
21 ere most likely to occur at the vessel safe end, which is

22 kia most susceptible point f or an instant 3necus pipeline br2ak.
23 ( Sl id e . )

24 There is no issue with the postulate Ul a t is used
.

25 which is a pipe rupture at the nozzle.

00|
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i DR. ISBIN: But two questions.

2 Whdt is the Staf f position with reference to a
3 disruptive pressure vessel break in which the nozzle comes
4 out? That is one question.
5 Second, if you have a nozzle break which is the

. __

6 equivalent of the diameter of the pipe, has that been
7 specifically included in your analyses ?
8 MR. KNIGHT: To address your first question , does
9

the Staff require evaluation of a failure wgether the nozzle '

10 is blown cat of the vesself the answer is no. The credibility
11 or probability of occurrence is we feel well established in
12 the failure of reactor pressure vessels to be f ar below the
13 level required for evaluition.
14 I aa not sure I get the full impact of your second,

15 question. If there were a nozzle break of the sane flow area
16 as the pipe --

17 DR. ISSIh: Yes.

18 MR. KNIGHT : The analyses are not particularly
19 sens i t i ve to -- in .r.y can vi e w , ra ther than breaking right at
20 the pipe safe end weld, they break up a little bit tevard
21 the safe end -- we are talking about relative inches, and the
22 analysis would not be sensitive to that type o f chan ge .
23 DR. ISSIN: Harold, maybe ycu can ask the questien
24 be tter than I.
25 MR. ETHERINGTON: I think you asked tne question

k [{J
*

'

7
L



. - . - - . _ _ . . - - . . - - . . . . .

.

..

.

82
. cam 5

i and I think the answer I agree with comple te ly.

2 DR.' ISBIN: All r ight. Thank you very nuch.

3 Prof essor Leahy.

4 DR. BUSH : Harold, were you intending to ask

5 Bill Cooper what his opinien of a probability of this event

6 was?

7 MR. ETHERINGTON: To my satisfaction.

8 DR. BUSH: Would you express an opinion on the

9 possibility of a blowout, not in the safe end necessarily, -

i

10 but in the nozzle per se?

11 MR. COOPER : Bill Cooper, Teledyne.

12 I think if you are talking of break in the general

13 vicinity of the nozzle ,"to adjacent pipe, it is most likely

14 to occur in that safe end recion and I think it is unimportant

15 to differentiate where in that safe end region.

16 Th e o th e r thing t ha t we ha ve - ud ie d .zi tn re spe c t

17 to in-service inspection results of cracks in the vicinity

IS of the vessel regicn of che nc: le, it is e x tren91y unlikel,

19 that any tnrcugh crack propagating f rc.7 tncse areas wculd

20 have significant cross-section, as ccapared to this area

21 which is of c;nsiderably lesser strength.

22 Tr is generally results f ren the fact th a t the

23 piping force; are trea ted quite dif ferently by the codes. As

24 one moves toward the vessel within the so-called reinforce-
.

25 ment limit away fro.m the vessel -- as a rough rule of thumb,

Al,?) nc-
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I at allowable loads, the allowable stresses in the vessel

2 area are about 2/3rds of those ir. the closely adjacent piping.
3 MR. ETHERINGTON: I think the questicq really was,

4 what is the possibility of a nozzle popping out like a cork
5 out of a bottle and leaving you a hole bigger than the type
o ment ioned ?

7 M R. CDOPER : It is not the type of vessel f ai !. ure
4

8 I would expect with the through pene tration type of welds
9 tha t we us e in these plants. I can't recall ever having ,

10 seen one in any other non-nuclear applications , where tha t
11 pop-out occurred, that you describe,

12

13 o

14

15

16

17

18

19

20

21
.

22

23

24
.

25
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i DR. LEAHY: I am Dick Leahy from RPI. I am

2 going to try to address what I think you wanted.
_.

3 It turns out one day when I was investiga ting

4 the wonders of my mailbox I found an invitation to

5 appear here, and I think I understarid what you want me

6 to talk about, and I will try to do so.

7 ( Sl id e . )

8 First of all, for those of you who aren't

9 familiar with ne, before I became Chairman of the
.

10 Nuclear Engineering Department at RPI I was responsible

11 for General Electric's sa fety program, safety R&D program,

12 so T worked quite closely wi th a number of people, includ ing

13 scme people that have spoken here this morning and also

14 people such as Dale Bridenbaugh.

15 I really think rather than address this

16 particular subject as a steam binding prcblea, I would

i7 like to call it parallel cha nnel e f f ects.

18 I t will inclu de m.3ny things , including the

19 postulated steam ainding concern.

20 As a ma tter of history, w he n I wa s wi th the

21 General Electric Company we looked at a number of

22 experi' ental data which we were taking and others were

23 taking, which made us believe th a t th e f l e cd i ng , the

24 so-called counter-flow current limiting CGL flooding

25 phenomenon which we found occurred at tee top end of our

b)( n o~
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I bundles had some implications on the stacking up of the

2 water in the upper plenum and possibly some implications

3 on the ability of the REFlooD from the lower plenum to

4 get up into the core.

5 If indeed you could support all this water

6 in the upper plenum you could postulate a situation in

7 which you would for sure delay the REFlooD and also

8 based on currently legislated models could predict some

9 danage to the core in terms of meltdown.
,

10 So once we identified this as a real concern,

11 we launched out on an aggressive program which Pat has

12 described some of it this norning.

13 Part of it was analyt ical . In fact, a large

14 share of it was analytical because of the lack of data

15 and the dif ficulty to acquire it.

16 Then we also, in T.y part icular group, launched

17 out on a program to plan an aggressive experimen tal

15 progran to address this part icular concern.

19 Since then I ". ave gone to Rensselaer Polytechnic

20 Institute, and I am st ill qu ite concerned wi th the proolem ,

21 and in particular the generic aspects of parallel channels

22 concerned, so I believe the reason I en here today is

23 because of a proposal tha t I sent in en this particular

24 subject.

''
25 I s tha t correct?

48 nc
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1 DR. ISSIN: Yes.

2 DR.. LEAHY: I ha ve a full copy of that proposal
-

3 which I would like to submi t to you and your co.Lai ttee,

4 which gives a more detailed description than the short

5 preproposal le tter introduced into the public document room.
.

6 I think this puts it in much more perspective.

7 As I am sure you can realize, in a few pages of

8 a preproposal you can't do very much. You can just excite

9 some interest. And I take it the interest was defini tely
,

10 excited.
'

il The technical concern itself is basically wha t

12 Pat described. It is the water stacks up in the upper

13 plenum. ..,

14 I do not have a nice sl ide to show it, but you

15 will have to let me wave my hands a bit.

16 As the water stacks up in the upper plenu, from

17 the ECCS injection, the water wnicn does cenetrate down to

18 the lover plenua and builds up nas various paths to fl ow .

I? It can go eitner thrcugh the cora or throuan

20 a parallel path in tne stand pipe ciffusers ahich are

21 two-thirds the length of the core.

22 It is a parallel type of problem.

23 ?ih e re is the hydraulic resistance to loads?

24 If the water is stacking up in .the upper plenua,

25 there is a large hydrostatic head which 'it has to overccme

4 fs1. 007
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i in order to penetrate up through the core, so the

2 preferential p'ath in that particular situation would be

3 up through the stand pipe diffusers and out through

4 the break, so it would really have no beneficial ef f ect

5 to the cooling of the core..

6 Now, my personal opinion is that what really

7 would have happened is because you have a large number

8 of parallel channels a t dif ferent power le vels , that some

9 of these, particularly the lower-powered bundles, would _-

-

|C tend to preferentially break down,

11 Tha t is, the water would tend to flow down

12 thro ugh these parallel paths into the lower plenum and

13 essantially alleviate thls concern.

14 Un fortunately we ha ve no real hard da ta to base

15 our conclusion on.

16 There is some simple geome try da ta tha t has now

17 been taken at General Electric which tends to indica te
le this could very likely occur and indeed one of tne

19 mechanisms wnich could cause it would be the subccoling.

20 However, there are a number of others which

21 I could discuss if you care fer me to.

22 I think the likely scenario is not really a full

23 core steam binding concern. It is just tha t the interaction

24 tha t you would have be tween the parallel channels would

25 allow you to break the liquid tnrougn , so ra ther than

4ffi 088



.

a 88

i stacking up, running out tl top of the steam separa tors

2 it would penet' rate to the lower plenum and allow reflood.
3 That is something I would like to show

4 experimentally and also qualify the analytical models to

5 do that.

6 I think one thing that has come out of this

7 particular concern is when I sent it into the NRC I was

8 called in to review it in deta il with the,a and we did

9 so and it became very evident to all of us that there is - '

10 qui te a di f ference between t he legislated l' censing models
11 that we license our plants with right now, in the real

12 world, based on engineering Judgment.

13 A good exampl$ of this is in this particular
14 concern.

15 The f act is the current model would s , you
16 would not get credit for steam cooling. However, the

17 cnly tning that really holas the water up in the upper
18 plenum is steam co.aing up th rough th e core.

19 Now, if you take credit for the steam cooling
20 you find that th e he a t trans fer coe f ficient that you get is

21 at least es great as the spray heat transfer coe f ficien t
,

22 from the water coming down, so as a matter of fact, the
23 big cencern would really be hcw long do you delay reflooding.
24 It would not be possible to 5,e t up a si tua tion
25 in the real world in which you have adiabatic core and thus

48 009
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I melt the core.

-

All' right. The research that I have proposed2

3 is certainly not all-inclusive. I think i t is appropriate

4 for a university to be engaged in.

5 ( Sl ide . )

6 I won't dwell on this too much, but let me show

7 you an exampls of what we'would do.

8 The analys is , of course , would complemen t the

9 experiment. .-

10 Let me be very clear on the fact that I think

11 that other people such as the General Electric Company
12 should aggressively address this progam and, indeed,
13 they are on a more prot 6 typical basis, a large water
14 experiment.

15 What I would propose is a small frecn

16 experiment in which you have some instrumented annu11.

17 These are hea ter rods in test sec ticns.
IS This is a simulated bypass to mock up the
19 interstitial region in the reactor.

20 Simulated upper plenum with the stand' pipe
21 'to the steam separator.

22 Water to simulate the steam spray injection

23 and ability to simulate flash-off or the sensible heat

24 from the lower plenum wa lls.

25 So you have flow in the various channels,

4 '51 0?0s



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

.

90
n7

I including the stand pipe dif fuser, which Is two-thirds

2 the core, and ' measure with transient delta P cells what

3 occurs and measure impedence void gauges, what the void

4 is and, therefore, the cc Jnter-current flow si tuation and

5 in ef fect determine what nappens in a parallel channel array.
6 We do.n't have the inf orma tion righ t now as to
7 what really occurs.

8 Depending upon which hat you wan t to wear, you
9 can speculate bad things or good things. - '

10 I think this sort of thing would help answer
11 these kinds of questions.

12 That is all I have to say.

13 I would be happy to answer any questions.
14 DR. ISBIN : Well, . ek, we appreciate your

15 coming here. We, that is the ACRS, particularly the
16 subcomni ttees, have met with you in the past a t our ECCS
17 meetings. We have visited San Jose and visited you and
18 your staf f in San Jose. Me r' a ve come to respect the
19 opiniens that you have given and, therefore, I thought it
20 was appropriate tha t we ask yce to come to our meeting
21 today.

22 With respect to a proposal which you have
23 discussed, but in the transmittal of tois proposal, you
24 highlighted in a manner which indicated a very pressing
25 need, a pressing problem.

bk h[|
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1 It is possible that others can misunderstand

2 wha t you had in mind as far as the severity of the
-

3 implications, consequences, or the phenomenon involved.

4 We thought it best that you give it to us

5 in your own words, a perspective on where this problem

6 sits as to its real need.

7 We did note that your experimental program

8 would take some three years to complete. If this were

9 indeed a problem of pressing importance, perhaps it
,

10 should be addressed in other ways. -

11 Therefore, if you can be very frank with us,
.

12 in your point of view, on parspective, this is important

13 because cne of the charges that we have is: are we pursuing

14 these prcblems correctly? Should we be doing more?

15 We would like to be sure that there is no

16 misunderstanding on anything. that you may have submi tted

17 cr said and, there fore , by having this d irect meeting with

18 you we get firsthand what ycur point of view is and the

19 place to assign it.

20

21

.-

22 -

23

24

'

25
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1 DR. LEAHY: I understand. Let me say a word about

2 how I view this proble, if it wasn't clear.

3 I view this in essentially the same category as

4 the PWR core bypass problem, the steam binding problem, th at

5 whole bag of PWR problems that people are concerned about.

6 Now,'certainly we look at those problems and as

7 engineers we say, we ll, this one probably won't occur and that

8 one probably won't occur, but as a matter of f act there are
,

9 fairly aggressive p~rograms to address those. problems and I

10 think rightly so.

11 I think the sa .e sort of thing should be done on

12 this particular hypothetical concern, because I have always
13 believed my whole engineering career has been devoted to

14 smoking out concerns. I ;hink the more you smoke out the

15 sa'er your reactor is going to be. Sometimes you smoke out

16 imaginary snakes, but in this particular case this concern is

17 real enougn to be taken se:icusly.

IS I do and I know that General Electric does.
19 DR. IS5IN: No i, in treating concerns, positions

20 taken by the Staf f have neen to exact some ra the r conser va *.ive

21 . restrictions on the avaluetion model. You mentioned the oypass
;

22 in which all water is lost during this bypass period, so there

23 is an artifi cial res triction e . bod ied in the evaluation model.
24 Let me ask you this questione- for the concern that

25 you are looking at now, s".culd t here be some res tric tion in

48]( 093
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1 the interim?

- 2 DR.'LEAHY: Beyond what is now in the evaluation

3 model ?

4 DR. ISBIN: Yes.

5 DR. LEAHY: I think the evaluation model as I

6 know it is sufficiently conscrvative , perhaps for some of the

7 wrong reasons, but I think it is suf ficiently conservative to

8 handle this particular case. I think the real. implication

9 of this cencern is that you delay reflood and the way they - '

10 handle the water which ge ts to the lower plenum now by
11 ficoding all the various parallel regions does indeed delay
12 raflood.

'

13 DR. ISBIN: IE I understood, when you stack up
14 wa ter you throw i t away.

15 MR. MARRIOTT: Th a t 's c orr e c t . We do not account

16 mechanistically for the accumulation of water over the core.

17 The acdel is simply to do that precisely anc we assume it is
IS loss from the system. ' lie take no further credit for it.

19 DR. LEtHY: I believe when all the dust settles

20 there will be a net gain for the PWRs in terns of sa f ety
21 ,r,a rg i n s . I think it will speed up the reflood compared to

22 he way it is calculated today and I th i nk this will lower

23 th e p e ak clad temperature, but I would hasten to say we need
24 s o.ne firm basis be fore we make those kind of changes.

25 DR. ISBIN : one additional point, or question :

0]k
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I would you conment directly on the implication one might have
'

2 gotten by looking at that short transmi ttal ? You talk about

3 it generally, but I think it is best tha t you state some thing

4 one way or the other so there can be no misunderstanding of

5 wha t was meant.

6 DR. LEAHY: I think a s I sa id initially, it is very

7 difficult in two pages to describe what everything means. You

8 Jus t describe the overview and wha t the likely implication is.

9 Now, in the formal proposal which I have given you - '

10 here, it describes it in more detail and I think puts it in

11 perspective. 'tiha t I meant by that, if you live by today's

12 rules, which as far as I am concerned are the law, you can

13 indeedcalculateusinghresentlyavailable techniques and

14 in forma tion , as the concern, but as the state of the art,

15 detrimental concern, as the state of the art advances as we

16 sharpen cur experimental data and so forth , I think we will

17 improve greatly where we are new.

18 une example is exactly th e inability at the present

19 time to take credit for staan cooling. I can calcula te , in

20 fact gave to my class for a hemework problem, a situation in

21 which had I peaked the power towards the bottcm of the bundle

22 and made some assumptions en vapor superheat which were ve r y

23 reasonable, we could calculate a situation in which you could

24 have local clad melting toward the bottom of the bundle.

25 Surely you wouldn't have tha t in th e real world.

4ff3s 095
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1 Surely the vapor going up, using any reasonable correlation

2 would give you' a heat transfer which would prevent that from

3 happening, but what I meant in t ha t letter is in f act there

4 is a dif ference in the real world and the legislated world.

5 If you can believe the legislated world, you can

6 calculate anyting.

Cr.'. thing encouraging, the trend on both the Nuclear7 e

8 Regulatory Commission's part and the vendor's move, moving

9 toward realistic calculations, because I think once you have - '

10 realistic calculations in place you can add on any margin you

11 see fit and know where you are at. Right now that is not the

12 situation.

13 DR. ISBIN: re thete other questiors?

14 DR. PLESSET: Jus t as a poin t o f in fo . mat ion , when

15 you are l ook ing a t the stacking of water above steam or in

16 your research program, have you considered the possible in-

17 stability of such a configuration from a mechanical point of

16 v i e .v ?

19 DR. LEAHY: I think it is a beautiful example.

2C .It is a freshman physics problem.

21 If you have parallel channels about a large plenum,

.';2 up at the top, i f you s tar t ge t t ing liquid down one of those

23 channels, that will increase the hydraulic resistance of that

24 particular channel, tend to divert the vapor holding the water
,

25 up to the other channel, and that will create an

482 096s
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I accelerating effect for the liquid to come down the other

2 channel for th'ese and other reasons, including the effect of
3 subcooling on steam, I believe we will indeed get breakthrough

4 of some of the parallel channels.

5 It turns out though that you have to get a lot of

6 those parallel channels conducting the . liquid down to the

7 lower plenum be fore you can take away all the water and com-

8 pletely alleviate the concern.

9 DR. PLESS ET : I see. I was thinking of going to - '

10 acre junior grade physfes. I was thinking abor't wha t is

11 classical Taylor grade instability.

12 DR. LEAHY: The pattern of die parallel cha rnels

13 doesn't have the classy" Eave patterns of the classical Taylor
14 instability. Anything I have seen in two phases flows in-

15 cluding the flows at the top of the bundle where you have
!6 iiquid going down and ultimate vapor going up, I think '
17 this particular case it would be acre related to the

IS in th e individual bundles ratP than just the inst.

19 I guess I wculd expe c . tn e peripheral bundles where
2C the subcooling seems to be the highest wculd be th e likel i
21 tandidates to conduct the water down to the lower clenum.

,

'

22 DR. PLESSET : I don't know about the actual BWR,

23 but I think in four research program ycu are going to find
24 maybe some sur,trises because of the instability.
25 DR. LEAHY: I am sure we will.

481 097
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1 DR. PLESSET: Okay.

2 DR.'CATTON: Just out of curiosity, most of

3 the core mode:s used are commonly used in the horizontal

4 direction, one node all across the core?

5 DR. LEAHY: For the BWR they treat them separately,

6 be caus e you ha v e t he c ha nne l wa ll s a c r o.s s th em .

7 DR. CATTON: Do you treat more than one?

8 D?. LEAHY: Yes.

9 C7. CATTON: It seems you would get flow of water .-

10 down one and Tteam up the othe r. Paat precludes that?

11 DR. _ EAHY : Prior to my leaving General Electric

12 Company, and Pat can comment on where-it stands now, there

13 was no model with pressure drop coupling. All the parallel

14 channels have the same delta P impressed across them, so they

15 are driven by the delta P, but there was no calculational

16 model at that particular point in time which handled the

17 varicus power type bundles.

18 The bundles were dif f erent power. The re was a

19 mcdel whicn would handle the core as cne channel, as you had

20 cescribed, plus a parallel channel with the in te rs ti tial

21 regicn, the bypass region, olus the stand pipe defuser.

22 of course, that is the worst of all worlds. That

23 is the worst possible situation because then you can never

24 break down a parallel channel. The whole thrus t of the
,

25 analytical program at GE was to develop this calcula tional

.
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I possibility which interestingly enough doesn't exist in the

2 open literatur'e. And appraise it.

3 DR. CATTON: I have a feeling this is a relatively

4 simple problem.

5 DR. LEAHY: It sounds so when you first s ta r t , but

6 it is a tremendously interesting problem, because what happens
7 is, you get f1 coding at the lower orifice and you are starting
8 to stack up water at the lower orifice in some of the channels

9 and you are in a cot.ntercurrent flowsituatfon; also you are '

10 starting to sull-a free surface in the water in tne lower

11 plenum.

12 The boundary conditions in the c ode as far as you
13 how much liquid goes dowr and how much vapor goes up each
14 channel is not straightf orwmed. If you assume each one of

15 those channels is in the flooding condi tions you can't satisfy
16 continuity so mother nature comes and bites you a li ttle bit.
17 It requires scas care , because you are in counter-
12 current flow and pulling free surfaces in varicus regicns.
19 7his is why I am in te res ted in it. It makes a fine project

20 for sor.e of my students. It makes very fine PhD work.

21 Do you understand what I sa id ? Because I can

22 draw it.

23 DR. CATTON : I understand the simplicity, but

24 not the complexi ty tha t you des cribe , but ~that's okay.
,

25 DR. ISBIN: Are there other questicns or comments ?

4%) 0?9



.

..

.

c'm8 99

i MR. D. ROSS : Dr. I sb in , before we leave thi s

2 item I think you should hear from RSR with a few words with
.

3 respect to some comments we heard this week fron General

4 Electric with respect to research.

5 M R. SCRGGGI NS : The only comments I he d planned

6 to indicate was an indica tion that the position of RSR with

7 regard at least to the points raised by Dr. Leahy, I think

8 were fairly well summarized in the transmittal letter in

9 the public document room written by Dr. Kouts, which simply
,

10 sta tes tha the -- well, the concern has be'en raised.

11 he do not believe from the engineering judgaent

12 that it is a highly plausible situation .and therefore would

13 not represent a real safety concern. However, ae, in agree-

14 ing with Dr. Leahy, feel there is a need f or additional data

15 and correlations in models indeed to verify the situation

16 and we are currently in a planning stage, l ook ing at exper i-

17 ments of the type th a t Dr . Leahy has proposed as well as

18 larger scale experimenting analysis and analysis to indeed

19 verify our judgment that this is not a true safety concern.

20 Denny, I don't know spe cifically what you were

21 referring to earlier. I guess as part of our planning stage

22 we are talking wi th people about some of the kind of programs

23 that were indica 'd by Dr. Leahy that he felt would be desir-

24 able and also indi cated in a letter from Dr. Kouts to you that

25 we are looking into both fundament 9l labora tory-type
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I experiments of the type RPI croposed as well as larger scale
2 acre integral.systen experiments. They can look into speci-

.

3 fically these parallel channel e f fects.

4 MR. MINNERS: Warren Minners from the Staff.
5 There are some very simple two-channel experiments
6 with the countercurrent flooding model GE has performed. I

7 don't know whether you would like to hear more about them, but
8 I think they can certainly shed some light on this problea.
9 DR. ISBIN: Well, we are really trying to place the .

10 proposal in perspective. We have gotten sobe be tter indica-
Il tions from Dick as to what he is suggesting. I don't think

12 that we would take the time now to look a t i t in detail . We

13 will come back wi th it a t some later time.
14 MR. MINNERS: If I could summarize the results,
15 this seemed to indicate in this simple .nodel , tha t break through
16 countercurrent flooding occurs based on the models, and based
17 on these reactors is o ccurring.
18 MR. MARRIOTT: I would like to mention our experi-
19 mental program, not in detail but we have curren tly in opera-
20 tion a twc-channel quarter scale 1 cop cf the nature of wnat
21 Dick Leahy has suggested and in fact the results as Narren
22 has indicated have been extremely encouraging.
23 Me ara going beyond that this year to two-channel
24 experiments with heated tubes in which precise measurements

'~25 of the phenomenon will be made. We are going to a full scale,
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i full power ECCS bundle to very precisely quantify what the

2 ef fects of sub, cooling are, and' as Mr. Scroggins poin ted out

3 a woment ago, we have come to RSR with a proposal for a large

4 integral test facility.

5 So let me make it clear that all of these programs

6 are not in place to resolve a BWR steam binding problem. They

7 are to gain insight into the mechanisms which we fully believe

? 8 from an engineering judgment s tandpoin t indicate tha t our

9 models are extremely conservative to permit us to take
.

10 credit for some of the subcooling effects and reduce the

11 operating restriction on our reactors, because of the overly

12 conservative model which is in effect fixed.

13 We don't bel,1,, eve that there is a safety concern

14 with regard to the steam binding which Dr. Leahy is discussing.

15 DR. ISSIN: You may have the last word if you would

16 like.

17 DR. LEAHY: I don't think that is inconsistent

IS with what I said. I still would -- I can say the sane tn ing

19 about some of the PWR concerns and I guess people do, you knew,

20 if you work for Westinghouse, you would say the sane th i n g . I

21 think they are in the same category.

22

23

24

'

25
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#13 I DR. ISBIN: Thank you very much for coming. We will

27662 2 new proceed to the last item for this morning's session.
3 This is an item which concerns what is called the Reed
4 Repo rt .

5 The General Electric Company offered to discuss
6 in detail the Reed Report with the subcommittee in a closed
7 session since they considered the material to be proprietary.
8 The committee concluded that we would prefer to have a shorter
9 overall presentation which may nearly repeat what has been

,

10 said in tne testimony to the Joint Committee and keep
"

the session open. So with that brief introduction, who will

12 make the presentation?

I3
Mr. Ross.

I4 MR. G. ROSS: I would like to provide you with some

15 information concerning three important items of the

16
Reed Report. These items are: one, the reason the report

I7 |
was generated; two, the makeup of the task force that gener-

I8 ated the report; and three, the fact that the report has
19 '

been reviewed by the NRC staff.

20
The General Electric Nuclear Reactor Study, alsa

21 called the Reed Report, was undertaken in the fall of 1974 at
22

the request of the General Electric Chairman Reginald H.
23

Jones. The general purppose of the study was to chart a
#

technical course whereby GE's DOilin9 water reactor coulda.ww neponm, inc.

25
improve its competitive position by achieving a superior

1 - [}}
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fm2 1 availability across the entire range of design, development,

2 manufacture, construction, and operation.

3 Stated another way, the principal purpose of the

4 study was to provide a basis for assessing a level of

5 corporate resources including engineering, and development

6 facilities, technical personnel, and financial support re-

7 quried to enable the BWR reactor product line to achieve the

8 same technical and competitive success that our turbine

9 generator enjoys.
, ,

10 The Reed task force included n ne of the most

13 experienced designers in the areas of the General Electric

12 Company. However, only two of these were from the nuclear

13 division and the remaining seven were from other parts of the

14 General Electric Company. The task force had eleven

15 meetings, each of two or three days duration. They utilized

16 10 sub-task forces, wnich made in-depth studies of the specific

17 areas of nuclear fuel, mechanbul systems, materials, processes

18 and chemistry. Members of the task force and of the sub-task
19 force met with scores of engineers and scientists involved

20 in our nuclear operation.

21 The effort focused at gaining complete informa-

22 tion from all levels of our organization, not merely senior

23 management. The work of the task force ~was completed last

24 summer when the report was delivered to Reginald Jones and
- +tuseral Reporters, Inc.

25 to other corporate officers with responsibility of charting

.Ih/i-
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fm3 our course and resources in the nuclear business. The report3

2 is typical of the process of study and review through which

3 ur top management can obtain objective appraisals of our

4 major business ventures by persons who are not involved in

5 the day-to-day management of that individual business.

6 The task force made numerous recommendations

7 intended to improve the availability of the BWR. These recom-

8 endations dealt with the overall design considerations as

9 well as specific plant components and services. It also made
.

10 recommendations concerning the development and test facilities

11 and concerning questions of management and organization.

12 The report is a document .of considerable sensitiv-

13 ity from a competitive' standpoint because it candidly discusses

ja the opportunity for improvement of our product line and our
_

15 organization and recc= mends steps to strengthen our competi-

16 tive position.

j7 A point I would like to make is that tnis report is

ja not a safety report. The study was not conducted as a safety

19 review. The study group found no reason to believe that

20 applicable safety requirements are not being met for operating

21 BWR plants or will not be met by future BWR plants.

22 While the nuclear reactor study is not a safety

23 study we are mindful of our obligation,.to report to the NRC

24 potential safety problems. Thus, the work of the task force
-+eoeral Reporters, Inc.

25 was carefully reviewed by the General Electric safety and
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rm4 licensing staff to determine whether anything reportable had
3

been discovered which had not been previously disclosed to
2

the NRC. This review concluded that there were no reportable
3

deficiencies which had not previously been reported to the
4

NRC.
5

I w uld like to read three statements from the
6

J int Committee hearings. The first one is on the 24th.
7

s by a meh of de Joint ComMee. M s is W esen b
8

ative McCormack. He said concerning the report: "This
9

issue was raised clearly and deliberately as a red herring
'

10 ,

by Messrs. Bridenbaugh, Minor and Hubbard to try to challengeij

the company, to force the company to release proprietary
17

inf:-rmation and to try, to draw us into a position publicly
13

to 'orce them to do so - "j4
.

He went on to say, '*I think it is a serious
15

mistake for us to fall into that trap."
16

The other statement from the same hearing, is
17

from our vice president, George Stathakis, general managerjg

39
of the nuclear energy division. He said, "I think there is

also another serious mistake or potential mistake that we
20

m.us t look ar. If we cannot prepare an internal document 'ich
21

criticizes the way we go about doing our job that is critical
22

and then make reco =endations for improvement all across the
23

24 line so that we con be a better party in that business and

%w nepo,tm, inc.

25 br m. ora competitive, then, I think we have a very terrible

D 106
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fm5 1 problem. We vill get to the point where we cannot prepare

2 any document."

3 The last one I would like to quote from is a state-

4 ment by Mr. Bernard Rusche, director of the NRC. He said,

5 "A copy of the letter prepared by Knuth and Minners reporting

6 Ene results of their review and our conclusion that we believe

7 there is no need for "RC to possess the report is also in-

8 cluded. It was evidt _ from our review that the detailed

9 critical study of the GE BWR was valuable to the company
.

10 and that they have honored their obligations to inform NEC

11 of all safety related information thus developed. And more

12 importantly, all of the matters mentioned are being considered

13 in our current safety' reviews.",

14 In conclusion, I would like to say this study

15 represents a major corporate ef fort which forms the bases where

16 millions of General Electric Company dollars are committed

I'7 to improve our compe_itive position. This is why we request th at

18 the informatica contained in the report remain company private
19 in accordance with the provisions of 10CFR2.790 because this

20 document contains the candid findings and conclusions of a

21 task force created to improve the availability and reliability
22 of the General Electric toiling water reactor.

13 23 Thank you. .

24
e Fep m m ,Inc.

25

4fi 107-
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1
ch 1 DR. ISBIN: The staff also had a response?

2 MR. MINNERS : Warren Minners, of the staff.

I was with Dr. Knuth, one of the two persons who

4
reviewed the Reed report at the request of Mr. Rusche. I

5 agree with Mr. Ross' statement that the items in the report,

6
the Commission was aware of those items. There was no new

,

safety information in the report.

8 If you have any questions about it, I will be glad

9
to answer. .-

'

10
DR. ISBIN : The committee and the subcommittee

11
have beenJ involved with the review of GESSAR. There are

12
continuing aspects of GESSAR which the committee will be

13
looking at.

14
Can you indicate whether in our discussions with

15
the staff and with GE we included all 27 items which have

16
been noted in the Feed report?

17
MR. MINNERS : On the GESS AR review?

18
DR. ISBIN: Yes.

19
MR. MINNERS : I don ' t really know the answer , but

20
some of the safety-related items were things for specific

21
plants other than GESSAR. I would doubt that they would have

22
been discussed in the review.

23
DR. ISBIN: Can anyone from GE respond in this

24
regard?ra w w noon m,inc.

25
MR. G. ROSS: I woQld say that all the items are

T
- ,i,h]
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1 covered in the total, overall review. I wouldn ' t say that

2
just GESSAR would cover thos e . There are many of the items

3
covered by GESSAR, yes.

4
I don't know what else I could say.

5
MR. D. ROSS: Or. Isbin, in order to get much

6
f urther, we would have to start discussing specific items, I

7
am afraid. I think the decision of General Electric is that

8 perhaps that should be done in closed session. Perhaps we

9 misunderstood.
. - '

appreciate'houroffertodiscussDR. ISBIN: No. I

11
things in a closed session, but if possible, we would like to

12
answer some general questions in an open session and expressly

verify whether or not he ACRS in its conduct of review of GE

14
plants, taking GESSAR in particular, whether there are any

15
items which might pertain to GESSAR which were not included.

16
I restricted the question to tie it in with your |

I17 i
: answer.
i

la
MR. G. ROSS: I guess the examples of that, things

19 I
not in GESSAR, would be Mark I - Mark II containment.

20 ] MR. MINNERS : It is a difficult question to answer,,

, , -n
'Dr. Isbin, because there may be come details which were

22 discussed in the Reed report which were not discussed in GESSAR,
23 because GESSAR was a construction experiment review.
24

When you get to more detailed review in an FSAR,.#e., p ,o,,,,, %,

25
those things would probably be discussed. But the subject

4 St( rog
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1

heading was there, but the details that were reported in the

Reed report may not have been specifically discussed in GE5 .,m.
'

---

3 -

DR. ISBIN: As I recall, in your report, Warren, -

4
you did not specifically state that there were 27 items.

5
Where does the 27 items come from?

6
Who furnished that quantitp?

7
MR. G. ROSS: That was a list 9,e genera ted , the

8
Safety and Licensing Group. We looked down through this and

9

ou t of tha t , we said here's 27 items that has safety signifi -
'

10
cance. Let's look at each one of those.

11

Number 1, have we told NRC about that; and, number
12

2, is it a reportable deficiency?

13

We went through each one of those, mindful of
14

that, and we came up with the answer of no.
15

MR. MINNERS: The licensing group specifically went
16

through the Reed report for the specific purpose of identi-
17 '

fying those items. The licensing group generated the list

18 |of 27 items.
19

MR. G. ROSS: Mr. Minners and Don Knuth read the
20-

whole report. They didn't read just the 27 items. They
21

assured themselves that the whole Reed report didn't contain
22'

safety significant items that they hadn't heard about.
23 ..

DR. ISBIN: The conclusion that I am coming to,
24

-enw neemm. i,c. and correct me, is that in the opinion of the staff, all 27
25

items are known to the staff, and out of these items there is

80L i;o
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1

nothing in particular that demands special attention at this

2 ,

time.

3 .

I was trying to get your judgment on whether the

4
ACRS also knows these 27 items, from its actions in the past.

5
And your indication is that the only way for us to proceed is

6
to use a closed session to verify it for ourselves?

7
MR. MINNERS: It is my opinion that all the items

8
in the report are a matter of public record.

9
DR. ISBIN: But there is a reluctance on the part .

10 '

of GE just to list the items as such. Is that correct?
11

MR. G. ROSS: Well, sir, if you were one of the
12

stockholders of General Electric Company and you knew they
.,

were go!.ng to commit millions of dollars to a certain research

14 I
project, I don't think you would want to give that to our

15 '
friends of Westinghouse, Cembustion Engineering, and B&W

16
over here today. I think that is the kind of things we are

17
really talking about.

18
DR. ISBIN: But you are asking the question to the

19

wrong party. My position generally is that all safety-related
20

l items ought to be in the open literature.

21
MR. G. ROSS: That is the point. They are.

22
l MR. MINNERS: Tha t is the point. All the safety-

23 {|related items in the Reed report, to my' knowledge, I thinkfols
24

..% n_, , it is a pretty complete document, are on the public record.
25

They are available in the public document room.

bk fff
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4 1 There may be more items than that, that are safety-

2 rclated items concerned with GE and not the vendor but all of

3 these I am certain are in the public record. So your question

4 of whether th'e ACRS knows all of them, I can't judge what is

5 in your mind and what your knowledge is, but I presume if it's

6 in the public record that the ACRS is aware of it also.

7 DR.'ISBIN: Well, the statement still leaves us a

8 little bit sh'rt and the Ccmmittee will have to decide how :oo

9 proceed from here, unless you want to add something else, that
,

'
IO you are pun: ling over.

II LR. STELLO: I am puzzled as to why you are puzzled.

12 The safety items in there, it certainly reveals the strategy

how they are going to Apend their money. There is nothing new13

Id there. There is nothing you aren't aware of.

15 DR. ISBIN: You haven't told us that though. It's

16 the first time you are saying it in that positive way. I don't

17 j want to force you to say anything but that is what I have been
I

IS ' trying to find out, whether in our actions we have dealt with :

I
l9 these items.

20 ( MR. STELLO: When you say " dealt," may I use one
1.

21 | ' example. I wouldn' t look at the General Electric Company,

22 because they may frown. The question of the core spray tests

23 were, I looked at the rept ; t. I recall- t was mentioned. Let
!

24 me ask you, would you say the ACRS knew of that particular test
-me.i neomn. inc.

25 result? You may choose to say yoa didn't know, but yet the

|. .,' c2
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1 information was clearly available. It was not an item that the2-,

2 ACRS probably until today had discussed. It was clearly avail-

3 able. The Staff knew about it. If I may, may I change it a.nd
.

4 say, did the Staff know all of the items in there? Yes.

5 Did the ACRS go down and discuss each and every

6 item that was in there at one time or another? Well, I don't

I
7 know if I want to venture a guess on that. I would say, if I

8 had to look'for a market, it would be a very high percentage,

9 85 percent of :he time I think you would agree with me, it has

10 been discussed. You personally may disagree with 5 percent of
,

II the items. Maybe a different ACRS member would disagree with

12 5 percent but I suspect it would be a different 5 percent of

13 the items. It's a subs,tantial report. It's very hard to do,

14 unless you personally read it and you are looking more for

15 personal assurance. The Staff is aware of all of the items

16 that are in there, and they have been identified previously

17 on the public record.

18 The only question that I guess I feel hesitant to
|

19 address is, have each of those items been addressed at an ACRS !

20j meeting. I think that is what you are asking me.

21 ] DR. ISBIN: Yes. Well, I think we are perhaps
|

22 placing too great a burden on you.

23 I am going to suggest that we. adjourn for lunch. We

24 can reconsider the question right after lunch.
-mem amorms. w.

25 MR. STELLO: And we will consider whether or not we

! 4Q 113
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eri 3 1 will be able to make a statement that says we believe the ACRS

2 has in fact discussed each of those issues. We will try to

3 come back with an answer that says that if we can.

4 DR. ISBIN: Thank you. We will reconvene at 1:15.

5 (Whereupon, the meeting was adjourned for luncheon

_4 6 at 12:20 p.m. to reconvene at 1:15 p.m. in the same room.)

7
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r 7662 I AFTERNOON SESSION
_5 frank
_ri 1 2 (1:15 p.m .)

3 DR. ISBIN: The meeting will come to order again.

4 For our first item this afternoon we would like to call upon the

5 Atomic Safety and Licensing Appeal Board for any comments they

6 would like to furnish us regarding their own independent review

7 of issues. One of the particular issoes raised by the engineers

8 who recently dealt with the integrity of the steam generator

9 for the pressurized water reactors. This is an item, for
.-

10 example, which the Appeals Board on its odn initiative has

II undertaken a review of some of the issues.

12 With that as a brief introduction, whom am I calling
.,

13 on? Rosenthal, Buck?

14 MR. ROSENTHAL: I am Alan Rosenthal, chairman of the

15 Atomic Safety Licensing Appeal Panel. I have also been sitting

16 on the Appeal Board which is assigned to the Prairie Island
i

I7! Units 1 and 2 operating license proceeding. It would be in-

I8 appropriate for either Dr. Buck, the vice chairman of the panel,
I

I9 who is on my left, and I might say is also sitting on the

20 Prairie Island Board, or myself to discuss the merits of the

21 controversy over steam generator tube integrity. That contro- '

22 versy is still pending before our Board.

23 It was suggested to me by Mr. Fraley, hcwever, tha t

24 the Advisory Committee might be interested in the procedures
-eceras Reporters, Inc ,

25 which the Appeal Board has followed in pursuing this matter.

4 83- 115
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meri 2 1 Because I think among other things that the course that was

~

2 followed here is fairly illustrative of the manner in which the

3 Appeal Bxeds. generally confront technical issues. The Appeal

4 Boards by direction of the Commission are called upon not merely

5 to review such issues presented by Licensing Board decisions

6 as the parties to the proceeding may see fit to put before the

7 Appeal Board.

8 In addition, we conduct what is known in the verna-

9 cular as a sua sponte review, review our own initiative, of
.-

10 any question, technical or legal, which we think upon our

11 review of the Licensing Board decisions and the record of the

12 Licensing Board proceedings, merits consideration. And that,

13 I might say, is how we"became involved in the steam generator

14 tube integrity issue.

15 That issue had been raised by Intervenors in the

16 Prairie Island Operating License proceeding, raised before the

17 Licensing Board. The Licensing Eoard determined that the

18 methcds that the Applicant then was employing, proccsed to

19 continue employing with respect to treating secondary system

20 water, namely, the so-called phosphate treatment, was satisfac-

21 tory and rejected the claim of the Intervenors that there was

22 any safety problem presented by reason of the possibility of

23 thinning or cracking of the steam generator tubes.

24 The decision of the Licensing Board authorizing the
- +=w w a a n m .inc.,

I25 issuance of Operating License was appealed to us, but the
1

4!st 1;6
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I appeal did not encompass the steam generator tube integrity_;

2 issue. In other words, the parties in effect chose to accept

3 the Licensing Board 's resolution of that issue adverse to the

4 contentions which they had raised before the Licensing Board.

5 On a preliminary review of the record, however, the then single
6 scientific member of the Appeal Board, assigned to the case,

7 came to the conclusion that in fact there was serious question
.

8 as to whether the conclusions that the Licensing Board had

9 reached was adequately supported by the record.
,

10 Accordingly, the parties were a'sked in conjunction

II with the oral argument that was scheduled on the issues that had

12 been rasied by the Intervenor's appeal to address themselves to
13 the steam generator tube integrity question. On the eve of

Id argument, the Appeal Board was informed by the Applicant that it
15 was converting from the phosphate water treatment method to the

16 AVT or All Volatile Treatment method.
I7 We explored the question with the counsal at the oral

I8 arguments and we decided immediately thereafter that there sh if
I

I9 he further proceedings conducted by the Licensing Board on '
20 ! issue of steam generator tube integrity. We accordingly remand-

\
21 I ed the case to the Licensing Board for tha t purpose. This was

22 { in September of 1974.
I

23! In January of 1975 the Licensing Board conducted a
Il

24 f further evidentiary hearing confined to the steam generator tube. -me u a w, m w.

25
integrity. issue. It lasted a little over one day. Subsequently,

|

0 | f
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_1 4 1 the Licensing Board came down with a supplemental initial

2 decision in which in essence it reaf firmed its prior determina-

3 tion, that time in the context of the All volatile Treatment

4 method, that there were no safety problems associated with

5 cracking or thinning of steam generator tube walls and they

6 specifically determined among other things that the 'lecision as

7 to whether to install condensate demineralizers was an economic

8 decision and not a safety decision.

9 In other words, they indicated that there would be

10 no safety problems presented by the use of the AVT method. This

11 decision as well was accepted by the Intervenors. Nonetheless,

12 again following our ordinary procedure of conducting a sua sponta

13 or on-our-own-initiative review, we examined the initial deci-

14 sion in the light of the record that had been developed at the

15 supplemental evidentiary hearing in January.

16 By this time I might say the composition of the

17 i Board had changed to the extent there was now no longer two
i
i

18 lawyers and one scientist but one lawyer and two scientists,

'19 Dr. Buck having joined this Board, replacing a_ lawyer member

20 who had left the panel. So it was at this juncture, myself as
,

21 ' ' chairman of the Board, Dr. Buck and Dr. Johnson, who had been

22 on the Board throughout.

23 Dr. Johnson and Dr. Buck, upon their own review of
,

24 the supplemental initial decision, again measured against the
-=*rm Reporters, inc.

25 record that had een adduced at the supplemental hearing, came
i

481 118
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1 to the conclusion that the issue still had not been satisfac-tri 5

2 torily resolved. This time the determination was made by our

3 Board that w4 rather than the Licensing Board, would conduct a
.

4 further supplemental evidentiary hearing and one was scheduled

5 for initially October. It was finally held in January and the

6 parties were advised there were certain specific areas of

7 inquiry and broadly speaking, Dr. Buck may want to elaborate

8 upon this, but thcy were, first of all, whether the AVT water

9 treatment method was efficacious so f ar as minimizing steam
,

10 generator tube degradation, thinning or cr'acking.

11 Second, whither the eddy current testing procedures

12 were sufficient or adequate insofar as the determination of

anydegradationthathNdoccurredwasconcerned. And third,13

14 whether the established criteria for the plugging of degraded

15 tubes were adequate. The hearing was held in January as I have

16 indicated. The ense is still under submission. We have just

17 received the proposed findings of f act and conclusicnsof law

18 of the Applicant. Findings of fact and conclusions of law of

I9 the staf f and the Minnesota Pollution . Control Agency, which is

20 the other party in the proceeding at present, are due in approx-

21 imately a week to 10 days.

22 My guess is that cur F tision is at least another
.

23 two months off. That is essentially ag&Pn what we have been

24 doing in this case, and I want to stress that the Appeal Boa:.-d
r redend Reporten, Inc.

25

doesnotnormallyconduqh'evidentiaryhearings
itself. If r:

4 Oc |I|
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eri 6 1 determines that a further evidentiary hearing is required, its

2 usualy practice is to remand it to the Licensing Board for

3 conduct of those additional p.roceedings. Indeed as indicated
*

in the course of my discursion of the history of the Prairie
.

A

i Island, that is what we did in the first round. We have,

6 however, on prior occasions, rare though they may be, taken

7 evidence ourselvas.

8 We did this, for example, in the Vermont Yankee case

u.e question of whether the containments of the boiling9 or

10 water reactors should be inerted and we have done it perhaps -

11 one or two other occasions but normally our review of technical

12 issues is made on the basis of the record that was developed

13 before the Licensing B;o,ard. Again, if we think that record is

14 inadequate we will remand. I don't know whether Dr. Buck would

i 15 15 like to remand something to that.

16

17

18

19

20

21 '

22

23

'

24
ramral Rgxmmrs, trr

25
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~R7662 1 DR. BUCK: I don't think I have much to add#16
-'nk 2--

except that I think you should remember the steam generator
- wl

3 situation 'has come up before.
4 I was happy to be a member of the ECCS hearing
5 board and the Intervenors in that particular hearing tried
6 to bring the steam generator failure into that hearing and we
7

rejected that on the basis these were separate criteria, not

8
connected with the ECCS critiera by themselves and that on

9 the basis of the criteria one could rely on the integrity -
-

10
of the stern generator tubes.

11

This we still believe was the correct situation at
I2

that time.
..,

13
We were not concerned with the steam generator tube

Id
primarily.

15
However, when the question of the integrity was

1

16 | brought up again before us and we aere dissatisfied with the
,

I7 ! hearing we felt we had to go through with this to satisfy
|

18 .

ourselves that the situation was not a critical one.
1

19
DR. ISBIN: In your deliberations, Dr. Buck, or

20 [, Mr. Rose thal, where you consider.particularly an issue you
21 i saw as spontaneous you indicated and you have some concerns
22

over facets of the review, meanwhile the reactor is operating
23; in this particular case and we need not be specialized as to

1

24 1
cases at hand.

- s.*,w nanm. inc. . but now make some judgment during the initial-

25 !

j stage of your review whether or not more immediate action might
f
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1
be required.

2
And if so, what would be your avenue of approach?

3 .

MR. ROSENTHAL: Well, we have a standard with

4
respect to whether or not we will allow a reactor to continue

5
operating, or if we are on a construction permit level,

6
whether we will allow a plant to be built while we pursue

7
further inquiry, or during the pendency of any remand to the

8
licensing board.

9
That standard simply stated is whether in our judg,-

10
ment the continuation of operation, or'the continuation of

11
construction, as the case may be, during the pendency of

12
the further inquiry, will present an imminent threat to the

..,

public health and safety.

14
It it is our conclusion that it will, we would have

15
no hesitancy at all about suspri' ng the effectiveness of thei

16
operating license or the permit.

U
In this instance, I might say, thar the appeal

18
board at each stage of this steam generator tube inregrity

19
inquiry had to consider that precise question, whether allcwing

20
the Prairie Island facilities to continue to ope. rate while

21
the matter was further pursued, might present a threat to

22
the public health and safety.

23 ~

We concluded at each stage t' hat it would not.

24
, y ,, n ,,,,, %._ It was for that reason arl that reason alone that

25
Prairie Island is still operating today.

4 511 122
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3
DR. ISBIN: The Subcommittee has c.onsidered it

2 important that your group make the statement.

3 You represent an' independent review. It's another

4 part of the process.

5 The Subcommittee and the full Committee is concerned

6 only in an advisory way, but we are interested in the technical

7 information which may well be generated at your hearings as

elsewhere.8

9 Do you have any suggestions regarding the input

jo 6f the technical information and whether the means of making

11 it fully available to others is being used effectively?

12 DR. BUCK: I believe it certainly can be. We had

13 three days of hearings.

ja Of course, the transcripts are available of all of

15 the answers and so forth on examinations.

16 Mostly questions by the board in this particular

l'7 case.

ja DR. ISBIN: Are these official transcripts?

19 DR. BUCK: These are official transcripts. All of

20 our heudngs have official public transcripts, except an

21 occasional in camera hearing.

22 In addition to that, we have asked for additional

23 information from both the Staff and the licensee in this

24 particular case and some of that has already come in.
- - o-w n.ponm, inc.

25 Again, it's in the docket book, it's public record,
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1 and there are still some more papers to come in, findings

2 of fact and that sort of thing.

3 So all of the technical information we get is

4 available. Certainly it can be made avilable to ACRS without

5 miy problem whatsoever.

6 DR. ISBIN: Are there any questions?

7 DR. BUSH: The discussion to this time has been

8 on steam generators which of course is an inherent problem

9. in regard to the response of the emergency core cooling syste.T

.-
10 in the event of'a LOCA. ;

11 With regard to this particular series of working

12 group open meeting that we are holding, the statement that was

13 made during the allegations was more generalized, in that

14 they discussed failures of heat exchangers, which as a

15 generic class will include steam generators, oculd I ask if
I

16 ' either the licensing board or the appeals board have ever ;

l'7 investigated the safety significance of heat exchangers other '

18 than those primary units that are specifically noted as

19 stean, generators?

20 Dh. BUCK: No, sir, we have not. Not as far as
|

21 the appeal panel is concerned. I don' t know of a licensing
i

22 board that has done it, either.

23 DR. BUSH: That would be my' suspicion but I wished'

24 for the record to clarify it.
eMwW Reorms, lm.

25 As an individual question, are you looking at the

bk | ,7
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I systems, have you ever assessed any safety significance for those

2 units in the secondary system or tertiary systems?

3 dR. BUCK: No, we have not.

4 DR. BUSH: Thank you.

5 DR. ISBIN: Well, thank you very much, Mr.

6 Rosenthal and Dr. Buck, for coming.
e
916 7 MR. ROSENTHAL: Thank you very much.

8

9
-

.

10
'-

11

12 |

..,

13

14

15

16

17

18

19

i

20 i
:

}

21 |
|

22 '

23 .

24

-coeral Reporters, Inc.

25
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517 i DR. ISBIN: Do we return to you now, Cenny?
/fml

27662 2 MR. D. ROSS: Yes.

3 Jim and I had some comments we could make or, if

4 the Committee had any specific questions, we could handle it

5 either way.

6 DR. BUSH: Could I ask a question? Let me

7 reiterate my question that I have just asked, the system

8 predominantly with regard to the steam generator, on the

9 basis of the regulatory evaluations, have you established the
.

10 safety significance for those other haat'exchangers in the

11 circuits?

12 MR. KNIGHT: Yes. Of course, depending upon the

13 location of the heat Axchangers, whether in the reactor

14 coolant pressure boundary or portions of it, within the

15 pressure boundary. Certainly, yes.

16 DR. BUSH: Can you clarify?

17 MR. KNIGHT: We require that they be designed

18 concerning that pcrtion of the heat eychanger, be designed

19 according to the other portions of the reactor cooling system.

20 DR. BUSH: That I understand. I am thinking in

21 the context of what kind of design basis accident could the

22 failure of X tubes in a steam generator,for instance, re-

23 sult? And I will satisfy any question.of failures of

24 shells, et cetera.
w %e,wn, inc.

25 MR. STELLO: I think, perhaps, Dr. Bush, you are

looking more in te .as of c consequence or design basis

t: m 126.
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fm2 oriented review. So let me start with a few examples. The
y

emergency condensers are looked at with respect to tube failures ,

2

am unt of activity that can be released as a result of the
3

tube failures and they are bounded and evaluated on the basis
4

f the failure of the pipe, as far as tha condenser in terms
5

f what its consequences might be to assure that proper
6

devices are placed on the system to limite the radiological
7

w

consequence of that event. The heat exchangers that are
8

used for the f an coolers inside of containments are evaluated
9

much on the same basis, as to what they-might be and their
10

11 protective devices, to assure that these units are properly

12 Protected. The Millstone intrusion incident, as far as in

terms of the condense $ tube failures are evaluated in terms13

of tracking what they might do to insure that proper monitor-
14

ing equipment is placed in the system to detect the failures
15

and isolate them before they can have untoward consequences,
16

so the particular design basis is dependent upon the particular
17

18
component that is teing evaluated.

19 I will get to one which I thinK is perhaps the

most difficult to sumnarize simply. But I will try. The
20

heat exchanger that is uced for decay heat removal.
21

One has to eval.uate what the consequences of
22

23 leakages might be in theJe theat exchangers and how one would

24 cope with the consequences of the leakage in terms of, again,
I

h Rgorir.n, Inc.

25 a design basis event where you can detect and isolate the
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fm3 1 unit before you exceed radiological limits. The,only direct

2 ef fect you have in terms of interaction with the primary
3 system, of course, is related to the steam generator to the

4 PWR .

5 I am not prepared to go item-by-item in heat

6 exchanger but I am trying to give you an indication of the

7 types of considerations that are included in our evaluations.

8 DR. BUSH: When I listen to ycur remarks, pre-

9 dominantly one of the control of release of activity in the
.

10 event of another initiating phase, I thought -- can you spe-
II

cifically point out anyshere the failure per se could be an

I2 initiator of a significant event?

I3 MR. STELLO$" Radiological release?

I4 DR. BUSH: Well, no, I am trying to think of it

15 as being the initiator of a fairly severe accident as such.

16 That is what I am trying to establish The radiological re-

17 lease is obviously a functiion of the amount of activity that
18 may have gone frcm primary to secondary system or that is
I9

in the primary system if it is, say, a letdown unit or some-

20 thing of that nature that could be released. I am trying to

21 see if the failure of a unit could cause an initiation in
22 itself.

23 I don't know of any. I am trying to see if in

24 your evaluation you have established any. I can't remember% nepo,tm ,irc.

25 this as one, that was looked at primarily from the radiological
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fm4 1 release point of view. I am trying to find out if it can

2 be considered as a stage in an accident initiation.

3 MR. STELLO: The emergency condenser example
.

4 I gave you is by itself a loss of coolant accident. It is

5 outside of containment, so you have to be able to put in

6 protective devices in the limit prevent that leading to a

7 core heat up so there has to be equipment to isolate and miti-

8 gate that accident in that context.

9 DR. BUSH: That one is where you have a failure
_

..
"

10 of the pipe --

11 MR. STELLO: Which also a failure of the pri. ary

12 coolant capacity.

13 DR. BUSE: Which gets back to our pipe failure,

14 the design basis accident.

15 MR. STELLO: But that is the largest failure.

16 There are smaller ones which are the tubes themselves.

17 DR. BUSH: Well, that is the next step I was going

18 to raise. That is if we follow the analogy of the steam

19 generator, if the pipe fails, can its failure initiate failure

20 of X tubes and what will be the consequences? Can it affect

21 the tenor of the path of the accident, or is it primarily a

22 release of activity?

23 MR. STELLO: Primarily a release of activity

24 with the limit of the primary coolant being standby actuation
W Reparters, Inc.

25 of protection systems, which isolate the break from the
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fm5 j primary coolant system. Valves are made to close, to isolate

2 that" break.

3 DR. BUSH: But from a radioactivity release point

4 of view, let me put the break arbitrarily right next to the

5 heat exchanger. Okay? If I break the pipe in the classical

6 mode and spill the water, primary coolant. Okay. What is

7 the difference between that at the failure of tubes, fron.

8 an activity release point of view. You isolate --

9 MR. STELLO: Rate dependent. The maximum rate
.

10 would, obviously, be the pipe and the rate would be lesser

11 for some conbination of tubes.

12 DR. BUSH: So, you don't see this as a step such
13 as in a steam generator, if you fail a pipe and the failure
14 of tubes may have an effect on, say, the operability of the
15 ECCS? That is really what I was trying to get at.
16 MR. STELLO: The only relationship that we see

'

17 that has that coupling is in the steam generators.

18 DR. BUSH: That is what I wanted.
19 MR. STELLO: He may want to add something.

20 MR. TEDESCO: As a matter of our review procedures,
21 Dr. Bush we do reveal all the syrtems in the secondary
22 clad and the auxiliary, involving the primary coolant, the
23 process core and so on. All essential, safety systems are
24 redundant to any failure in one of those systems should be

rM Rspo, ten, Im

isolated with this emphasis and the condenser doesn't close the25

b0
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Im6 i heat exchangers in this area.

2 DR. BUSH: The reason I ask the question is the

3 way in which the allegation was phrased, one, and two, when

4 I attempted to find a response to the allegation, I was un-

5 able to do so. I must not have looked to the right case.

6 MR. D. ROSS: The staff testimony on this starts

7 about Section 2, Roman numeral 2.

8 DR. BUSH: That is what I have in front of me.

9 MR. D. ROSS: Page 110, item J and continues through

<

10 117. '

11 DR. BUSH: Which sets of testimony? I have three

12 sets.

13 MR. D. ROSSl This is the March 2 testimony,

14 responding to Bridenbaugh, Hubbard and Minor, the NRC's

15 testimcay. Roman 2, starting at page 110 and continuing throug a

16 page 17.

17 DR. BUSH: I am confused. I am lcoking at the

18 Bridenbaugh, Minor and Hubbard testimony, February 18, 1976 --

19 MR. D. ROSS: Roman 2.

20 DR. BUSH: I see lots of words about containment,

21 et cetera, and I get over to steam generator failure and leak-

22 age, and I go to page 116 and it is all steam generator.

23 That is why I asked the question. I can't find anything

24 relevant to heat exchangers, which was in the original
w n==nen. inc.

25 Bridenbaugh, Hubbard statement. That is the reason I asked
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1 the question. It may be and I couldn't find it, but that is

2 what I was looking for.

3| M,R . D. ROSS: It is further back in the report.
i

4! I will dig it out in a minute.
I,

5 DR. BUSH: I only raised it, Mr. Chairman, in the

6 sense that the question we were requested to respond to has

7 to do with heat exchangers, which is. mare general than steam

8 generators, I think. That is the end of my statement.
;

MR. D. ROSS: Dr. Isbin, we understood at this9q

10 point in the agenda there would be opportunity for the PWR ven-
1
I.

11 dors to comment as might be appropriate.

12 DR. ISBIN: Yes.

13 MR. D. ROSSt So, I suggest you turn it over to

17 14 them alphabetically or in some systematic fashion.

15

16

17

18

17

20

'

21

22 '

23 ,
''

I

24

W Raponen. lac. ;

25

f)fk 9'
iu
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1 DR. ISSIN: Do we have a response from

2 Wes tinghouse ? '

3 MR. DOCHERTY: I am Pat Docherty from

4 Westinghouse.

5 What I would like to do is give you a general

6 overview of the procedure that we use to assure steam

7 generator tube integrity during LOCA.

8 The insurance comes essentially by way of
9 three steps.

.-

10 First, in the collapse test for tubes perf ormed

11 for un floored tubes , for cracked tubes and for thin tubes.

12 And using these test results in conjunction with stress
I

- w 13 anelysis performed in tMb tubes and the tube sheet, for
14 loads resulting from imposition of LOCA forces, plus the
15 safe shutdown earthquake forces.

16 And, thirdly, a development of plugging
f

17 criteria that assures tubes are rendered out of service
'

ic before thaycome witnin the possibility of failing
19 under the load imposed by these materials.

20 ( Sl id e. )

21 Now, the LCCA transient and the effect on the

22 stea. generator is that the hydraulics are characterized

23 by a very rapid reduction in the pric.ary side pressure
24 and propagaticn of a rare faction wave for the steam

25 generator tube sheets.

0Ek kbb
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'

i Now, the hydraulics in respense to the LOCA, in

2 the tube sheet, what occurs is that the pressure very rapidly
3 drops to a value of around 1300 psi, reducing the delta P

4 across the tube from the nominal steady state value of

5 the order of 1200 to' 1400 ps i.
6 Higher pria.ary side pressure to lower secondary
7 side pressure'and reversing this delta P.

8 With the rarefaction wave and the reduction
9 of system pressure on the order of 1300 psi, the resultant .-

10 reduction across the tubes becomes relat ive y s.nall for
l' a significant portion of the accident.

12 This reduction is on the order of 25 : ail 11 seconds
13 for 1800 psi. ""

14 So with this reduction, the mechanism pos tula ted
15 for tube f ailure would most likely be in the collapsed c. ode,
16 with the pressure en the secondary side being higher than
17 the primt y side pressure.

18 Thus wha t I have he re and .sha t I am presen ting ,
19 a table of data as the re sul ts of tes ts perf or:aed on a
20 steam generator tubes in the collapsed mode.

21 What we have here is maximum pressure tha t was

22 eached is 10,000 psi, with no collapse for the unplugged
23 tube.

24 Now, what i.e presen ted here are 'various fla ws

25 tha t we r e ma c hined into the tubes or fla ts , or reduc tions

48)t 134
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i of the tube wall that were machined into the tubes.
2 The,se tubes were al'so tested.
3 The most severe of these being a two-inch

4 flat with 25 percent of the wall remaining and the

5 corresponding collapse pressure of 2200 psi.

6 Now, this is to be compared with the maximum

7 load imposed upon the tube in the collapsed mode for
8 the LOCA transient on the order of 1000 psi, which is the

9 difference between secondary side maximum pressure and
.-

10 the containment pressure of the system. '

11 ( Sl ide. )

12 Now, in addition to those collapsed mode te s ts ,
13 a series of leak tests were run for tubes with cracks,

14 machined in the tubes.

15 What we accomplished with the test was to

16 establish a tech spec lim.'.t, the maximum leakage we

17 allowed and identify that in * arms of a crack size.

18 The scale on the bottom is relatively hard
19 to read.

20 This is crack size in inches, .6, 5, 4, 3, 2, I.

21 Andthisis flow rate and gpm.

22 After you cross the I gpm axis ycu attain a

23 crack size of about .6 inches, which is the critical

24 crcck size below which you never expect any growth of the
25 crack. ''
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i That .6 critical crack size can be compared

2 to the crack s.izes that were machined into the tubes that
3 were tested.

4 (Slide.)

5 All the way up to an inch and a half.

6 So by imposing the I gpm tech spec limit for

7 leakage, we assure ourselves that the tests that were run

8 in the collapsed mode were sufficient to encompass the
9 range of cracks expected in the reactor durir; operation.

, ,

'.

10 (Slide.) -

11 Now, going one step further, what we did was

12 perform a stress analysis on the steam generator tubes
13 for the imposition of the 'LDCA and the safe shutdown earth-

14 quake loads. '

15 We nodalized the tube sheet and what we found
16 was the most severe stress placed upon the tubes occurred

17 just about the region of the U bend in Node 16, iden ti fied
18 here.

19 (Slide.)

20 Now, this stress level, which I have a tran si en t

21 of, is indicated here and indica tes a maximum valu 2 of about

22 50,000 psi.

23 This is to be compared with th e steady state
24 membrane stress of approximately 16,000.

25 This point is slightly in error (indica ting) on

48:L i36
..



.- .. _ _ _ _ . - . _ . - .

134

n5

1 the normal steady state operation.

2 (Sl'ide.)

3 Now, in addition, any tube degradation, tube

4 degradation and tube, generator tube proble.as have occurred

5 here, so it ir appropriate to compare the stress problems

6 wi thin the tube . sheet to the steady state full power levels.

7 (Sl-1de.)

8 Piha t I ha ve is a stress transient for the

9 nodes near the tube. sheet. -

10 Now, again, the initial starting point is .in

11 error. It should occur up at 16,000 psi and you can see

12 that as a result of the LOCA hydraulics you have a very rapid

13 drop in the stress, on the tubes at the tube she:t

14 accompanying the rarefaction wave and a rapid drop in

15 primary site pressure to 1300 psi and tais stress level is

16 maintained at a very low value f or a significant portion of

17 the transient.

18 So that as far as tube stress at the tube sneet

19 is concerned, the worst stresses imposed upon th? tubes .iore

' 20 at full power steady state operation and the prime si tua ti on
A /

21 ,of a Lt)CA transien t upcn the tube, particularly '.he tube

'egion in that area, reduces the stresses en the tubes22 r

23 considerably.

24 Now, an analysis also performed' for thinn ing tubes

25 and thin walls, indicate even with a tube thinned to 40 percent

A85l 1.37
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i of its original thickness, tha t such a t ebe , even if the

2 40 percent thihning were considered at the most severe
,

3 locat ion --

4 (Slide.)

5 -- is well within the ASME conditions for a

6 faulted condition and it will be able to maintain its

7 integrity.

8 Are there any questions?

9 DR. BUSH: I hear you. I am not sure I am , ,

--

10 convinced, however.

11 I think you are running a lot of star,1c tests and

12 making some inferences for the dynamic. phenomena. I am not

13 at all convinced, one, that it would necessarily be the

14 sam , but let me postulate something and see what you say.e

15 If I assume a seismic evera, and I apply the

16 for:es function to the shell and to tfie support of the tube

17 sheets, I think from inertial e f fects I would not necessarily

18 expect the oundle to benave as an integral whole end,

19 therefore, I could put bending mccents on the tubes at

20 the support level, not necessarily a t the be nd bu'. som e

21 other locations.

22 Now, the tests you have run I can also postulate

23 because I know it is possible to have cracks tha t occur

24 circumf erentially rather than axially.

25 It is not too uncoraan a phenonena.

k?$ 1
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i The static loads that you are discussing,

2 which are very high, I will ag~ree, I am not convinced

3 will necessarily be a one-to-one model, for dynamic loads.

4 In a bigger pipe I am certain that is the case

5 because the dynamic loads will impose a totally different

6 force feed.

7 Perhaps the need, because of the flexibility at

8 which they can respond, it may not be a significant factor,

9 but, the tests that you have discussed don't necessarily
.-

10 convince me that that is true. '

11 MR. DOCHERTY: The evidence that I can offer,

12 perhaps to address that question, is there were addi tional

13 tests run with a bending, moment imposed upon the tube.

14 These were burs t tests rather than collapse tests, and

15 the original series of test was run for the burst c: ode

16 and then tests were replicated again with the bending

17 moment imposed upon the tube and the bending noaent is

18 on the order of 44,000 psi which is comparable to the

19 bending moments you are talking about.

20 DR. BUSH: Except it was probaoly a static

21 bending moment.

22 MR. DOCHERTY: Yes, sir, that is true. But

23 th e impositian of that be nd i rs momen t on a tube with a

24 crack tended to reduce its bursting li: nit on the order of

25 10 percent. '

481 l]9
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I Tests are referenced in the supplemental
2 inf ormation provided in WCAP-7832.

3 DR. BUSH: Well, I get my gut feeling on the se

4 small sections would be that it may not be a fac,or, but

5 I am not sure how I can prove that it isn't, and I am not

6 sure that your data proves it isn't.
.

7 MR. DCCHERTY: I think the most significant

8 point I want to make is that the areas where there has been

9 degradation observed, that the stresses are essentially all .-

membrane stresses, at essentially zero bendkng stresses10

11 indicated, in the region near the tube sheet and for that

!2 region the stresses are higher at full power operation
13 the, in the LOCA event. "

14 DR. CATTON: Have two-phase flow instabilities

15 during rapid depressurization with parallel flow paths
16 been a consideration?

17 MR. DOCHERTY : No. This was modeled as a
13 single bundle with the b1cwdown tuce cod e .

19 DR. CATT:)N: Do ycu think that parallel flow

20 path instabilities could be a problem?

21 MR. DCCHERTY: I can't imagine tTa t e ven wi th

22 flow ias tablii ties and parallel pa ta ins tabilities that

23 yot! get pressure reductions lower than on the order of 1303

24 psi.

2E DR. CATTON: I am talking about vibrations and

4F1 140
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I shaking and this sort of thing.

2 MR.'DOCHERTY: This hasn't specifically been

3 addressed.

4 Wha t is done is that the shaking froin the

5 external forces imposed from loop novements during the

6 hydro -- as a result of hydraulic transient is imposed.

7 DR. CATTON: This would be a different

8 frequency and would follow the raref action wave. It

9 has not been addressed. ,-
'

10 MR. DOCHERTY: Tha t's r igh t .

11 DR. ISBIN: Thank you, Pat.

12

f 13 "

,' 14
,

15

16

17

18

19

20

21

22

23

24 -

.

.
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. 1 1 DR. BUSH: Has the Staff 1 coked at this dynamic
; 19

662 2 loading aspect? My concern may be totally unrealistic. That

3 is why I would like to have you tell me, if it is true.

4 MR. KNIGHT: Jim Knight, Regulatory Staff. Yes. .

We have looked at the analyses that have been performed here.5

6 In the total analysis that is done, the seimic loads as a time

7 function, the socalled shaking load that is the response of the

8 entire reactor coolant system which would be the shaking of the

actual steam generator and the passage of the rarifaction wave9

through the tubes.are all combined in the designed stress , ,
10

II analysis.

12 Am I getting at the questian in your mind?

, ell, subsequent analysis, the experienceW13 DR. BUSH:

they have in looking at them is an extremely complicated one14

15 and as a matter of fact not one that the code normally addresses

16 so I guess it's really a question of whether indeed you have

17 done a dynamic analysis.

18 MR. KNIGHT: Yes. This is the case where certainly

19 as you point out it's not an analysis required by the ccde.

20 It was an analysis requested by the Staff. And as you point

21 out, they are very sophisticated and have dif ficult analyses.

22 The greatest inherent conservatism in the summation

23 just presented, as you probably noticed, the analysis simply
~

24 based on a single tube, in essence, frce in space, under these
=+=*rw n xx= s. inc.n

25 loads. In reality, of course, you have the entire tube bundle,

48?( i42
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ri 2 1 you have the supports which are not considered in this~ analyses,

2 that provided damping, a good deal of damping and restrict the

3 motion of the tubes.

4 DR. BUSH: Well, that is true, but also the supports,

5 they apply a different forcing function or a different inertial

6 characteristic of the tubes and therefore I suspect if you were

7 to look at the. loads as a function of.the tube in a free field,

'

8 under this circumstance, as contrasted to one that had a series

9 of supports through it differently, that function differently,

10 that where the overall amplitude might be.less, the spike ampl'i-

Il tude would be greater. That is my question.

12 MR. KNIGHT: We have taken an independent look at thi s

13 oursleves, using the personnel and computer programs available

14 at the Naval Research Ship and Development Command and all of

15 the evidence that we have gathered to day shows that what you

16 see is a great increase in dampening and resistance, that makes

17 the stress level shown in this particular analysis presented

18 quite conservatively.

l9 DR. BUSH: There certainly should be a backup, be-

20 cause I would think scme of the programs related to the sub-

21 marine heat exchangers would cover this.

22 MR. KNIGHT: That is the reason we went to this.

23 DR. BUSH: That answers my cuestion.

24 DR. ISBIN: Would Combustion Engineering like to
m uarred Rrporwrs,1,c,

25 contribute?
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jeri 3 1 VOICE: I don't know of anything I could add at this

2 point to what the previous speaker and our previous presentation's

3 on this subject, but I would be happy to answer any questions

4 that the Committee might have.

5 DR. ISBIN: Any other comments the Staff wants to

6 make on this item? Otherwise we wi'.1 go on to the next item.

7 MR..D. ROSS: No. -

.

8 DR. ISBI": We planned to move Item 10.

9 MR. ETHERINGTON: Does B&W have anything to add.
.-

10 DR. ISBIN: I didn't call on them but if they want

II to respond, they can.

12 (No response.)

13 DR. ISBIN: 'ltem 10 deals with the Staff listing

14 of operating BNR plants, but perhaps before you want to pick

15 up that item, if you want to pick up the additional items from

16 previous working groups, this might be the appropriate time.

I'7 MR. STELLO: I wonder if I can ask Gail Ross and

18 General Electric Company to present the results of an analysis

19 we asked them to do during the last working group session in

20 Chicago. The question raised was what would happen if the main

'. steam line isolation valve closed at the maximum rate they can21 -

22 close at and what would the resultant pressures and heat fluxes
'

23 be, were that event to show that it is apt of any major afety

24 significance? We are trying to say not that tnis will happen,
--woe.s a m o ,,,s.i,c.;

I
25 ' but to try to find a way if you will to bound the problem.

4Sjl 144
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I They have done such calculations and I would ask if-i 4

2 they could at least describe the results of those calculations
3 and perhaps leave copies or at least a copy of the results of

4 the calculations so that it can be included in the record, if

5 you would permit, Mr. Chairman.

6 DR. ISBIN: Yes. By all means. Are you ready to

7 respond, Mr. Ross.

8 MR. G. ROSS: Yes, sir. I am going to leave with

9 you two sets of curves. One is for three seconds which is the
...

10 minimum allowed by tech specs and the othe'r one is for a one-

11
second closure of the main steam line. This is ramming the

12 steam line valve home at the fastest rate we believe possible.

~

13 We think it's somewhere between one and 1-1/2 seconds so the
14 analysis was done at one second.

15 The maximum pressure we got out of that was the

'
16

1157 psi. The normal set point for the safety valves is 1210

17'

for this. This was done for Monticello. The safety relief

18 valve f or chat plant are 107 5, 1969 and 1985. What really

19 happens in this particular type of a transient -when the main
20 steam isolation valves ram close you get a signal for scram

.

21 'when three of the valves get moved 10 percent, so what is

22 really turning it around so there isn' t any consequence is a

23 scram, initiated at 10 percent valve closure.

24 What you see is no increase in the heat flux. It's
~ mkrad Rgoners, t,c

25 less than the 100 percent you started with. And the neutron

A *C I
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.ri 5 1 flux goes up to 144 percent but it's for a very short period

2 of time so it really hasn't any consequence. I will leave the

3 curves with y - both for the one second and three seconds.

4 Are there any questions?

5 DR. BUSH: How sensitive is the amplitude of the

6 pressure ramp distance from the vessel to the valve? Obviously

7 I don't think you can give me a quantitative one but you did

8 this for Monticello.

9 MR. G.,RCSS: Yes. .-

;

10 DR. BUSH: I guess the question is, if I look at the

Il position of the valves at plant X and I put a bounding value

12 which is obviously a function of the architect-engineers, what

13 is the range about X, n other plants? In other words, it could

I Id be 150 foot closer, 10 foot closer or what have you.
i

15 MR. ENGEL: The main steam line piping is finished
i

16 by General Electric. It's almost identical for each plant size
t

17 and all analyses are done with the specific plant configuration.,

18 DR. BUSH: You are telling me the disrance to the

19 first valve is essentially fixed.

20 ' MR. ENGEL: Right. It's fixed. It's only when we

21 go to other transient-like turbine trips that steam line

22 pressure differs.
,

23 32. STELLO: While Mr. Ross is up there, there was

24 one more question raised as a carryover item. That was with
Materaf Retxwam, Inc.

25 relationship to the recc=mendations that were referred to in the

481 146
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;ri 6 I report from the three engineers, that suggested that the

2 General Electric Company or someone else had made some recommen-

3 dations with' respect to fog nozzles, and new fuel storage

4 facilities, and as I indicated at the earlier subcommittee

5 meeting, we were not fully aware of such recommendations and

6 we would refer the question to the General Electric Company

7 for an explanation of what the recommendation was and its

8 significance.

9 MR. G. ROSS: I have a slide I would like to get t

to '

respond to that.

II '
(Slide.)

I2 First, I want to make it clear that it doesn' t

13 matter -- I mean there is no consequence if it's completely dry,

14 partially flooded or fully flooded. We are talking about the

15 new fuel storage. So if it is completely dry or partially

16
filled or completely flooded, there is no problem. We

17 originally looked at the partial moderation back in 1967. And

I8
then there is an ANS Committee that came out in August of '74

19
and what they said there, you must consider the optimum modera-

20
tion. That is where we really started looking at this one more

21 time.

22
Also there was a standard review plan which said this

23 must be considered a new design. So we went back and looked at

24
_ each one of the BWR plants at that time and based on our review

- rederal Reportm. Inc.

25
of that, we found that normally storage of new fuel is covered

A. f)' l ', .- l'
* '

,
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.eri 7 1 with steel or concrete covers. Also the new fuel storage

2 elements are covered with plastic bags. Now, to get into a

3 problem with.this mist, you must get complete fog down in around

4 completely the steel elements. It just isn't around the out-

5 side.

6 It must get completely within the contents of the

7 new fuel storage. In fact, you must cover a volume that is 25

8 by 6 by 12, with a uniform mist somewhere in approximately

9 0.1, plus or minus. We believe also that this is highly
.-

10 unlikely. In f act we looked at the probabilities of that

11 considerably, and you can't get that from a sheet of water.

12 A sprinkler system won't give it to you. Also, hydrogenous

13 foam won't get there. "We look at that and concluded it wasn't,

14 a credible event. We looked at the possibilities of that.

15 We looked at first the probability of whether you

16 have a major fire on the refueling deck, and that is like a

l'7 probability of 10 and whether then also it's up there in the,

18 new fuel storage area. That is a probability of like 102, gny_

19 way we went through this and came up with a total probability

20 like 106 If you look at that and take away some of the

21 conservatism and we feel it falls below 10CFR 100 and even if
22 you consider the event happening, it falls below the limits of

23 10 CFR 100, so first we don't believe it.'s a credible event.

24 Second, even if it does happen it doesn't have any consequence.
e sw===n. inc.

25 The consequence is below that acceptable for 10 CFR 100,

481 148
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:eri l' 1 MR. STELLO: Mr. Chairman, I hope first that your

2 probability statement is 10-6,

3 MR. G. ROSS: 10-6,
.

4 MR. STELLO: The question on the floor was whether

5 or not General Electric Ccmpany has ever made a recommendation

6 to anyone regarding new fuel storage. And what the form and

7 nature or reason for the recommendation was?

8 MR. G. ROSS: Okay. We went out and looked at some

9 of tae plants and found some did have variable fog nozzles
.-

10 around them, and we suggested they remove 'them and also remove

11 the burnable material in that area to further reduce this

12 improbable event.

13 MR. STELLO: Did this relate only to facilities that

14 were under construction and were using t'te spent fuel storage

15 as a new fuel storage facility? Is cnat the concern?

16 MR. G. ROSS: That was primarily the concern, yes.

17 We have a large number of fuel elements.

18 MR. STELLO: Was there any concern for fuel that

19 would normally be stored in new fuel storage?

20 MR. G. ROSS: No.

21 MR. STELLO: That is all.

22 DR. BUSH: Is there still another carryover item?

23 MR. STELLO: Yes. There is one more. The question

24 that was raised on Tuesday was what test program would be con-
- e a,p e m ,inc.

25 ducted to measure the events that follow on actuation of a

481L 149
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1 relief valve in the BWR Mark I conta;nment system. We did not

ri 9 2 have all of the specific details of what would be done in the

3 test and how.it would be conducted and how it would be instru-
.

4 mented and how that would be used to answer the question of

5 fatigue life on the torus shell structure. I wonder if I can

6 ask Mr. Paulson to go quickly and present what that test will

7 consist of an5 follow it up quickly by a reiteration of the

8 fact that we don' t expect the problem of f atigue life. Very

e 19 9 briefly a comment on that following Mr. Paulson's ~1scussion.

10
' '

,.

11

12

13 ' ' '

14

15

16

17

18

19

20

21

22

23
..

24
% rW Reortres, Inc.

25

kb s
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I#20 (Slide.)
frank
cmwl PIR . PAULSON: I warit to summarize the Monticello

3 safety relief valve actuation tests which are part of the

4 Mark I owners group long term-program.

5 The purpose of these tests was, one, to obtain

6 strain data for fatigue life evaluation of torus structure

7 as a result of the actuation of the safety relief valves.

8 Secondly, to obtain pressure, temperature, and

9 water level data to evaluate die effect of pressurization in
.-

'O
tne relief valve discharge piping and in the torus.'

11
(Slide.)

12 Some of the measurements that will be obtained m*

13 Monticello are as foIlows: First, pressure' on the torus

14 .

skin.

15
They will obtain the transient response by trans-

16
ducers during the actuation of the safety relief valves.

17
Secondly, they will obtain pressure and temperature

la
measurements in the relief valve discharge pipes in order to

19
verify or develop a forcing function model.

20
They will also obtain water level and the discharge

,

21
'

piping to evaluate the effect of consecutive valve actuation.

22
Pressure and strain gauge measurements will be

23
obtained during multiple valve actuations, to help in defining

24 |.

an analytical model and also in determining the torus fatigue'

-o s nepo,m inc.|.

2S I'
margin on the plant life.

<r)6 4). iJ
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We will obtain the temperature in the torus poolcmw2 i

to evaluate local mixing effects during discharge.
2

The water level in the torus pool will be obtained
3

to moisitor the motion of the air bubble as it leaves thea

ram's head.5

There are two more. Strain gauge and accelerometer
6

measurements will be obtained on t'.c relief valve discharge
7

,

piping and also on structural supports.8

(Slide.)9
.-

jo Finally, accelerometer measurements will be

11 developed to develop the load being transported through the

foundation mat and other structures.12

''

13 (Slide.)

l.4 Briefly, here is a schematic, looking down at the

15 Monticello torus.

16 What I have done here is just alphabetically numbere d

17 the relief valve discharge li.'es.

18 The tects will includt individual actuations of

19 these valves, A, E, F, D, G, and B.

20 In addition, valves A and F will be simultaneously

actuated and also valves A and E.
'

21 ,

!
22 Then valves a, E, and G will be simultaneously!

1

23 actuated. ,

24 Finally, they will actuate valve A sequentially

reoers Reponen, Inc. |
25 ' through a five-second discharge, followed by a brief reclosure

:
Ar -

b ,
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cmw3 i and then a second five-second discharge.

2 (Slide.)

3 .Tust to give a very brief summary of the instru-

4
mentatio., that will be available, on the torus wall sucking

5 header and torus columns, there will be total of 70 sensors

6 with 164 channels of data being recorded.

7 These are accelerometers and strain gauges.

26 sensors in the torus pool.8

9 38 in the safty relief valve discharge pipe and
.

' ~

to supports. s

11 And three on the pedestal and base mat area.

12 And to finally discuss the schedule.

13 , (Slide.)
"'

14 The tests were originally scheduled to be conducted

15 for the end of February of this year, but were postponed

16 because of the institution of the drywel _a wetwell delta P

17 ' operation.

ig So-called dolta ? fix.

19 The Mark I owners now have proposed rescheduling

20 ;
the tests for May of this year.

21 That conciudes my brief overview. If there are

22 any questions members of the Staff would be glad to answer

23 them.
..

24 MR. STELLO: I wonder if we could very quickly
1

- r e nepoe m s inc.

25 summarize the qu stions related to the fatigue that will follow
~

at i53
#1
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i from these tests and hopefully clarify the record that this

2 is a problem of no probable force at the moment.

3 E.E . SHAO: ASME 'Section 3 fatigue analysis was
.

4 performed and from the analysis it showed that the torus is

5 go d for 5800 cycles.

6 Assuming a 40-year life, that means every year it

7 can take about 145 cycles.

8 For each actuation there are eight cycles.

9 So you divide 145 by eight, it's good for 18 actu-

.-
10 ations per year. -

11 ; And we feel this is a reasonable number.

12 It also should be noted that ASME Section 3

13 fatigue curve has a safety margin of 20-odd cycles.

14 If we say 18 cycles, essentially 19 times 20 means

15 360 cycles.

16 We hope this analysis will be confirmed by the

l'7 Monticello testing.

ja MR. STELLO: Thank yor, Mr. Chairman. We are

19 ready to go back to the original schedule.

20 DR. ISBIN: Thank you.

21 MR. D. ROSS: On item 10, we would like to take

22 item C first and Dan Fieno of the Staff has a couple of

23 charts.
,,

24 (Slide.)
~ AM Reporwrs. tru.

25 MR. FIENO: The material that I am presenting

fh4s
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cmw5 was discussed in detail at another Subcommittee meeting by

1

Dr. Richings.

I would like to go over the allegation, then to give3 -

a summary of what our status is on the rod sequence control

system.

The all'egations basically were that the electronic

patches have.been added to mitigate.mechnical deficiencies

and that the patches add to complexity of operation and are

frequently igaored and that mitigating systems should be
. .-

impr ved and made mandatory. e
0

(Slid..)3g

Now, basically our probabilistic study by Dr.

Richings has led to the conclusion for the 10 plants listed

here from Oyster Crcek to Vermont Yankee that basically the

probability of the rod drop accident is less than 10 the

minus 12 per reactor year.

. Based on this, we have determined that no fact

in the RSTS is necessary.

However, these plants do have rod worth minimisers19

# '* # "' ~ "9 ' " # **9 * #**20 '

,

'

Now, plants such as Brcwns Ferry 1, Peach Bottom 2

and 3, and Cnoper, Duane Arnold, Hatch, and the rest of

various versians of the rod sequence , control system.

24 In particular, for example, Brown Ferry 1 has what
-co.rw nomn inc.

they call a group C rodt. The first three will be updated25

4 % !55



.

..

cmw6 153
to the group notch control, for the RSTS .

Plants such as Fitzpatrick, Brunswick 2, and

Browns Ferry 2 have group notch control at outset.
3

.

But basically this is the status of the plants.as
4

we see them.

The important point here is that we do not believe

that these systems are just patches to the systems.

Basically, they are aids to the operator in

performing his withdrawal sequences.
9

.-
'l is is all I have to say on this. It's just

10

basically a summary of the status.jj

DR. ISBIN: You mentioned a probability of less

than 10 to the minus 12.

MR. FIENO: For the 10 reactors which do not have

*

15

DR. ISBIN: What would be the probabilities forg

the rest of them?

asically de proba M hy was based..
18

on the 10 older plants, so if you add 10 =cre plants it wouldj9 i

^ * **
20

Basically it's the same ball park. Very improbableg

type of accident.g

BD: Let me see H I hlly understand..
23 ,

24 You are considering an accident of less than 10 to

+=mw nepomn. inc.
the minus 12th.

25

fbb
n

._ _



- .__ .. - - -.

154
cmw7 MR. FIENO: That's correct.j

2 DP. ISBIN: And for the first 10 reactors, no actio 1

3 is "equired.

4 MR. FIENO: No backfit action. That's correct.

5 DR. ISBIN: And for the rest of them, action has

been taken?6

MR. FIENO: That's correct.7

DR. ISBIN: What is the criterion that you use for8

9 whether or not action should be taken?

.-

10 MR. FIENO: Basically I think-the question is at

13 the newer plants --
,

12 DR. ISBIN: Historically this has been considered
i

j3 and therefore you are continuing on with it but if you had
,

ja a probability of an event of less than 10 to the minus 12th,

15 would you consider that a significant action should be taken?

'
16 MR. FIENO: I think the answer is, it's really a

37 , question of the historical precedent.'

pg In other words, the current analysis, the probability

19 method, if those had been present at the time one would come

20 to the conclusion that one would not need an RSCS here per se ,

.

;21 , I don't know if that answers your question.
I
i

22 | In other words, once the decision had been made

23 to install an RSCS, then the questi.on comes up, do you need

24 | it for the older plants and I think the answer is not really
- eoeral Reporten, Inc.

25 ; if you belive a probabilistic analysis.

fb[I
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| DR. ISBIN: All right.cmw8

I

MR. STELLO: We went over the probability analysis
2

# E ' " ** * ~ " 9 '
3

I think .n order to fully answer those questions
,

w w uld have to repeat scme of that.
5

"* 9 #* ^" "# **

6

MR. STELLO: What I was going to suggest, that
7

particular question was addressed at another working group

meeting and without kind of summarizing what we did there
9

'

again, I think it would create an incomplete answer on this'
10

record.gj

I might ask, the same question really comes up at
12

three working group meetings.g

It came up at the Tuesday meeting, partially todayg

and it will come up again for the purposes of evaluating
j3

ma ye e s at de nedng I LMnk on Apdl M,
16

if I recall.

se d ay is not to Escuss. .

18
i

! the reactivity effects but was merely to present a status
j9

of all of these items on the various reactors, but as long as
,

you mentioned probability, I asked the question.

MR. STELLO: The intent was not to cover orobability
22

' '

today, because we had previously co';ered it.g

I wonder if I might ask you to look at Tuesday's
24

"ederal Reporters, Inc. I
transcript. It wa by Dr. Richings and it would give a T. ore

25

48L 158
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Irw9 DR. ISBIN: All right.

2
MR. D. ROSS: Item 10-D, R :y Woods of the Staff

3e 20 will speak'to this subject.
4

5

6

7

8

9
..

10
'-

11

12

. , ,

13
.

14

15

16

17

la !

19

20
|
1

21 j

22

23 . . .

24
-nwW Rgunen, N

25
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I#21 (Slide.)

FP/fml
2CP7662 MR. WOODS: I am going to give a very brief summary

of what the , contention was and what our response was, and

# then give a brief status of the plants. The contention was,

5 after having mentioned that several plants had had failures

6 of the feed water stagers and that vibration of the spargers

7 induced by the flow of the feeduater.through it, resulted in

8 carly failure of the sparger and required re-design and re-

9 placenent of the sparger under extremely difficult

to ~

field conditions. Such replacements required significant

11
personnel radiation exposure and outage time.

12
The cracking and breaking of the sparger creates ;

i
13 a very unsafe conditidn. No way has been developed to pro- |

14
vide on-line detection of this failure. How many existing

4

15
plants have this defect? How will we discover the defects

16
before it is too late?

17 As we said, our testimony and as Ron Engle said this

18
morning, we don't see the safety concern, with the feed water

sparger vibration. The cracking progresses very slowly.

20
The best evidence of that is experienced. There have been

'

s e v e r a.' 'ailures. What we mean by failure is, you observe

22 a crack and what the ex-GE's employees testimony implied by

23
failure was complete failure, where the whole sparger falls

24
off or something like that. So, the failures we have observed,go,,g,,, ,

25 <

have been just cracks. Okay. The reason for that is, |

there aren't any large stresses to cause complete failure once

| b()
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fm2 i you get small cracks, the delta P across the sparger is very

2 small. As Ron Engle pointed out this morning, you would

3 get control , room indication if you has complete feed water

4 sparger failure, which we have never observed or a very large

5 opening because yot would get cold water mal-dictribution.

6 You would see local power spikes and corresponding

7 compressions on the local power range monitors and you might

8 see it on the on-line computer calculating the nuclear limits.

9 So, the first one, we don't expect the thing to
'

10 fail. Even if it did fail you would observe it in the control

11 room, but even if so, we would.want to talk about what would

12 happen if it did fail, so we point out, the feed water

13 would still get in the core and you would not be causing a

14 LOCA. I can make that point by showing you what the thing

15 looks like.

16 (Slide.)

17 I apologize for going over this. Mos t o f you

18 probably know it. But this is the safe end, the nozzle and

19 the reactor vessel. This is the thermal sleeve. This one

20, is part of the feed water sparger. The sleeve and the sparger
,

21 itself. The part that is vibrating is this thermal sleeve
'

22 and the rest of the sparger and it is only connected to the

23 pressure boundary of the system by th se bolts, so to get7

24 complete failure, what they meant by complete failure would
-N Repo,1ers, Iruc.

25 be a crack all the way across here or across here and the

f(|s
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im3 1 feed water still comes in and gets in to the core and there

2 is no possibility of a loss-of-coolant accident. You haven't

3 put a hole in the pressure b'oundary of the vessel. That is

4 basically in.a nutshell why we don't think it is a safety

5 problem. You are not putting a hole in the vessel.

6 If the thing did fail completely, which is what

7 I was just describing, it would be entirely internal effects
.

8 and you would not have a loss-of-coolant accident, so you are

9 reduced to these possible effects of failure. You can have
.

'

10 flow blockage by pieces, but, as Ron Engle pointed out,

11 you are not very likely to get pieces in a position that could

12 cause severe consequences.-

13 You are noE'likely to be able to go through the

14 jet pump and if you did, you don't have the flow velocities

15 necessary to sweep large parts up to the flow, to the ori-

16 fices to the fuel assemblies.

17 Damage to the core spray piping is unlikely. If

18 it did happen it would be detected immediately by a system

19 that is desired to detect exactly that kind of damage. It

20 is a delta P signal,which I can explain if you like, but it
.

'

21 suffices to say you would know immediately if you broke one

22 of the internal core spray pipes. Jet pump damage is not like-

23 ly. If you did damage a jet pump, it,would be an operational

24 | problem and not a safety problem. As I pointed out before,
-w nwonm. ine.

25 the feed water mal-distribution would be a major problem,

_ . _
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i but it would be an operational problem. NOt a safety problem.

2 (Slide.)

3 I have this one slide that comes from a November
,

4 meeting that I believe GE presented to us.

5 (Slide.)

6 This is a summary of what has been seen. Mill-

7 stone, now, here again I better tell you, failures mean only

8 they observed some cracks. Not necessarily even all the way

9 through the sparger. It could be just surface cracks. These

10 are the various plants tha have been fix,ed up in one way or''

11 another. I don't propose to read all that, but what it means

12 after 21.7 months of operation, they saw some cracks and fixed

13 it. The way they fixed it, I guess I will have to go back

14 to another slide,

15 (Slide.)

16 The basic problem, I don't really want to explain

17 the whole cause of the problem, but it is vibration of this

18 part, caused by a bypass leakage flow through this area. This

19 is the no :le and this is the thermal sleeve, so this is a

20 blown-up view of this part right here. The bypass leakage

21 flow thruugh this tiny annulus, that is the primary cause of the

22 vibration that causes the cracking, that causes the potential

23 failure, so the fix that GE proposed was either to weld the

24 thing, as shown here, or just to expand this to a larger
-e-coeral Reporters, tre.

25 diameter so there is less leakage flow, so there is no

fb3
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im5 g vibration. That has been done. This expanded sleeve fix on

2 Duane Arnold, Cooper, Fitzpatrick, Hatch 1 and I believe

3 Millstone has that fix. Yes.
.

4 Other plants, as I understand it, the plans are

5 each time they take the head off they look with probably

6 binoculars from the refueling crane and if they spot any

7 cracks, they put in one or the other ~of these two fixes.

8 I think the operating plants,it will be the ex-

9 panded sleeve fix. That is all I had planned.
. '

10 DR. BUSH: Shall I say I have 'some reservations?

11 I might agree that we have not faced, as is the case with a

12 severe accident, but I can't help have a case such as Fermi

13 1, though it is a difkArent reactor, was faced with the same

14 problem. We had flow blackage and fuel melting, so whereas

15 it may not be the ultimate design basis accident, it could be

16 pretty severe, so pieces of material that got -- that went

l'7 down and then began to block the channels, I think could

18 represent a rather severe case.

19 Furthermore, the design is such that if we didn't

20 raise this as an issue, we have a nozzle problem above and

21 beyond thic, which is in essence directly related to the

22 design and fit of the sparger. Not the sparger, per se, but

23 the tube that goes in there, thetherma$ sleeve.

24 I understand the necessity for the sparger and I
2 m nexxim.i,c.

25 see your arguments regarding the severity or lack of severity

of the accident. f{} }



.

162

1 My question fundamentally is, this is another case

2 of a design that has been modified and modified and modified

again, and s'o I asuid like to ask, when can we get a design3

4 with, shall I say, with a highdegree of confidence, that

5 it will be reliable and in itself by failing, wouldn't

6 cause other problems?

7 MR. WCODS: Are you referring to the fact that

8 Millstone haa proposed three fixes that didn't fix the

9 problem and then the fourth fix you are saying -- ,.,

10 DR. BUSH: I can take Millstone, yes. Zhat is the

11 classic case, of course. My concern is, I 3uld hope we

12 could converge on somathing in the reasonably near future so

33 that we can eliminate this, because even though one can

Id view that the failure of a sparger per se does not represent

15 a severe accident, it begins to get us on a series of paths

16 where we con't really know as much as we would like and we

I7 get in an initiating mode, so I would like to see us in the

18 condition where we have taken appropriate action so we won't

I9 be faced with a oroblem of'a failure which, in turn, will

20 in tiate some form of an accident.i

2I MR. WCODS: As I tried to say --

22 MR. S"'E LLO : It was a long question and it certainly

23 went to an issue that I think the peop'l' e that can only answer

24 it, is when we will have a particular design that will remove
artdwal Reporters, Inc.

25 that concern, is the General Electric Company and I would like

kP4 ,,-
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fm7 i to refer them to the specific answer. When will they have such

2 a design that satisfies the concerns that have been raised

3 by Dr. Bush.-

4 But the one question that you did raise, I think

5 speaks to the concern of the safety issue with respect to

6 blockage. We were talking about a gross fai. ling dis-

7 sparger, where all of a sudden it cocid fall out and, yes,

8 the potential exists for blockage, but we don't think it is

9 likely because the pieces vould not get in the jet pumps and
.-.

IC the lower plenum that could be floated up' to block anything

11 of significance.

12 But even more important is *he fact, I think that

if such an event occubred, you would see it and recognize it13

14 and you would shut down because it would clearly be a

15 condition that would be easily recognized as an abnormal

16 condition for the plant, but I would like the General Electric

_ 21 17 ' Company to respond to the general issue that you raised.

18

19

20

21

22
,

23 '-

24
,

< r.3 rw m p m m ,inc.

25

4fQ l66
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C P7662
1 DR. BUSH: I might mention in the past, they have

UR:K:bwl
~

into the2 fai1ed to recognize the incidents until they got

522 _
..

3 fuel melting phase.

4 MR. ENGEL: First, let me say a couple of words

5 about the flow blockage situation.

6 The unique location of the feedwater spargers

7 is such that in order for a piece to.go f ct the spargers

8 into the area of the fuel assembly and the orifices

9 which are of concern, one must go through the jet pump area.

.-

10 To get through the jet pump, it gives you

11 a relatively limitee size.

12 We looked at blockages of jet pumps. In fact,

13 we have had blockages"bf jet pumps in operation, and there

14 is no way you can get any fuel failures.

15 | We typically analyzed flow sto.pages in ten jet
i

16 ! pumps. This does not lead you to a critical power-type
|

17 | concern, so you then start icoking at the possibility of

18 pieces getting through the jet pump, and then somchow getting ;

1

19 j back up to the fuel assembly in that orifice. |

|

20 The largest piece that can get through a jet

'

21 pump is like two square inches.

22 ; DR. BUSH: Is the statement equally applicable

1
23 for Oyster Creek and Nine : tile Point, ,too.

i, ,

24 , MR. ENGEL: No. Those are quite different, looking
-co.,e neporari, inc.

25 j at tha jet pump design. But to get through a piece of that
I
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1 size, it is coming through the jet pumps with a significant
bw2

2 dcwnward velocity and it is going to end up on the bottom

3 of the vesse1.

4 The velocities in the lower plenum are of the

i order of a couple of feet per second.

6! That is not sufficient velocity to raise that

I

7! density. Then, as far as your other question as to when are
|
I

3' we going tc hava a fix for the prob 1cm. I think today we

9 believe we have a fix, called Sparger 4,for Millstone.
.-

10 It has operated for eleven months, been inspected

i
Il ! with no indications of any cracking. That same design

l' has been tested in the test12 , facility in San Jose which -
!

!

13 -| identified the cause Sf the vibrations being the bypass
bd/ flow.

!
15 ; So we nave done both cold flow testing which,

i

16 to identify the cause and to implement this particular

17 fix, the fix has operated and there are no indications i

I t
18 ' of any problems. j

.

't

19 .l All I can say is only time will tel1 whether or
i

20 ' not that is, in fact, the final fix.
i -

21 DR. BUSH: Do you think it eliminates the feed-

|

22 , water no::le problem,tco?
!

23 ' MR. ENGEL: It minimizes the. bypass ficw going

Il
2d j' arcund the thermal sleeve.

-mersi Repo,wrs, Inc j
25 -f minimizing that, you are Animizing the

fbb
!

,
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bw3 i cycling on the nozzle. So it is a step in the right

2 direction.

3 Again, only inspection data on those plants

a will tell you what the status is on the cycling in that

5 area.

6 DR. ISBIN: I have perhaps a few questions.

7 In the NRC reply to the Joint Committee on

8 page 214, you talk about the possibility of flow blockage.

9 You recognize that you need a large blockage to cause fuel
.'

10 . telt ing , e

11 You continue, in following the hypothetical

12 j
accident, you talk about damage would be confined to the

13 blocked bundle and would not propagate to adjacent bundles.

ja Whose scenario is that? Is that a staff position? Is that

15 a GE position.

16 MR. STELLO: The analysis presented is an

17 analysis the Staff believes describes the scenario?

i

13 , I think the General Electric Company probably needs to .

; I

|
>

19 ! address whether they agree or disagree wiith what we wrote. '

I
!

20 I think that is a fair question.

21 I think if yot rat't ask it, I would like to,

I

22 whether they agree ree with what we said.'

23 MR. WOC _ you raq, answer it. We were

24 basically agreeing with the Cr Topf. cal Report that makes
--w., aeporters. Inc.

25 that argument. We have reviewed that report. We agree with
i

;

|b9)
.

e
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bw4 -' it. I am not sure if we agree with their specific numbers.
'c

2 I think they conclude it takes, 90 percent flow blockage

3 or something, and I am not quite sure we would go quite
_

4 that high, but we would go a long ways in that direction."

5 MR. STELLO: I think I would like the question

6 answered by the General Electric Company, if they would look

7 at page 214 and say whether they agree with the facts stated

there, and whether anything needs to be changed.8

DR. ISBIN: I was going to suggest only, Vic,9
.*

10 that perhaps . you might be overstating your' position, about

11 propogation to adjacent bundles. I thought, for example

? PVF 17
this was one of the features of PVF to determine propagation,

13 the nature of the bloEkage and the melting in a particular

14 bundle might be such that it could pr gate.

15 The question hasn't been fully resolved?

16 MR. STELLO: There is no question that that is
J

|
i? PBF 17 one of the reasons for running PBF.
!
4

fja Hcwever, I think in a matter where a judgment |

19 j is made, before you get to such results, is a statement
!

2C [ '. of what our judgment
is now, and what we have done is we have

!

21 | stated that that is our judgment.
I

22 Of course, no one could ever preclude theoretical

23 ! possibilities. It is a theoretical possibility that damage

!
24 j w uld propagate.

-meet Repo,ters, Inc '

25 However, I think the configuration we are dealing
1
I

f|Q
>
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bw5 i
with ENR bundles, and any time you have reached the bundle

2
would allow flow to come in from the bypass region, it allows

us to make judgments that we don' t believe the propagating ,

4
matter is right for consideration here.

5
Perhaps your view that we have overstated, well, I

6
don't think so, but our view remains, I think it is a

7
reasonable judgment.

8
If anyone on the Staff would like to voice an

9
opinion different. to the one that I did, I would invite -

>
10

any member of the Staff to do so.

11
DR. ISBIN: I am only trying to clarify the

12
statement. I think we have done that.

<,,

13
MR. STELLO: Are you going to allow the General

14
Electric Company to answer my question? I hoped you would.

15
i DR. ISBIN: We may come back to you, if we

16
j have time.
I

17 f

| MR. ENGEL: I concur in Vic's statement. We
'

j

18 l
do agree with the Staff conclusion.

19 i

[ DR. ISSIN: I assumed that you would.

20'
- r MR. WOODS: I would be amazed if they didn't.

21
DP. ISBIN: Let me ask you the second point.

22 If you have a known flaw in a system, and you are willing
23 '

to look at the eventual potential consequences, and then,

i

24 1

'9 9' '-* deest Reporters, Inc.
:

25| failure criterion, does this single failure criterion

i

4F1 !~t _
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recognize that you might have been dealing with a system
y

which included a flaw and, therefore, could fail additionally?
2

In y ur analysis, you believe that with the single failure
3

criterion, you have, indeed, bounded all of the possibilities.
,

That is so stated, I think, in the response, but I am asking
,

you a more general question, that if you start with a

recognized flaw, which you are following, should the
7

I single failnre criterion be expanded to include any additional
8|

t

failures?
9

Have you thought about that? Just put it that - '

10

11 ""Y-

MR; STELL'h I have thought a great deal about
12

it. Single failure crherion embodied in the regulation'

13

already reflects consideration that if tne accident itselfg

an introduce other effects, the other effects have tc be,
15 :

I
'

by definition, included in your analysis as having cccurred withg

the accident, then the single failure has to be appliedp

e a er, u n n single f ailum hself
13

!
represents any bound for all that can't happen.39 ;

;

2 0 ,' The possibility that you suggested, that do I

need to re-examine single failure criterion, in light of.g

I perhaps there could be some part of a system which isg
|

23j p r aps repmsentah of less magn than I would me h
I a

I to have, and I think the answer is, that has to be part of
24

;

-ederal Repo,ters, Inc.
the judgment that one needs to make to assess whether the

25

| 481 172
1

-



170

~ lant'can continue to operate without any furtherbw7 1 p

2 restrictions and sometimes further restrictions are necessary.

3 I will give you a direct example. in the

4 case of channel boxes where we did not have the view that

5 if you had an accident you could count on the behavior of

6 the. box, with respect to the accident, and what we did, we

7 caused the power level of the reactor to be decreased, so

8 that we could, in fact, count on the analysis as being a

9 correct analysis in the event of the accident.

'
10 So whenever we are faced with ,this situation, '

11 we do, in fact, take appropriate action, so that our single
12 failure criterion remains valid. That is exactly what we

13 did in the case of the. channel box.

14 We expected channel boxes would, .n fact, fail

15 and could fail in the event of an accident, and therefore
16 took the appropriate measures so that the margin. we would

17 require, including consideration of single failures, was
|

18 | adequate.

!
19 ; DR. ISBIN: I think that is a gccd answer.

!
t

'22 20 Thank you.

21

22

23|
1 ..

24 |
~ns n nnne,. uw.

|25

I

4 h>' l,Il |i .
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cr7662 1 MR. D. ROSS: Go back to the Item 10, now, loose
#23-dhi

2 parts monitoring and Tom Novak has a couple of slides.

3 MR. NOVAK: I an trying to be responsive to the

4 Subcommittee's request for a discussion on loose parts monitorir g,

5 in reviewing the testimony from the three GE, I think the

6 allegation with regard to flow-induced vibrat bn problems

7 both in PWRs and BWRs sets the groundwork for the discussion.

8 There were three ways, at least I identified, to

9 respond to the allegation. I am here to concentrateon that
.-

10 one which deals with loose parts monitoribg. What I have

11 is a summary of the current operating reactor position with

12 regard to specific systems designed to monitor either parts

13 that are vibrating in xcess of a design limit or in fact

14 are loose and are vibrating.

15 As you can know, there are plants operating today

16 which do not have what we would call specific 1cose parts
I

17 j monitoring sys tems . They would rely on the other features
i

|
18 of their design, both going back to the precperational tests

19 and surveillance. I can answer specific questions with regard

20 to loose parts monitoring, if there are any.

21 DR. BUSH: Tom, your figures with regard to general

22 Electric on one of 20, what plant is that, pray tell?

23 MR. NOVAK: That is Montice-llo.

24 DR. BUSR: Is that the one where they tested a
rm3eral Repo, ten, Inc.

25 system and they said it would work but they didn't think they

4 83s 174
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dh2 i would use it?

2 MR. NOVAK: Actually, we quickly --

3 (Slide.)

4 I note here Quad Cities was also included as a Yes.

5 Monticello has installed in it what is called the B & W

6 design for loose parts monitoring. I have had discussions

7 with those gentlemen as late as this morning. The system

was insta? idd af ter cons truction of the plant.8

9 Basically, it relies on acoustic sensors, located

10 around the vessel on the recir c line. They would s , that - '

11 they have had f airly good succu ss with this unit. It's been

12 in operation something on the order of two years. One

13 incident where they noticed that they were able to pick up a

14 vibrating drain line, for example. This has been really the

15 only occurrence of substance, wherein an action taken by the

16 operator of the plant more or less came about as a consequence

|
17 1 of his monitoring his loose parts monitoring system.

i

18 DR. BUSH: Then the background noise has been

19 enough to stamp out the signal with regard to such an event.

20 MR. NOVAK: I specifically discussed whether

2i background noise, because of hoiling phencmena and so forth,
,

22 would have an effect. Obviously, where you locate the

23 sensor is going to make r point. These locations are reasonably
.

24 remote from boiling. There is one specifically up near the
wow w nwonm. inc.

25 main isolation steam line va.ve and scme noise level from steam

483s 175
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Ch3 1 separators has been determined.

2 The noise level is evidently of such a nature that

3 it's suffici,ently low, it can be assumed to be the background

4 level and then alarms are just set at some level above this

5 background level. I think in discussing this with Northern

6 States people, they are :enerally satisfied with it and they

7 intend to keep it in operation.

8 DR. BUSH: Thank you.

9 DR. ISBIN: Thank you.

.-
10 Next i~ tem. s

11 MR. STELLO: May I take this opportunity to come

12 back to the Reed report?

13 DR. ISBIN: "Yes.

14 MR. STELLO: We have had an opportunity to talk scme

15 more since the question came up this morning. What we have

16 done is talked about all of the things that are in the report.
17 And I have designed perhaps the bes t way to try to address tha t

i

13 || question is perhaps to address it in a very personal way. That
I

1c j is kind of me to you as to how I think you would react if you

20 |i personally read the report.
I

21 ' I have looked at it myself. I came to the conclusion
I
,\

22|| tha t I think if you personally read the report that you would

23 agree with the observation tha t I made , earlier, namely that all
,

24 ! of the concerns were concerns that you had at one time or another:- n-,. iq
25 | considered.

?b,

I.
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dh4 The difficulty of,in trying to identify the Committeei

as a'whole, to be able to again make that same observation with
2

3 respect to each individual member, I felt that that was a task

that was difficult for me to try to take on. I feel, since
4

5 I have known you personally longer, I felt I could make that

bservation perhaps with respect to you, since I think many of6

the concerns that you have expressed I have had the opportunity
7

to hear and I wouldn' t want to be in a position to have to try
8

to do that for each individual member of the Committee, which
9

.-
I think then speaks to the question of the Committee.

10

11 I don' t know if that helps you, but that is the bes t

12 we are able to do I would like to leave it there.

DR. ISBIN . .That will be accepted in that fashion13

with no additional comment. Thank you.14

15 MR. STZLLO: Mr. Coffman is next for Item 10B.

16 MR. COFFMAN: I would like to discuss the current

status of the eperating plants concerning the channel boxware17

jg , problem. Just a couple of ccaments to refresh your memory

39 concerning the channel boxware problem. It's caused by the

vibration of the ins trument tub.20 i

21 It runs along the channel corner, channel box

corner, and this vibrat ion is excited by flow through the one22

23 incy bypass wholes.
. . .

24 , (Slide.)
~w emn n, inc. I

25 In the lower core support plate, which are just

|||
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dh5 1 barely visible on the Vugraph. The modification which was

2 developed by General Electric to eliminate this significant

3 vibration impacting on the channel box corner, was to plug

4 both the plug, the one inch by- wholes in the lower core

5 plate and to drill two small whole; to replace that flow area

6 in the lower tie plate of the fuel assemply, which is down

7 here, on the Vugraph it just kind of.show as a couple of

8 lines.

9 (Slide.)
,

10 Now to the s tatus . There ar.e-three conditions.

11 All the reactors have plugged tht 7e one inch bypass wholes

12 in the lower core support plate. And some of the reactors are

13 in a configuration where none of the lower tie plates in the

14 assembly of any holes drilled in them.

15 Three of the reactors will be in a configuration

16 where they have three -- where they will have some -ho_es

17 drilled, and then, too, which are in the first stages of
i

18 licensing, will be with all of the icwer tie plates having

19 had two holes drilled in them.

20 i Some power restrictions have resulted frca the

21 plugging of the one incy bypass whole. These have been

22 primarily due to either MAPLHGR limits, or MCPR limits.

23 These are local limits rather than geq,eral limiting on the

24 entire reactor. Scme of these reactors would nct be at 100
~ e omi nepo,ms, inc.

25' per-ent power due to other limitations, so to assess the
I
;

- /



176

dh6 1 impact on power generation capability, due to' the plugging of

2 these holes needs to be qualified. For example, on Brunswick,

3 it's not Brunswick. It's turrently under review for this

4 reload. It's not yet determined what it's allowable power for

5 the cycle It was operating at approximately 50.

6 percent power, b,it that was because of an attempt to reduce

7 the flow through the core and mitigate the impacting of the

8 tube on the channel box corner.

9 Cooper's station and Duane Arnold were really the
,

10 only ones actually li-ited in power due tTo plugging. Cooper's

11 Station was at 85 percent power due to a limit on its MAPLHCR

12 curve -- on its MAPLHGR.

'

13 The Duane 1rnold was limited to at 'e 85 percent.

14 It will be starting up.

15 In the beginning of this next cycle, it will be

16 limited to between 90 and 92 percent power and at the end of

17 cycle, it will be limited more like 80 cr 85 percent.

18 Fit zpa trick , it's expected to reach approximately 85 -- 88

19 percent. Hatch is 90 percent. Hatch is at 80 percent.

20 . Well, that is due to the pluggir.g . Hatch has some other

21 restrictions which are limiting it to abcut 80 per cent.

22 The last three are expected to reach full pcwer,

23 the last three of those which have no drilled assemblies , are

24 at full power due to plugging.
- rown nwonm. enc.

25 However, Pilgrim s . limi ted otherwise to 98 percent.

fhs
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dh7 1 The three which will Psve some drilled, will be at 100 percent

2 and the ones we are abcut to be licensed and go to --

3 all drilled assemblies will be at 100 percent also.
.

4 MR. STELLO: Would you take the mike off. We can

5 hardly hear you back here what that hum.

6 MR. COFFMAN. You recall last time I tried to do

7 with it, but I was told to put it on so I didn't argue this

8 time.

9 DR. ISBIN- Just go ahead.
.

10 MR. COFFMAN: The monitoring of this modification

11 of the plugs can be -- the drilling of holes is accomplished

12 on these reactors by primarily three. means. That is, the

13 accelerometers which d're based at the bottom of the

14 ins trument tubes, tip trays , noise monitoring , and then the

15 surveillance visual inspection of the channel box corners at

16 the end of the cycle.

17 The visual inspection has actually been uccomplished

18 on two of the reacters of the Verment Yankee, you will recall
|
I

19 some time ago a had 27of the channel boxes inspected after it 1

20 had cperatated for a period of ten months in a plugged only

21 configuration.

22 We just recently, within this week, it was repcrted

23 to us, and it was reported to fou this. corning also , hat 47

24 of the channels of Duane Arnold had been inspect ' after 9
-cons neponen, inc.

25 months of operation and the condition of their channel box

00
._
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dh8 corners was equivalent to the condition of the BWR 3s which
y

did not have the bypass wholes drilled in the lover core plate,
2

n r did they' have this difficulty -- this significant vibration
3

problem.
j

The plugs are being examined also. The plugs have
5

been examined .n -- that were removed from Vermont Yankee

and we have a commitment from Duane Xrnold to remove two plugs
7 ,

at the end of this next cycle which will be a cumulative

of approximately 20 months of operation, for surveillance,
9 ,

f r Primarily for relaxat bn of the sprinh.
10

That concludes the current status . I will attemptjj

to answer any questions.
12 ,

.<a,

e23
33

14

15

16

17

18

19

20. '

,

21

22

''
23

24 | *

. -- n -,~,. e
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!an l #24

i DR. B US.1: What is the Staff position with

2 regard to this' item ?

3 Is it considered that the "fix" resolves this

4 so that it can move over and 'oc a resolved item?

5 MR 00FFMAt1: Yes, sir. The status is that

6 the ul timate fix , the drilling of all the lower tieplates

7 and the plugging of all th e holes has been approved.

8 It was evaluated and the SER was issued March 2nd.
9 So it is. considered a resolved item. .-

10 But in getting from here to the re w e ha ve had t o

11 approve the moni toring.

12 DR. BUSH: Which SER ?

13 MR. C0FFt '1 : "'The title is rather lengthy, but
14 it is the title, A Generic SER on the Modification of the

15 Entire Core to Eliminate Vibration from one-Inch Sypass
16 Holes.

17 I can .nake sure tha t you have a c o py o f t ha t .

15 MR. STELLO: I can assure you they have a ccpy.

19 DR. SUSH: Let me ask ty second question.

20 Are we supposed to evaluate it?

21 I have a perscnal inte est. I have been

22 collecting information on this.

23 MR. STi.' LLO : Do you think the committee wants

24 to evaluate it?
.

25 DR. BUSH: That is a committee decision.

4b( l _i 2
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72

i MR. STELLO: We have been keeping the committee

2 informed as we' went through each step of the process. The -

3 SER that Frank described is a summation of all the previous
4 aspects of the problem pulled together for I hope the last

5 time.

6 I had given much thought as .to whe the r or not

7 I should ask the committee to review it, but if the

8 committee feels that they would like us to come down and

9 duscuss th e item with them, why, we would be more than '
'

10 happy to do so.

11 I .hink we have had previous discussion on this

12 subject and we would be pleased to entertain the concept
13 of coming down in the neSr future a t a subcommittee

14 mescing.

*
15 Perhaps that would be a useful thing to do.
16 And if you would allow us to replace this item cn th e

17 res ol ved item list. In tha t con te x t , it might be worth

IS while,

19 But I leave tha t for consideration of the
20 comnittee with the expectation that th e y will ge t ba ck
21 to us on it.

22 CR. BUSH: A lot of the ouestions were on a
23 power hole basis which presunably could be relaxed.

24 It was in tha t conte xt.
,

25 MR. STELLt : Perhaps we can " ring i t up again.

4 81( 103
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13

1 May I suggest at the April 6th and 7th

2 generic subcodmittee review that we bring up this -

3 subject and discuss it further and lea ve possible

4 co.7mittee action to follow from tha t mee ting, if you

5 would agree.

6 DR. ISBIN: Spence agrees.

7 DR. BUSH: I have to chair cne or the other,

8 so I guess it doesn't make much dif ference.

9 MR. ROSENTHAL: We are to Item 8. '
'

s

10 MR. SOBON: Our part in introduction here

11 is we have the cha irman for the Mark I owners group present.
12 He is to make a summary statement on the status of the Mark I
12 effort. Pretty much a [$ iteration of what has been given
14 to the subcommittee and full committee at the Vermon t
15 Yankee meeting again.

16 Then we have, aga in, summary sta temen ts by
17 Mr. Stark on scoe of the scaling issues that were raisea

18 relative to tha t .neet ing a gain.

19 He will also address the questions tnat were
20 raised relative to load margins or sensitivities, if veu

21 would. And then so.ne comments from Bill Ccope: of Teledyne
22 and Norm Edwards of NuTec relative to structural interaction.
23 The remainder of the presentations I believe are

24 planned from the Sta f f. '

~.

25 MR. KEENAtl: Tom Keenan, Chairman of the Mark I
.

48)s 104
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.

I owners group. I also represent Vermont Yankee.

2 I would like to start out wi th a very quick

3 sunmary of the' Mark I owners group.

4 We have been in. existence f or approximately a

5 year. We are a group composed of sixteen companies which

6 own and operate Mark I BRWs.

7 We'are formed as an ad hoc committee to

8 review loading phenomena that were identified last

9 year for the torus.of the Mark I. .-
-

a

10 We have utilized the common approach, pooled

11 our resources and talent to expedite our solutions to the

12 problem.

13 We have a nufber of consultants.
14 The General Electric Company is the program

15 manager for us. And they provide testing consultation

16 and engineering services.

17 Bechtel Corporation is retained as a subcontractor

le fcr the structural analysis.

19 In addition, we have Teledyne Materials Research

20 a technical consultant.

21 Dr. Cooper is here. He will address the group
,

22 shortly.

23 In addition, we have NuTe c , a Calif ornia-

24 based consulting company, that is a.'30 a technical

25 consultant to our organization.

k0d losnc
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i P'e also have Electric Power Research

2 Institute who'has done some testing and continues to be

3 an adcitional consultant to the owners group.

4 Shortly after we were f ormed we broke down

5 our solution or proposed solution to the problem

6 into two programs, a short-term program and a long-term

7 program. -

8 The short-t erm program, the purpose of it was to

T conduct analysis of critical structural systems or elements . ,

'

10 and do limited testing as deemed necessary to provide

11 increased assurance that the Mark I containments would
12 maintain their function against the most probable course

13 o f the LOC A e ven t , consTdering the latest information that

14 became ava ilable to us on pool dynamic loads.

15 I think the important points to remember about

16 this short-tern program is to im.nrove maintenance function

17 and to establish areas which would require more detailed

18 analysis in the long-term program.

19 The long-term prcgram had a purpose of

20 combination of testing and analysis, provide a generic

21 basis for de.nonstrating the adequacy of the Mark I

22 con tainmer.ts for the life of the plant.

23 By evaluating the designs under loads

24 created by the LOCA and saf ety relie f v;1<w operations
.

25 established by this criteria.
.
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I Our present status is we have completed the

2 short-term pro' gram f rom the technical standpoin t. We

3 are presently preparing the documentation on the

4 results of the short-term program for submittal to

5 the NRC. And we are in the final stages of putting

6 toge ther the long-term program, and we.will be making

7 a submi ttal in the near future to the Staff for their

8 review.

9 In regar.d to the alle ga tions made by "
.

10 Messrs. Bridenbaugh, Hubbard and Minor in their

11 testimony before the Joint Committee, we of the owners

12 group have reviewed that testimony and have found

13 nothing of which we wer[ unaware in regard to the

la Mark I program.

15 As has already been stated, we are addressing

16 the relief valve problen.

17 In their testimony, the former GE employees

18 had indicated that there was no inherent program for relief

19 valve testing and it is our position tha t this is erroneous.

20 The safety relief problem is being considered as

21 part of the long-term program and the Monticello Testing

22 Program described previously is the firs t etep.

23 That will be conducted in the near future ,

f eel we are adequately addressing ,re' lief valve24 so we

25 problems.
.
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1 Tht con cludes my remarks.

2 As Mr. Sobon indicated to you, we are going
.

3 to sua:aarize som ' additional areas that we have covered

4 previously and re-review some of them and cover some areas

5 where we f eel that there has been continuing interest as

6 a result of our previcus mee tings on the subject , so we

7 will be covering scaling and load margins and then a

8 discussion of structural interaction by Dr. Cooper of

9 Teledyne and Dr. Edwards of NuTec.
,

,

10 At this time I would like to turh it over to
11 Mr. Stark from GE.

12 DR. ISSIN: Mou'.d you aind repeating the

13 schedules for several e' ports that you listcd ?

14

15

16

17

18

19

20

21

22

23

24
.

25
.
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i CHAIRMAN MOELLER* .Any questions for Mr.
.

2 Dyekman?

3 There bei..y none, thank you, sir.

4 Does that conplete your opening statement then,

5 and at this time, then, we will move to the NRC staff, and ask

6 Mr. Ecurnia for a review of outstanding unresolved issues, and

7 the sta f f's conclusions on this appl i ca ti on .

8 MR. BOURNIA: Mr. Cha ir: nan, I'm Anthony Sournia. I
'

9 was recently assigned to be the Regulatory , Project Manager for'
10 concluding the radiological sa f ety review of the Washington
11 Public Power Suoply System's application for the construction

12 permits for Projects No. 3 a nd No. 5.
n,

13 Wi th me today are Mr. Parr, the Branch Chie f of

14 Light Water Branch 3, and various members of the sta f f that

15 have per forned the review.

16 In the following remarks I will first briefly sum-

17 marize the chronology of some of the major milestones attained

18 to date in Lne review, and secondly, I will present the open

19 items in our review.

2C I should point out at this time that these projects

21 are the first nuclear projects that have re f erenced CESS AR-30

22 since the issuance of the preliminary design ap?roval.

23 Another thing I shculd point out bef ore I go into

24 ny main discussion is that in the sa f e ty.. [valua tion repor t we
25 inadvertently did not address to th other cwners of the WPPSS

fh9s
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1 MR. KEENAN : We have recently reassessed

2 the critical p'ath elements of our whole program and

3 we are in a position now of comple ting the short-term

4 program and it includes the long-term prog ra m. A

5 larger scale medel which we have committed to build

6 will be considered part of the long-term program.

7 So to go back to the submittals, I ir.d i ca ted

8 we are preparing the documentation for the short-term

9 program for submittal to the Staff and that will be .-
a

10 some time in May.

11 And it is our present intention that the

12 long-t erm program, f ormal submittal to the Staff, is

'ewhat we believe a long-t' rm program should bc, will be13

14 also early May.

15 DR. ISBIN: Fine.

16 Thank you.

17 MR. STELLO: Tcday we made a special ef fort

18 to assure that all of the consultants that have dealt

19 with the question of the adequacy of the scaling tha t has

20 been used in the tests f or t he l oad mea s ur e men ts , tha t

21 all of those experts are here today.

22 Ne would hope that we could in a very f or th-

23 right and clear manner set forth all of the questions,

24 answer all of the concerns related to anything on scaling,
,

25 because we have all the people that have dealt with this

A Gil,
1no
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1 ques tion a vailable today.

2 DR. ISBIN: All right. How much time do you

3 ha ve ?

4 MR. STELLO: I would encourage, if there ace

5 any questions in tha~t regard, tha t now is the time to

6 bring them up.

7 We have the people here who can address

8 them and we are willing to stay as long as the committee

9' is willing to stay to make sure that they get all the ,.,
,

10 information they need. -

11 DR. CATTON: I think we pretty well addressed

12 them at the last subcomm ttee meeting.

13 MR. STELLO: 'When I walked away I had the

14 impress'en that there were questions that were not

15 answered and I wantea to make sure I have the people

16 here today.

17 MR. STARK: Mr. Kennan just spoke about the

18 cre a ti on --

19 DR. IS31 N: Do you want to identify yourself

20 again ?

21 MR. ST.'.R.< : I am Steve Stark for GE.

22 Mr. Keenan speke about the establisnment of the

23 Mark I owners grouc te e.a?uate loads that were not previously

24 cons id er ed in the design of the Mark I torus.
..

25 (Slide.)

/OI<%
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i The evaluation of the loads has been broken

2 down into a short-term program and long-term program.

3 The short-term program is aimed at the rapid

4 assessment of the containment integrity to justify the

5 continued operation of the plant until a detailed evaluation

6 can be performed.
.

7 That detailed evalua:. ion will be performed in

8 the long-term program.

9 The first part of the short-term program was to ,
,

10 categorize the loads into those that are sihnificant on~

11 the structure and those that are relatively not as

12 s igni fi can t.

- 13 One of the leads that turned out to be more

la significant was the torus pressure loads develcped during

15 the pool swell.

I6 It was decided to obtain the evaluation of

17 these loads through testing.

IS A one-twelfth scale test facility was built

19 so that we could both have rap id evaluat ion of loads and

20 also do it accurately, one-twelf th scale being large enougn

21 to get good measurenents and also small enough so that you

22 could build it rapidly anc do the testing.

23 To assure that the tests were pe: formed

24 representatively, scaling laws were determined and the
'

25 purpose of developing these scaling laws was to make sure

k0$f *
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1 that the controlling phenomena were identi fi ed , tha t the

2 boundary conditions for the tests were controlled as

3 necessary, and that the scaling f actors could be

4 established so that once the pressures that were

5 measured at the twelfth scale could be ratioed un to

6 representative fa ctors -- repres enta tive pressures for
.

7 the full-scale.

8 .he scaling analysis divided the torus in to
~

9 three regions; those being pool water, the torus air
..-

10 space and the bubble. '

11 The pool water is a thre e-d ime ns iona l f1c v

12 system ; mass , icomentum and energy have to be considered.

13 The torus air., space and bubbles are noble

14 systems and only mass and energy and the . a have to be

15 considered.

16 (Slide.)

17 For the conservation equations and also the

18 s ta t e equa tions --

19 DR. CATTGN Excuse me. You didn't con sid e r

20 the water in the downcener separately?

21 MR. STARK: That is also a th ree-dim en s ional
22 system. Non-dira e n si cna l variables were defined and tne

'

23 conservatinn equations were ncn-dimensionalized.

24 In goir.g through this process, scaling f actors

25 are defined such as the pressure th a t his to be s cal ed

O ,
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I by the linear ratio o1 tes t f acili ty.,.

2 Also the non-dimens ioria l pa ra me ters are defined.
.

3 These are multipliers f or the ncn-dimensional

4 are:.s and in evaluating them we get some additional scaling
5 factors but we also find out which are the controlling
5 phenomena in the tests , such as we can show tha t s ur f a ce

7 tension was not an important e f fect here.

8 (Slide.)

9 The result of the scaling laws showed that we .-

|0 needed geometric similitude and that six other conditions had

11 to be met. That is equa l dens ities , gra vities , ratio of
12 specific heat and the other constraints shown here.

13 As far as th6' evaluation of negligible phenomena
14 we determined tha t acoustic hea t conduction viscous and
15 surface tens ion ef f ects were not as importan t in con trolling
16 the phenomenon.

17 This is the scale f or th e mcdel , for the facility,
18 ir. a linear dimension, so it would be for our dimens'.on,
19 one-twelfth.

20 (Slide.)

21 Before we perform the test we had to know what

22 boundary :cnditions we wanted to provide in con t roll in g the
23 tests.

24 Those are given here in 'ae left-hand columns,
25 the parameters, and then the desired conditions such as the

8.aG .
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I initial pressure had to be 1.225 psia.

2 The' degree to which we modeled the controlling

3 phenomena are given in the right-hand column, and we got

4 a very good control of the test.

5 The only thing I would want to add, for the

6 pressure in the .enthalpy flux that we had to run the

7 1crge orifice, medium ori'fice and extrapolate.

8 DR. CATTON: Wha t again is this on there ,

9 medium orifice and.large orifice? '
.

J'

10 What is that all about?

11 MR. STARK: We could not duplicate exactly the

12 transient pressure during the LOCA given in the FSAR.

13 DR. CATTON: "Dressure in the dry well ?

14 MR. STARK: Yes.

15 DR. CATTON: Okay. I understand. Thank you.

16 The pluses and minuses that you have on tha t

17 figure have nothing to do with accuracy; is that correct.

le Just the degree to within which you want the model ?

19 MR. STARK: No. Those were the scatter in the
20 resul , such as for the medium orifice --

21 DR . CATTON : Is tnis the scatter in your measured,
,

22 results ?

23 MR. STARK: Yes.

24 DR . C ATTO N: Your instrumen ta ti' n has increasede
,

25 by a f actor or two ? Wasn't it .05 psi last time?

kIhs )9
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i MR. STARK: This wasn't the scatter of the
2 instrumentation. This is the scatter in the resul t.
3 For the medium orifice transient pressure,
4 the average value for the pressure rate was 12.5 psi per
5 second, but we had one run that was .2 higher, one that was
6 .1 lower.

7 MR. CATTON: This is a scatter in your

8 representation of the s cale medel.

9 MR. STARK: How well we duplicated our .-,

-
10 desired control conditions.
11

12

13 -"'

14-

15

16

17

18

19

20

21

22

23

24
.

25

4 B2, i96



194

cr76J2 1 DR. CATTON: Thank you.
#26-dhl

2 MR. STARK: The group at the March 5th meeting

3 showed interest in knowing what the design loads were for the

4 upward and downward phenomena. The tcpic for load on the

5 structure in the LCCA f or the ultimate load was discussed.

6 But not discussed at that ti:ae because it had not yet been

7 evaluated was how much the pressure could be increased for the

8 LOCA, the LCCA dynamic pressure beforethe ultimate capability

9 of the structure was reached.
10 We have now gone through that evaluation. We

' '

Il
first went through an evaluation of the sensitivity to increase

12 in the LOCA pressure, and then with the sensitivities, using

13 those as a tool, we have evaluar.ed just hcw much we could

Id increase the pressure.

15 Can we double the pressure before the ultimate
!

16 | limit of the structure is exceeded,
i

17 j DR. CATTON: Double what pressure?

18 MR. STARK: LCCA pressure.

I'
For example, for the reference plant, the dynamic

20 , pressure for the upper lead is 5.6 psi. So we asked ourself,
i

21 * for example, could we possibly double that pressure and not-

22 exceed the ultimate capability for uplift?

23 Dl: . CATTON: Acting on the torus. From

24
5 to 10, acting on the torus, that is aferage across the-m*W P.eponm. Inc. j|

25I torus.

i
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dh2 1 MR. STARK: Yes. That's correct. 'What hre

2 considered for downward loads were welding, pens, lugs and

3 colums for the downward load and the upward load, the tie

4 down sys tem which is a system composed of any components.

5 We have examined in detail in the sample case.

6 (S lide . )

7 Vermont Yankee with drywell pressurized 1.7 psi.

8 For the downward load, the load over capability is given.

9 And then the same number for the upward load. Then the
.-

10 new numbers, or the change in this ratio 'for ten per cent

11 increase in the dynamic pressure load.

12 DR. CATTON: Is this load over capability with

the mean values calcu$ated, or have you included the .075 --13

14 MR. STARK: Mean value.

15 DR. CATTON: What would that load / capability be

16 of you took the error in your instrumer tation to be minus .05j

|

17 ra ther than minus .05?

18 MR. STARK: That ratio is up to a value of about

19 .06. So this serves as a gamble in tha t case. Ten percent

20 increase in the upward lead increases the load over capability

21 ' from .2F to .30.

22 DR. CATTCN: So what we are looking at in the last
.

23 column is the clus or minus f actors in instrumentation.

24 MR. STARK: You can lcok at the increase of ten
v Ferneral Reporters, Inc.

25 percent and quick figured telling me, it's about one sigma
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dh3 1 level for the instrumentation.

2 DR. CATTON: Thank you.

3 (Slide.)

4 MR. STARK: Using the previous information for

5 the tools, we have extended it to determine, how much can we

6 increase the pressure until the ultimate capability of the

7 structure would be equalled.

8 For the downward load we can increase the pressure

9 above its current value by 220 percent, or this could be
.-

10 interpreted as a safety factor of 3.2. '

11 For the columns, we can increase it from its

12 current value by 360 percent, and for the upward load, using

13 the weakest link, whiEh has a safety factor of 2.2, which are

14 the pins on the base plate, we can increase the load from the

15 present value by 161 parcent, or the representative of a

16 safety factor of 2.6.

17 This is with a delta P of the dry well of 1.7,

18 which Vermont Yankee is now running at. These are typical

19 results. They were done specifically for Vermont Yankee.

20 : There will be scoe variation from plant to plant but these

21 would be the typical results with dry well pressurization.

22 DR. PLESSET: There was some question raised by

23 Dr. Bush about the ccmposition of the bglts, I think it was.

24 , MR. FEENAN. Pins.
- sederal Rorters, Irc

25 DR. PLESSET: Pins. That was not clarified for the

f99s
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dh4 I public record as I recall, because we looked into it.

2 MR. KEENAN: Yes, sir. Well, the material is

3 5A 93 Grade a 7 anc the question related to the potential for

4 embridling the material if improper heat treating had occurred.

5 We had checked the records prior to the conclusion of the

6 meeting and indicated that the record showed they were properly

7 heat treated but the ultimate test is to do impact testing on

8 the materia)., which we did and reported it to Mr. Debenedetto

9 of the staff and the results are totally consistent with the

10 requirements that an optional test was part of the specifications

II for the material.

12 Which is what Dr. Bush asked for, to conduct a test

13 and show it did not b$come embridled and we did that. We

14 consider the problem as closed.

15 DR. ISBIN: Thank you.

16 DR. CATTCN: During the N ermont Yankee subccmmittee

17 meeting, there was a lot of concern with respect to scaling

13 frca the one twelf th to th . cne scale. That has nothing to

I9 do with now we scale, but it has to do wirh the f acter of

20 1728 associated with the forces.

21 And now I cee your chart here, and you indicate

22 to me that you carry the error in your instrumentation up,

23 if you do, you are only talking about..plus or minus ten

24 percent changes in the loads. I am wondering why were we so
7iederaf Reporters, tnc.

25 concerned last time ? Something seems to be a little inconsistent

l 4 707'
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dh5 1 now.

2 DR. PLESSET: I think he is all right.

3 Well, he can speak for himself.

4 MR. STARK: I agree with your assessment.

5 DR. CATTON: I am wondering why we want to run
.

6 one sixth scale now.

7 MR. STARK: Because we want to evaluate the

3 accuracy of the scaling loss. That is the primary laws.

9 That is the primary purpose for running the larger scale

~ ~~

10 test. I don' t believe it's right to loo'c at ratio going up

11 in accuracy by a factor of 12 cubes. We want to look at

12 tF= inaccuracy -- the inaccuracy we have are relative to

13 the pressure. That factor is up by 12. 'Jou get the

14 additional factor of 144 over the load wh: ch it is applied and

15 we have a good knowledge of the area over which it is applied.

e26 16 You can go out with a tape measure and obtain that.

17 1

18

19

1

20 |
a

21

/2

'

23

, Fe-w namnm. ire ;

25 '
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2ri 1 1 DR. PLESSET: Maybe Mr. Etherington might want to
n.k 27
7662 2 bring up a point again about the effective mass that is being

3 accelerated., Remember, you were concerned about that.

4 MR. ETHERINGTON: Yes. I don't remember exactly

5 what I was concerned about.

6 MR. STARK: I think we responded to that question

7 after lunch.

8- DR. CATTON: I do recall if you would like me to raiso

9 it.

"

10 MR. ETHERINGTON : Please do. .

II DR. CATTON: I think your calculation with respect

12 to upward lift was that you would ignore the water above the

I3 bubble. This amounted to 20 percent of the water. The quection s

Id raised by both Mr. Etherington and myself were the fact that

15 maybe you should consider something less, because water never

16 acts like a solid body.

17 MR. STARK: Yes. We pursued ycur question.

18 DR. CATTON: You pursued the queation and actually

39 ran or did scme ccmputations of scme kind over a two-day pe ricd ,

20 where you decreased the mass to 60 percent. Well, I am not sure

21 that you completely satisfy the 60 percent. How did you come

22 about obtaining this number of 60 percent? Frca my observations

23 of your meetings I would have put it more'like 40 percent,

24 assuming I wculd ignore all water either on the side of the
*=*rw nnenm. inc.

25 bubbles or over the bubbles.

4 8 R .u ,l d-
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cri 2 1 It looked like 40 percent was below the bubbles.
.

2 MR. STARK: What we did was do uplif t calculations

3 just as we had done with 80 percent water. We assumed for

4 these several runs that 100 percent of the water mass was

5 effective, then 80, 80, 70, and I think perhaps we got down to

6 50 percent or so and the conclusion was that we did not see a

7 significant variation in t'.te calculated uplift, all the way

8 down to 60 percent of the mass of the water.

9 We have looked at the films and have made judgment

'
'

10 that 80 percent of the water mass is a reasonable number to

11 use.

12 DR. CATTON: Even though there is a significant

13 amount of water that is standing in a vertical column, you

14 assume that you can treat that as a dead weijht?

15 MR. STARK: Yes. Not as dead weight. We are not

16 considering it as dead weight here. We are considering it as

17 a mass for inertia sake. That is the question at hand. Not

18 the dead weight of the water. But the mass of it. If the

19 v1ter under consideration will move as the torus mcVes and for

20 that water standing vertically to the side of the bubble, it's

21 my conclusion that, yes, I would believe it would respond at

22 the sane acceleration as the torus.

23 DR. CATTON: So it's going to'act as if it were solid .

24 MR. STARK: Yes.
seederal R, porters, f ar.

25 MR. ETHERINGTON: But the water above the bubble,

)k e?03
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1eri a 1 its mass 5tvaldn't be' felt until the pressure catches up to it

2 through the bubble.

3 MR. STARK: That is right. You would have to com-

4 press air bubbles until the mass would accelerate also. Tha t

5 was the 20 percent that we extracted out and the 80 percent

6 inertia value.

7 DR. .CATTON: My problem with that is that I don't

8 agree with y'u.o

9 DR. PLESSET: But he is running down to 60 percent.

'

10 How did it vary when you went from 80 perc.ent down to 60 per '

II cent?

12 MR. STARK: I am afraid I have only a very foggy

13 recollection of the resulting numbers. I think it varied on1

14 10 percent down through about 60 percent, 60 percent water
~

15 mass inertia.

16 DR. CATTON: That almost says that the water .nass is

17 relatively unimportant. At least 20 percent of it is not really

18 important.

19 MR. STARK: That was the conclusion, yes.

20 DR. ISBIN: I think we will have to move along.

21 DR. CATTON: Okay.'

22 DR. ISBIN: Vic, you mentioned you had a aumber of

23 consultants, particularly with reference'to scaliag. Maybe we

24 could save some time if each one of those consultants would
*W Reporters, Inc.

25 like to give us a brief statement as to his interpretation of
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2ri 4 1 what the scaling has been and the adequacy.

2 MR. STELLO: I would be happy to do it tha t way.

3 I hope however that all the questions that are raised have

4 l'een explored to the satisfaction of all the people of concern,

5 becaase I received a sense from the last meeting, when t..a

6 consultants were not here, that there were still outstanding

7 questions. I think that is my impression. So we would certain-

8 ly be glad to do that, but I would also encourage anyone who

9 ..as questions to ask them."

.-

10 MR. KEENAN: Car we have our Dr'. Co'per from Teledyne

II anu the gentlemen from Nutec go through theirs?

12 DR. ISBIN: Do you want to do that first?

13 DR. COOPER: Dr. Catton is still here, so perhaps

14 we can cover the scaling wall --

15 DR. CATTON: I don't think there was any question

16 about that. It was the effect on the torus, not how the scaling

17 was done in and of itself.

38 MR. KEENAN: I think they can help out this area.

27 I9

20

21

22

.

23
.

24
*W Repor1ers. Inc.

25
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#28 1 MR. COOPER: Bill Cooper from Teledyne.

dhl
2 I apologize for not having many copies here today.

3 I got them at the last minute yesterday. In their testimorc;
,

.

4 to the Joint Committee, the three former General Electric

5 employees raised certain questions about the s tructural relia-

6 bility of the Mark I containments, which I answered as an

7 individual in testimony to the Joint Committee and which we have

8 discussed here in the Vermont Yankee subcommittee meeting and in

9 the full committee meeting. We have talked about a lot of

10 aspects of this p~roblem but the one area An which we were not'

11 as well prepared as we perhaps should have been prior to the

12 last meeting, had to do with what we had and had not done about

13 hydraulic s tructural interact ion aspects of the problem. We

14 did make a statement at that time that we had not specifically

15 treated the hydraulic structural interaction aspect as fully

16 as we might desire and as part of the short term program, but
,

17 that we did pl an to do this as part of the long term program.

18 As a consequence of this apprcach during the short .

19 ; term jrogram, all s tructu::al test data, all load data, were

I
20 | obtained on relat; vely rigid structures. That is s tructures

21 . in a ccmparison to the annual plant could be considered to
|

22 behave as rigid.

23 There were questions raised as to whethef this

24 was conservative,.unconservative, or just what.
rea1eral Reporten, Inc ;

25 | So what we thought we could do today would be to
l
i
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dh2 y touch upon some of the bases for our judgment on these matters.

2 There are two aspects of this which are important. First is,

what is the hydraulic effect of impacting of the pool rising3

and impacting the ring header. The effect of the problem is4

5 important to the ring header itself and its behavior and

the columns, the kind of information that was submitted in
6

the 'first five- volume report by the Mark I program, and then
7

this same aspect, the ring leader effects, are important in
8

9 looking at the overall torus behavior, becau from'this ring

10 header analysis, we get certain loads which are applied on the

11 torus.

12 The other loads that are applied on the torus are

the pressure differentfals between the bubble and the air space.13

j4 And there are hydraulic structural interactions which occur with

15 respect to that behavior within the torus itself. What

16 we thought we would do to take, I would take up the subject of

j7 the hydraulic effects en the ring header and talk about why we

believe those results that were presently being used to be18

19 | Very conservative and then Norm Edwards would talk about some

f the results they have obtained from the torus, looking at
20j

r. the torus s truc ture .21-

22 Now, there are a lot of words here mostly to help me

23 get through this , but if we express the pool swell impulse on
r

!
24 a pipe as a parabolic pressure versus time curve, the maximum

ecceral Rwrters, Inc. I

25 ! pressure in this parabolic versus time curve, can be given in

k S) 1
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dh3 1 this report, as P max, subcontinent, depending upon the

2 densities and so forth. Times a quantity, one minux VF over

3 V0. VF is the final velocity of the ring header after irgact

4 cccurs. V is the pool velocity rising up to meet the pool0

5 header times the quantity V Y was rigid.0* o

6 How was that accomplis' i. The pipe was very th4 ck.

7 The pipe thickness was very large in _m..tparison with the diameter

8 of the pipe. Whereas in the actual structure, the pipe thickness

9 is very small relative to the diameter of the pipel That is ,
,

a
10 one effect.

11 The other effect is that in the PSTF tes ts , in which

12 Ehese basic data are obtained, the pipe was supported on a

13 rather short span. J st to get a feel for this situation, if

14 the pipe had not been supported, if these end supports had

15 been taken away and the pool swell and come up and hit the

16 pipe and allowed the pipe to rise as a rigid bcdy, the maximum

17 pressure wculd be reduced to about one rhird of that which

18 ! was actually measured.
i
i

19 | In o ther words , we can take rhis equation, take the
i

!

20 1 maximum pressure we get with some final velccity, divided

21 by the maximum pressure we got, express it as a capital P here
i

!

22 | and it's simply then dependent upon the velocity which the

23 ring header takes upon impact, divided'-by the velocity of the
24 pool.

ams awomn. w,
25 As I if in the PSTF test, it simply did away

pg1 208'x
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dh4 i with the support, you would reduce the maximum pressure to

2 about one third of that value. Well, there is some of this

|

3| kind of effeeb in the axial structure in that the beam

4 frequencies of the ring header and the axial structure are i

5' much lcwar than they are in the test.

6 But the very important ef fect is this one of pipe

7 thickness and a potential for ovalization of the pipe. That

8 is when the pool swell hits a pipe, in the pipe which was

9 tested, the pipe would remain round, whereas the actual pipe

to would deform in this nanner.

11 (Slide.)

12 | In deforming in this manner, the bottom of the pipe

1
13 takes on scme velocity and we can use that simple relationship

,

14 to get a feel for the importance of the ef f ect.

15 So although we did not have the capability in the

16 short range program to do the fluid structure interaction -- |

!
~

.

17' by the way, we tried it with the only available program we i

la thought might be able to treat the problem and that program ,

!

19 ' could not tr e a t, the problem, and its improvements on that that '

!
1

20 i we are plcnning to use during the long range program.
||

21 So we did try to do scmething else to get a feel

!
a28 22 for this.

.

23 .

I

24
e-f ederal R eporters, Inc.

25 '
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Jon;#29
.

I In our short-term e f f ort the ring header,

2 in our short-term structural effort the ring header was

3 generally represented as a beam structure without

4 taking any credit for the cross-section of the structure.

5 There was an analysis run by Bechtel where they

6 took and represented a portion of the ring header be tween

7 the supports and the position half-way between two supports

8 and UTey represented this as a shell nodel, as a fini te

9 element analysis, representing the shell structure in

10 detail, representing the supports in detail.

Il Now, it was necessary to somewhat redefine

12 the pressure versus time to do this analysis from that

13 which was used on the essentially solid pipe section

14 because in doing this analysis we now had to account for

15 th e fact that when the water is , say, just there, the

16 pressure is only acting over a small wid th.

, . 17 And as the water comes up, the pressure is

18 acting over a greater width.

19 So the curve, the pressure versus time

20 curve, was redefined and expressed as a function o_f

21 the wetted angle and this curve is included in Figur e 4.9-1

22 of the earlier report submittal.

23 You can see it is essentially the same curve.

- 24 It does give the same total force time history as does the

25 curves which were e-ad f or the beam type analysis.

\ 0
..

O
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on2

1 Well, this particular picture I have got on th e

2 board here is a ~ sketch of the actual results of that analysis.

3 The dotted shape is shown as dotted. Deformed

4 shape is shown.

'

5 You can s ee the ovaliza tion which occurs. '

6 This particular cross-section is in a regicn '

7 where one would get the largest de f orma tion of this na ture.

8 I t turns out tha t it is only very close to the

9 supports and the r ing stif f ener that the de flection shape

10 differs much from th i s .

11 We will look a. that in a little more detail.

12 In the next curve we have a plot of the deflectinn

13 versus time at the top, and at the bottom.of this pipe.
, , ,

14 ( S l id e . )

15 It looks like th i s . You can see the top of the

16 pipe is basically standing still. Tne bottom of the pipe

, . 17 isdeflectinh. .

18 That is the majority of the def ormation of this

19 three-dimensional shell type ring header-is a crushing ring

20 mode type of deformation.
,

21 This is a plot of vertical displacement versus

22 time.

23 Superimposed on that is a plot of the water

24 displacement. And you s ee wha t ha ppens is that as time goes

25 on, and if you tried to put th is l oa d on a p i pe , the pipe

48L 2:i
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on3

1 starts moving f aster than the water..

2 That is even better shown by the following

3 curve which gives a f ew more points down near the bo ttom

4 of the pipe.

5 ( Sl ide . )

6 These happen to be velocity versus time curves.

7 This is at the bottom of the crcss-section.

8 The next line is there and the squares represent

9 about the end of the time -- about the depth of submergence

10 at which the impulse is over with.

11 The excitment occurs in tha t first small

12 submergence of the body.

13 Here, rather than plotting displacement versus

14 time as en the previous curve, e plot velocity versus ti.ne.

15 Here is the pool velocity.

16 Well, what this says is that if we try to place

.17 this pressure time history on this shell and if we consider
,

18 it is a real pressure time history, tha t the velocity of the

19 shell exceeds the velocity of the water, so die poin t of the

20 whole discussion .is tha t it is physically impossible to get
,

21 the kinds of pressures and loads that we are using in our

22 analysis because if one tried to place that load his tory

23 on this particular structure the loads would go away.

24 The loads would start to decrease and would even go away
.

25 at times very short in the consideration.

.

k

&i2
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n4

i Now, what we need to do,'obviously, is not

2 put on pressure 'versus time, but put on the water ac tually

3 hitting the structure as a function of time.

4 As I say, this we plan to do in long-range
,

,

'

5 programs.

6 But we believe that these kinds of results

7 prove without any doubt that the use of test data obtained

8 from a test vehicle that is so rigid tha t n s o va li za tion

9 can take place , or very, sery little ovalization can take

10 place, is extromely conservative in doing the analysis

11 on these structures.

12 We cannot state exactly how much we should

13 reduce these loads. We have est imates that go f rom , say,

14 a half to a ten th . That is, that our loads are high by a

15 factor someplace between 2 and 10.

16 But these at the moment have to be regarded as

. 17 the estimates of various individur,ls who have looked at the

18 situatien and the long-term program does include some analyses

19 that cculd resolve OTis problem.
.

20 Now, thu s itua t ion, as I have just described it,

21 I would like to remind you again, is imnortant f or two

22 reasons.

23 One is that the analyses that have been submi tted

24 and documented previously for the ring header and the ring

25 header supports themselves, have a ssumed this cross-section

403 213
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onset

I to be rigid.

2 Sc EMe loads imposed during those analyses

3 we believe are very conservative.

4 The relief I am talking about here, then , also

5 follows through to the loads that exist on the header

6 suoport column as they tend to lif t th e torus structure

7 as being one of the two loads that we impose on th e to r us .

8 What I suggest we do is have : lor:a Edwards

9 proceed to tell you about the results or the opinions he

10 can gain from looking at the 3-D torus analysis.

11 DR. CATTON: You did the same type of analysis

12 with respect to the de flec tion of the torus itself, due

13 to downward leading?

14 MR. COOPER: Yes,si[.
15 DR. CATT0f1: Wh y? Because I think we agreed with

16 you on this aspect of it las t t ime.

17
'

,

18

19

20
,

21

22 .

23

24
.

V
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CR7662 DR. EDWARDS: My name is Nora Edwards.
FP:bwl

430 I am fr m Nute Our role in Mark I program is.

2

pr ma y ne a echnical monhor, aedng on MaH of
3 ,

I-

the Mark I owners' groups.
'

,

We are the eyes and ears, if you will, of the
5

,

.

Mark I owners' group on a day to day basis, keepi.ig t' rack
6

of the activities of GE and GE's consultants.
7

When particularly important points are underg

consideration, we may bring in an additional consultant or
9

I
do additional work ourself to assure that proper consideration

|10

11 is being applied to these particularly important items.

I w uld like to take a few mir utes to describe12

to you some work that we have done, and particularly the meaningg
, , .

of that work as it relates to an understanding of thej,

imp rtance of fluid structure interaction.
|15
t

iIt was mentioned at t.he March 3rd ACRS Subcommittee i16 ,
^

\
'

meeting that a 3-dimensiona' #i-4*e limit model had been |g
.

used to analyze a 32nd segment of the torus, so that !g
i

19 ' an evaluation could be made on the accuracy of column loads that'

were being ccmputed by less sophistics.ted methods.20

IW rking with axisynnetric leads as postulated21

fr hort-term program (slide) the torus is constructed
22

f eight ninor cylinders.
23 ,

'A 1/32nd segment of the complete torus represents24
Xfederad Recorters, Inc. !

25 a totally accurate model for predicting the overall behavior '

4 Q -2:5
,
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1 of the torus.

2
The finite element model, if I can go briefly

.

3 through it -- -

4 (Slide.)

I show you this just to give you a feeling5
,

f

i

I

6' for the thoroughness of detail that was used.

It was modell_d with shell plate elements.
7

8 The reinforcing ring at the miter joint was modelled with

beam elements as were the two torus support columns.9

10 The torus support columns were assumed to be fixed

11 at their base. The implication of this is, if there is a

|
12 i tendency for uplift, the results of this work are no longer

'

13 applicable, because this model ass ...es that the torus --
,o

14 the torus columns are fixed at their base against uplift.

15 So the importance of this work relates primarily |
!

16 , to an evaluation of load in the column during the downward ,

!

!

I

17 loading phase of it.
!

One of the concerns raised on March 3rd is that18 ,
i

19 (slide) some pr. essure traces from the 12th scale mcdel test !

,

i

this is during the downward lead phase |20 ' indicated that --

!

21 | of the pressure, indicated not one but -- not two but four,;

1

22 I should say, pressure spikes, and the GE analysis of that

23 data has concluded that it was probably, adequate to (slide) I

i

!
24 use just the first two spikes in the structural

m Federal Reporters, Inc.

25 ' analys.is and use a smooth curve from that point on. !

.

4 p}m lD
.,

Q '

i

i
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bw3 1 And the concern raisec'.was maybe if these other two

2 pressure pulses had been included that that would have excited

3 a natural mode''of vibration of the structure that would have
4 resulted in actually larger column loads than were computed.

5 To address this concern, we took a second look

6 at some of the results from the finite element analysi
..

7 to see'if we could draw any conclusions from those results.

8 (Slide.)

9 The parameter that we focused on was to plot

10 the total column load versus time.

II Now, this is the some of the two column loads

12 versus time.

13 And you see the shape of the curve is very,

I4 very similar to the shape of the loading curve.

15 | In fact, if I put the loading curve superimposed

16 on the response curve, and line up the scale, you will see
.-

17 that during the maximum downward loading phase we are ge cting |
|

la;! essentially a quasi-static response. With a s_ light |
! i

-

I9 modification - well, it is essentiallly a quasi-static
'

20 response, folloing the downward load.

21 Now,'that if -- let me speculate anyway. If the !
i

22 load had been completely smooth, I would say the loading

23 curve had been completely smoth like this, I would speculate |
|

24 '

that the response would have probably come along like this.,

e-Federas Reporters, Inc. |

25 I postulate that this slight decrease in load

n -4
48 ci/
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bw4 is a reflection of the change in pressure at this point.

This pressure spike.
2

DR,. CATTON: That was only one of the questions.3

The other had to do with information like3

Dr. Cooper presented, which shows how the torus shell is
5

moving with time.

DR. EDWARDS: I will be happy to answer your7

questions, but as I received instructions from the Chairman8,
| today, I will have to wait until I am finished to do that.

9

That is one of the points.
10

jj But the conclusion is, it seems reasonable to me to

assume that additional loading pulses in the downward loadg

would have produced additional variations in theresponse,g

but the magnitude of those var ations are apparently so smallg
i

that it seems equally reasonable to conclude that the
15

i

additional loading pulses would not have produced a load j16 |

|
'

g . greater than what we ccmputed for the maxi.um dcwnward load. |

e ec cerns abut not being able to model |18 i
l '

39 ; the actual fluid structure interaction, is that possibly a
;
,

fluid structure model would have natural modes of vibration |20
i
'
i

that the uncoupled model does not have, and #2rther, that the !
21

loading would be such that if those additional naturalg

frequencies and mode shapes existed, they,would be excitedg
i

in the coupled system, whereas, they do not show any response24 ;
e Federa4 Reporters, Inc. !

25 j intheuncoupledsystem[[
'

n3nn. q _,gy
;

i
i
i



\I 216

bw5
This concern can be at least partially resolvedi

2 by recognizing that the uncoupled model which was used,

3 had some 77 natural modes of vibration in the frequency

I

a range of zero to 50 cycles per second.

Thus, if there were components in the loading
5

I
'

'

6; f u'ict ion , components in the frequency spectra of the '
| .

7| loading function, that wanted to excite a particular
I

~

t natural mode, it had its opportunity to do it, because8,
i

| there were 77 of them to pick from.9

10 The concern that we talked about a little bit

I

11 i
earlier today, is the business about how much mass of the

i

12 water is effective with the structure.
i
,

13 The problem, of course, is that the water that
o,

ja j is effective in the vibration of the structure, the
; -

t

15 ! percentage of water is different for the different mode shapes.

16 For example, if the structure had a natural mode
y

.-

of vibration that involved no deformation of the torus, but;7

j3 simply bouncing on the columns, then 100 percent of the
i

'aater would be. effective mass.19 ,
- .

20 If on the other hand, you are considering a mode

that involves only local vibrations of the shell, then a21

22 very small portion of the water acts as effective mass.

23 Since it was the purpose of this short-term

i

24 ' program work to determine the overall response of the ,

I
sFederal Reporters, Inc. I

I
25 structure, it was felt that 80 percent was the reasonable i

40- 2J0I

| % e /
i

|
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I value to use for the effective mas,.

2 I believe GE reported to either the Subcommittee or

3 the Full Committee Meeting on March 5th, that they had reviewed

4 films of the 12th scale model test and had concluded that

5 possibly 73 percent of the water was setting, waiting

6 to be excited along with the structure.

I Dr. Catton'sinstantaneous analysis of the film
7j

i

8| came up with 40 percent, I guess, but the point is, it is
I

9| conservative to be on the high end, from the standpoint of
i

10 ! evaluating the response of the structure, to the maximum

11 | downward load.
...

12 ' We considered one other point. That is the response
--

-

13 to the downward load was essentially quasi-static.

14 This means that th load application was slow,

15 if you will,' relative to the important natural frequencies

16 | of the structure. That is, the structure had a larger

17 frequency, relative to that of the~ applied load.'
'

IS Yet the result of using a large amount of water
i

19 mass as being effective was'to decrease the natural

20 , frequencies and thus prcduce conservative values for 4

|
21 ; the dynamic load. |

i

22 So this reinforced my feeling that 80 percent of |

23 the water mass versus scoe lesser value is conservative
! \-

24 | for the prediction of maximum column loads.
.4 -. .. .. . . , _ ; ,

ES30 25 I would be happy to try and answer'any questions. i

|' J n
-mu
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cr7662 DR. ISBIN: I think before we get to ques tions, ij
# 31 dhl

let's look at the rest of the agenda. The Subcommittee 12

3 chairman plans to conclude the meeting at 5 o' clock. We have -

4 some items which we have not yet covered. We had added some

!
5 items from presious working groups which put us a littic

*
.

6 behind time. If those of you who have ques tions feel' that the i
I

.

i .

7; ques tions must be answered at today's meeting, I would say
l

8i g ahead, but if you think you can postpone the ques tions , I I

|

9 would sugges t that we go on to the other parH cipants . I

!
p) DR. PLESSET: I just had a very ' question. I

11 What do you think the physical mechanicanism gives these four
|

f
12 | pulses on the pressure loads?

| |
|

13 DR. EDWARDS: Well, I don't feel like I am qualified

g4 to comment on the results of the twelf th scale model test.
I

15 ' DR. PLESSET: I was just asking, what do you i

!
I

16 think preduces tha t?
,

;

.- !

j7 j DR. EDWARDS: I don' t have an explanation. !

i .

I

t
18 DR. PLESSET: Dces anybcdy have an explanation? I '

!

i ~

19 ; think it would be scmewhat important. '

i

l
20 DR. CATTCN: When everything is so conservative, i

21 I think it's important.

22 , MR. MCODY: What direct frequencies were those at? j

f23 We have seen oscillations like this in other tests tha t we

24 have assigned to bubble oscillation. ,i

F Federal Reporters, Inc.

25 DR. PLESSET: That is what I thought, too , without

h1- c ;7 I9
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dh2 1 benefit of all your contact with it. Is that scale the way t

|
2 you are scaling things?

3 M R'. MOODY: Yes.

4 DR. PLESSET: It's an oscillation of the bubble. |

|
5 MR. MOODY: If it is an oscillation of the bubble,

6 it should be scaled and it is.

7 DR. PLESSET: I think you ought to look at that

8 again. That is all I want to say.

I
9 DR. CATTCN: I already checked that and the frequency

10 i did scale appropriately.
|

11 |'
DR. PLESSET: If the size of the bubble is behaving

12 ! right, then perhaps, hes,
j

|
13 DR. CATTON: What I wonder is, you would think you |

14 would see --

15 VOICE: I am sure the buble scaling is correctly |

16 taket into-account in the scaling laws they are applying. |
.-

17 ; DR. PLESSET: Even with the walls and all the rest :

1

13 { of them.

19 MR. STONEN: Yes.

20 ; DR. PLESSET: I would like to have a guarantee.
I

21 That is a good way to leave it. I am not so sure.
!

22 DR. CATTON: I didn't notice ih the movies any
*,

23| fluctuations. *

i I

24 DR. ': S B I N : I think we need to go on.
e Faferao Reporters, Inc.

25
.

MR. STELLO: Herb, you had asked that the other |
i

4 CS, O 'F7.. c
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dh3 1 consultant make a statement. I would like to insure that the

2 statements they make direct themselves to the concern. I under-
!
:

3 stood Dr. Catton to say that we don' t need to address the i
!

!

4 question of st iing. That is satisfactory.

5 DR. CATTON: As far as I am concerned. That

..

6 doesn' t mean the rest of them.

7 MR. STELLO: You did have a problem with the way

8j the results are applied in the applications . Is that what

9 I heard you to say?

10 DR. CATTON: Yes.

11 MR. STELLO: Those to.2me are kind of synonymous.
I

i

12 I wonder if we can make sure thut perhaps we get a statement

13 of what the concerns are . nd of the consultants address

14 those concerns and maybe that would be the quickest way to

15 be sure that we cover those areas. Not to- debate them.
!

16 DR. 'ON: I think that was already done. That !
-

! !

17| is why I addressed -- I don't know where he is, this fellcw '

I t

i

la j over here, when he had that other column with the 10 percent.
i

19 ! What I was conccrned about was the errcr in tPe pressure
'

I

i '

20 ! being carried up to full scale.
1

21 MR. STELLO: The last time we met, I krow you

I22 had a number of concerns that were not . satisfied on the record, !

23 when the consultants weren' t here. i-

i

24 Now do I understand you have gotte.1 all the inf or- !

wFMedRmmun,tx i

25 mation you think you can usefu]ly get? |
|
|

[ E9(
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DR. CATTON: I have concerns aside frcm thedh4 1

scaling.
2

3 D*. ISBIN: Lit me interject here. I don't think

that that question really can be answered, Vic. As ycu well
i

4

know, we will always want more information no matter what you
5

tell us. I think ifyou have a chance to look at the record
6

and you think that the participants have answered questions
7

pertaining to the record, that Ivan is reasonably well satisfied
8

for the time being, I would like to leave it at that and not
9j

try to complete it.
10

11 i MR. STELLO: I am most concerned about the facing,

i

12 ' the questions being asked are being asked in a meeting where
I

13 | the people that can properly address those questions are here,
,,,

and this time I made a sincere effort that by God, we areja

15
g ing to be ready. Ne are ready.

Low and behold, at scr future meeting we will get ;
16

' ' some more questions that will be ou phase again and I
j7

dcn't lik --- the way the record lcoks .
13

,

i And I want to go en record saying I don't like it, j
39

i
i

! DR. CATTON: Last time we agreed with Professor |20
:

Stonen with respect to che scaling. There were other questions;
21

i

with respe 7 the structural hydraulic interpretation. 32')
.

!

They are of different nature. But the scaling part of it23j

24 I think we agree that the method of scaling was -- there were

e-Federai Reporten, Inc.

25 no questions with respect to that.

,? 3 4
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MR. STELLO: I am satisfied if you are satisfied.dh5 j

2 The people are here.

D R 't CATTON: There are other questions now.
3

31 MR. STELLO: I don't know what those questions are.
4

S
,

..

6

7

8
I
I

9

10

11

12

13 , , , .

14

15 |'
16 e

.-

17 , !

| |

18 , !
l !

19 j ;

I
I

20
I

|
'

21 !

22 ;

*
23

'

24
+-Foderna Reporters, Inc. !

I25
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CR 7662 1 DR. ISBIN: The Chairman is going to suggest that we
FRANK
T-32 2 move on to the next item, which is still part of 8.
ip 32-1

3 MR.*D. ROSS: We only have a certain amount of time

4 and we were going to try to find out which of the items might

5 be addresse' first. 5:00 o' clock will hit here before the

6 end of the pr2sentation does.

7 DR. ISBIN: Let me first,of all, check. Does EPRI

8 have an addi_icm:1 rresentation? Or was the presentation you

9 made o1 L. ....,, all that you were going to say?

10 /' 162NANDEZ: There is an additional item on the

11 agenda c nc' ning EPRI's activities in the Mark I issue, and I

12 , can very briefly address that.

13 DR. ISBIN: Please d,o it right now.

14 MR. FERNANDEZ: During the short-term program,

15 EPRI did conduct scale-model tests on behalf of the Mark I
i

|

16 j owner's group. These were 1/10th scale model tests of a
|*

17: single pair of downcomers. The tests were performed in a :

!
18 screwhat different manner frcm that in which GE performed their

19 tests. Nevertheless, when we looked at the results from our ;
!
! i

20 ' tests and their tests, they gave essentially very similar ;
I
i

21 results. Similar results in bubble shapes and fonn, the pool,

i

22 | surface profile as it swells up, and fairly close agreement in

23|
impact velocities also. That was probably the most significant :

. i

24 [ activity that we were involved in during that early phase. '

:::: Feoeial R- -ater?, !nc.

25 : DR. ISBIN: All right. Thank you, Tom. i

i

!
,

--
f
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.p 32-2 1 MR. LAINAS: Gus Lainas with the staff.

2 I have the agenda for the remaining presentation, and
i

3 I might make 'some recommendations since we are running short

4 of time. This is what we had planned to talk about.

5 (Slide.) {

6 MR. LAINAS: That was Mark I and II contain.ents

|

7| and the pressure supression testing, and the erosion of design
i

8| margin. Further, it was going to go into the objectives of

9i each of the short-term and long-term programs and its schedule,

I
10 and the status of the Mark II.

11 | Now, I believe that you have heard most of this and

:

12 | my recommendation would be -- and you also heard pool dynamics
!

13 ! -- we will not be presenting an,ything new. So I would suggest

14 that we give you the handouts on my presentation, which you

|
15 i have, on pool dynamic loads and go right into structural

i

16 , analysis, which you haven't heard from Dick Stuart. And then

|.-

17i finish the pressure supression testing and erosion of design {

IS margin.
I !

19 ||
i

; DR. ISBIN: That would be fine. !

20 f MR. STUART: My name is Dick Stuart from the NRC
i
i

21 ' staff.

22 ( S lide . )

23 MR. STUART: I am here to discuss the structural and

24 mechanical aspects of the pool dynamics issue, specifically with
e-Federal Reporters, Inc. ,

25 regard to Mark I and Mark II.

48' c c,7
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ip 32-3 1 I have several slides which discuss a summary of the
2 Joint Committee testimony with regard to structural and
3

'

mechanican. issues of the Mark I and Mark II containments.

4
(Slide.:

5 I then have several slides which discuss the overall i
6 Mark I program, the structural analysis for that, the. Mark II~

7 program, its structural analysis, the acceptance criteria for
8 Mark I and Mark II, and those modifications that have been made i
9 to date.

i

10 Most of the information from this point on, after a
II

summary of the Joint Committee Testimony, has been presented
12 before to the ACRS. I can cut my presentation short, if you l

13 ilike, from this point on, butolet me present the summary of the i
Id Joint Committee testimony.
15 ' (Slide.) !

t

16 i
i 'MR. S2UART: Basically I have two slides which out- |.-

|

37
line the concerns as they were addressed by the GE representa-

i
18 tives. And the summary of the NRC staff _ response as it appearsi
39 in testimony.

20
Briefly, I will go through. I don't plan on

21 dwelling on any one point unless there are questions. i

'2 First item, the torus thiickness on Oystcr Creek
23 and Nine Mile Point was. inadequate. In fact, this situation

24
arises from the fact that the torus design pressure for OysterJeerd Repo,ters, Inc.

25
Creek and Nine Mile Point is 35 psig, relative to the torus

4 Q 228 j
.
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.p 32-4 1 design pressure of 56 psig for all other plants. In fact,

2 this arises from the situation of convenience of making the

3 structural proof test of the torus and dry well at the same

4 point in time. Previously, for these two plants, they had to

5 block off the vent pipes betw en the torus and the dry well,

6 such that independent dry well and torus tests could be

7 conducted. In fact, in all plants the requirements are 25 psig

8 for Oyster Creek and Nine Mine Point. And I think the highest

9 pressure on any plant we expect to have on the torus is

10 something like 28 psig. So there is a considerable amount of

11 design margin on those plans in which the dry wel' and torus

12 are tested at the sane point in time.

13 The second item, the load combinations, were not

14 | complete. In fact, for Mark II and Mark III, this concern is

15 not correct. We used load combinations, or load combinations

16 are being used which are equivalent to current Code. They are

.-

17- not identical to current Code because pool dynamic loads

13 i are not included in current Codes. " Equivalent" means that
I

19 , ccabinations, bounding combinations were considered and

i
20 ' design base events were considered, such as a nonnechanistic

21 actuation of a single safety relief valve in combination

22 with the maximum pool swell loads.

23 For the Mark I short-term program, governing load

24 I combinations were used which included seismic loads. The com-
Federal Reporters, Inc.

25 | plete set of load combinations one would normally use in a

48 229
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ip 32-5 1 Mark I, II, or III plant were not included; however, those j
i

2 loads which were not considered have relatively minor effect
~

i

3 on the overali' stresses that result from use of those equations,i
i

4 "relatively minor"means somewhere in the neighborhood of 5 to |
|

5 10 percent.

6 The reason why they were used for the short-term

7 program, reduced set of equations,was for the speed of

8 performing the calculations in obtaining relatively quick

9 results of the status of Mark I.

10 For the long-term program, load equations such as

end 32 Il those used for Mark II and III will be employed.

start 33 12 Third Item: Safety relief valve discharge was not

13 considered with pool swell. In fact, for Mark II and II, all

14 plausible combinations of safety relieve valve discharge

15 phased in time are considered in combinations with pool swell. |
|

f
16 In addition, one actuation for one safety relief valve is

, '

17 ! ccmbined superimposed on top of the maximum pool swell loads. !

I8 | For the Mark I short-term program, no mechanistic .

t

19 ccmbination of a single safety relief valve is ccabined with

I20 the maximum pool swell loads. However, for the long-term |

21 prog am, we anticipate that s_milar ccabinations will be used,

22 combining a single safety relief discharge with the maximum i

23 pool swell similar to Mark II and Mark I'I .

24 The claim was made that nominal seismic accelerations:
:sfederal Rm Inc.

25 were used. In fact, a screening of all Mark I plants for the

' .~) 0
fn
4 Og L
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ip 33-1 1 short-term program resulted in finding that 0.15 G is the

2 maximum value of the SSE on current dockets of all of the

3 Mark I plants.'' And that value was used for the horizontal

4 ground acceleration in the short-term program, so, in fact, it

5 encompasses all the Mark I plants.

6 The next item, Mark I's do not satisfy current

7 Code and design margins are eroded. Basically this statement

8 is true if one were to look back to the original design margins

9 that existed. In fact, we recognized this throughout the

10 short-term program; however, for the long-term program the

11 intention and the purpose of the long-term program is to
I

12 1 restore the design margin that existed when the plants were

13 originally licensed. , , , .

14 Well, what solids do we gain, then, during the long-

15 term program? In fact, what has been done during the. short-

16 | time program'is to evaluate the margins so that no loss of
.- \

17 f containment function would occur, and that we would have a |

18 ' factor of safety of at least 2. The ability of structures to .

19 sustain loads even with limiting yielding, which is short of |

i
20 failure is evalua ted, and this affords reasonable assurance for : t

|

21 public health and safety in reserve structural capacity, or by i

22 modifying, such as the delta P modifications that ha/e been 1

!.

23 done on all plants to gain additional margin.

24 In fact, there have been other structural i

wfeMW Rexms, lN.

25 modifications which I will discuss if you desire later on in J

i

4P 2_~14
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;3-2 1 my presentation.

2 A claim was made that Mark I strain limits were

3 specified rath4r than stress limitr ; disguise nonconformance'

4 with the Code. In fact, as we reported to the ACRS previously,

5 we do have limits that go a limited distance beyond their

6 yield point. In order to express -- truly express the safety

7 margins of those particular limits, one must express this level

8 of strain at which these limits are elongated and compare that

9 to the ultimate strain in order to evaluate their safety margins,

10 That has been done in all cases and the resulting safety

11 margins have been evaluated through strain comparison.

12 (Slide.)

13 The claim was made .t.iat the analytical models have

14 been refined if the results have been proven to be unfavorable.

15 In fact, this is true. However, this is standard structural
.

:

16 |practice: that one performs a basic analysis and uses an !
!

;,

I

17 i elementary or rudimentary analysis technique. If, in fact, the !

i

18 ! results are -- if you are not satisfied witn the results, the
I
i

19 ' results yield higher stresses than what the ccaponent can take.
,

20 ! The first thing one does is define the analysis technique.
,

21 The best example is use of the elastic analysis.

22 One changes analysis technique and goes into an elastoplastic
.

23. analysis. That has been.dene in the short-term prcgram to assess

24 the margins for failure of any given element.
-FM Reportees, Inc.

25 A claim was made that loss of torus water may occur t

I

f f@zQ./ s' u)
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or ECCS piping may loss function.ip 33-3 j

2
Once again I refer back to the margin of safety of

3 2 ti.at we have.in the short-term program, measuring as our I

_

yardstick to insure that all components of at least the margin4

5 of safety of 2, and the torus shell certainly falls in that

6 category. In addition, an analysis has been performed on all
~

plants which have exhibited an uplift greater than 0.2 inches.7

8 ECCS piping flexibility analysis was performed to

9 determine the effect on ECCS piping of this uplift. In fact,

10 all plants have reported to us that they can satisfy Code

11 requirements for their calculated uplift, which have varied

12 between 0.2 inches and one inch of total torue uplift.

13
The next item, 9. Seismic slash or some other

o.

14 loads may uncover the vents. We haven't yet investigated this

IS actually; we have investigated tnis for Mark I, II, and III

16 i and find that the pocl frequencies are extremely low. There

(
'

,. .

17| are no apparent low exciting treguencies such than we can get

| i

ia ' a seismic slosh either to CBE, SSE, or any of the pecl dynamic |
|

'

19 |
phenccena. Thi.s is being currently investigated on Mark IIIs

i

20 ' and it is going to be part of the Mark I long-term prcgram.
1

21 However, our best estimate at this time is that there

22 will not be vent uncovering because we don't have the low

23 exciting frec.uency, and we don't anticipate in the long-term

24 program that this should present any problem.
-FederW Rep >m M

25 A claim was made that no competent structural

end 33 conruitant would testify that Mark I's are safe.

48a 233-
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#34
pas 34-1 1 In fact, Dr, William Cooper who is here today of
noteread
DAILY 2 Teledyne has made a statement in front of the Joint Committee

3! that he believes that the Mark I containments are safe. And

4 I assume would support our recommendations of at least the

5 margin of safety of 2. He has sent a letter to the Joint

6 Ccamittee stating his positicn in this regard and in addition,

7 Mr. Robert Keever of Nutec has also volunteered to come

8 forth with additional testimony or statement indicating the

9 capability of these Mark I containments.

10 MR. STELLO: Dick, I assume we have some structural

11 engineers on the staff who also agree who are compe;9nt, I

12 hope.

13 MR. STUART: I think we have sevetal of them, myself
.,.

14 included.

15 MR. STELLO: Thank you.

1-6 ,=.JR . STUART. Mr. Chairman, would you like me to

,

17 further abbreviate my presentation or should I proceed as I
!

|'

18 | ihave outlined?
l

19 MR. STELLO: May I suggest that there is one thing |
!

20 we do have outstanding and that is the question of hydrcdynamic
_

21 , structurc'. interaction, the calculation referred to last time

22 that we were going to at least summarine today.

.

23 MR. STUART: I have, as I told the committee last

24 time, I have performed some calculations which I am prepared to
-Federao Reporters, Inc.

25 present copies to Dr. Catton and anyone else who would like a

4g]( 2;;
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I copy of those calculations. We have sent a copy of these

2 calculations to Dr. Zudans who is a consultant at that particu-

3 lar subccamittde meeting. I have discussed these calculation

4 wi th Dr . Zudans.

5 After that time we arranged a mee-.ng with him to

6 discuss the problem of hydrodynamic structural interaction.

7 This meeting lasted 3 or 4 hours. We went over the results

8 presented by Dr. Edwards today thoroughly. Dr. Zudans has told

9 me that I could ure his name. He sent Shall_f (phonetic) to
_ _

10 | say that he could provide a report to the eummittee. He sent

| -

11 | Shalley corrobating the f act that hydre inamic structuralr

|
12 ' interaction is not a significant problem for the short-term

13 program, and I would like to og.fer that as a statement to the

14 committee.

15 DR. CATTON: I have to leave, but I would like to

16 get a copy of this frcm you and just ask one question, then I
.

17 will go.

18 | MR. STUART: I have one fcr you , too, Dr. Catton,

19 before you go.
i

! ;

20 DR. CATTON: There are 2 kinds of hydraulic struc-

21 taral interactions I was cncerned with, and one more than the

22 othe.s. One had to do with the relationship of the water that i
'

!

1

23 was in the torus and the movement of the torus boundary. And i

l l

24 | I noted that calculations were made cf the various nedal points i
-- n . w. i

25 ' on the bottom of the manifold that runs all the way around and

481t 235
,
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1 you have velocity on the order of 3, 400 inches per second.

2 Have those kind of calculations been made for the

3 bottom of the'dorus? It would be nice to see a plot of that

4 type as a function of time and superimposed on that the pressure

5 acting on the whole torus as a function every time someone wculd8

6 have an idea how the torus itself was moving relative to

7 when the upward pressure occurred.

8 MR. STUART: I agree with you one hundred percenc.
.

I

9 DR. CATTON: Depending on whether they are in phase,

10 out of phase, this would answer all the ques tions. Is that what

Il you have here?

12 MR. STUART: No. I don't. What you have done there

13 are some scopi g calculations to find another which significant

I4 modes would effect the total overall upward and downward loads.

15 I present those to you. You can review those.

16 Your particular question, we have discussed with Dr. Edwards and|
| i-

17{ Dr. Zudans. We all concur that that would be valuable informa-
i

13 tion. I understand that Dr. Edwards of Nutec is going to go
'

I19 ' back to trv to cull cut that inf orm ation. |,

I I

20 ' Screver, the thrust of his presentation today was ,

21 , we believe it has no overall e:fect on the torus supports.
|

22 DR. CATTON: Gn the downward loading I agree with !

23 1 you, which was his conclusion. |
'

!

24 MR. STUART: And le certcinly agree there may be somei
e Ferfered Reporten. Iru:. ,

j

25 ' localized effcats you are referring tc. :

f fYs LJb
-
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I DR. CATTON: In essence, i t would decrease the effectj
|2 of massive water. If it were exactly in phase it may decrease !

ena 34 3 it to some sidall value.

4

5

!
6 I

7

I

8

i

9

10 |

11

12

13
, , . .

14

i

15 |

16 j j
'

s ,

17|
'

i

18 '

19 i '

20 , '

l
21

22
,

e

23 ;,

i

24
e-Federal Reporters, Inc.

,

25 i
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CR 76621 MR. STUART: I would like to ask Dr. Edwards if he
FRANK
T-35 2 has had a chance to gather data and, if so, what are the resultsh
ip 35-1 .,

3 DR. EDWARDS: The velocity data you are referring to

4 is not available at this time. However, it can be made

5 available.

6 DR. CATTON: I am saying sequence it with tre

7 pressure data.

8 DR. EDWARDS : The work initially done using the

9 THREE D finite limit model was primarily for the purposa o:

10 evaluating the column load and hence the values of velocities

II the several node points were not printed out with the _un.at

12 DR. CATTON: They were not important to that

13 consideration? "-

14 DR. EDWARDS: Exactly. We all attempted to recover

15 that information. Dick is referring to a discussion regarding

i

16 : the local shell membrane stresses. Shell membrane stresses
i

'
,

17 versus column loads. I can report that tne maximum shell
i

18 membrane stresses remote from the miter jon:t are or tne order ;

i !

I
'

19 of 3 esi, versus an allcwable value of the order of 20 ksi. i

I I

20' This means that if there were significant dynamic load j

21 amplifj; acion in those stresses, it could be very significant i

I
22

| without causing a problem.-

23 MR. STUART: The thrust of th'ose statements -- and

24 I was looking for those kind of numbers -- was even if I
a-fa$eraf Rm Irc. ;

!25 structural hydrodynamic interaction was significant action, i

i

|gol 238
n --

- .
.

--
.

,



ip 35-2 236 ,

1 there appears to be a margin of 6 to 7, up to the capacity of
|

2 the shell in that particular region. |

i

3, DRr CATTON: I had both kinds of questions. It
I

.

4 sounds like you answered the one and the other remains to be I
i

5 seen, to ferret it out from the data that is already.,available:i
.

|
'

.

6 is that correct?
|
|

7j MR. STUART: Fine.

|
8' DR. CATTON: Even then, if it looks bad doesn't

i
9 mean it is. i

l

10 MR. STUART: Do you have any other questions of

11 of hydrodynamic interaction that you would like to ad3ress
i

12 at this time?

13 DR. CATTCN: Not at,,,tnis time,
14 MR. STELLO; I would like to suggest you make an

l'
15 effort to ge. the information requested and perhaps we can ask |

!
16 some future,subccmmittee meeting, I think perhaps on April 7th, !

,

|
,-

17 j if they will allcw us to insert that information in the record.!

| ,

13 { DR. ISBIN: Fine.
!

.

'

19 ! MR. STELLO: And we will be sure that Dr. Catton |
I

}

20 gets a copy personally.

.

21 DR. ISSIN: Thank you, for everyone, for this
i

22 subject. We are going to move on.

23 MR. ANDERSON: Cliff Anderson, NFC staff.

24 (slide,)
-Federal Repo, ten. Inc.

25 MR. ANDERSON: I am addressing the allegations

J$s

,
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|

1 regarding in adequate pressure supprescion testing.ip 35-3

2 Basically, the allegation was made with regard to !

l
3 a limited number of tests, specifically, with regard to i

|

I

4 Bodega tests and a little bit more specifically, with regard

5 to the tests that reduce v ent submergence.
.

6 The concern that was there was the potentia for

7 reduced submergence as a result of slosh, and that at this j
i

8 reduced submergence you would not have adequate condensation

9 in the system.

10 (Slide.)

11 These allegations are made primarily with regard to

12 the full-scale Bodega tests, and with regard to the full-scale

13 Hudrldt tests.
, , . .

14 What I 1m going to be talki ry about here, quite

15 specifically, are the tests related tc reduced submergence for

16 both of these. In one case, the special run in about early
.-

17; 1960, in one case we deilt with a 1/48th segment full-scale i
i s '

|
'

13 . test for E=holdt , and in the other case, we dealt with a 1-ll2th '

| 3

19 segment for the.Ecdega fac.lity.

20 DR. ISBIN: Can I ask you: Will your discussion

21 this af terncen include any naterial other than what the staff

1
22 has submitted in the joint cestimony? Joint Committee !

t

|

|23 testimony? -

|

24 MR. ANDERSON: You can assume that we have read
e-Fe9ral Reporters, tre

25 thoroughly the testimony. Scma of us even perhaps participated

8 290-s
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.p 35-4 1 in the suppression studies years ago, so we are all acquainted

2 with the history of the vapor suppression. All I was doing was

|.
3 summarizing. I can go basically to the most important point

4 ehich summarizes the whole thing.

5 (Slide.)

6 These are the Humboldt tests that related to tests

7 at variable submergence. 37 tests were down at the nominel

8- submergence of 6-fcot. A much more increased submergence of

9 '2 feet, and then this number of tests, probably 6 tests,

10 ; reduced vent submergence, and a number of those 6 tests were

11 dc'e with the vent terminating above the pool surface.

12 The basic conclusion that was drawn was that there

13 was rapid and efficient ~condens,ation for that complete range

14 of vent submergence, including the vent terminating above
i

15 the pool surface.

16 Now, it was basically these Humboldt tests which Ie
c ,

1
-

,

17 | allcwed us to make that conclusion. .

|

18 i (Slide.)

I9 Alst the Ecdega tests, there were 45 Bodega tests,
,

i

20 ' 43 at 4-foot, and one at 5 feet submergence. The allegation '

21 uas they were not adequate, but when you consider the Bccega
i

22 f tests to go with the Humboldt tests, we believe there is

23 adequate tests to show there is complete analysis -- :

I I
I24 i MR. STELLO: lan I interrupt? ;

ercemi seponm. inc.

25 There is another item that the Subcommittee meeting!

ih |

- _ . _ _ _ _
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p 35-5 1 on Tuesdav said you would cover, and I don't know whether they

2 told you or not, but they scratched it from their agenda. They

3 said you would pick up the acceleration of the pressure vessel

4 pedestal at this Subcommittee. We are prepared to talk about

5 that. I know you said you wanted to leave at 5:00. If we

6; talk real fast, we can try to cover this. If you have any

|
end 35 7' more questions on this, maybe we can cover it.

81

9

10

11

12 |

13
,,,

14

|

15 |
'

i

16 .

.- j

17: i

i|
'

l

18 ; I
'

i

19 ' '

i

!

20 !
4
|

21 ; i

I

-
22 | |I

.

:
!

23

24 !
eFederal Fleporten, Iric.
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|436
I DR. ISBIN: I was going to thank Mr. Anderson's

pas 36-1
noteread

2 brief, concise summary. We do want to talk about erosion of
I

3 design margins as well. |
|

1
4 MR. STELLO: We are willing to stay as long as you j

i

5 are, Mr. Chaitaian.

6 (Slide.)

7 MR. STUART: Basically, the contention is, a summary

8, of the concern, is the testimony alleges that the reactor

9 vessel support pedestal could be caused to vibrate or accelerated

10 by load originating in the pressure suppression pool if the

11 design basis pipe rupture were to occur.
I

12 DR. ISBIN: Again presume we have read ccmpletely

13 your testimony.
, , . .

14 MR. STUART: Yes, sir.

15 | (Slide.)
- .

16 | .I would like to show first a picture of a Mark II.
'

17 - The concern is that the vibrations which occur in the pool will ,

18 act upon the reactor vessel pedestal and that these ha'te not

39 ' somehow been included in the design.

20 In fact, the pressures which cccur due to pcol

21 dynamics phenomena are design basis loads on the reactor pedes-

22 tal in the Mark II containment.
.

23 (Slide.) .

24 On the Mark III containment, note that the pedestal ,

aFai.ral Reporten, Inc.

25 occurs here. The closest pool location to the pedestal is here.!

!
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mo,

&43'-

,. - - - .. - . - - . . . .



pas 36-2 241

I Htvever, there is a possible lcad path for vibrations in the

2 pool through the vents hitting the weir wall and being trans-

3 ferred througk'this portion of concrete to the reactor vessel

4 pedestal. In fact, in the dynamic analyses, these assemblies

5 are modeled and there ir some load that is transferred back

6 through the pool, through the vents, against the weir wall.

7 There is a weir wall pressure load which is included

8 as part of the Mark III design basis load. So, in fact, in

9 essence, althouch one does not look specifically at those loads

10 and how they effect the pedestal, they are included indirectly

'l by applying loads to the weir wall through the pool.-

12 | (Slide.)

I3 In the Mark I containment, the load path, the closest

Id load path from the pcol to the reactor vessel pedestal is that

15 the loads that occur within the pool, would have to go through

16 the torus, the ring stiffener, through the torus supports,
,

17 across through the base mat, all this mass of concrete, on
!

18 up into the reactor vessel pedestal and finally through the
! !

19 | skirts into the reactor vessel, !

!

i
20 No one has really, except these 3 GE engineers !

!

21 | brought this up as a possible concerr but to address the concern >

22 the staff has essentially evaluated the maximum amount of !

|-

23 energy which occurs during the pool upward and dcwnward portion l

i

24 of the load phenomena and related th't amount of energy to the ta
m renni nmemn. inc. .

I
25 amount of energy that one could develop in an SSE, and, in fact,'

,

4 i

_,
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pas 36-3

I the amount of energy throughout the -- for the total pool upward

2 and downward load is about 1/40 of the amount of energy used as

3 a design basis''during the SSE. So, in fact, in essence, what
'

we are saying is we don't believe that on Mark I that there is a'4

5 sufficient amount of energy to cause any significant motion of

6 the reactor vessel support. (Slide.)

7 I have another slide but I think that basically sum- !
~

|

3; marized our position.

9 DR. ISBIN: But nevertheless you are planning

10 to check this out at Monticello in a similar pre-test.

11 MR. STUART: Monticello has the reactor vessel pedes-

j tal instrumented with accelerometer to determine what effect,

13 if any, :ill occur on the reactor pedestal.

I4 DR. ISBIN: Thank you,

15end 36 Do you have any questions?

16
.,

#
, i

17 ; |
! !

13 -

|
'

19 !
|

'

! I

20 | '

| I

21 | ,

!

22 ,

,

23 ,

24 ,
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#37 1 MR. ANDERSON: Should I make the assumotion that you

pas 37-1
noteread 2 have read the testincny?

3 DR. ISBIN: Yes.

4 MR. ANDERSON: I think we did discuss this and maybe

5 you have some questions now or should I go in depth into

6 this?
I

7|; DR. ISBIN: Well, we.do have a question.

|
a{ Harold, you were going to ask a question in general

i

9 at this point, I believe.

10 This is on the erosior. of design margins, the

11 cumulative effects.

12 MR. ETHERINGTON: I'm sorry. I don't really

13 recognize what question I had there.

14 DR. ISBIN: Ofay.

15 Let's first ascertain what the presentation is that

16 you are going to give,
l -

17! MR. ANDERSON: I was going to discuss the erosion 6~

1

13 | of design pressure margin in the Mark I containments resulting'

l

19 ' frcm the rencval of baffles. The purpose of the baffles was

20 alleged to be as an anui-slosh device.
,

21 DR. ISBIN: Okay, i

22 This is one of the parts of it. Right.

23 Why don't you summarize what you think on that .
-

.

i

. 24 ; situation. That would be fine. '

e Ferieral Reporters, Inc. |

25 MR. ANDERSON: Let me skip right through to the

l| 'D ~5 i

:. L 'r b
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1 basis for the placement of the baffles.

2 (Slide.)

3 MR." ANDERSON: In the first place.
_

.

4 JR. ISBIN: Right.

5 MR. ANDERSON: There were 2 considerations. One

6 of them was that the Bodega tests indicated removal of the
__

7 baf fles could lead to an increase in the suppression chamber
i

8 ! pressure over and above that resulting from the transfer of air i

7 frcm the dry well to the wet well.

10 , That was the prime reason for putting the baffles .

|
11 | there in the first place. It was only a secondary consideration

i

I

12 | that, since the baffles were in there for that other reason,
!

13 they also would serve as an anti-slosh device.

14 (Slide.)

15 The baffles were removed Secause, in late 1960s
i

16 they found there was damage on a number of the baffles. The
,-

i

17 ; damage resulted from actuation of relief valves and 'rimarily
,

|

18 ! it was baffles in the immediate vicinity of the relief valves. ,

! . !

19 (Slide.) j

20 The reason fer remotring them, considerinc both of
- |

21 the reasons for putting then in there, were primirily here,

i
22 they went back an took a 1cok at the Bodega tests and, in doing I

23 this, there is indication that the pressurization rate of the
1

24 1 chamber was too high. It was high by something like a factor
ofedazi Reporurs, Inc.

of 4.

k 0h~ ^-
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I This resulted in a higher pressure than would have

2 resulted -- let me put it another way. This indicated that

3 the pressure.wds, in fact, determined by the air transferred

from the dry well to the wet well. That was the pric.ary concern)4

|
5 Now, with regard to the allegation -- the allegation 1

6 was it was due to primarily to the azimuthal sloshing, and as

7 Dick Stuart said, there was no reason for the waves in the

8 first place.

9 If you go back to the Humboldt and Bodega tests, there

U is indication you get good condensation even when you have
,

11 ' events above the pool.

12 DR. ISBIN: And your final conclusions now are what?

13 MR. ANDERSON: The final conclusion, this was the

Id
prime reasons they were in there , I have not exceeded as a

i

result of taking those baffles out, they have not changed |15

i

16 anything with regard to the long-term pressure, the design
I !

'

17 ! pressure so, the re f o re , there is no erosion of design margin as i
i

l i

18 | a resuir of the removal of those baf fles.
I '

DR. IS3IN: Could we refer to the staff's section
!

20 on this? I though that you had still another phase to your |
,

21 conclusions, which would call for perhaps a consideration of i

22 these baffles should they be dasirable?
'

t

23 MR. ANDERSON: I think what we said , we have not

received any indication from any of the liaruehs that they |
't'

ce-federal Reporters. Inc.
g
'

25
intended to put those back in. We haven' t called f or anyone to I
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1 put them back in.

2 DR. ISBIN: Can you show me where it is in the docket |
Ii

3| so I can find'It? |
-

_ l

4 MR. TEDESCO: 2099 to 102, 2101, the last page.

37 5 The last sentence in the first paragraph. ,'
,

'.

38 6 DR. .SBIN: If the need for baffles or other internal

7 structures is identified, the staff will take appropriate action.

8 MR. TEDESCO: Yes.

9 MR. ANDERSON: But it has not been identified at

10 this point.

II DR. ISBIN: I though that that was a reservation on

12 ! your part and that there could be a need.

13 MR. ETHERINGTJN: I,took it as a rebuttal of

14 Bridenbaugh, et al. chargas that the design had been deteriorated.

15 DR. ISBIN: Had not? i

f
MR. ETHERINGTON: I think it will speak for itself. |16 j

.

l'7, I didn' t read it as something that was to be required.
!

18 i MR. TEDESCO: We have the Mark I program. broken
! -

19 down into long-term and short-term rrocran. The short-term

i

20 ' program is being wound up now. The basis of the results that '

!

21 | we have received for the short-term time intervals , we have
t

22 found no reacon to recensider the need for baffles. That is

23 , what that statement identifies, -

|
24

efaderal Repor*=rs, !nc |. Hcwever, in the long-term program we will have ,

further analyses and further tests as well as the development I!25
!

!

4 Rf'
!

,
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I of appropriate modifications, and whatever action that will be

2 taken will depend upon the results. If it comes out that
''

3
perhaps some benefit might be derived from the use of baff'2s,

4 we will evaluate it. At the present we see no need for it.
-

~

DR. ISBIN: Okay,

6
I think I interpreted it the same way, with more

7 emphasis on the long-term, which as you have indicated would
i

8' restore almost completely all of the design margins that you

9
thought that you had, including the need for baffles if that

,

i

should be.so indicated.
A

11
MR. TEDESCO: Yes,

i

12 ;
! DR. ISBIN: Are there other items 2

MR, STELLO: No. ""

DR. ISBIN: The committee would like to thank all of

15 |the participants for coming, the staff, GE, their consultants, j
i '

'i6 i
,

; the Mark I-Mark II group, EPRI, and others. I have no addition-1

17 4 '

;al cctments.
,

18
Co you have any las t-minute words , Vick?

19 !
MR. STELLO: Just thank ycu for your patience in

20
staying with us to get through all of the items that were on i,

|

21 i
the agenda. I know it was rather long and a hard day. We

|

22 |would wish to join you in thar. king again all of the people who i

23 |i
had to come some great distances and who didn' t get to say ruch,i

24
e p esence here Was well Wort.h time a7d effort !.a rMud Rmomrs, lm.

.

and they were ready to respond to all questions that could ccme

4 83s 250
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'
1 up.

2 Thank you.

3 DR..ISBIN: Ross, do you have any comment?
.

4 MR. G. ROSS: No. We want to thank you for givina

5 GE the opportunity to come in and respond. We appreciate it.

6 DR. ISBIN: The meeting is concluded.

e38 7 (Whereupon, at 5:03 p.m., the meeting was adjourned.)

8

9

10

11

1

12 '

13
...

14

15 !
:
!

16 |
|

| ,
,

I !,

'17i
i

13 ;
,

4

19 i
!

{20 '

i
'

21

I
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DESPITE TliE Lrkl PROMBlLilY (T OCOIRRERCE PROTECT 10!1 AGAlilST EFFECTS OF PIPE RUPTURE POSTULATED

TO OC0JR AT BE IDZZLE SAFE UDS 1RS BEDI A DESIG:1 REQUIRBEK FOR All UR'S FOR :Wil YEARS.

I!! ADDITIO:110 "ItBINITNIE01S PPESSURE HWES" EFFECTS OF SYSTE', REACTI0il FORCES ND TFAilS!BR

*HE9;ML FORCES MUST ALSD 1:E D/AunTED.
,

,

RESULTS ARE CALCULAILE USl!B 07?TIl lEcllN100ES 1:1 FIELDS OF FLUID AliD SlRUCTUPAL DYiWilCS.

.

4

M '

9:|
.

rv
.

s

I.



O

$ f

.

Ir

.- .-.
.. .. ,

*\. . -
. ..'. .

. . .. . .

_.,
'

{.
-

,
- :- 1.

,i ' Q. .q: ,
t I .] .w- !* ,

|l_i* ,I

-l |t
' ''

*
.

e r . y ,1 , |. *

'

'j { j:
-

>.

i. , j i. ',
.

.
,

. i },
l . .i

-

i -

=

i - d, .)
-

.

i.f|-D.,.
, ,

i
.

'

.

,, : u.. !
..

-
.

*! 'p;, i -

!g jI i= .
-

I

,.

-

.| |

* I.

-
.

'

., ,
,

. * .

i .

g g
;l

i.

1 -1--
.M

, .
-

-)nt fs .%1 J , *
. .

. s ava '| ,%. ,J

~ be ,kib
v l,'tj' \

-*'! - I. -

j *| r
!

* Hy -;w~a.~.N
;

,

. . - -

.
7-- ,p- .- y . g

F. ( ; J. }. -.

l L ' ' *t r ] p,
..

- ~ , ,
,

| !i 1

.t - .: . : -- -I

-

,. .

F !
.h

i

| !..'

'

m i, ,i _ -.,s~sor !l W

e

,4 . .e
'

_
, .-=7 gu g 1.

\.

k
.t *

. _ . _ _ 'h

.

. .n."...,e 1 ##* .
3..,u.>
,
!

1i .. o.

a

0g][,gh s B W,,!Sy4
O E

i q;LM UwdaM

k 2$3



.

< ,.
.

/$

-

= -.. . .

. . . , ,

, '4. . -
. .

. ,
. . ' ' ';y i;.. . . .

,
.

_ _ . ._ m . _ q' .
.

-'i ' CP - 2 ; ,p
., 's o l ,I {

. .
'

|| .. : . , ,
i.

I

'

! -f.-;. . ,
,

- ,

|
, ,

. .
.

. ,
g *

-
4 :

| .i. l
-

. i

.|} ' m' '. . -
.

,

6.

3., }
.

,
.

''
,

!...
*

,
_ _. g .

.

-

1
'

-
,

,

' . . y ...
'

, .

-| | -

. t:i.
i . .

. _

. J ;s m +p' . _ . .( . .

t

'd . . . >
-

_. =_ I. / <
,

, ~. s . , 2' -

i '1!!I v. .
,

-
- i

,I * i,

. h, 1.
. . -

*

.s y,v; : . =__ _v ___ q, ._,_
.

,

. -
f '

| .

e f
I J/ e

I * *; f ]
*

_ 3 l . .,, p-

----

,
*lI,l. I

:I-
-

. ' ,~ .as:.s ,, . ;
W* . eD 6 h

I i I

., i .. ..., g. .J
.

,

s,a. .
.

1

i*
.>or- o

d sos;s e os e .. )l
.f

( !l.

3% b

g it tj ' u m[E l'! f, ea a.
-

-

I E- [' ,' ?,l
~b



.

* a
-

//q'

N!Il3d0 IN3A SilOG UOHONV

e ad/,cuv v;w?O-O%; ,-. y .n.,.?w, ?,s'y?c, e y= y
*

, ;). -:*u- . , , - , .,

> l | g

.% % u*O*

~; f aq

.|' Y M- y'}}') |
~ ~* IMOddnS UO10Y38

- n4I- - o

.'$ I '
g .

-

3

*Q r|d - '~

% /
DNIN3dO IN3A '

% f

r ===%'i
%,s

s %

*

.

4

I

, ~ ~ ~ ~
.

/ 4

.N

EFy[sf,ga pmI?Qjhi.aeen t- . u . a

4 % 265
. - - - -

*%e.ap4W G u e em.m ,e m M-6 6



t

# #,

/2

I s.

)
i

!

. cu s s .v.-r- ,
60 4' .a.~%'' IJ-'?^I.'->

i, .

. .> r. t
I ,.c,,.,u,,-
|

., ; ..

, . y . !. , pa . . y. ..n~, ,

'
.sh j

'

.ae=','
*=, ,/,

-' '
Tm.

,s / ,
i1

.. '=2
*U'

. . I, \-
%

- 7 | , '',*| . i
. > = . . \,

j,u;g" . --

.,m. , -
,.,m

,-
\, |'''/.

./ s
i

-

, , ,.
-

.

f. | - g . | . 1,; -g | r . ', ,.i!<
f -- .

.i.i s.

it. l . 4 -- _ # r;i;.. . . . n ;
,,,f .

t-
...

; . .o
I 1.. i

/g

b h. - ,i!(PN -

'
..

l I '
-

l ]' J c '-e -ri(l
, '. 's "

''= F M . tl ! .-
.

'
, ,- e4

~f * * N 4
. s :, ,.;

*

', } d a4 g,
\

U|(|A
,

' *

. L"L B '
' ' en - i

\ P '-

.1 -"

:< m. \ /i
~- c,~ r ..:~..,....,..., 7- . - -r s.> r v, v.w r -,

' \, _ ; i

f
,

i _ ,,/ './ . _| f.J.L.
,
'

\. ,i , ,
,' *

<ii
% I fi = --

t . si r~:Ja
'

'| 3,),
.

, i , , m." . -. . . . , , . . , -i,

i . | Ii ii,

-,

| iJj |t |'
-

! |' ' I f

,'j ._,;i i
'"m

,
'+_;i | | L. f ,'

,i '
s , |

y, |s
,

. ~ . . . ,

y(. |w.>,|,u. j . } -

l.
.

<
.

.., :4 i
-

I t ;. q j . , /-

| | .-- .{ '. )) ! ****#

.w v .. .,A=*a i \

\ i ! ||
~

,

/a-'- i s , m

N - |/ / ,/ | "il "
'

\ \
|

- j ,

|
- -'d v'

.
ir

- -n,- 1 i
'( . . - - . . ..

. _ _ _ . _ -
__ m - - -

n' , n'.,e9. ,s.4m ,.-
k

' -,s.

m. k j.er < - * * * am.-

g (q, swaq
-

,,,

> n.

<s

h| f* ,~
\ (O



A

$ 0, __ . . . . . - - -= +;-- -,

./
/

*

- ~'_ ....__. - < __
--s

1
e s'

*;e

W y

ei

s
* *

Y h
. ,, ; e

'4*
# v'

4'

g%' O |y

%.

ypwacg/ r.

N /,/
/
/Nss w/

7"

oD:t
.] /.' - '

j
_

fr

,,'_',,i* *\ |/
/ K'- i,

/.. / '/
'

NNs

s
N* ~ m_ _.-_. #

Am me a W eL- ~ d
m.u q c'~ \ > > * '~s ,, y

7.* * sv ._, .Q X.* n- u . '.w'1 "F{% ?' J
.i3 J.a. % \

as a

(,

,,
N'

'{o

l.22- *

;. '. . z. 3 .:.
'r'e', -

* a f * ,J' ,'o, T'L : .4' T.4rn a <

#
/ .

# *J* e t== y; . v =o v* * cn*
'

j * m $sI ia 44.U

- -- t i ,r y e. 7. ..m.; a, w-
,..

_.'t. |
.._-

. .<
: a -a

-

5 Ij i[ [ k d 2 N Ne,,2M88I '

.

d c!o/'

.
.



.

.
o ,

/0.

.

.

.

A'l:IKISSV 100.! ONIGI IS
S130<Idas TiSS3A iunSS35,i E010sau

-
.

.

. . . . . . . . .

5W/.y~

Na:CG - G7C/;.!
.

*

.:.' ?O 7G' .SN/C3 7 7%-~
C.~ sm. ';d. e 4-

.x. z y
-

:M::'.!. C 7.?/im h'U3?/ /_'5' /
. .. . ;*q:|*z.,c,,, - ),W Y%e

,,

#%em' 4J*V

e' '* - 3

s- s , h g,,- - ,, .;k,,.e s s
~ s-' i ->

s' s s r . t~' s ,,
T~:;*^li,i[ g"ss m. u, _ s ms . _,n

| W||,| r-- ,u, .1. f
T

I g >* || t I \ /'

' ' ' - 3,

f,[ !.J I ~ y 7

,r.. ! , c, .-.
'

: i,.s ~ .

j '' , I .o .m ._ i . , t -t ,

\/ -- u,
.

i- ,.li 1 , . , ,
,

l., J . ,i -

.i * l .c.,. 3,' ' b,. H +I ,
1

; . . i . t., }I
5w F
s >. ,i g .

,

gy i : ; c: 1 ,., .

gg,x _ g ;..

1, . . ,

.w -1.: :.s /n .i
| y \_., , , , , , ,. ,

n , t s .' i,,,"
',$i,_.i U
,

, ' " \. , vi.<-u w .a,,

/d EN N.i s, -

i ' . i. xY,ds 3.s e* ;e 'A ' = ***''e.' f

-
i

.- ., .n , ;. ' h9 - - L' ' s.,

/~
, " . , - - - ,

.

.5 .~ ~ * M d JQ ,.9 f g } f .. . b. n

:. N $ i . ' 3 '. ? * ? ~ G |, ', 'j' . '5
*

'
-

q, n < . _ _ a _ . n i s. a.<

- ., a L. '

~~ -~ - - - - = - '_.C'~'.,, i rs;,' .,'| *s<'9 \'/ '% s

."n
,* m ; ,y *y %~~ - r

suJds' s =s

%.
5' O * O $' .7 ,) v..] j ,'-~-~-~n.. e./ t. .G i i s

~ Wn *

-| '// y f /\?' :'C - C W !f *

l

$'
- '' G A * D ii .n c-

d 'd .3 G;! .r_ . ; 3 r;o p
,

-

c.n ,e ,-ca J l

.

y
.

-

..n) .
.

- -

. . .

,,

() ~,
GUh
Q: e a

.

.



.

.

In
/D

. .

ISGh0335) 3.111

o e o o o o
' ' * *

ta e 'u N - o
O O o O O O

_ - -waw,wsru7-_ - - - - ,, 0*)
.

2 /
-

| '

w -;
,|,

az+

,

m
.. O

\ f :)

| I n.
- -, m

I |

,.n*[ e /, , e n.- ,n . -
c'

T , 3

a,;

,q -[ ,G-
c

y!*g], I \a, 'r | \
'

Id '

n

.f/ : s ;, t c-

;
-I _

?
'

.-II, i
L

.. ij,
, r ,

I O;

' .! o3 A- --

.g. .,

h rn'

u
- h!

i ;:p

l! p.j',;],

,
. o.y

. l li<

mi
,

v
i

|
0'9'

,
t _

! i 4'
,

.

'P/3'12 03' C".C3 01. 2a(I add SO C::!CVOT 3'i3S 12'dd TT ''l21 E DI'I132.3Y.

'U553.\.9 21]vj I.'i.|O ? !'J C H _N
'

f?!'0i |
untah5J*la

o%
,

_

/ .c n
kV7 ,



e 6

s

9

O
l "j
t

I

| *'
_ _ ___ _

i
i

l
o
a

i
t

'
l
l S
i .

I

I

I m
-

I .

I g
I 5

| I U
O u
a en

I - -

I 'd
2

/ s
o,
O..

f
~

l

.
- j

i
n

' C

I

^
- \

_

\

\ e. ,
'

\ C.
-

\
'

N
- N

\*:
N _ _ m

N O
*N

N
N

N
* =

h
N =j - m,-

N

O O O O
O O O O
C M CO <
& *~*

'

-
'

c. g
-

-

.

e - - -



4

a
.. _ - .. -

O

*
.,- 0| f c4.

; .

.

N .

___._. _ . .....-..a e

I,
__

-

g
'

'O
,

e4
-

i
-

.

.
.

4 .

J e y ~r
-- M

. e
e

S O

[ -
8

-
-

. a..

!
n
t1.M-

O

. d,
w

oi --

-_

( og . v
- i e

P / dfq ,

:'

J H2 '
i

n:, g-
,a } |

-- O
, *

> i

a b

~ |
/

!
!

;; . - +
,

-- o.

/ I
,

-

1,
-,

_

w%v - %7,

o.
e

u
$
t yy

o.
. - i =

;

~

-k.'=.e======""*
, # ~s ~ |

i

- - := e :2 x .:u. mm-- -_ . _ _ - -
___ g

.

.,

* O O O O O O O OO O D G O O O-r c< o u o a ceM e4 M

'$'
. - . . . . . . . . . . . .. . .. ..._.- - . ... . .



.

RP'.' Iw - 2 e S ur p 2 , s ;, .- : ,, g 3 2. t l..

7( ) Ih "i t i h] D i W ) V f 'L;, 0MM''

P ditAIJ llJ
''

/
g

i \
} n .y.v. m;' ,. ,c ,,,c,sq-

s

r---

l C .'' r ~'! ? w rz i Sig, A
\
\ .

+ _.~ EEAC,'..C c55Sgz
$x ? L IO''

f&i)

N y 7,1

% l.li,
i' I
~ ,r ..:

f ~3d ,' 5 F|r 2
L

.

-

%'
/7

- v

4

<-S 50 CiE7* Pt.;?rs:

>/~L}
fig c

6
< ~ TliA'E &j)sg)

m
S??LL

SL/D/MG fLogg

h
,- -.

EL I
}-

',h' ,

Ficr.D1
r F m7-

4 p',, *r s

} LP'
M M& t

Gig 3 gg ,jgTD f C'f fid UT7':// z' ggy.fHIBL& rdrix a

;J
Lt

,



.

/t (
|m

.

CL Z Z).W T J .b ' - AC . A GN ! J.N C K W R'T

.i () ) ! . . . h L_ .L. . I , ...,..J..V }.

3_. 0 20 10 0.C
.

. --- _.. J . .s
| e I e 4 t - n, | . . . . i .

, . . . , . * 1 4 1 1 i

j 1 t -t j # t ' ' '
. , t t -

.
. . e . t .

; e , t
,I . , . . . ..

l { # + 1l. . . . . . Ij.g .-(, 9 | I 4 .. . . .
l

a . i t ( j*g

__ ._. - - . - _...__ - y- -1. |
( . , . i *
,

. . . . . ..

,.-
. e t , e i j

jl . , 1{, . . . =

| 9- - 3 --g, . . . , . . . .
g , . . . ( 1 g i

{- . . , , . 4 , < i. . -s . s .
1- * . t i 1 f '

{
g-- - ,_ .

e . . e . . , .

4 }. ., . . s .

4. .
. .e . . 4

. _ _ _ . _ _ - _ _ .. _ _ _ . _ _ - _ _ _ _ _ _ _ __ ___ - ,_ 1_ . ,s , g .

1 j ,~<- -g . 4 . , .
t, j . u. ,.. . . . . .

]. . - . ;<, , , . . ... 4
. . , j ,) 4. _ . ;

e j- ( .h . v
4

,. . . . .

e...
3, a 4 . . . . . . e a .

. . , . i . . . , t i - - y
I t

& { a&..q.g 9 . . . . . . . . . , 9

t-- . .9,] '

.

, e . - ,i ... . .
,, .- - g. , . . - ..--

* * ! f f. t m* d 9-
j. g . i , . . . . , ..

,.._ _ ;
, . , ... . . . . . ... .

)... , . . o,
,l. * t

. ... .. .

** t--- -
;.tj t ,1

t . 4*

[,1 .I. {..9., . 3 . . .k

. .f
4 .

# -

,@'. l
9 . {. -.. ,

' ''
. . , .., ., ._, ,

f, [ r. . j p -

0 041 ]j 8
, . 1! . . * *e - -H..-..s,. . l i / . i. . ,i . }, i g{t

-

<
'j /. \- - , ,n- . . .

r . , ,
t ijj. .

6 l
,..

-- t .t :f . , +
.., . . . .

a. . - || ,i - ,, t.
1 --

, . ..

.J... . . .

-|.
. . L LI I

4 | |4
- |

. ./. , _ q _ . j , _+6.__
1 10|1 * .

- a .I . j.. . , , . . , . . , - , ..,
.

.

**.d*-* '. *
* * 1-* * * t' * . . .

q
. -

._...%.j.
----6 *

g . 4 . . . .. .

, _ . _ { _- y., - - . . __ . g. 9 . y..7 q . , . , , . . , . t . ,.e

4 . j-. . . . , , . {. ....--.j i ! i
.. . e . . . . . , . . . 4 9 4 . - + - ,

. . . . . . , ,e ,e.i...< t ? i. , . i . . . . . . .

3 _ ,. t..

-.I..
.

; |
;

}. . . , , ..
g e e . 6 . . . e i ....

g
4 |,ti . l . . . y . . . . .

. . . . , . , .

- - - - - -
-ye***

.

d0E 08Mf7 -

VBk d ~'
% ? .

m . .



.
, ,

.

.
_

75;

PUMP FLYVlHEEL MISSILES GEllERATED BY
REACTOR C00LAt!T PUMP OVERSPEED

ALLEGATl0tl

AS A RESULT OF A REACTOR C00LAtlT SYSTEM PlPE
RUPTURE AtID THE BLOVID0 VIN OF REACTOR C00LAtlT
THROUG|1 THE REACTOR C00LAt|T PUMP, THE PUMP

IMPELLER MAY ACT AS A HYDRAUllC TURBillE CAUSINO
THE PUMP, MOTOR, AtlD THE FLYV! HEEL TO OVERSPEED
AtlD BECOME POTEtlTI AL SOURCES OF M!SSILES;

THE PDTEt4TI AL FOR MISSILES FROM PUMP OVERSPEED

REMA! tlS All UtlRESOLVED SAFETY PROBLEM FOR
I NDI AN PO!tli 2 AND 3, AS # ELL AS OTHER PLAtlTS.
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REPORT Oil

REACTOR C00LAt!T PUMP OVERSPEED

DURiflG A LOCA

AUGUST 3, 1973

C0tlCLUSl0|!

Y!E BEllEVE THAT, DECAUSE OF THE SMALL LIKELlH000

FOR THt DCCURREllCE OF A PUMP OVERSPEED EVEllT THAT

COULD SERIOUSLY lilCREASE THE C0!!SEQUEtlCES RESULTitlG
FROM A LOSS-OF-C00LAtlT ACCIDENT, THE ACTlatl BElfl0

TAKEll BY THE STAFF TO ASSESS THIS PROBLEM IN A
GEllERIC FASiil0i1 QUTSIDE THE C0ilTE.(T OF lilDIVIDUAL
APPLICATION REVIEY/S IS AN ACCEPTABLE COURSE TO
FO L LO Yl .
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BASES FOR C0!!CLUSlDil
'

l. FLYUHEELS ARE SIMPLE DEVICES
2. MATERI ALS PRCPERITES ARE |Ol0WN
3. REO. Gul0E 1.14 ADDRESSES DESIG|1 Al'D

lilS P ECT l 0 tl

4. ONLY POTEf1TI AL MECHAlilSM FOR SIGillFICAi|T
cVERSPEED IS A LOCA

5 SPECIFIC LOCA PROBABILITY IS L0t'l

. PIPE RUPTURE 10-3 - 10-5
RESTRAltlT SYSTEM FAILURE 10-2 _ 10-I
MISSILES CAUSE ADDITI0li 10-3 10-2-

C0tlSEQUENCES

OVERALL PROSABILITY 10-Il 10-8-

PER FACILITY YEAR

S. PRESEi1T ANALYTICAL CALCULAil0flS ARE
C0|lS ER V AT I V E

7. ELECTRICAL BRAKING C.\N LIMIT CVERSPEED

.
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ALLEGATI0il

" LIGHT ' DATER REACTORS HAVE BEEi! PLAGUED BY

iEiEP.0US FLOW IiiDUCED VIBRATIOt PROBLEiiS Iil

EDTH SWR'S AliD PUR'S."

RESOLUTIO||

C REGULATORY GUIDE 1.20

0 LOOSE PARTS F:0 ITORItiG PROGRA::S

O DESIGi! .N.0D IF I CATI 0f,'S A.'!D/0R

c:cr u. .: 1.7 n v u . , < o r ,u r cc e rc
ci -a . m c. n - L

.

O
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LOOSE PARTS M0iiiTORIilG PROGRAll'

OPERATIi,'3 REACTORS

BABC0CK 3 WILCOX (4 0F 4)

.

C0|lEUSTIOil Ei;3II;EERING. (3 0F 5)

WEST!i!GliOUSE (5 0F 14)

.

GENERAL ELECTRIC (1 0F 20)

TOTAL (13 0F 43)

.
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CCC?ERSTATICM
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FITzeATRIc<

HAToi1
'oPOliH mEACi J

PIten!M

\EFFGiTYuc<EE

FEAcTers 5'ITs SC:E ERILLED [3SE 2 LIES

3RGCl 5 FERRY l
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LCOSE PARTS l'C:tITORI!:G PROGFHtS--continued

G9!EPAL ELECTRIC

}|U:~30 LOT EAY !!o

CRESDEH 2, 3 !!o
'

FITZPATRICK io

ti2.'iTI CELLO 7es

CRUNSMICK 2 lb

BF"h*tS FERRY 1, 2, 3 its

FEACH COTTC?t 2, 3 lb

:'ILLSTO|tE 1

C$|:E AMiOLD !!o

!" ITCH Ho

:::::E i'ILE FOI!T Ho

FITI.0.'sTRICK !!o

. . , , - .,. . .- . , ,u. Yn. ti u t wns ~.

0? STER C?.EEK !b

G I S RC C X PO I'iT D

CJ.D CITIES Yes

CCCPER .",o

C''ESCE:: 1 ib -

b,w, .%/J D .e.osc- .

. PILG~.Iti 1 |b'

4P so-

( f)
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FFEDv!ATER SPARGER VIBRATION

'

NOT A SAFETY C0t!CERil.

CRACKlflG PROGRESSES SLOPLY.

- EXPERIEilCE
.

- l'0 LARGE STRESSES, a P SMALL

- CONTROL R00M INDICATION (COLD WATER MALDISTRIBUTION)

Oil LINE C0t4PUTER (MCPR)

LPRM .g
M

EVEll !!!Ill COMPLETE FAILURE.

52 - ONLY INTFRNAL PAP.TS FAILED

- ALL FEEDFATER '10!!LD STILL ENTER CORE

.
- fl0 LOCA POSSIPLE

.

=

.

.

?



s

,

t-btDVVA | bH H I l\
, _

<
1 -

i4 Y" ) ",~'~-

C D !\ D o p qS.. \v4 s u ami . ,

'

n i

Cold Spring 'Nedge Jacking Cevice
3 1

I j1

. _ N,

.deactof_ Vessel s
'

( ,// RPV Bracke1:

., - 5 ,
--- - -

/ ,' ,

j | 9 / kF mf.

\' / gy;h 1 Aep6 Junction Bo::d c3 'N-x-
Old Juunction Box Design

,
. _ _ _ _ _ _ _ _ _ . . . _ _ . . _ _ ..

.

1
-- -

, o c lococcoco ooco ..,1.g 00000000000g i

.
-

;

o so o, +e
Bi, 'd E2J

.

.

. . .
-

,

i/ .. / ,
// Safe End 1/n /
'

J h. ... . .. . . -- D]],
.

f \ c A j

, J's N.1 / \
,

i
D - r-

i q,/r N..y,
[

.

sd./ s v,1 .
,

.. , 'r
k/ I I '

-.q I%yc ; m mermal -

d 'siaeve. We' dad End Des!!S".o cr Ticht Fit Decian._ ij i i
- - -_ - - - - . ..

, yg,g c ,n ,,

'

/'( [{\gQnd audius).J I
.

- /W !

'

'/.C g_ n
|/ v'v \ , @n Leeuw' ^$ '
,

H ea d '" _

r- New Forged Tee Design '

End
77Mq- [IO3 SBrccke-i~

.M A EME
_._

LI c o o o c o n o o n 6 o o $ 0 0 0 00 00 C000 F'~5''j
l '7c = _ ,.. .

__
- -

_
.



',

POSSli!LE FFFECTS OF FAILURE
.

. FLOU ELOCKAGE BY PIECES

- filGil 7. BLOCI' AGE I!EEDED' TO CAUSE PROBLEM

- PAlli Ail 0 FLOW VELOCITIES UKELY TO PREVEilT BLOCKAGE
.

DMiAGE 10 C0!!E SPRAY PIPIMG
,

.

- U0llLD l!E DETECTED

- DN1 AGE TO P,0TH SPRAYS fl0T CREDIBLE-
.

$ JET PIIMP DAMAGE
-

.

- liflLIKI LYg
#"- - IlliT SAFETY PROBLEM

FEEDWAlFRilALDISTRIBUTI0|1.

- UUULD BE DETECTED

- OPERAIl0NAL PROP,LEM

u

LA.5,
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FDD EP ACCEER A0 P?.TGES

F r o_ m'=v. 19_, _TV-a .c.LIEW_ .Im. sm

ELECT?ci!C ''FATCiE3" "N/E ELE:1 /Z:ED TO "ITIGATE TECiAllIC/1..

DEFICIENCIES

"PATc=S" ADD To CcmXIT/ CF CPEFATICt1/JiD .3R3 FFZCUE::TLY.

re.:C7_C 'm

.'IITIGATI :G SYdTE!G SHOULD EE I|7RO'UD /s'!D fMCE i'/.!DATCRY.
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(1) E!T.iALDY CF 17] CAL /CU CLEDI?!G FAILLEE FRESHOLD
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RCD 50? ACCLrEfi itD PATES

qir n rc .y gt
v v. n c 7 eJ t _.ccb et

ECD ERCP ACCIECi1T (C.9 WITH SIGilFICKIT CCf' SEQUENCES RECUIRES.

MULTIFLE I?1E2?ErlEE 1T FAILLEES A !D ERRCFS

PRCB;GIUTY CF BE Sliu_TA :ECU3 CCCUE CE CF EESE ENENTS IS EXUE ELY.

LG'l
<

I!1 S?ITE CF TiilS [.O'l PRCE/3! LIT (, SYSTE 3 TO PFEENT I !CCREECT CGITRCL.

RCD PATI'EF !S (A |;ECESS?R/ IN3F2DIENT FCR A SIGilFICK!T P3V HA'E

- EEEN DE',ELCFED,'E'/ALUATlD, RfD APPRO'ED BY THE STAFF; N:D INSTALL 2D
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PLD DEP ACCEE!T A|D PATES

SYSES ESIE'ED TO PEE 1T I:NECT ED ',ilDDE!AL

ECD ilCRi.. 'Ili'It'IZER (Pil).

CC|PUTER SYSTEli.

EARLIER PLRITS.

IEC-!NICAL SPECIFICATICU - i'.CFE STRI:;5E:!T TH.;;l FREVICL3LY.

RCD SECLOCE CGITRCL SYSTiM (P5CS),

fiAPJIIPUD SYSTEMi.

[DIER PLolliS (3/ IPA S).

DESIG:ED, /?PRC'5D, al.D IN /.CTU.AL USE.

-

_IECi:lIC/L SPECl?ICATICG3 Cfi C?EPf3.' LIT /.

. (t.y^)!'.t u, ?.8ii r.., Lc..- _,or.._S,rSir,erb , - - , , es
ii

I$ AFB *IIISDSYSTl:1s
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FDD DFCP ACCID ~'lT /0D PATGiES

CQ'CLLSIO::S
.

SYSTE S CO, [6C, 3C) ARE .CT " PATCHES" FCR ,P.CH'.i! CAL FRC 2 3.

WITH F,CDS, BLT M2 f ClITORS T CPERATCR ','!ITHDPRIAL ACTIC: S
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P.00 SEQUE ICE CC: TROL SYSTE:1 (RSCS) SUB::GRY
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MC'TICELLO SAFETY / RELIEF VALVE TESTS

P UR.''03 E : * STRAIN DATA FOR FATIGUE LIFE

EVALUATION 0 TORUS STRUCTURE

* P, T, MiD WAT2R LEVEL DATA TO

EVAL'JATE EFFECT OF PRES 5U2I~ATIC.i
'

IN P/V DISCHARGE PIPI;G AND TO?.US
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!!EASUREME.',TS : * P 0:4 TCRUS SKI'i

* P G T IN R/V DISCHARGE PIPE FOR

FORCING FUNCTICN MCDEL

i liATER lei 2L IN DISCHARGE PIPING TO

EVALUATE EFFECT CF CON 3ECUTIVE

VALVE ACTUATIO'!

'

* P 5 STPAIN GAGE 'EASURE:E.'.TS DUR!NG

MULTIPLE VALVE ACTUATIONS TO

REFI:;E A'iALYTICAL MGDEL A'D'

DETED!iNING TORUS FATIGUE .'URGIN OVER

PLANT LIFE.

* T OF TORUS :' COL TO EVALUATE LCCAL

MIXING EFFECTS

* n'ATER LEVEL IN TORUS PCCL 10

':CNITOR MOTIO:. OF AIR BC2 ELE-
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CN R/V DISCHARGE FIPI';G $ STRUCTU?AL

SUPPORTS

0 ACCELERC'ETER 55 tSURESENTS TO

DETERMINE LCADS TPld:S:-IITTED T:iRCUGH

SUPPORT COLUM14S TO F(l';DATION MAT 5
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TABI.E 5-1
INCCSEL 600

(Tubing with through and partvall clots)

0.87 inch CD b- 0.043 inch wall,

Collapse
Preccure Maximur. PressureSpecimen

No. Oefect Tvre (osi) fosi)

3742-9-2-3 Unflawed No Collapse 10,000

3734-5-1 1.50 ta:h partial 6500 -

thrcugh wall flav

3742-12-1 1.50 inch cartial 690G -

through wall f lav

3742-3-1 1.25 inch partial 85C0 -

through wall flav

3742-3-3 1.50 inch through vall 6900 -

flaws-

3742-5-5 1.25 inch through wall 7000 -

flav

3742-12-5 0.90 inch thrcuch wall S650 -

flav

. 3742-12-4 d.S inch 7200 -

,

-- -- e...n. L i .r e . ,. n. 0<...us a. . - .c . . - . e . ., ap. ,,.....~i~~_,,_._,, ? - , ,
s

inc'.. a : c c ;; flata

-

37'2-5-4 1.5 inch :S:cu;h wall No c lla; e 5000
flav

3742-M !an 1.5 inch through No collapse 5000
vall flawa

.,-. . , 4 . 0 ,. n c 3.. 1 e r g ,. 3.a t t ev0 ,n73.. -,-

* ; 3 4 2 ... . . .m

25~4 rc aini..g wall*

4 5 5 4-II.N- 2 2.0 inch long flat 2250

- g"9"V,,? lli,N.Dg )
I.' 5 '- r a. - e <. . ' n , . .' A'

- I)\'
7

A
'#[g' y, F '-

u.

Sl'

()4554-IAM-3 tu, nJj: en: 2.0 ficts 2275
25~. Icraining wall

4 5 5 4-I?l:- 4 tua adj cen: 2.0 flat 2200 24C0
, - .

. rer.aintn;; tall&;

bh IO's u c). .5-11 r .

t
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MAR'( I PCOL S'<! ELL MODEL LA',|S

1/12TH SCALE TESTS PERFORF.ED TO EETERMI.'iE POOL SWELL T0i.'JS LCADS

s',,- L , ,u, ta to 1 M, q I r, . D, e0 i n,,s' T Ln'o su.' t_ I a- c"mnac - i A n.' 'e_SCn _tD
r c 31.c u t u . ca: ir-- re- n ri uua, .

TORUS DI'!!DED I'!TO THREE REGIONS

PCOL WATER - MASS, MCME lTUM + E.'!ERGY

TORUS AIR SPACE - MASS, EhERGY + STATE

BUEBLES - MASS, E'!ERGY + STATE
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CO.1SERVATIOi! E00ATIO'!S !!Oi!-DIi:E'!SIO'!A!.IZED

- ?!0'!-DII'E'!SIO.'!AL VARI ABLES DEFI !ED

- SCALI'iG FACTORS FOR VARIADLES DEFli!ED

,sa'.cr-no lei'r cbg r--_ p n l _ n t x l d m1 J.Ir'.,Li ,e ,,

Ff h i..tvi u4 sial EGJ i t i_.u
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- C0i; TROLLING FHEi;0i'.[i!A DEFli!ED
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D"S I G'; IAAD COM!tT:!ATIO!'S

LO ?,D
W (ic D D L F Po To Po Eo 1:gg Pg P3 7 33 Rg SFV ADS ALLE a - -

ASYMMETRICAL

I th > r na l .

w/o Ten 9 1.4 1.7 1.0 1.0 - - - - - - - - - 1.5 0 X X

2 "1 r in . i l

w/ rimi> 1.0 1 3 1.0 1.0 1.0 1.0 - - - - - - -
~

0 X X

3 at:m1
Sev. 1:nv. 1.0 .0 1.0 1.0 1.0 1.0 1.25 - - - - - - 1.25 0 X X

f4 4 Abr.ormal 1.0 1.0 1.0 - - - - - 1.25 - l '. 0 1.0 - 1. ? '> X 0 X
{g,9 0 0 04a 1.0 1.0 1.0 - - - - - - 1.25 1.0 1.0 -

7

I

Abno rina l'
,

Lt. v . 1:nv . 1.0 1.L 1.0 - - - 1.1 - 1.1 - 1.0 1.0 - 1.1 X 0 X3 .

Sa 1.0 1.0 1.0 - - - 1.1 - - 1.1 1.0 1.0 - !.G* O O O

6 " r r na l.

r
1:x t . 1-:n v . 1.0 1.0 1.0 1.0 1.0 1.0 - 1.0 - - - - - 1.0 0 X X M

o
L1

7 A t;nu r m.i l '
."

1:x t . 1:nv . 1.0 1.0 1.0 - - - - 1.0 ' .' O - 1.0 '. 0 1.0 1.0 X 0 X El
7 7a 1.0 1.0 1.0 - - - - 1.0 - 1.0 1.0 .0 1. },ryll 0 0 0 N
a

H
H

a
>
MLOAD DESCRIPTION *

D D.:ad Is sa d s 3 Safe Shutdown Eart.hquakeE ;;
= =

Live Load . PL bb A and ISts Pressure Loada =
3

Prentres.ing LoadaFgg in Pipe Drcak Temperature Load= =

(]') To - Ope. a t i r.g Terperature Loads R; Pipe Itreak Temperature Reactions=

Lod s.w
g.-J. m . . a OParaL1ng !* i pe Raactionsdo

Dit A Prc nure Loadu (ircluiling all
y

, P =
P - r,ipe r a t i n 1 P: suura . .oad s is

pool hydrodynamic leadings)p'-m
g| '}'

LNy - r.a t a " ':> e l i c t "alve Loads
lh:.ictions and Jet Porces Due toRg a

,

I:g - operating tu si s 1:arthquake Pipe breaka v-*

p . ,ism
t'c.fJ -*W .y

[ I. 4 eW 49 wc-
Blev
yN.
f''"" Nj

N;
,

s
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