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1 Staff. On my right is Herb Abercrombie. He isOv
2 Superintendent of the Browns Ferry plant. Sitting next to

3 hin is Tcn Knight, who is Chief of the Reactor Engineering

V 4 Branch, the Division of Nuclear Fover.

5 Over on the righ t we have Bert Ecrris, who works

6 in Tom's Eranch, and we have Pelar Eetcalf, who verks in

7 Engineering Design. We have'Ed Edscason, who has worked at

8 Browns Ferry , and John Eathjen, who is also in the Division

9 cf Nuclear Power. I believe that covers all of the TVA

10 people.

11 We have got three people fren General Electric

12 Bank Ffefferlen, who is directly behind ne; Ecnte Ecss and

13 Dick Gridley. So they will be prepared to address any

14 questions.

15 EE. PLESSET: Since nany of you were net here

16 yesterday, I alcht introduce sene of the people up here. Of

17 ACES nezbers, Mr. Etheringten and Er. Ebersole. Dr. Eates

18 is a Federal designated enployee for this subconnittee

19 neeting. Then we have consultants, Dr. Catton, Dr. Zudans,

20 Dr. Theofanus, Cr. Wu and Dr. Acosta. Sc now you kccv ur,

21 and why dcn't you prcceed?
'

,

>

22 MR. DCEEE: We have a lot of ground to ecver here
,

23 this norning. I want tc enphasize th a t we vant te answer

24 any and all questions you might have; but we do have a let'

s_,

25 of information ve va t to pass along to ycu, so ve vill do

Cd
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() 1 our best to keep it moving as much as we can.

2 We are pleased to be here and meet with you, and

3 that is all I have to say., With that, I would like to

4 introduce Ed Edmonson, who will give you a presentation on

5 the description of the normal operations of the scram system.

6 MR. EDMONSON: If there is anyone here who can't

7 hear me, I am Ed Edmonson. I wish you would just call me

8 Ed. And please ask any questions.

9 I am going to try to explain to you the normal

10 operation of the control rod system and what is supposed to

11 happen and tell you what is going on out there. I am sure

12 all of you know that the BWR control rods go in from the

13 bottom, so what I have got right here is just a little
OrN/ l'4 drawing that shows the typ'ical control rod and normal

15 operation of the thing. Reactor control moves the rods in

16 and out and causes the control rods to enter.

I'7 We have drive water coming in. Right here we have

18 got a little representation of control rod drive, and I want

19 to talk about the normal operation of the drive when the

20 operator moves the rods.

I 21 The insert. We have drive water coming in, a

22 direction control valve which opens and lets the water under

23 the piston, approximately 260 pounds above reacter pressure,

() 24 which moves the rod in here, coming out through this valve.

25 We go to exhaust.

/~N
'

(-)

ALDERSON REPORTING COMPANY, INC.

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



241

() 1 On a withdrawal it is a little bit diff erent. The

2 drive water -- this withdrawal valve will open and push this

3 down on the piston. The exhaust path is right out through

4 this way. Now, that is the normal operation of the control

5 rods.

6 I an going to change a little bit now and just

7 talk about the system as a scram system. We know the

8 operator, if we get into trou'ble, something that the

9 operator can 't respond to, we want all of those rods to

10 insert and shut the plant down.

11 I have taken away the direct control valves, so

12 'right now we are just talking about the scram system. All

13 ve have got to do, underneath of the piston here you see a

1-4 scram inlet valve and scram outlet valve, and you see that

15 they are normally closed. Now, these things, they are

16 closed. We have 1500 pounds of reactor water coming in. It

17 charges the accumulator. This 1500 pounds will push the

18 piston all the way down in this accumulator.

19 The nitrogen, which started off around 560 pounds

20 -- the piston with the bottom out is going to now have about

21 1100 pounds here and 1500 pounds, and the valves are
i

22 closed. You have got the scram inlet and scram outlet

23 valves. On the scram , all we have to do is open this and th e

I () 24 water is going to go in and the rod will go in.

25 These things are spring loaded so that when we

Ov

ALDERSON REPORTING COMPANY, INC.

400 VIRGIN!A AVE. S.W., WASHINGTON, D.C. 20024 (202)554-2345
|
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() I take the air away from them, the scram outlet valve will

2 open prior to the scram inlet valve. That prevents

3 excessive pressure on the walls of the control rod drive.

4 These valves on the shelf condition are to be open. It

5 requires air pressure to maintain them closed. Everything

6 is fail safe. This is a fail safe function. So you want to

7 keep air on these things.

8 Here you see the scram pilot valves. Now, this

9 portion of it, what we are talking about right here, this is

10 typical of 185 rods. When we get over to the backup scram

11 valve, that is common to all of them.

12 MR. CATTON: What would happen if you got water in

13 the air side?

14 MR. EDEONSONs Water in this?

15 MR. CATTON: Yes. Would they still unload if

16 precsure was decreased ?

I'7 MR. EDMONSON: Yes, I think they would. A1so,

18 Brownc Ferry has got drivers on those. I had never seen any

19 water in them. Like I said --

20 MR. CATTON4 I don't think anybody plans on the

! 21 water. I was just curious.
'

22 MR. ZUDANS: When you open the scram valves, where

23 does the air go?

| () 24 MR. EDMONSON4 Out into the room.

25 MR. ZUDANS: Out into the room.

)'

ALDERSON REPORTING COMPANY, INC.
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l MR. EDMONSON: Yes.{}
2 MR. ZUDANS: The drain is then next to the valve,

3 the opening is righ t there next to the valve?

O 4 MR. EBERSOLE: Just a little hole right in the

5 side of the valve.

6 MR. EDMONSON: Yes, about the size of my fist,

7 electrically fitted. You have a solenoid that holds this

8 valve closed in the condition we see rig'ht here. Now, the

9 normal path to the air is through -- these are common to all

10 of them. The air supply comes through here, through here,

11 really into here. This is an electrical solenoid.

12 The electrical part of the thin g , once again, is

13 fall safe. The reactor protection system would deenergize

n 14 that coil and'will let this thing open.x-

15 MR. ZUDANS: Where does the air go when it opens,

16 out right there into the room or back through a series of

I'7 blinds?

18 MR. EDMONSON: It goes out into the room. The

19 actual pa th , what I am showing you right here, you will see

20 th a t the air is coming right in through this wall.

21 MR. ZUDANS: That I understand, but where does it

i
22 go when the solenoid opens?'

23 MR. EDMONSON: Right out into the room.

() 24 MR. ZUDANSa Righ t at the body of the valve?

25 MR. EDMONSON: Yer.

O

ALDERSON REPORTING COMPANY, INC.
,
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() 1 MR. ZUDANS: Without any lines?

2 MR. EDMONSON: Yes.

3 MR. ZUDANS So the water would not matter.
CE) -

4 MR. EDMONSON: No. The actual path at that point

5 of the scram is going to be like so, routed through here,

6 and the two valves. This is a pipe, this one, and this was

7 the discharge and this one is still open. It will keep the

8 scram valves open. But yes, it discharges right into the

9 room of the valve. The same is true with these backup

10 valves. They are over on the wall.
.

11 MR. CATTON: How big is the hole that the air

12 discharges through?

13 MR. EDMONSON: I would say about half an inch, a

14 pretty good size.

15 MR. EBERSOLEa So each valve is like half an

16 inch? I thought it was about a pencil head or thereabout.

17 Is it a half-inch ?

18 MR. EDMONSONs When you get inside of the valve

19 and you look at those diagrams, the actual exhaust port you

20 can stick your finger in. These are the smaller ones.

21 These are much larger.

i

22 MR. EBERSOLE: Each valve, then, has about a

23 half-inch exhaust port into the atmosphere local to the

() 24 valve, then.

| 25 MR. EDMONSON: Yes.

| (2)

i

! ALDERSON REPORTING COMPANY, INC.

400 V!RGINIA AVE, S.W., WASHINGTON. D.C. 20024 (202)554-2345
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() 1 MR. EBERSOLE: And if I take an onthusiastic

2 pain ter and paint all over all of these things, he would not

3 close them, would he?

4 MR. EDMONSON: Nc.

5 MR. EBERSOLE: I believe you said that the air is

6 dry so you don 't have water in it.

7 MR. EDMONSON: That is right.

8 MR. EBERSOLE: So it runs through a dessicant of

9 some sort.

10 MR. EDMONSON: Yes.

11 MR. EBERSOLEs You know these things are supposed

12 to be seismically designed. I am going to shake your can of

13 dessicant. Is there any normal flow through these lines

14 that would carry this debris into the valve which would

15 cause a failure? In the normal mode of operation, is the

16 air system flowing at all through normal leakage?

I'7 MR. EDMONSON: Yes.

!
18 MR. EBERSOLE4 It is leaking some, isn't it?

19 MR. EDMONSONs Yes.

20 MR. EBERSOLE: But if I shook the can of dessicant

21 up, I would provide entrainment to this -- is there a filter

22 downstream of the dessicant?

23 MR. EDMONSON: There is a filter there.

() 24 MR. EBERSOLE: Downstream of the dessicant? So it

25 would stop th e de ssican t .

()

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202)554-2345
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() 1 MR. EDMONSONs Really what they have done, we have

2 only shown two valves here. This is the backup circuit.

3 Actually there is a parallel path disk identical to this

4 where we can go in and take this one out of serv'.ce to clean

5 the filters and do whatever, so I don 't see any problems at

6 all there.

7 MR. EBERSOLEa Really you are protected from the

8 dessicant by filters.

9 MR. EDMONSON: Yes.

10 MR. PLESSETs Go on.

11 MR. EDMONSON: We just talked about the electrical

12 part, taking the voltage right here and showing the

13 discharge path. These are typical for each of the 185 rods

14 locally. Now, this one, these are back over on the wall at

15 the CRD system. They are a little bit different. Anyhow,

16 when they discharge, you see, we have one discharge path

17 here, and due to this check valve righ t here , when this one

18 opens we have a parallel discharge there.

19 Here we deplete the air to each hydraulic control

20 unit. Here we deplete the entire header.

21 MR. EBERSOLE: Is there any crosstie between the

22 instrument air supply and the normal air supply for

23 emergency use?

() 24 MR. EDMONSON. At the dry wall area?

25 MR. EPERSOLE: No.

(-

ALDERSON REPORTING COMPANY, INC.
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() 1 MR. CATTON: The plant service area.

2 MR. EBERSOLE: Do you have an emergency crosstie?

3 MR. EDMONSONs I don't know about that.

4 MR. ABERCROMBIEs It is all one source.

5 MR. EBERSOLE: Ycu don't have an emergency

6 crosstie to service air into the instrument air system,

7 then , do you ? Some plants do that.

8 MR. ABERCROMBIEs There is another set of air

9 compressors which' supply service air, but they still have

10 the same criteria for nonlube, nonoil.

11 MR. EBERSOLE: Dry air.
,

12 M R '. ABERCROMBIEs Yes.

13 MR. EDMONSON: I am going to go a little further

( 14 here and talk about these vent valves.
*

15 MR. ZUDANS: Before you leave that, could you

16 explain the function of the backup scram?

17 MR. EDMONSON: That is pretty simple. let us say
.

18 that these --

19 MR. ZUDANS: What is it backup to? Just the air

20 system?

21 MR. EDMONSON: Well, there is a backup to these.

22 If there valves right here do not discharge properly, if you

23 de ple te the entire header, these are going to open anyhow.

() 24 MR. ZUDANSs Okay, but there are no hydraulics

25 except the fluid or the water backup lines or backup vells

O
.

ALDERSON REPORTING COMPANY, INC.
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() I for discharge. Just those two scram valves. That is all you

2 have, right? Only the controls have the backup. Only the

3 air system is backed up. There are just two scram --
)

4 MR. EDMONSON: There is only one scram inlet and

5 ~ one scram outlet valve.
6 MR. ZUDANS That is all you have?

7 MR. EDMONSON: Right.

8 MR. EBERSOLEs Has tiare been any recorded

9 incidence of the 1500 pound water that extends into these

10 valves managing to get itself into the air systems?
,

11 MR. EDMONSONs There is no way to do that. That
~

12 air system -- I mean --

13 MR. EBERSOLE: It really depends on the internal

14 design of the valves, and I don't know what that is.

15 MR. EDMONSONs Are you talking about this thing?

16 MR. EBERSOLE: Yes. There is no way for the air

17 to become waterlogged. Not at that point, anyway.

18 MR. EDMONSON: It doesn't work that way.

| 19 MR. EPERSOLE4 Well, TMI got into trouble because
|

20 they get water into the air system through an unusual route,;

21 and here --

22 MR. EDMONSON: That would be unusual. They would

23 have to come up through half-inch steel bar. Right here is

() 24 your valve, so there is no way for water to get in.
;

j 25 MR. EBERSOLEs Are there any other possible sources?

ALDERSON REPCRTING COMPANY. INC.

400 VIRGINtA AVE. S.W.. WASH;NGTON, D.C. 20024 (202)554 2345
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1 It is an open structure, what it is, so there is no access |()
2 of water to air in that particular device. *:s there any

3 other devices within the air system where water is separated
O

4 by a diaphragm or whatever?

5 MR. EDMONSON: Not to my knowledge.

6 MR. EBERSOLEs And you feel there is no way to get

7 water into that system, that air system.

8 MR. EDMONSON: Any time you compress air, you have

9 a chance for moisture.

10 MR. EBERSOLE: No, I am talking about foreign

11 sources of water. There is none.

12'
'

MR. EDMONSONs No.

13 MR. EBERSOLE: I know you get conde.mation. You

() '

14 have your dessicant to do that, and then you have got to

15 prevent the system from getting dessicant in it, which you

16 do with filters. All right, I am done.

17 MR. EDMONSONs We have just talked about

18 deenergizing the scram pilot valves. That is done by the

19 reactor protection system. And you see coming off here -- I

20 am going to go ahead and open the scram inlet and scram

'

21 outlet valve, and here is the idea.

22 We are going to electrically deenergize these and

23 discharge air, and the valves are going to open. The scram

() 24 outlet valves are going to open first. Immediately after

25 that, the scram inlet valve. The water is going to go under
:

ALDERSON REPORTING COMPANY, INC,
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() I the piston. It has got to go somewhere. It comes through

2 the outlet valve to the six-inch header, the Scram Discharge

3 Volume.

4 I have drawn it simply here. Here is your

5 six-inch header. Here is your two-inch drain line going

6 into the instrument volume. We deenergized here.

7 Electrically we also deenergize the vent and drain autoclose

8 solenoids. These are going to discharge atmosphere the same

9 way that these did. They are going to take the air off of

10 th e vent and drain valves, and they will close also.

11 Right here I have shown a manual oscillation valve

12 from the control room. The. operator has a hand switch. He

13 can open this valve. It will block the air here, deplete

14 the air to these things, and he can close those valves if

15 there is no scram signal in them. If the scram signal is

16 in, naturally this air header would be depleted and he could

17 not reopen the valves. I have also shown our 3 gallon, 25

18 gallon and 50 gallon switches on the instrument volume.

19 Now, what we just talked about is the way the

20 thing is supposed to work. We deenergize here. These

21 valves open. The water pushes the drive in. That is what

22 happens. It works.

23 Now, in talking, within an hour after the

() 24 happening, with the operators, and the shift technical

25 adviser was there, what they saw on the vertical core

O
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() 1 display -- this is typical, once again, of this 185 of

2 these. It shows the control rod position. It is probably

3 also the revision number of my drawing, but anyway it shows,-

4 in addition to that position, it has four small lights there.
*

5 Here is a blowup of what you see. You can see the

6 positions of that rod. It has got four lights there. Now,

7 the first one is the accumulator. We have a pressure switch

8 and a level switch down here, and since you have got 1500

9 pounds over here, 1100 pounds here, any passage will be

10 water into the gas. We have a level switch. If we get

11 water in there, you get some enunciation.

12 If this pressure should sag and drop down, he also

13 gets an enunciation, a little amber accumulator light. Here

O- 1-4 is a rod identification number. If 'it drifts, if you ever

15 get a drift alarm, the thing is right here. You have a

16 little blue scram light, a direct indication of what the

l'7 scram valves did.

18 There are switches actually on the valve that are

19 in series. When both of these valves come off of their
,

20 seats, and it requires both of them, they turn on this blue

21 scram light.

22 Now, what the guys observed on the east side was

23 that those control rods were sitting there, the blue scram

() 24 lights were on. They knew that the valves had.to be opened

25 f r o.' that, but the key was that there was a recognizable

O
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() I position in the window right there. That told me that that

2 rod not only had stopped going in but it settled out. And

3 it settled out at the time that it had a full scram signal.
O

4 The water had a path in, no doubt about that. Since it did

5 not go anywhere, that header was full of water.

6 MR. EBERSOLEs There is no pressure indication on
.

7 the dump volume per se for the dump volume pressure.

8 MR. EDMONSON: Down here.

9 MR. EBERSOLE: Yes.

10 MR. EDMONSONs No.
.

11 MR. EBERSOLE Why not? Would you like to have

12 it? If not, why not? It is cheap.

13 MR. EDMONSON: It does not matter to me.

() 1-4 MR. EBERSOLES Well, that would have quickly

15 verified your problem. Anyway, you don't have it. Carry on.

16 MR. EDMONSON: I'm not so sure. I'm an electrical

l'7 man. Those faucets and valves a re be yond me. Anyhow, that

18 is the operation of the system..

' 19 Now, you notice I haven't talked about

20 electrically how we deenergize these. I believe I have
'

21 satisfied all of the guys before that that works, and in

22 your handout I gave you a writeup and a little sketch of

23 justification for the proper electrical operation.

(]) 24 Has anybody got any questions?

25 MR. PLESSET: Does that complete your presentation?

GD
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(~T 1 ER. ZUDANSs I would just like to nake sure. The
'u.)

2 backup on scram is only on the head portion of it?

3 ER. ED50NSON: That is correct.
) '

4 MR. ZUDANSs It drains the air from the scras

5 valves so that they can open up.

6 MR. EDHONSON4 Yes.

7 MR. ZUDANS: There is no backup on water lines of

8 any kind. In order to get the scras you have to move those

9 two valves.

10 NR. EDEONSON: That is correct. I think you were

11 talking about a problem with just one valve.

12 MR. ZUDANSa I understand. There is no backup

13 also on normal insert and withdrawal. Tcu have to oprrate

(
~

14 th e pair of valves, and they are the saae valves all of the

15 time. So the whole thing depends on these valves being able

16 to f unction properly, right?

17 MR. ED5ONSON: Yes.

18 MR. ZUDANS: Thank you.

19 ER. EDMONSONs In a worst case, it would be one

20 route. The redundancy in that thing --

21 ER. ZUDANSs We understand that.

22 MR. PLESSET I think we should go on. I think

23 you have answered Mr. Zudans ' question three or f our tines.

(} 24 That should be enough.,

25 MR. DONER: The next subject is the as-built

i
p '

(J~
,
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() I'

design, the scram system, and John Rathjen is going to make

2 that presentation.

. 3 MR. RATHJENs My name is John Rathjen. I am with

4 the Nuclear Maintenance Branch of the TVA. In presenting

5 the as-built configuration of Browns Ferry Scram Discharge

6 System, we prepared these handouts which duplicate all of

7 the Yu-graphs which I will be working with this morning.

8 They are in the same order as I will be presenting them

9 except for one insert I see you have found.

10 Because of the detail that was included on it, it

- 11 had to be slightly larger than the Vu-graph. There are also

12 some additional drawings which had a great deal of detail on

13 them, and because of the reproduction, we lost some detail.

( 14 However, we do have the full-size drawings available, and

15 you will have the complete detail of those.

16 By way of introduction to the mechanical

17 conf ig ura tion , I would like to digress a little bit by going

18 over part of it that Mr. Edmonson went over by stvrtino off

withasimplifiedcontrolreddrivehydraulicc'cbtrol19

20 system. Represented here within the dotted lines is a

21 schematic of an individual hydraulic control unit.

22 There is an individual unit provided for each

| 23 drive, and each 'sydraulic control unit in turn contains all

() 24 of the valving and hardware necessary to correct the flow cf

25 the normal insert and withdrawal to direct the movement of

)
|
|
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1 an individual rod. Under normal operation, the control rodf)
2 drive hydraulic pump provides pressure that is routed in the

3 proper direction through the directional control solenoid

4 valves to either of the insert or the withdrawal side of the

5 double acting piston on the control rod drive.

6 However, under the situation which we are

7 discussing, the scram conditions, when a rapid insertion is

8 desired this pressure is provided by a more direct route

9 from a precharged accumulator which will direct pressure

10 into the insert side of the control rod drive to the inlet

11 sc ra m valve, which we have already discussed.

12 More importantly for rapid insertion you require

13 rapid evacua tion of any hydraulic fluid from the opposing

() 14 side of the double acting piston. This is accomplished by

15 the opening of the Scram Discharge Valve, which slightly

16 leads the insert valve in the opening.

17 Each rod as driven will displace approximately

18 th ree-qua rters of a gallon of wa ter, and it is this volume

19 which adds up to approximately 140 gallons for all 185

20 rodc. And where it goes and what receives it, that we call

- 21 the Scram Discharge System and we will look at it next.

22 This corresponds to page 2 of your handout, and it

23 is a simplified isometric of the Scram Discharge Volume,

() 24 which is a system of two headers, all located on the east

25 and west side of the reactors, which is represented in red

O
_
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() here, these two banks, made up of six-inch dia' meter piping.I

2 These are located on the 565 elevation of Browns

3 Ferry, and they are located directly above two banks of the
O

4 hydraulic control units. So on the east side directly below

5 this header system are 93 hydraulic control units, en the

S west side, 92 hydraulic control units. Each of these
~

7 hydraulic control units is routed by one-inch stainless

8 stes1, direct discharge water into this header system,

9 running from both header systems to an individual instrument

10 volume tank.

11 Also shown in red is a two-inch line coming from

12 the east approximately 170 feet long to get to its

13 instrument volume connection. Shown in yellow off both

14 banks is a vent system for each header which directs down to

15 an individual vent valve for both the east and the west
16 sides,

17 Also coming off of the instrument volume tank on

18 this drain line is an individual drain valve. The two vent

19 valves are both one-inch valves that are schematically

20 operated by a diaphragm. They are normally closed . They are

21 spring loaded tc'the closed position. And the drain valve

22 is a similar valve except that it is a two-inch valve.

23 Not shown on this drawing are the flows that cccur

() 24 downstream from the ven t and drain valves. We will get into

25 detail on that later on. I will simply say that right now

b
m-
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I they go down through the floor and eventually tie into the)

2 clean rad waste system.

3 Under normal operating conditions these valves are

O
4 open. Upon receipt of the scram signal, these valves go to

5 the closed position to contain and limit the amount of water

6 that is displaced by the control rod drive discharge system.

7 Page 3 of your handout is a closeup look a t the

8 instrument volume tank that we saw on the previous

'

9 schematic. Shown here are the two-inch line connections

10 running from the individual east and west headers. The tank

11 is equipped with valving and piping that connects these six-

12 inch liquid level sensors. The six are rated on a

13 configuration which gives us three different tank level

14 readouts', the lowest being the 3 gallon level, the second at

15 a 25 gallon level, and a remainder of the switches at the 50

16 gallon level.

17 Also shown on here is the drain line, the drain

18 valves, which goes to the closed configuration during scram,

19 and a relief valve which is provided on there and set'to

20 relieve at 1250 psi.

21 I would like next to look at the detailed drawing

22 on the Scram Discharge System, which is page 4 of your

23 handout. It is laid out in isemetric form similar to what;

24 the previous simpler schematic was that you looked at,

25 except that it contains all the detail and is actually made

|O
~

|
i

I
ALDERSON REPORTING COMPANY, INC.'

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

_ . _ _



258

I() by site personnel of an as-built configuration.

2 This is one of the drawings we have the full size

3 It centains all of the dimensions and is a littleon.
O,

4 difficult to read on the reduced size. Again in red I have

5 shown the six-inch piping, which consists of or makes up the

6 headers, the two-inch piping which routes from both of them

7 to the instrument volume tank. The instrument volume tank

8 is in yellow and is in a large scale here so you will see

9 all of the detail.

10 You can see that on the drain side of the

11 instrument volume tank, -we had the relief valve and the

12 drain valve which both tie into the same loop vent and 'cie

13 down through the clean rad waste system. In addition here

14 we have shown the flush connection which has been added to

15 both units 1 and 3 but which are not yet on unit 2 at this

16 timo.

17 This particular sheet drawing shows the

18 configura tion for unit 3 at Browns Ferry. The next Vu-graph

19 shows some variations in the configuration. They are

20 functionally the same but there are dimensional differences

21 in some of the routing of the pipe. This is the

22 co nf ig ura tio n that was in effect at the time of the

23 incident.

() 24 You notice I have two red marke here where the

25 vent lines go through the floor. That is the point at which

(
,
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(} l the cut hac been r.ade at NRC's request in the vent line to

2 provide a positive atmospheric vent to the header system

3 itself rather than tying into the clean rad waste. This has
O 4 been complete on all three units.

5 I mentioned that when we made this cut, the stepup

6 from the clean rad waste system was capped off and the vent
.

7 line was rerouted over to discharge above a floor drain for

8 the dirty rad waste system. It is regarded by us as a

9 temporary configuration at this time, and we will talk about

10 some of the long-range plans later on.

11 MR. ZUDANS: Could I ask? You said tha t the vent

12 valve is pneumatically controlled, designed to close when

13 you lose the air pressure.

14 MR. RATHJENs The vent valve will failcto the

15 closed position. It has to be held open pneumatically for

16 normal configuration. So if it failed to the closed

17 position, which is the position it would go to during a

18 scram --

19 MR. ZUDANSs That means during normal operations

20 you monitor the position of that valve by what means?

21 MR. RATHJENs We have a mode indication on the

22 valve position in the control room.

23 MR. ZUDANS: Just on the basis of the current in

() 24 the solenoid, or actual position of the valve?

25 MR. EDMONSON: The head switches on the valve sten.

O
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() 1 MR. ZUDANS Thank you.

2 HR. RATHJENs There are light indications in the

3 control room.

4 HR. CATTON: Do you have alarm on the air pressure

5 loss?

6 MR. ECHONSON: Yes. If the control rod pressure

7 sags, you get an abno rmal --

8 MR. CATTON: Yesterday we heard about the drain

9 time into these various systems, and it looked like the SDIV

10 drains much faster than the Scram Discharge Volume. Do you

11 plan to do anything about th a t?

12 MR. RATHJENs Will you repeat that? The SDIV?

13 MR. CATTON: Yes. Your instrument volume drains

14 much faster than your Scram Discharge Volume on the bottom

15 side of that figure up there, which would mean that your

16 instrument volume is not going to tell you a great deal

17 about the amount of water that is in the discharge volume.

18 What do you plan to do about that? -

19 MR. RATHJEN: Well, if you will bear with me,

20 perhaps if you can save tha t question, because we have

21 personnel coming up to talk about it, a few of those, and I

22 am just trying to get through the configurations that I have.

23 MR. CATTON: You mentioned one change, but I can

O 24 eit.
.

25 MR. RATHJEN: It was just an opportune time

O
.
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I() because the graph just shows physically where that is

2 lo ca t ed .

3 As I mentioned, there are varia tions between the

O 4 three units. Basically we are addressing unit 3. However,

5 we did complete a drawing which shows the va riation on the

6 piping arrangement, especially on the vent side of the

7 header, for units 1 and 2. Functionally they are the same,

8 and as shown, on this side is the east portion of the vent

9 system on the scram header, and -the west side, both for unit

10 1. On this side is shown the configurations for unit 2.

11 Again, vent lines are shown in yellow, and the
'

12 header itself in red. This illustration is equivalent to

13 the inserted drawing in your handout, where you can see on

14 here there is quite a bit cf information contained on this

15 one drawing, so we gave you a larger version. We color

16 coded them.
.

17 This is not intended to be an absolute drawing. It

18 is sinply a flow diagram which will give us a good

19 perspective on the overall clean rad waste, system which the

20 scram header vent lines and drain lines for each unit tie

21 into. It is an extensive system, and the portion shown in

i 22 yellow represents that portion with the clean rad waste

23 system that is manifold defensell to the secondary paths

() 24 into the same header line drain line that the scra:

25 discharge systes has.

O
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() 1 It is basically laid out on four elevations, with

2 the reactor building equipment drain sump located in the

3{} lower part of the reactor building, the bottom of that being

4 at elevation 509. If we worked backwards, it is a little

5 easier to follow. Starting down at the sump we have the

6 eight-inch drain line which exits approximately nine inches

7 under the minimum water level of the sump, so that is always

8 isolated from any other drains that exit to the sump by the

9 water that is contained in here.

10 This sump is vented through a heap of filter up

11 into the reactor building ventilation system. And if we *

12 follow back up through this individual eight-inch line, the

13 first elevation at which it Christmas trees out is 565 floor

O 1-4 elevation, which you will recall is the elevation at which

15 the hydraulic control units and the scram discharge headers

16 are located.

17 On this floor there are 30-odd different stub-ups

18 going to various drains, and it is at this elevation where

19 we have the two vent lines or had two vent lines, and th e

20 single drain line for each unit that ties into the system,

21 loca ted here in red.

22 The system that is marked in yellow in its

23 entirety takes in approximately 65 to 70 total of different

() 24 drains. The majority of them are normally closed during

25 system opera +1on. Eaintenance valves are open to drain on a
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() I particular line or a valve in a panel. A la rge number cf

2 them are blanked off.

3 So for approximately 65 to 70 total different

4 stub-ups that go into the system, a large portion of then

.5 should be no flow to this particular drain line. The line

6 continues running up th rough the 593, to the 621, and

7 through the 639 floor elevations, eventually at its high

8 point going up to drain the reactor building equipment and

9 fuel pool ventilation duc'ts. They are checked at that point

10 with a check valve located in the line that is set to

*
11 relieve equivalent pressure of five f eet of water.

12 There are too many individual stub-ups in the

13 system to go over individually; however, on pages 7-A, 7-B

14 and 7-C of the handout are a tabulated accounting of each

15 st ub -u p . There are variations between the three units, so

16 they will be described as to which is effective for each

I'7 unit.

18 Does your handout include these red numbers on it?

19 MR. ZUDANS: Yes.

20 MR. RATHJEN4 These numbers corresponded to the

21 left-hand margin of that tabulation, which will aid you in -

22 the f ollowing of the handout. You can trace it out and

23 compare that tabulation to the schematics here.

() 24 In addition we have actual as-built drawings

25 showing floor-by-floor elevations in the planned view that

O
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() I are included in your handout, and we will take a look at

2 those.

3 MR. ZUDANS: In this line, are there any valves on

4 this line at any location?

5 MR. R ATHJEN s There are no valves in the drain

6 system. It is simply a piping system that will drain, in

7 some cases, a seal or an area here, a valve, or, for

8 exam ple, if you have maintenance work to do on a header

9 panel and you want to isolate the drain at panel, then we

10 open that valve and let it drain into the drain system.
,

11 That would be under a down' time, not an operating

12 configuration.

13 MR. ZUDANSa And it drains by gravity completely.

O 14 MR. RATHJENs Yes.' Most system gravity feed

15 atmospheric pressure, which is the same for the control rod

16 drive scram discharge system. Under normal conditions it is

17 open to atmosphere. Cnly during scram conditions does it

18 close off and build up the discharge pressure.

19 This is a planned view of the 565 floor elevation,

20 which is showing unit 1 on this side, unit 2 and 3 on this

21 side. Since unit 2 and 3 are very close to the same, that

22 will suffice to show both configurations. Now we have one

| 23 for all four floor elevations, but typically we have a riser

() 24 coming up at this point from the reactor building sump. It

| 25 rises up to the 565 floor. These are on bedded piping runs.
1

(
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() 1 They spread out in this configuration in this

2 particular case for unit 3. This stub-up would be locateds

3 underneath the instrument volume tank that we looked at. It
O

4 would be the line that receives the drain portion of the

5 cycle. This would be the vent line connection for the west

6 side, the vent line connection for the east side.

7 I neglected to mention the graphic drain. The

8 total system f rom high point on the six-inch header system

9 to its connection on the instrument volume tank has a slope

10 of about 2-1/2 feet that would be six inches for the east

11 side. It decreases for the west side, and was verified righ t

12 after incident 2-B. Negative slope all of the way. No traps.

13 So it should properly drain.

( 14 MR. ETHERINGTON: That slope is on the drain

15 line. Does the six-inch header have any pitch?

16 MR. RATHJENs That slope I addressed was on the

l'7 six-inch header, the high point of the six-inch headers,

18 through that two-inch line connecting it to the instrument
i
i 19 volume.

20 MR. ETHERINGTON: All right.

21 MR. EBERSOLE4 Mr. Rathjen, this is a lot of

22 detail that you are going through here. Is it fair to say

[

23 th a t you have enhanced the venting by putting new vents in?

() 24 Although it is still not a safety degree function, you have

25 improved the venting system as an interim measure.

|
!
I
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() 1 MR. RATHJENs It is NRC's idea and it has been

2 approved.

3 MR. EBERSOLEs Anyway, you have done something to

4 it.

5 MR. BATHJEN: Yec.

6 MR. EBERSOLE: But it is still not a safety

7 function per se.

8 MR. RATHJENs After this event it has no possible

9 component between it, nothing to fail, and that is goino

10 directly to the atmosphere. It is a positive vent in that

11 sense. In that sense it is an improvement. .

12 MR. EBERSOLE: It is unimpeded. Now, on the

13 drain, have you done anything to enhance the drain? You

( 14 know, you were going through a lot of things, het in the

15 long run, there really is not safety function per se. Is

16 that correct? You are counting on the instruments and the

17 dump volume to do whatever has to be done.

18 MR. RATHJEN: We have not modified the drain.

19 MR. EBERSOLE: So you really haven 't improved the

20 drain, have you?

21 MB. RATHJEN: It has been tested extensively on

22 the run.

23 MR. EBERSOLE: In the long run you can fool with

() 24 the drains and 'che vents until something freezes over, but

25 you will still be dependent on the instrument and the

O
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() 1 instrument dump tank to tell you and do the proper thinos in

2 time, whether you have 10,000 ways of doing what you are

- 3 doing.

4 ~MR. RATHJENs Yes.

5 MR. EBERSOLE: Now, the crux of it is the

6 instrument dump volume doesn't tell you what is going on in

7 the main dump tank. It doesn't tell you that the water is !

-
8 still in th e re . So I understand you have interim measures

9 to verify whether these are empty or full.

10 NR. RATHJENs You are referring to the sump?

11 MR. EBERSOLEs No, I am talking about the main

,12 dump, the_ two big h eade rs.

13 MR. RATHJENs The scram discharge.
O
kJ 14 MR. EEERSOLE So the crux of it is you are'

15 supposed to be at this time continuously monitoring -- is it

16 continuous or intermittently monitoring?

I'7 MR. RATHJEN: Continuously. it is a recorder.

18 MR. EBERSOLE: It is a recorder monitoring of some

19 state of the dump volumes.

20 MR. RATHJENs Yes.

21 MR. EEERSOLE: Wha t is it, ultrasonic?

'
22 MR. RATHJENs It is ultrasonic.

23 NR. EBERSOLE So you know on a continuous basis

(]) 24 wh ethe r there is water in it or not wLter in it.

25 MR. RATHJEN Yec.

OU
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(( ) 1 MR. EBERSOLE: No matter how you do all of these

2 things.

3 MR. RATHJENs That is right.

O
4 MR. EBERSOLE: Is that right?

5 MR. RATHJENs That is true.,

6 MR. EBERSOLE: So that is your main current thrust

7 of safety.

8 MR. RATHJENs That is what is in existence right

9 now, and we will address what we will do.

10 MR. EBERSOLEs Does that monitoring give you a

11 modified identification of how much water is in there or any

12 vater at all or what?
13 MR. RATHJENs Yes, it is accurate down to within

() 14 about a half-inch.
'

15 MR. EBERSOLEs So it is a good visual.

16 MR. RATHJENs Past a half-inch we woold get an

17 actual readout of what levels are in there.

18 MR. EBERSOLE .That is great.

19 MR. RATHJEN4 We use that on several other form.s

20 of testing.

21 MR. EBERSOLE: And someone is eyeballing that on a

22 chair or something all of the time? You don't have any

23 automatic function.

() 24 MR. RATHJENs All these units are set up and there

25 is a recorder set up on each one. This man is making

C)(-
,

_.
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() I continuous rounds taking readings.

2 MR. EBERSOLEs There is nothing enunciating any

3 change of volume at the moment. You are depending on the
O

4 personnel observation.

5 MR. RATHJENs There is a local alarm, I believe.

6 MR. ABERCROMBIEt There is a local alarm.

7 MR. EBERSOLEs Where there is water in it?

8 MR. ABERCROMBIE Yes, plus the recorder.

9 MR. EBERSOLEs Is anybody in there to listen to

10 the 1ccal sound ?
.

11 MR. ABERCROMBIE: He usually makes his rounds
.

12 within 30 minutes.

13 MR. EEERSOLEs In a 30-minute interval, what is

14 the opportunity of filling that. Do you know?

15 MR. ABERCROMBIEs I think to actually fill that

16 volume in 30 minutes, I don 't know what catastrophic f ailure

17 would have to occur. We have not identified any.

18 MR. EBERSOLE: Have you looked for the possible

19 vays to fill it within the 30-minute interval, like a broken

20 valve that you could not see on the drift?

21 MR. ABERCROMBIEs I think what we have learned

22 from General Electric about the flow ra tes on the f ailures

23 of, say, any seals or any scram valves, but that would not

() 24 by itself fill the lines.

25 "R. EBERSOLEs You pick the 30 minutes, then,

O
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() intentionally, to say that there is nc mechanism that couldI

2 fill it in that interval, is tha t right?

3 MR. ABERCROMBIEs We thought that was a

O
4 conservative approach.

5 ER. EBERSOLE You could have picked two hours or

6 ten minutes or one second, I don't know what. But there was

7 a conscientious examination of the modes of possible fill.

8 Ultimately they are going to be continuous.

9 MR. ABERCROMBIE: Yes.

10 HR. EBERSOLE: Right now we are riding on a --

11 thank you.
'

12 MR. ABERCROMBIEa But I would like to say that you

13 certainly identified what we consider the bottom line, and

14 that is that you have to know about water in the volume.

15 Everything else doesn't really matter.,

16 MR. EBERSOLE: Everything else is really

17 gingerbread.

18 MR. ABERCRONBIE4 Convenience.

19 MR . R ATHJ EN : I think I have about covered the.

20 ground. I don 't think there is much point in looking at the

21 other drawings in here. In your handout is simply the

22 floo r-by-floor breakdown of the floor plan of the rest of

23 the drain system. I believe that is it.

() 24 Are there any further questions?

25 MR. ZUDANS: Would it be feasible to run a larger

O
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f]) I than two-inch line from is it technically or practically--

2 feasible to increase the size of two-inch drain line f rom

3 east and west side for the SDIV?
?s)
w/

4 MR. RATHJEN I believe so, and I believe that is

5 one of the considerations of doing that. There are e number

6 of different concepts.

7 MR. ZUDANS: We vill wait.

8 MR. PLESSET: Why don't we go on, then.

9 MR. DOMER: Bert Morris is going to cover several

10 agenda items here in the event sequence itself, our

11 evaluations of why the event occurred, investigation items,

12 including the investigation, and he is going to cover

13 corrections that have been made today.

C)'( 14 MR. MORRIS My name is Bert Morris. I work out

15 of the Reactor Engineering Section of the system in

16 Chattanooga. I am basically going through the same general

17 program that G.E. has presented which concerns the sequence

18 of events. I understand some of you may already have seen

19 this presenta tion, so I may be repetitive to you.

20 I have some nice visual aids which are available

21 to you, and also their conclusions are basically the same as

22 our own.

23 On the early morning of June 28th, we were

',,() 24 shutting Browns Ferry 3 down for some majntenance. This is

25 no rm all y -- on a manual shutdown like this, we ordinarily

-
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() I run the recirculation valves back to a f airly low power

- 2 level and then insert some rods so that we manually scram.

3 We were preparing to manually scram the reactor. It is

4 pretty much a full power rod pattern.
"

5 We had inserted ten power rods to further reduce

6 the power level from the point that it was scramming.

7 This next slide here shows the actual rod pattern

8 prior to that first scram. You can see there was a

9 substantial number of rods that were out. We had 185 rods

10 out at Browns Ferry. Of these, 157 rods were pulled out the

11 full way and we had 18 rods in intermediate positions.

12 Now, on this picture we also s'how the rod position

13 after that first scram, and we see that there was a

14 substantial number of rods on the east side which failed to

15 go full in. You will notice that every rod actually did

16 movs some distance, but we went in and looked at the

17 individual rods and the distance that they went in, and we

18 tried to correlate it in certain ways so that we could

19 install the flow and unique piping configuration en the

|
- 20 header itself.
I

21 We were unable to really draw any kind of

22 conclusions on individual rods, with the exception of the

23 fact that the faster rods as measured from our own scram

O 24 timinos --

25 MR. EBERSOLE: I think at this point in time I

l'U),

_
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() I would like to divert a little bit anyway. The operator on

2 the desk watching this must have had some kind of mental and

3 physical reactions which were extraordinary to see that the

4 rods were not in when he loaded the building.

5 MR. MORRIS 4 It is really not very difficult to

6 tell that. Ed was talking about the blue lights before.

7 Also with the rods when you have a scram you really don 't

8 have a rod position indication as such. You have what is a

9 green background.

10 MR. EBERSOLEs But anyhow, he saw that he did not

11 get a scram. Do you have any kind of a record of his

12 physical reaction to this? Did he say to himself

13 consciously, should I trip the turbine, should I engage

()'

14 bypass, should I execute pump trip? Does he, in fact, have

15 an ordered, deliberate procedure for this case?

16 MR. ABERCROMBIEs Does he now, or did he then?

17 MR. EBERSOLE: Did he then? I mean here is a case

18 where --

19 MR. ABERCROMBIEs No, there was nothing explicit

20 such as the procedures that we have in place now for any

21' event such as this.

22 MR. EBERSOLE: He did not get the signal for

23 automatic pump trip because he did not get a pressure

() 24 supply, so he surely did the right thing in not tripping the

25 turbine or asking anything te close steam flow. Otherwise,

O
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() I it would have been quite different if he had stopped steam

2 flow, especially if the bypass stuck. But do you think he

3 consciously let steam flow continue, knowing that it was the-

~s
4 best thing to do?

5 MR. ABERCROMBIEs That is difficult for me to

6 really sa y .

7 MR. EBERSOLE: Okay. Was the turbine tripped

8 before the rods had all gone in?

9 MR. AEERCROMBIE: Yes, he tripped the turbine

10 shortly after that. The power levels that existed, he

11 cannot have maintained the turbine on. The bypass system

12 was functioning properly, and he knew he was --

13 MR. EBERSOLE: So he had by pass, so he tripped.

0 14 MR. ABERCROMBIEs Yes.

IS MR. MORRISs In the part of the handout I have

16 given you, there was a test breakdown of the actual sequence

17 of things in a little bit more detail than what I have gone

18 through, so you might look through that in a little while.

19 Actually, follow' 0 3 this initial scram there were several

20 operator actf.t?n nd observa tions and wha tever.

21 ce v.nator actions here were routine things that

22 we normally do after a . scram at Browns Ferry. Normally you

23 clear the Scram Discharce Volume, high level and bypass to

() 24 allow to reset that scram at yscr first opportunity. This

| 25 vill override your high level scram on your discharge vclume

i
~

|O
t

|
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() 1 instrument volume.
,

2 We took the reactor load switch which shut down,

3
) which also initiates the scram itself if one had not already

4 occurred through your manual actions. Your lov lying, low

5 level neutrons were on in. The operator observed up in the

6 blue lights on the control panel there all the scram valves

7 did indeed open. The accumulators discharged and the APRM

8 instruments or the gross power was all the way downscale.

9 Other than that other thing as f ar as pipe

10 configuration, everything seemed pretty normal.
.

11 ~ MR. ZUDANS: You say that all accumulators
.

12 discharged?

13 MR. MORRISs Yes, sir.

O 14 MR. ZUDANS: Without actually moving the rods in?

15 MR . MORRIS: All accumulators discharged.

16 There are a couple more significant points to

l'7 note. The scram level switches. This was determined in

18 subsequent determinations. High level picked up in 18

19 seconds compared to normal 40 to 50 seconds to load to pick

20 up those high level switches on the instrument volume, uO to

21 50. That was a real consistent number, and it was

22 significant that we got that much water in the instrument

23 volume in such a hurry.

() 24 This display here is what the neutroni

25 instrumentation, the LPRM readings and our power monitors

O
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() I read following the first scram. Again, this would be your

2 east side of your core. You see comparison with CRDs, and

3
r~3 you can see that we had several low readings on the east
V

4 side and more of what would be the top in the reactor core.

5 Earlier we referred to the fact that the amount of

6 insertion on the individual rods was correlated against the

7 scram speed. As a visual representation of that, this is

8 the chart of how far, on the average, particular rods got

9 from the rods that were at full out to begin with, position

10 48 versus the scram insertion time that had been noted

11 previously as far as testing goes.

12 I see gene' rally the rods with a f aster scram

13 insertion time than they probably were before.

14 On scram number 2, the operator had reset the

15 scram on this time. Resetting the scram will allow the

16 drain valves and the vent valves on that scram discharge

l'7 system to come back open and you will commence draining the

18 instrument volume. There was about 100 seconds of drain

19 time between the first and the second scram. That is

20 between the time the operator reset the scram and initiated

21 the manual second scram.

22 Again, the observations were similar to the first

23 scram. All scram valves were indicated open by the blue

O(_j 24 light. All accumulators discharged. All rods again moved

25 somewhat. There are still 59 rods partially cut.

O)L-
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{ () 1 And here is the actual rod positions. You can see

2 they moved about five notches, on the average. Again,

3 particular rods moved farther than some others, and some

4 moved very little. The same scr'am speed correlation

5 approximately holds for the second and subsequent scrams as

6 well.

7 The operator basically repeated his actions

8 again. He was convinced that the scram was well under

9 control and was taking positive efforts to get the rest of

10 the rods in and reset the scram again between the second and

11 third scram, about 53 seconds of drain time, and ini tia ted

12 another manual scram. Again the rods moved in in a small
'

13 way, about three or four notches this time, and we still got

14 46 total rods out.

15 MR. ETHERINGTON: Are those times consistent with

16 the estimated drain time? I mean does it assume the boiler

17 has drained away sufficiently to permit a second scram?
|

18 MR. MORRISs le haven't calculated that

19 specifically. We did some approximations, and it seemed

20 lika the total number of rods and rotches that went in was
'

21 about proportional to the drain times between the successive

22 scrams.

23 MR. ETHERINGTON: About proportional, you said?

O) 24 MR. MORRIS 4 Yes.(_
25 MR. EBERS01E In the meantime, the bypass system

O
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() I wa s --

2 MR. MORRIS: The bypass and normal feedwater

3 system was maintained in, normal conditions. It wasn't what-

4 we would have seen that we had in the past.

5 On scram number four the operator allowed a little

6 more drain time this time between the third and fourth
7 scram, I think about 160 seconds. This time he did not

8 manually scram the reactor. He took his instrument volume

9 bypass switch out of bypass. There was apparently high

10 water still in the instrument volumes as we would expect,

11 and he got an autoscram after he took that bypass switch out

12 of bypass on his intrument volume.

13 This is roughly 14 minutes after the beginning of

O 1-4 the event. All rods went in, and what the operator

15 described as a normal scram.

16 MR. THEOFANUS: What is his part at this point?

I'7 He took the bypass off. Was he trying consciously to go in

18 it in some way and do something?

19 MR. MORRIS: I'm not sure that he was.

20 MR. ABERCROMBIEs I'm sorry. I did not get all of

21 the question.

22 MR. MORRIS: He is asking if the operator intended

23 to scram by moving this b; pass switch. I don't believe it

() 24 probably was.

25 MR. THEOFANUS: Do you know what path he was on a t

(
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,() I this point? Is it known now what he was trying to do at

2 this point? Presumably your down time -

3 MR. MOBRIS: He pretty much knew what he was

4 trying to do. It would not have made any difference whether

5 he manually scrammed or tripped,that bypass. The end result

6 would have been the sr.me.

7 MR. ABERCROMBIEa It really was a deliberate

8 action. They knew that they had problems with water. That

9 was what they had assumed was stopping the rod movements.

10 In this case his enunciators told him that the scram

11 diccharge volume had completely drained. Therefore, he went
,

12 to tne normal position.

13 It was a deliberate act based on the indicationsn
' ~ ' 14 that he had at the time. And then, as we learned later,

15 there are a lot of things that are happening in that Scram

16 Discharge Volume as f ar as those level switches are

17 concerned, and he still had a high water level in there as

18 soon as he shut the valves, and he scrammed them righ t out .

19 MR. THEOFANUS: Let me ask the question another

20 way. I think you can help me with what you said, but one

21 more step. Had the scram not occurred at this point, the

22 automatic scram, what would be his next action?
!

l 23 MR. A BER CRO MBIE : He was getting set up to do a

() 24 manual scram.
|

! 25 MR. THEOFANUS: That is all I wanted. Thank you.

/~S'

U/

i
i

i
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() 1 MR. MORRIS: I guess he did manually scram it.

2 MR. ABERCROMBIEs Yes.

3 MR. MORRISs All rods went in shortly thereafter.

4 MR. ZUDANSs Yon said that they knew the Scram

5 Discharge Volume was empty by instrument. There are no

6 instruments in the Scram Discharge Volume.

7 MR. ABERCROMBIEs Yes, on the instrument volume is

8 what he was looking at. All his indications told him the

9 instrument volume was drained, and he went normal.

10 MR. EBERSOLE: Let me ask a question. Mr.

11 Abercrombie, is there instilled in the operator a feeling, a

12 out feeling or whatever you want to call it, that the wcrst

13 thing to do under the circumstances of any kind of stuck rod

14 incident is to turn off free flow of steam; that he is to de

15 everything in his power to keep free flow of steam moving to

16 avoid water collapse when he arrives up to the safety degree

17 pressure?

18 Is he trained to a t all costs keep the turbine

19 rolling, keep the bypass open, keep the MSIVs open, keep the

20 steam moving, because if I don't move it, if I close it I am

21 going to have one collapse and a reactivity spike, which

22 would be hard to cope vitt.?

23 MR. ABERCROMBIE: I think it is fair to say that

() 24 maintaining the heat safe under those conditions is

25 instilled.

O
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() 1 MR. EBERSOLEs He is going to try to keep the

2 steam flow, and if he could, he would dearly love to bypass

3 MSIV, and he did flip to the -- let's say he was in the run
,

4 mode and he did the mode switch. He put it in what? He

5 went to -- what is the other?

6 HR. ABERCROMBIE: Shutdown.
~

7 MR. EBERSOLEa Now, th at bypassed the whole steam

8 bypass of the MSIV, didn't it?

9 MR. ABERCROMBIE Yes.

10 MR. EBERSOLEs That was good. As a matter of

11 fact, he dearly would love to prop open those MSIVs so they

12 would not close all of them.

13 MR. MORRIS: That is part of the reason we do move

O(s 14 that switch.

15 MR. EBERSOLE: I often thought that we ought to

16 have a ha rd iron bypass on that MSIV.

17 MR. ABERCROMBIE: There is many a time I uish we

18 had had it.

19 MR. EBERSOLEs Right.

20 MR. MORRIS: This is the scram that we liked real

21 well. This is self-evident what it will show. This is just

22 a quick summary of the drain times between scrams. 1 have

23 already given you these numbers. Again, I would like to say

() 24 that we did do a real simplistic correlation between drain

25 times and the total number of rods that were inserted on
,

Oa
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( l such a scram, and they are proportional.

2 In your handout now you do have a little more

3 detailed sequence of events. I am not sure we really have

4 time to go through it. I just included it in there for your
;

5 inspection. You may scan it and pick out questions.

6 These are some of the inspections and checkouts

7 that we did immediately following the incident or shortly

8 thereafter. The hydraulic contro1 units were moved out and

9 perhaps someone went down there and changed some-valve lines

10 on each side. It takes you about three or four hours to do

11 something like that.

12 We sent operators and Ed Edmonson and his men down

13 there immediately, and he blocked the whole system on the
'

14 east side, verified all of the manual valves on individual

15 hydraulic control units, and indeed, they were in the

16 description. We had two or three people who were just to

17 make sure that those valves were indeed lined up right.

18 We went in and operated the drain vent valves.

19 From all indications, our operator observations -- or prior

20 to this event they had been trained, and all valves were

21 indeed open, and they were identified in the control room

22 with the lights up there. We went in and calibrated a11 of

23 the instrument volume switches. All 50-gallon scram

O 24 evitches were successf=111 ce11breted.
25 We had a little bit of trouble on 3 and 25-gallon|

|O
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() 1 switches on the first time that they tried to calibrate

2 them. Calibration procedure was a little different than

3 what you normally expect in a scram. With the slow fill

4 time they can kind of look at some of the flow switches that

5 kept them from picking up on the first attempt to calibrate

6 then.

7 Operator did verify that the 3-gallon switch

8 picked up during the incident and the 25-gallon switch as a

9 computer point was verified to operate and picked up there,

10 and then during the first scram, and subsequently cleared at

11 the end of the whole event in the correct sequential order,

12 and apparently they are at the 50-gallon switches. So we

13 knew that those switches were working as well during the

O
14 entire time.

15 We vent back through all of our control rod

16 maintenance malfuctions and modification activities for
1

17 either the past several months and the past couple of years

18 as f ar as modifications went. We did not see anything at

19 all that could affect what happened down there. We walked

20 down all of the air lines to the hydraulic control units and

21 the vent-in valves to see if maybe some unauthorized work

22 had gone on inadvertently or something like that that wasn't

23 controlled. Everything was certainly normal.

() 24 We pulled all of the CRD temperature logs, and

25 temperature logs will tell you sometimes if you have a
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() I successive seal leakage on your CRDs. I think there were a

2 couple of them on the west side that were a little hotter

3 than normal. There were no hot lines at all found on ther3
U

4 east side.

5 We went in and made cuts on all of the vent lines,

6 the two-inch drain line, the scram headers themselves and

7 t h r, instrument volume. We ran a boroscope in there to make

8 sure we had no obstruction in those lines. That is the

9 two-inch long line on the east side. It was cut and ro(.d.ed

10 out, and th en we looked through and nothing was found.

11 Possibly some big blockage in the sump lines,

12 drain lines was there. So we went down there and looked

13 around the sump for some large object, and nothing was found

O 14 down there.

15 Prior to starting back up on the unit 3, we went

16 through the exhaustive CRD test program. We did our

1:7 friction testing, which is essentially measuring the

18 differential pressure it takes to drive that rod in and out

19 of the core. You notice we measured the stall flow there.

20 The stall flow tells you the shape your seals are in, and

21 also the rod scram time. All these rods and everything were

22 just perfectly normal.

23 This indicates mechanical integrity of the rods

() 24 was not impaired in auf way. We did some flow and drainage

25 tests on the unit 3 Scram Discharge System. We pumped a

O
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() 1 bunch of water in there in variations of the drain times,

2 how they open and flow on east and west sides, and we had a

3 lot of things taken there, and we will talk about that a

O
4 little later.

5 Ed Edmonson there went in and did a series of

6 testing on the electrical portion of the reactor protection
r

7 system, and there was nothing wrong there either. The same

8 parallel path he took there. Their CRD hydraulic test

9 unit. They were proceeding on some confirmatory test. By

10 this time it was pretty much decided that there was water in

11 that header which gave us the problem, and we wanted him to

12 go in and'put some water in there and have a test modeled

13 out there and demonstrate. A test setup will art the same

( 14 way as what our rods did.
~

15

16

17

18

19

20

21

22

23

(]) 24

25

,

|
~ j
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() 1 MR. MORRIS: We were surc there was water in that

2 volume which gave us the problem.

3gm The second point here is, I guess you would say,
t

4 whether, if you had money or something you could bet on, but

5 there was a restriction -- and that six-inch header comes

6 into the two-inch drain line -- in that scram line there was

7 a restriction of some sort in that two-inch wraparound line

8 on the east side of the CRD models.

9 However, our subsequent testing indicated that the

10 vent system sort of impedes your drainage from those

11 headers, so we cannot -- we can say that the vent did

12 contribute to the incident.

13 MR. EBERSOLEs I can't help but look at that slide

( 1-4 again and notice that our problem is a common one to the

15 sewage plumbing industry. So I suggest you invoke the

16 plumbers in the f uture investigations. That is all it is.

17 MR. MORRIS: We considered a number of causes, and

18 I think we have already addressed some of these that I just

19 vent through there. We vent down and sat down and think of

20 all of t!.e things possible that could cause the problem and

21 just either eliminate them in a methodical manner or

22 suggestions maybe that are plausible. And these are some of

23 the basic causes that one might hypothesize to give you

O 24 , rot 1em.

25 One is certainly electrical reactor protection

O
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() I system logic, valve line on the hydraulic flow unit or some

2 total malfunction in the hydraulic control unit that would

3 give a problem. And the mechanical problem on drive system(-V)
4 itself would postulate it perhaps. The instrument volume is

5 plugged up and none of the drain switches were a problem

6 with the scran discharge problem proper.

7 I said that during the same period of time GE was

8 supporting us in San Jose, both analytically and with some

9 test work that they were doing.

10 Let us look through some of the causes that we

11 considered. First is electrical, and ended with that with a

12 bunch of the reactor protection system logic. I think Ed

13 Edmundson went through a pretty good discussion of why we

( 14 don't think that is a problem. In fact, the cperators

15 always had blue lights which vore indicative of the scram

16 valves actually moving to the scram position. Also, all of

17 the rods moved every tim e , which would be the logical if the

18 .ccram signal vasn't going. The post-test that they ran

19 showed that the logic wasn 't working like it was supposed.

20 The hydraulic control tait. Checked all of the

21 valves. The accumulators all worked like they were supposed

| 22 to. A good indication of scran valve positions in th e

23 control room. The air system looked like it was working

() 24 fine. The testing on the modules that we did, scram

M testing, all such vents looked all fine. Maintenance 1 coked

O
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() I good. I think it would.have been a problem in the hydraulic

2 inspection, but it was inspected, and probably on the west

3 bank drives as well. They all responded.

4 Control rod drive -- I guess the best thing you
i

5 can say there is that we went back in and mechanically I

|
6 tested all of the east side drives af ter the event and ,i

7 nothing looked wrong at all.

8 There seemed to be a lot of interest in the

9 possibility of the instrument volume somehow plugged up and

10 all of this for some reason. The leval switches did not

11 work. I think the path problems of the various plants with

12 those level switches at one time or another -- we don't

13 think this is the case because we would not preferentially

O'd 14 bother the east side rods which affect both banks. And if

15 that were the case, from all the data that we have all of

16 the switches worked in the proper sequence during the entire

17 event.
18 This sort of leads you down to the problem out in

19 that discharge volume, particularly the east side. I say

20 again it is sort of significant tha t the scram level

21 switches tripped in 18 seconds. As I said before, tbs 40 to

22 50 seconds was a real number. We went back for X many

23 scrams. Unit 3 hadn't scrammed within the lart th ree

() 24 weeks. We went back tc auto scram in the system, cnd

25 somehow we got that volume in le seconds. We just believe

O
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() I there was a lot of water out there to begin with.

2 MR. PLESSETs Do you have any speculation as to

3 why there was such differences between the degree of

4 insertion and the various rods? Some of them went in much
.

5 further than others?

6 MR. MORRIS: The only thino that we have been able

7 to show there is at the scram speed. That is what we

8 expectd, faster rods to go in further.

9 MR. ARERCROMBIE We went back, and Unit 3 had

10 usually come out of a refueling out. We went back and got

11 the scram times, and I think he pretty closely correlated

12 that the rods that were the fastest on scramming in were the

13 ones that went in the furtherest.

14 MR. PLESSETs So it did correla te?

15 MR. ABERCROMBIEs Yes.

16 MR. MORRIS: We showed the figure earlier in the

17 handout which shows this.
18 MR. WUs Why is there such a drastic difference

19 between the east and the west banks if they are

20 differentia 11y one side -- why the two sides are so

21 drastically different?
,

22 MR. MORRIS I am not sure I know what you are

23 asking.

() 24 MR. WUs J understand tha t there is sone!

|
'

25 difference there.

_
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() 1 MR. ABERCROMBIE: In the drain time?

2 MR. WU Well, I was referring to the east bank |

3 and the west bank. If the west bank scranc were normal and

4 the east bank, the distribution of them in the insertion

5 time.

6 MR. MORRIS: Are you locking at the figures? Is

7 that why you are asking the question? The west bank problem

8 is not the same distribution scram ti=es. That distribution

9 is pretty much -- that is distributed on both sides.

10 MR. ABERCROMBIE: We do not believe there was any

11 water in the west header at all. We believe only that the

12 east header had water in it.

13 MR. EBERSOLE: At this time you think that it may

14 be either due to the improper venting or the ficw

15 restriction in the long pipe, is that right?

16 MR. ABERCROMBIE: Yes. I wish I knew really what

17 caused it.

18 MR. EBERSOLE: One other parameter that can cause.

19 it, if you can dream it up, it is pressure, even though it

20 is drive pressure in that header. Is there any possible way

21 that you can get drive pressure f rom so=e unexplained source

22 in that?

23 MR. ABERCROMBIE: I sure don't know of any.

() 24 MR. ZUDANS: I have another question. You
:

25 mentioned th a t scram switches drift in 18 seconds instead of

O
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() I the normal 40 to 50. That kind of contradicts or indicates

2 that you had some water sittinc in the SDIY already.

3 MR. MORRISs Not necessarily. It was in the

4 volume force, not volume pressurizes. You can force a lot

5 of water through that two-inch line in a hurry.

6 MR. ZUDANSs Was it meant to force the water out

7 of the SDV on the west side because it was a short piece of

8 pipe, but did manage to force out the east side?

9 MR. MORRISs What you are saying is true, that

10 water was in the east side. That would have to come from

11 the east side. I imagine though you have a significan t

12 volume of water sitting already. Essentially you are trying
,

13 to shove a whole bunch of more water up there at

O~ 14 considerable pressure.

15 It certainly pressurizes that east side in a hurry

16 and forces a lot of water over there to push on that.

17 Rather in this case, it was just a predrain system like a

18 normal pressurized or pumping that water over into the east
i
| 19 bank.

1
20 Essen tially the drain valves vould go slower than

21 the vent valves.

22 MR. TIESSETs Let me see if I understand. You

23 have tested the insertion rate on individual rods

() 24 separately. Do they vary all that auch, and if they did why

| 25 would tha t be ?

()
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l MR. ABERCROMBIE: There are variations in the{}
2 scram timing. I don't recall the data and we have, I guess, l

!
*

3 sort of an onload on the tech specs that the rods have to

O
4 insert at a certain time. There are rods that because of

5 seal conditions go in faster than others.

6 MR. PLESSET So it is just variations in the way

7 that the seals have --

8 MR. ABERCROMBIE4 Yes.

9 MR. MORRIS: They may vary two seconds or three

10 seconds from --

11 MR. PLESSETs There's not that much seals.

12 MR. MORRIS Like I said, it was seals, there is a

13 certain amount of friction that'your rod receives when it

() 14 goes into the core unit due to the particular channels and

15 things like that.

16 MR. EBERSOLE: When the nitrogen and accumulators

| l'7 individually bottom out how much pressure is left in them,
I
'

18 500 po un ds ?

19 MR. EDMUNSON: 560.

20 MR. EBERSCI.4 Do they have diaphragms to keep

21 them in?

22 MR. EDMUNSON: Yes. It is a piston.

23 MR. EBERSCLE: There is no diaphragm seal between

(} 24 the. vater and the nitrogen?

'

25 MR. EDMUNSON: You are asking if there are seals?

\

|
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() 1 MR. EBERSOLE Is there a nitrogen bladder in the

2' bottom of that?
3 MR. EDMUNSON: Not a bladder, no. There is a

~

)i

4 double over-ring seal piston.

5 MR. EBERSOLE: And when it bottoms out it is at

6 500 pounds, right?

7 MR. ABERCROMBIE In that, yes.

8 MR. EBERSOLE: If you had boiled over, would that

9 nitrogen have proceeded into the dump tank because the dump

10 tank pressure is a lot less than that?

11 MR. ABERCROMBIE: Yes. We looked at that a

12 po'ssible mechanism too, but when you look at it, you have

13 nitrogen in the volume, it is going to evacuate just like
O
(/ 14 air.

15 MR. EBERSOLE: Yes, except that it will take a

16 while.

I'7 MR. ABERCROMBIEs Also, preferentially, water will

18 leak into the accumulator because the choice of water

19 pressure is h ig he r .

20 MR. EBERSOLE: That is before you scram?

21 MR. ABERCROMBIE Yes, before we scram. I am

22 saying that that system basically tells us that the seal is

23 intact before the scram and there should not be a mechanism

() 24 that would cause the seal to just catastrophically fail.

25 MR. EBERSOLE: Yo1 mean as it discharges nitrogen

O
_
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l
(} you say you don't allow for seals failing at that time and

2 allo wing the nitrogen in the accumulator to go into the dump

3 volume?

O 4 MR. ABERCROMBIEs Let me see. Monty, you are

5 still -- the accumulator pressure, the nitrogen pressure

6 will still be lower than the reactor pressure.

7 MR. EBERSOLE I know, but it is higher than dump

8 volume prior by a long sum.

9 MR. RCSS: We can show that during the subsequent

10 scram actuation the control room panel lights show that the

11 accumulators all recharged. It shows that --

12 MR. EBERS OLE s They all recharge?

13 MR. ROSS: Yes. It wasn ' t a seal failure.

() 14 MR. EBERSOLEs I see.
.

15 MR. CATTON: If you had your option, after looking

16 at all of this, what kind of a diagnostic system would have

17 been helpful?,

18 MR. MORRIS: I did not hear the question.

19 MR. CATTON: What diagnostics would have been

20 helpful?

21 MR.'PLESSET: That he did not have?

22 MR. CATTON: That the operator did not have. What

23 would be helpful for him to look at?

(]) 24 MR. MORRIS: Dump volume pressure would not have

25 told you anything because it was draining intc the

O
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() I atmosphere.

2 MR. EBERS01E: I am talking about after dumping.

3 MR. CATTON Let me broaden it then. Before,g-)s ,

(
4 during and after.

5 MR. MORRIS The dump volume pressure will tell

6 you that your volume pressurized a lot sooner, and the

7 operator migh t see that. I don 't know.

8 MR. ZUDANSs I still am puzzled a little bit with

9 this 18 seconds versus the 40 to 50 seconds. I vonder if

10 that is clear in your own mind why that happened. Where did

11 that water come from? Was it being held in the SDIV, or was

12 it pushed out of SDV, and if so where would that water come

13 from? Because obviously if it tripped in 18 seconds, if it

0 14 tripped the scram signal, that means that means that it

15 filled something like 50 gallons.

16 MR. MORRIS: We have some data here that may

I'7 explain the question for you.

18 MR. ABERCBCMBIE: Well, one thing, GE, I think

19 they have the data that they received from, I believe,

20 Brunswick , where they did install some transducers on a

21 scram discharge volume to see what the pressure transient

22 looked like from the volume. But if you assume you start

23 with an empty volume it takes a definite period of time for

() 24 that volume to fill and come up to reactor pressure. If you

25 assume that the volume is 90 percent full when you start the
,

|

\
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() I scram, then it comes to the reactor pressure much, much

2 f aster, which gives you the delta-P to f orce the water on

3 through the two-inch line into the volume, into the scram

4 discharge instrument volume.

5 MR. EBERSOLE: Well, at this nitrogen seal I am

6 going to hypothesize when it went on the upstroke and you

7 release the residual 500 pounds into the dump volume, it

8 would assist in pressurizing that, wouldn't it?a

9 MR. MORRISa It would come down to the bottom of

10 the piston.

11 MR. EBERSOLE4 It would assist in pressurizing the

12 dump tank.

13 MR. ABERCROMBIE Yes.

14 MR. EBERSOLEs And that can be compounding the

15 problem of the pressure. Is your new canning system for the

16 wr;ter inventory, has it been tested against several scrams

17 so you can see -- do you have a signature, I guess you would

18 call it?

19 MR. ABERCROMBIEa Yes. We have looked at some

20 scrams with that installed, and it is evident what is

21 happening. You can see the west volume drain, then you can

22 see the east volume drain.

23 MR. EBERSOLE: You were getting a real picture?

| () 24 MR. ABERCROMBIEs Yes.

25 MR. PLESSET: You wanted to make a comment? The

O
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f'l 1 man from GE. Did you want to make a comment?
v

2 MR. ROSSa Yes. As to if the seals did leak again

3 and you are delivering even at that nitrogen to the botton
(

'

4 side of the dry piston, and as I described yesterday, the

5 flow path of the botton side of the piston isn't up past the

6 drive piston seal, it is up to like the normal cooling water

7 flow path which is on the outside of the drive. So it

8 preferentially enters the vessel, not deliver 1*ge3f back to
9 the scran discharge volume. And even if it did it is just

10 adding volume in that flow, whether it is compressable air

11 or whether it is the water that normally flows that way. It ,

12 is not going to add significant amounts of some matter that

13 is going to cause a different signature and pressure.

14 MR. EEERJOLEs It is typical past the low pressure.

15 MR. ROSS: Excuse ae.

16 MR. EBERSOLE: Will it tend to go past the outside

l'7 then ?

18 MR. ROSSs Right.
!

19 MR. CATTON: What maintenance are there for the'

20 nitregen volume? Do you check the pressure? Do you check

|
21 for water leakage periodically so that you can drsin water'

.

22 fro: the nitrogen space?
|
l

23 MR. ABERCROMBIE: Yes. It has an alara device.

() 24 It would tell us if we had any water leakage into the

25 nitrogan side.

i

? (~3- s_-
t
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() 1 MR. CATTON: Your comment about the nitrogen is

2 really not true. When you push water through the system,

3 the water is constant volume pretty much, both high pressure

4 and low pressure. When you push that nitrogen from 500 psi

5 into the SDV it is at roughly atmospheric pressure, and you

6 nave got a heck of a lot more volume to push out of the

7 system. So it would not act the same. As a matter of fact,

8 it would be significantly different.

9 MR. ROSS: I guess I am not understanding you.

10 MR. CATTON: You are decreasing the pressure on

11 the nitrogen by maybe ten atmospheres. All other things

'

12 being the same, that means the volume is ten times greater

13 that you have got to push out through that two-inch line ;

14 whereas, the water, the volume expansion would be small.

15 MR. PLESSET: Let us let him think a minute. Do

16 you want to respond to that?

17 MR. ROSS: Yes, I would like to respond if I

18 understand it. .

19 MR. PLESSET: What he is pointing out is that the

20 nitrogen in that chamber is at very high pressure, and it

21 goes into a low pressure region and expands. The pressure

22 is down by tens, and it expands by ten times the volume.

23 That is his point.

() 24 So it might have a bigger vent in that low

| 25 pressure region, isn't that right?

|
,
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1 MR. CATTON: His response to Jesse is that the

2 nitrogen doesn't ma tter.

3 MR. PLESSETs While they are conferrirg on thats.

4 point, can somebody tell us whether there is any evidence of

5 deterioration in the seals?

6 MR. MORRISs I am happy to. I have had a

7 substantial number of seal failures, and your enunciation

8 there vill tell you if you have a seal f ailure, if you are

9 leaking with the water.

10 MR. PLESSET: That would tell you the state of the

11 seal.
.

12 MR. EBERSOLE: You mean after you pressurize you-

13 would see water.

14 MR . MORRIS : If in f act we did pressurize and

15 there was water.

16 MR. EBERSOLE: You now have a record that they did

17 not fail, these seals?

18 MR . MORRIS: Well, they were recharged, and there

19 was no indica tion of water.

20 MR. EBERSOLEs Anyway if that did occur, would one

21 accumulator bled down through your atmospheric 500 psi

22 represent a substantial fill problem in the -- I mean

23 since --

. 24 MR. PLESSET: They are verking on that.

25 HR. CATTON: T still don't think I understood your
,

|

|O
1
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() 1 answer about diagnostics. Did you indicate that you felt

2 that there were no further diagnostics that would be needed?

3 MR. ABERCROMBIE: As far as diagnostics are
O

4 concerned, the best thing that we could have was an

5 indication that the volume was empty before we ever

6 started. That was the best thing that we could have.

7 HP, EBERSOLE: And unpressurize?

8 MR. ABERCROMBIE4 Yes.

9 MR. CATTON: So maybe pressure and your ultrasonic

10 device would be a complete set of instrumentation?

11 MR. ABERCROMBIE: I think a level indication * -- I

12 don't know about the pressure. I really haven't thought

13 that much about it. I am sure that will be discussed when

( 14 we talk about modifications.

15 MR. PLESSETs Why don't let hic finish his

16 presentetion? Are you almost finished? Is that right?

17 We will let them interrupt them when they come

18 back with their answer.

19 MR. MORRIU We are just discussing some of the

20 inspections that we did on the east volume proper Ed

21 Edmunson h:.s already discussed. We inspected the six-inch

22 headers, the two-inch headers. We inspected the six-inch

23 and two-inch headers and looked at the instrument volume,
,

I

(]) 24 looked in through the drains and verified that the vent
,

'

25 linos were not obstructed.
i
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() 1 We went out and transited the whole system,

2 bonchmarked the reactor building and transited in all of the

3 slope and elevations on the drainage lines and found tha t it

4 was a positive -- or actually a negative slope, I guess you

5 would say, all the way f rom th e heade rs to the instrument

6 volumes.

7 Here is some of the data that GE provided for us

8 that they got on their testing down in San Jose, and this

9 figure has the scram volume pressurization, essentially the

10 ra ta there, plotted against what one would assume for a seal

11 leakage versus a turbine shear er the volume in their test

12 rates that were available for the scram discharge into.

13 In other words, I think 3.3 gallons is the nominal

n- 1-4 volume allowed for a particular drive in the scram discharges

15 volume snd have it available to it to discharge into. So on

16 185, roughly three times 185 on Browns Ferry, this shows

17 th a t as you start limiting the volume available to you in

18 that scram discharge volume pressurization it works very

19 fast.

20 MR. CATTON: Is this time to pressurire the|

21 reactor pressure?
'

l

| 22 MR. MORRIS: I think so. It is very close, but

23 not exactly that.j

l

j () 24 MR. EBERSOLE: 15307

| 25 MR. MORRIS: Here is a couple of points that is

|
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() 1 not quite clear on the graph there. With the a vailable

2 volume even less, you see the pressurization rate is very,

3 very f ast there. They get those on the chart there on those

4 points.

5 MR. ABERCROMBIE That particular chart I think GE

6 was using to indicate that we were about 90 percent full on

7 th a t volume.

8 MR. MORRISs I think this shows, this slide here

9 shows that same thing. It says time af ter the strike --

10 MR. PLESSETs Will you explain that statement? I

11 did not quite follow you. You say they used this data to
i

12 indicate that the SDV was 90 percent full about?

13 HR. ABERCROMBIEa In trying to reconstruct the

~) 14 event, you said, well, I have water in there. Well, how

15 much did I have? And maybe somehow that will lead you to

16 the source. And when GE ran through the testing-that they

17 did in San Jose and came up with these curves, I think

18 everything that we saw kept coming back to that volume, of

19 which was about 90 percent on the east side, before the

20 scram.

21 MR. MORRISs Also, this graph shows the normally

22 expected scram time to be roughly three seconds on the scram
,

23 time. So even a substantial volume, at least in that

() 24 volume, immediately available for the scram, was finally

25 pressurized.

O
.

'
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() 1 EE. EEEES01Es It cones to my mind here that just

2 that curve doesn't throw it away. It has some inportant

3S implications. 2111 you put it back up again?
CJ

4 Notice the variation in the three curves on the

5 volume. About how fast it can possIbly scram. And then the

6 next curve was a vell, let ze ask you thiss if I scran--

7 and I have a grcss seal failure on one rod and in the course

8 of scrazzing, I will now have extraordinary backfill out of

9 the reactor systen, right? Cn the halfstroke, after the

10 accumulators have done their thing, and you are really

11 scrambling. Is that going to prefill the dus; voluxe?

12 EE. AEEECECNEIEs Monty?

13 ME. EEEES01Es I have a gross seal f ailure on the

14 rods between the piston and the reactor vessels to

15 contribute to abnormally fast dusp volume fill. Is that a

16 mechanism by which you can prematurely fill the volume?

17 53. EOSS: No. Eezember again that the sirino of

18 the scram discharge volume is based on vorst case seal

19 leakage rate.

23 53. EEEESCIEs Ect that is a design seal related

21 to leakage. I as going to take a catastrophic seal failure.

22 NE. ECSS The design base is the number 10 CF5,
,

23 is determined where we move the seals from the stop piston

24 to pilot piston.

'

25 MR. EEEESCIE: So it is a catastrophic failure?

(m"
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() 1 MR. ROSS: The seals will crack, the seals will
|

'

2 degrade and the seals will not be removed.-

3 MR. EBERSOLE: Can I devise any mechanical way, '

4 such as coupling reactor pressure to the dump volume on a

5 mechanical failure before I have rod insertion?

6 MR. ROSSs The coupling is through the drives, and

7 ve limit the flow by the inherent restriction on the drive.

8 MR. EBERSOLE: If I break a drive or a piston.

9 MR. ROSS If you break a drive or piston?

10 MR. EBERSOLE: Yes. Cr piston rod, I should say.

11 MR. ROSS: Again , the seals are going to remain

12 there, although you might separate a portion of the shaft

13 itself. And the flow path is from the vessel to pass all of

'k ') 14 the seals.

15 MR. EBERSOLEs All right. I am just trying to

16 visualize inadvertent coupling of a reactor pressure system

17 to the dump volume prematurely.

18 MR. ROSS We will address that in a moment.

19 MR. MORRIS As I understand also, Monty, the
,

20 volume at Browns Ferry is set for 10 GPM times 185 reds.

- 21 MR. KATHJEN: 10 GPM for 10 seconds.

22 MR. MORRIS I thought times the total number of

23 rods.

() 24 MR. ZUDANS: That is what I was going to ask. The

25 GPM indicated here are per rod, but the times, assuming the

O
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() 1 same condition for all rods.

2 MR. MORRIS: This is for an individual rod. The

3 design basis is carried over for the 185 rods.

O
4 MR. ZUDANS: In other words, you have 1,850

5 gallons per minute total flev when you indicate the intent?

6 MR. MORRIS: Of allowed volume for the rod

7' construction.
8 MR. EBERSOLE: I am going to just mention

9 something. You haven 't had a scram for some time. Where

10 would that water come from that you think was in the dump?

11 MR. ABERCROMBIE4 I wish I knew. We just did not

12 come to any conclusions of any source.

13 MR. EBERSOLE: You don't know where that water

() 14 came from? But it had to come from someplace.

15 MR. ABERCROMBIE If it did remain there from the

16 last scram, then that lends some credibility for some

17 blockage in that two-inch line. And then we developed, or

18 directed pressure in that volume, very quickly on that scram

19 on the 28th, it dislodged what ver was in there.
t

'

20 MR. EBERSOLE: Where does GE think that wa ter came

21 from t' hat was there?
l

22 MR. ROSS: You can postulate that many ways the

| 23 wa ter gets there. On a probabilistic basis, I think that
!

(} 24 the probability that the water enters the scram discharge

| 2'S volume 1 was leakage.

O
1
r

I
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() 1 MR. EBERSOLEs It is supposed to get out of there

2 at a. reasonable rate. But this time it didn 't get out?

3, MR. ROSS: Yes.

4 MR. CATTON: Could the drain valve be closing and

5 you don't know it, or the vent valve had been closed?

6 MR. ROSS: Even if the water at the bottom.

7 MR. CATTON: How long before was the previous

8 scram? There was a number of days, wasn't it? -

9 MR. ABERCROMBIE: Three weeks.

10 MR. CATTON: Three weeks. Even if the vent valve

11 was closed it probably would have drained?
!

12 MR. EBERSOLEs Well, I hope so.

13 MR. ABERCROMBIEa The test data of the drain time

l'4 showed that the east volume had restabilized at about a half-

15 a GPM drain rate. So if you assume that with the vent

16 completely closed and you stabilized, then if you had

17 something that is slightly over a half a GPM coming in

18 there, you would have never drained completely.

19 MR. CATTON: Is half a GPM an unreasonable leak

20 rate into that SDV on the east side?

21 MR. ABERCROMBIEa I don't think so. That is not

22 an unreasonable number.

23 MR. PLESSETa Let us go on.

() 24 MR. MORRISs This figure shows essentially the

25 same thing. It is a level in here. This shows for the

O
.
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() 1 various fill volumes in the scram discharge header what your

2 pressurization rate would be. It is significant here to

3 note that your pressurization rate could occur within the

4 timeframe of your scram stroke.

5 I think it was about 90 percent flow.

6 MR. EBERSOLE: If you thought you had vented, but

7 you had not vented because the vent valve had stuck, would

8 that by negative pressure affect -- hold that water up in
.

9 there for an indefinite period ?

10 MR. MORRIS You said before it will drain but

11 very sicvly. ~

12 MR. ABERCROMBIE We did in that test we ran. The

13 east header stabilized at about a half a GPM drain.

1-4 MR. EBERbOLE: I am talking about with the vent

15 closed.

16 MR. ABERCROMBIES That is what I am talking about.

17 MR. EBERSOLEs And trying to drain?

18 MR. ABERCROMBIEs Yes. We closed the vent to

19 determine whether or not we would drain eventually.

20 MR. EBERSOLEs At a half a GPM. Thank you.

21 MR. MORRIS: GE also did some calculations for us

22 showing the fill times on the instrument volume. On this

23 particular curve, what you would normally see, it shows that

() 24 it normally would be about typical of what we see on

25 records, about 50 seconds to pick up those 50-gallon

O
V
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() '

switches. And they contrasted this particular figure.

2 Maybe you will be able to read this better.

3 GE did some similar calculations, assuming that
O

4 th a t ea st header was full of water and tried to calculate

5 the hydraulic -- how long it would take to put that

6 instrument up. I think this will answer your question.

7 MR. CATTON: Yes, but I just want to finish up the

8 previous line of questioning. You measure the leak rate

9 into the SDV, don't you, as a standard maintenance type

10 procedure?

11 MR. ABERCROMBIEa No, that is not a standard

12 thing, although we did do it as a part of the Unit 3

15 startup. We actually had different plateaus of pressure.

() 14 Close the drain valves and then determine whether or not we

15 had enough inflow to eventually bring in the three-gallon

16 alarm. We measured the level af ter an hour at that plateau

l'7 with ultrasonics and established the leak ra te'.

18 MR. CATTONa What was it?

!
19 MR. ABERCROMBIEs .03 GPM. It was very, very

20 low. We never did get the three-gallon alarm after one hour

21 even at full reactor pressure.

22 MR. CATTON: So you have no idea wha t the leak

23 rate is now, or whether or not it could explain that water

(} 24 being there?

25 MR. MORRIS: There was no water.
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() 1 MR. ABERCROMBIEa No, there was no water in the

2 volume then.

3 MR. CATTON: But you don't know what your leak

O
4 rate is either?

5 MR. ABERCROMBIEs That is true.

6 MR. MORRISs Here are some of the various sources

7 of water that we might postulate would get into the system.

8 I am going to talk about the outlet scram valve. Already,

9 no rm ally, if your valve is leaking to any extent at all -- I

10 am saying leakage normally. If the outlet scram valves are

11 leaking to any extent at all, you are going to end up with a

12 hot rod. 'de did check the CRD temperature logs prior to

13 venting and there were none.

( 1-4 As Herb was just saying, after we restarted at

15 Browns Ferry 3, we indeed checked the leakage into the

16 system by closing the drain valve and roughly, in intervals

17 of 200 psi, and then pressurization af ter, on restart, after

18 they have vented. I think it was something there like two

19 gallons per hour, was the leakage into the system.

20 MR. CATTON: That is at present?
'

21 MR. MORRIS: That was after the restart. I don't

22 know what it is righ t nov.

23 MR. ABERCROMBIE: The only way we have to

(]) 24 determine if there is any substantial leakage into the

25 volume would be by indications on the control rod, the hot
,

O
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(') 1 rod. But we have no established method of determining at

2 any period what that end leakage is to all of the rods.

3 MR. CATTONs In other ,vords, you just can't close-

4 that drain and measure --

5 MR. A BER CRO MBIE t We could.

6 MR. CATTON: You have two levels?

7 MR. ABERCE3MBIE Yes. We cocid. But I am saying

8 that right now we do not have --

9 MR. CATTONs' to you think it would be worthwhile

10 to do that?

11 MR. ABERCROMBIE: I really don't, you know to me

12 you still go back to the bottom line is ensuring that the

13 volume is empty when you need it.

O 14 MR. CATTON: I vocid agree with that.

15 MR. ABERCROMBIE: Knowing what the total leakage

16 is into the system really doesn't do you any good. The only

I'7 thing th a t will do you any good is if you have a rod that is

18 giving you trouble. You need to know that so you can

19 replace the rod.

20 MR. CATTON: I would agree with that. I also

21 would have thought that people would calculate things like

22 time to drain too and find that they didn't. That is why I

23 ask the question.

() 24 MR. MORRIS: One could postulate that upon

25 provicus scrams we had those levels never came cut. We had

O
~

.
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() 1 blockage in the drain line, created theactjity, and you
2 would not know about it. And then the vent was closed off

3 and you had substantial leakage, a half gallon a minute.s

gb
4 Essentially, you would say that you had volume in that

5 heade r. I believe a half gallon of that would be a pretty

6 substantial leakage into that.

7 It would be pretty unusual, I think, to have that

8 much scram valves that is going to get you that kind of

9 number.

10 The introduction of water from the vent drain

11 systems, de discuss those together basically, since they
.

12 both tie into the same system.

13 As I said, that is a free irainage system that

(^h
k/ 14 doesn 't really look like much of a path for water to come

15 down that or to get back up into the scram system itself.

16 The flow rates in the system are not very la rge.

17 We did check the sump activity prior to the period,

18 initially, through the Browns Ferry 3 event, and the sumpi

|

19 level, which would indicate how much safe flow you have

20 going into the system. It was not any greater than usual.

21 Just graphically, or eleva tion-vise , it was very

22 difficult to postulate getting water back into that system

23 from that drainage bed. Then getting your instrument

() 24 volume, picking it up, the instrument switches are somehow

25 running it uphill into the vent system.

| (O'
'

|
|

.
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() 1 We don't think we picked up water from that

2 drainage system. Someone else vill talk about some
'

- 3 modifications and try to :1mprove that system to make sure

4 that we sort of discharge the scram discharge system to some

5 extent, flushing connections. They are all used during

6 outages, and we put hoses on them and then run water through

7 them to the discharge headers to wash out some of the

8 contamination. And they are normally not connected nor were

9 they at the time.

10 MR. CATTONa What is your best guess?

11 MR. MORRISt To that vent I bet on blockage. I

12 can't tell you.

13 MR. ZUDANS: Even if you are blocked you would

O v
14 have to get water from someplace.

15 MR. MORRIS: Blockage, like I say, you can

16 postulate. I am sure there is some leakage past the scram

I'7 discharge valve, even though it is a small arount. And over

18 a long pe riod of time, say three weeks, you could probably

19 fill that volume.

20 MR. ZUDANS: But with a half a gallon discharce

21 from the SDIV --
~

|
! 22 MR. CATTON: That is gravity, not blockage,

23 gravity without a vent.

() 24 MR. ZUDANS: I understand.

25 MR. EBERSOLE: I have a picture here in my hand,

O\
(/

,

|

|
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() I and following up GE's observation about no leakage paths, T

2 can easily with this picture envision a trap as a sleeve

3 that will give me prodigious flows to fill the dump volumeg~

4 at the precise time I need to scram.

5 MR. WIESENBURG What we are going to do here is

6 Mr. Poss has a slide, a picture that you have in your hand --

7 MR. EBERSOLEs I am just thinking of it

8 mechanically.
'

9 MR. WIESENBURGs Mr. Morris is done that. Mr.

10 Ross will cover tha t.

11 MR. MCRRISs Here is a summary of some of the flow

12 testing at Unit 3.

13 MR. ABERCROMBIEs Can I go back just a moment?

O
(_/ 14 One thing that, on'e possible source of water on those flush

15 connections, and I don' t know if you really notice those,

16 but when we put those flush connections on, they were

17 intended to be used during shutdown and they did require an

|
18 external source of water to then and some valves if you like

|
19 to open them up. But as best we can determine there were no'

20 hoses or were no -- there was no flushing at all going on at

21 that time. But that was a potential source of water. -

22 MR. MORRIS: This is a summary of some of the

23 drain testing we did on the Browns Ferry 3. We actually

() 24 brought water into the flushing mechanism, and we actually

25 filled the whole system solid, and there is some variations

DO
1
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() 1 of drain times of the vents, open and closed. The data

2 presented here is the drain times of the system, with both

3 the drains open. It shows you vest side, the short side,

4 drained considerably faster than the east side.

5 Again, what you mentioned, af ter the west sides

6 drains down, I believe this instrument, the level switch

7 indication, the east side still has another 15 minutes of

8 drain time associated with it.

9 MR. CATTON: Yesterday we discussed a little' bit

10
,

the interface between the NSSS vender and the AEE. And you

11 are on the AEE. Maybe I can ask you the question. Who is

12 responsible for making those kinds of calculations for a

13 system when it is to be installed, or does anybody make

14 those kinds of calculations?

15 MR. ABERCROMBIE: Monty might be able to address

16 that because GE did make a change in the volume required in

17 the early 1970's.

18 MR. CATTON: But I am referring to these -- he

19 built the hydraulic instrument, and yet it seems to me that

20 the calculations to check out the instrument were much less

21 -- pre-op testing was never done.

22

23

() 24

25

i ,

i
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(} l MR. ABERCROMBIEa There was a test, obtained

2 during the pre-op testing, based on scram and when the
,

3 high -level alarm clea red , when it came in.

4 MR. CATTONs Then the pre-op testing was

- 5 incomplete. If you look at this diagram and you consider

6 the drain time of the instrument volume, the drain time of

7 the the east header, your instrument js not telling you at

8 all what is going on in the east header.

9 Now, those are very simple calculations to make.

10 And I am won d e ring where it fell down the crack, the fact

11 that they were never made.

12 MR. MORRIS 4 I think the instrument volume, the

13 original design will tell you that that valve was closed.

14 And we had blockage of the drain line on the basis that it

15 was done normally. It doesn 't in theory make any

16 difference, the fact that it takes only five minutes to

l'7 drain. I know it doesn 't look very good, but normally you

18 never care about that, because after a scram you have

19 usually several hours where you don't expect to have to use

20 that scram system again.

21 MR. EBERSOLE: Isn't there a third party besides

22 GE and TVA called Control Associates?

23 MR. ABERCROMBIE4 Reactor Controls.

() 24 MR. EEERSOLEs Now, does GE subcontract to that

25 subcontractor to take care of this problem?

O
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() 1 MR. ABERCROMBIE: The contract with Reactor Controls was

2 with TVA.

- 3 MR. EBERSOLEs Oh, it was with TVA.

4 MR. ABERCROMBIE Bight.

5 MR. EBERSOLEs Tha t was a subcontracting job from

6 TVA. GE doesn't do it?

7 MR. METCALF The Reactor Controls contract was

8 actually with TVA.

9 MR. EBERSOLE: So they did tha t .

10 MR. METCALFa Right.

11 MR. EBERSOLEs Interfacing with GE.

12 MR. METCALF: Their design and their supply was

13 based on the design criteria and guidelines supplied by GE

14 for the basic design.

15 MR. EBERSOLE: TV A delibera tely stayed away from

16 that part of the design and installation.

I'7 MR. MORRIS: I might dd a couple of points here

18 that are not on the chart. With the vent closed, the east

19 side, as we already said, would take th e d rain s a t roughly a

20 half gps. With the vent closed on the west side, it is a

21 little bit harder to measure that. I tnink we set the test

22 up it has to be three or f our gpm on the west side when the

23 vent closed. It was a shorter path and there was no way for

() 24 the air to sneak back up in there.

25 Let me go over real quickly some of the stuff that

f
NJ
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1 we have done since that time. We discussed the pre-flow(}
2 test. And we brought all of our people and we brought the

3 design down to GE in Chattanooga and we were trying to fix
0 4 it down there. As I said, we have to take a lot better

5 appreciation of how that system operates. We really know

6 how about to fix it so we make sure it won 't happen again.

7 I think the system is basically a reliable system, when it

8 has worked three hundred times or four, several times at

9 other f acilities.

10 And what we are saying, we have gone down and

11 looked at it, I believe we can further improve it

12 considerably. We-have done all of the 8017 tests and we

13 have scrambled each unit and just testing all the -- we

() 14 monitored the discharge header itself. All of them'seem to

15 be working fine. Some interim changes were made to the

16 system, and so far we have had UT monitors on both the east

17 and west side headers and continuously coordinating them, we

18 beam ultrasonic -- we have used this UT quite a bit during

19 the Unit 3 testing. We did it also the 8017 scra m test and

20 had a lot of confidence in that testing. We have positive

21 vents on both the east and west headers, as Mr. Rathjen

22 explained earlier.

23 Of course, procedures and training goes, there are

() 24 several operating. instructions have been changed to be a

25 little more explicit and tellino the operator what to do if

O
-
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l(} by chance we should detect water within these instrument

2 volumes. And also, as part of the information and

3 dissemina tion program that we have, we inform all of our

O 4 operators about the TVA, about what is going on and this

5 incident, where we are at right now.

6 We are starting to converge on what we think our

7 final modifications would be to the system. We believe we

8 can eliminate possible reoccurrence of this event and

9 overall increase the general reliability of the system.

10 MR. CATTON: Do ycu have any requirements on time

11 to drain for SDV?

12 MR. MORRISa In theory it doesn't make any

13 difference.

() 14 MR. CATTON: Well, in theory it does, but it is --

15 if it isn 't, you will be in trouble.

16 MR. MORRISs Our modifications certainly improved

I'7 the drain time of that system.

18 MR. CATTONs There is also do you have any

19 requirements on the amount of flow capacity it would have to

20 have, getting back to some of the questions that have been

21 raised by Mr. Ebscsole.
|
'

22 MR. MORRISs I don't think that there is really

23 not a specific requirement, as long as it will drain any

(]} 24 kind of a reasonable time period , say, an hour, something of

25 that nature. I don't see that you can really say that that

-
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1 is a real hard criteria.{}
2 MR. CATTON: I wasn't trying to; I was asking.

_
3 MR. MORRIS: It would fall out of our modification

4 procedures.

5 And that is all I have.

6 MR. PLESSETs I think that Mr. Ebersole would like

7 to get his point discussed. Right?

8 MR. EBERSOLEs I thought they were going to do it

9 later.

10 MR. WIESENBURG I would like to have Mr. Ross

11 address both of these questions -- on what happens to

12 nitrogen given leak by an accumulator, and address Er.

13 Ebersole's question.

() '

14 MR. PLESSETs F11. 9 .

15 MR. WIESENBURGs The catastrophic failures of the

16 control rod itself.

17 MR. ROSS: First, to the nitrogen questions as I

18 understand it, the concern is what happens if we get
|

| 19 nitrogen across the piston of the accumulator and it is

20 trained in the flow going to the underside of the drive.

21 We have a schematic of the drive. It would make

22 it easier to understand the flow path through the drive.

23 The water from the accumulator is going to enter

(} ,

24 into the drive water insert pa th , here, the underside of the

25 drive piston. The flow path, the normal cooling water flow

l

|($)
!

{
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() I path , is the path not shown here, but it comes through the

2 flange of the drive and it goes up this permashield region

3 of the drive to the vessel, that way. The communication

4 path that potential nitrogen train of flow would have, then,

5 is one up through the drive piston, past these shields, and

6 as I said, there is on the order of like a dozen shields and

7 bushings, through that flow path, up past the outside of the

8 drive piston, through a like number of shielde here, which

9 then communicates again with the vessel pressure, and from

10 that flow path, from this flow path on the outside of the

11 drive piston, it then has to go past more shields on the

12 collet piston shields to get again to the exhaust flow path

13 to the scram diccharge volume.

1-4 I guess the bottom line on this discussion is that

15 if you were to get nitrogen train, it has a tough time

16 getting to the scram discharge volumes, to preferentially

I'7 discharge through the vessel instead.

18 I guess another point, going back to the earlier

19 diagram, is that it is tough to imagine that the nitrogen

20 does make it across the piston itself. Again, when you get,

21 the scram injection and discharge valves open up and the

22 accumulator pushes the pressurized wate'r to the accumulators

23 to the underside of the drive piston, at the point where the

() 24 accumulator pressure equals the vessel pressure, the -- we

25 have a ball , check of the drive piston moves up and plugs

O
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() I that flow path, and therefore you are not going to have any

2 communica tion f rom that point on with the accumulator.

3 MR. EBERSOLE: Because that goes to the reactor

4 pressure then, doesn't it?,

.

5 MR. ROSSs Right. It equals out at reactor

6 pressure.

7 Now, ti. s potential effect that would have is, once

8 -- well, let us assume that we did get nitrogen to the scram

9 discharge volume. Its consequence would be one of it would

10 modify the pressurization form of the trace, the

11 pressurizing of the scram discharge volume. However, the

12 rods would insert and in time, when the nitrogen would take

13 the volume of nitrogen assumed to be training at tank zero,

14 the water that it displaced at scram discharge volume is

15 th a t which is initially on the top of the drive piston, so

16 that the volume of nitrogen would have to traverse the full

17 length of the insert line and at the time that the rod is

18 fully inserted it has probably just made it to the underside
|

19 of the drive, let alone communicated clear back to the scram

20 discharge volume.

21 The next question was that of the consequences of

22 potential breaks or for reaching inside the drive itself. I|

|

23 don't know, I look at it and I can hardly see a mechanism

() '

24 which would give you a full communication path between the

25 vessel and the scram discharge volume through the type of

; (:)
-
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I structure that we have. But even if it did occur on a

2 drive, the flow would still be limited by the discharge area

3 of the withdrawal line, and a critical mass flux rate would

4 be somewhere around 8000 pounds mass per square foot per

5 second. On an individual rod, whers you have a withdrawal

6 line, it is a three-quarter-inch lines that would give you a

7 discharge of somewhere around 40 to 50 pounds per second.

8 Appreciating that the rods are fully inserted on the order

9 of th ree seconds, the contribution of this one rod would

10 only give you a gallon or two more of discharge to the
,

11 discharge volume which is shared by all of the rods. So its

12 potential consequence is, again, small.

13 MR. EBERSOLE: There is no structural failure that

O 14 you can envision in the piston rod or the cylindrical shell

15 within which it works that can cross-couple reactor fluid

16 pressure to the dump volume at a rapid rate prior to actual

17 calling for a scram signal and have it prefilled and

18 subsequently, in a matter of a few seconds, demand a scram.

j

19 and not get it?

20 3R. ROSS: Certainly not prior to a scram. If you
.

21 have the breach of the piston occur prior to scram, the

22 scram valve is shut; there is no communication between the

23 vessel and the scram discharge volume.

() 24 MR. EBERSOLE: Well, out in the withdrawal lines
|

25 it is closed, the withdrawal valve is closed?'

,
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2 MR. EBERSOLE: So that would preclude the

3 insertion of water from the dump volume from the cracked

4 piston or whatever?

5 MR. ROSSs Right. So prior to the time of the

6 scram there is no communications this valve is shut. You

7 could have the cracked piston jumping in communication so

8 its only contribution is that which occurs during the time

9 the rod is broken.

10 MR. EBERSOLEs Now comes the question of whether

11 the fact that the mechanical failure could prefill the dump

12 volume during execution of the scraa stroke. And you're

13 saying there is not time enough, right, because of

14 constrictions in the flow path?

15 MR . ROSSs Yes.

16 MR. EBERSOLEs It sounds like a good argument to

17 me.

18 MR. ZUDANS: Except that the closing time volume,

19 'the discharge, because of the scram, also goes to the same

20 vent, through the same path. You can't scrams there is

21 competition for the outlet.

22 MR. RCSSs It may affect that one drive.

23 MR. EBERSOLE: That one drive is adequately taken

24 care cf.

25 MR. ROSS: Maybe we might have a short break, a

O
'
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() I ten-minute recess.

2 (A brief recess was taken.)

3 MS. PLESSETs Let us go on.

4 MR. WIESENBURG4 We are ready. We have to address

5 some corrections and modifications, et cetera, that are

6 under considera tion in the future. And Mr. Metcalf will

7 discuss that.

8 MR. METCALFa My name is Pelar Metcalf. And I am

9 with the engineering design. And I would like to discuss

10 sone of the things that we have looked at in regard to

11 making modifications to the CRD system and make it more

12 reliable and more effective. And some of these

13 modifications I think you probably heard before, because

14 there are some somewhat siellar to some of the

15 recommendations that GE is looking at.

16 And one of the things, our primary objective, I

17 think, in looking at these is like Jesse hit it earlier,

18 that the safety aspects of the system is to ensure that you

19 have a scram volume such that when you want to scram you

20 have an effective volume space to scram. The drain system

21 per se is not a safety system. You want to have a drain

22 system and you want it to be reliable such as you can drain

23 the water out. But what you really are looking for is to

() 24 making sure that the scram discharge volume along with the
|

25 scram discharge headers are empty of water when you want to

1

1
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1 scram.

2 So one of the things that we have looked at from.

3 the standpoint of the scram discharge instrument volume are

4 putting separate instrument volumes on both of the east and

5 vest scram discharge headers. Each one of these headers

6 would be directly tied to the east scram discharge header in

7 th e we st with a six-inch line. There would be no pipe size

8 reduction from the header to the instrument volume.

9 And this is very similar to what is being done nov

10 in the BRW sixes, because each one of the headers now have

11 separate instrument volume on BWRC sixes. The drain lines

12 from the scram discharge instrument volume would be an

13 individual line from each volume to the CRW system. They

() 14 would not cross-tie together; there would be a separate line

15 to the CRW system, the current CRW system at Browns Ferry.

16 Also, each scram discharge instrument volume would

17 basically have the same controls that are now on the

~

18 individual header, the instrument volume. So it would have

19 alarms for three-gallon alarm. There would be an inhibiting

20 control rod withdrawal, which is the 25-gallon. And there

21 would be a scram signal based on the 50-gallon ala rm .

22 This suggests a kir.d of a pictorial view of what

23 the next system we'll look at looked like, and these lines

(} 24 are not airect routings, it is just an idea of what would be

25 done. Dut you have a six-inch line coming into each one of

-
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() I the instrument volumes. There would be a separate drain

2 line into the C3W system, so that any leakage into here

3 would go directly into here, because it would not be a

4 two-inch line, would be eliainated. Both the long line now

5 and also the two-inch line, which this line here is probably

6 a two-inch line, that would be changed to a six-inch line.

7 MR. ZUDANS: Why do you maintain still that that

8 vill main tain --

9 MR. METCALF: Let me go into that a little later.

10 It is a little f urther on.

11 One of the things that is being considered, it is

12 a cross, I guess, of two things that you would like to see,

13 is you would like to make sure that the instrument volume
fm
\- 14 drains quickly, if after a scram, even though it is not a

15 safety requirement, and also you would like to have some

16 fairly close indication of what kind of leakage you may be

17 getting into the system. So one thing that has been

18 considered is maybe having a small line coming out of the

19 bottom such as you can detect leakage which would be

20 somawhere in the three-gallon alarm, would be the low, the
,

21 larger drain line going into the CRW system. This is the

22 drain valve such that larger volumes of water would d ra in

23 out quickly, and you would.not rely on a smal line comino

() 24 out of the bottom, it would be your primary drain if the

25 volume was full of water. So that is being considered.

O
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1() Or there is also a possibility tha t the drain line

2 to the CRW could be increased to three inches or four

3 inches. Of course, when you do that you are effectively

O
4 draining water out quicker, but you also a ybe lose a closer

5 indication of what kind of leakage you may be having in the

6 volume.

7 Is there any questions? I am now going into the

8 scram discharge header vent. Now, is there any questions

9 maybe on just the instrument volume itself ?

10 MR. EBERSOLE. I guess this is as good a time as

11 any to make an observation here. I think this is a

12 classical case of a philosophy that permeates the whole

13 business to the detriment of safety. And tha t is, such

() 1-4 tight control'is maintained over very minor radioactive

15 movements, that here the philosophy has been that it is more

16 im po rtan t to close the dump volume and not let any of that

17 back leakage get someplace where it shouldn't than it is to

18 be sure that it is open so you can dump water into the dump

19 volume. And an inversion of that principle would be to say,[

20 "I will have large open valves on the dump volume leading to

21 an appropriate fluid sink, and I will never close it until I

22 have guaranteed my rods have seated and then I will close

23 it." Right now the phil'osophy isa close them and then -- in

() 24 that -- and then work hard to make sure that you have plenty

! 25 of room having closed them.
!
i '
i f%,

-

I -

|

|
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() 1 It is an inversion principle here which is a

2 detriment to safety, and I think you ought to look a* the

3 real root logic as to why it would not have been far better

4 to have had a volume clearly open, I don't care to where,

5 the dry well or the torus or whatever, and never close it

6 until I have got the rods home, and then clo,se it to erase

7 the minor problem which is a little bit of leakage back

8 by-passing to the shields. It is a philosophical problem,

9 but I think it is righ t here and all we are doing is

10 patching it up.

11 MR. METCALF: I don't disagree with that. I think

12 the problem is actually that looking at closing such as you

83 don't have radiation and your possibility as long as you've

14 got an open space, keep it open until you get everything in.

15 MR. WIESENBURG There is one other design

16 consideration that enters into this. And that ist given a

17 scram, the scram discharge system itself becomes an

18 extension of the reactor pressure vessel pressure boundary,

19 and it is not just a strict guard against radioactive

20 leakage; it is a strict guard against --

21 MR. EBERSOLE: It is new boundary; however, it is

22 rather tightly sealed by those strictures, and if it were

23 introduced into a safe area it would not matter. I mean, it

() 24 is a fundamental philosophy that contradicts safety.

25 MR. PLESSETs I disagree slightly with Mr.

'T(U
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() 1 Ebersole about their being a little bit looser with the

2 radioactivity. However, if you regard this scram discharge

3 volume, the instrument volume, as an extension of the

4 reactor vessel, why isn't it all safety grade? Why isn't it
.

5 all safety grade? I mean, it doesn't seem to fo11cv. I

6 vill accept your logic that it is an extension of the

7 primary vessel, which it is. But why isn't it, then, safety

8 grade all throughout? Why hasn't it been? And why will it

9 not be?

10 MR. METCALF4 The system is safety grade up

11 through the vent valven and the drain valves. The

12 instrument volume, it is safety grade up through the vent

13 valves and the drain valves.;

() 1-4 MR. CATTON: Is the air system safety grade? And

15 that is part of your square system.

16 MR. ABERCROMBIE It is fail-safe.

17 MR. METCALF I really could not answer that

18 question. The aspect of the valves, once the air is taken

13 off, then that part is now back, the other part, if you lose

20 your air, then you are going to scram.

21 MR. PLESSETs You are telling me that it has the

22 same seismic qualification as any other safety grade and it

23 is throughout?

() 24 MR. WIESENBURGa The discharge volume systen

25 itself. Yes.
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() 1 MR. PLESSET And the instrument volume?

2 MR. METCALFs That is correct.

3 MR. PLESSETa It has always been that way?

4 MR. EBERSOLE: Well, the pipe back to the torus

5 could also be safety grade. If you wanted to open the

6 system, on the open there would be no degradation of the

7 reactivity, it would be the same, if you adopted the open

8 logic rather than the closed logic.

9 MR. WIESENBURGs Your point is well taken. All we

10 were trying to insert in the discussion was that there is

11 more consideration to this aspect. -

12 MR. EBERSOLEs Time and again you will see safety

13 degraded by the apparent need, which is a political one, to

( 14 ' forbid the escape of the slightest amcunt of radioactivity.

15 It impacts on the safety function everywhere you turn.

16 MR. CATTON: How do you rationalize he relief

17 valves emptying into the torus? Is that different? Is it a

18 different philosophy in your relief valve than for your .

19 scram system ?

20 MR. METCALF I think that from the aspect of what
.

21 --

22 MR. PLESSET: If this is all safety grade, why

|

| 23 does it stop at that valve? Because, as I understand it, at

(]) 24 Hatch they pulled out all of the hangers and the whole thing

:
25 got all torn up. Is that right?

|

|
|
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() 1 MR. METCALFa I didn't understand your question.

2 MR. PLESSET: It is safety grade all the way down

3 to the clean rad waste.gs
d ,

4 MR. WIESENBURGs Safety grade until the drain

5 valve.

6 MR. PLESSET But it has beyond that valve, is

7 where this pipe tore out of the wall and affected the rest

8 of the system, presumably set a water hammer back into it,

9 is that right?

10 MS. ZUKOR: I don't know at Hatch. I don't have

11 all that information.

12 MR. PLESSETs Well, it was Brunswick that set a

13 water hammer back through the system and crushed the level

l')(s 14 indicators in the instrument volume. I still don't think

15 that it is safety grade in the sense that I am thinking of

16 it. Is yours safety grade, then, in tha t sa m'e sense? I

17 don't think it is. You say it stopped at the valves.

18 MR. WIESENBURG: It stops at the valves because

19 the valve would be the pressure boundary.

20 MR. PLESSET So if you had a water hammer just

21 beyond the valve or back into the system and it crushed the

22 floats, you would be in trouble -- just as they were at

23 Brunswick. I mean, I don't follow the argument.

(} 24 MR. EBERSOLE: It is safety grade, you say, up to
,

25 and including the valve, the vent and drain valves of the

O

ALDERSON REPORTING COMPANY, INC.

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

__



.

332

O ' au o vo1u e-

2 MR. WIESENBURG Yes, sir.

3 MR. PLESSET Beyond that they are not, I believe.

4 MR. WIESENBURG: Yes, sir.

5 MR. PANCIERA: I am from the NBC staff.

6 Clarification on the point cf safety grade. At our regional

7 meetings, indicated that in all cases there is a benign

8 seismic load; in most cases this was a static type analysis.

9 Point number two we found at least one case where

10 it was -- in one case we felt tha t it was ASME Section 3,

11 Class 2. In many cases it was ASME B 31-1. In t his I a m
~

12 talking about the piping within the boundaries of the vent

13 and drain valve. So I am really at this point not sure just

14 what we have overall generically.

15 MR. PLESSET Okay. That helps. Thank you.

16 Well, I think we have tried to make a point.

I'7 Maybe yours is all --

18 MR. METCALF: Well, going back to ours, I'm not

19 sure exactly. I think ours was to be 31-1. Of course, when

20 this was designed it wasn't basically a Section 3

21 requirement. And I think what we really are saying is that

22 within the confines of the isolation valve, of the not--

23 the isolation , the drain valve and the vent valve, that

() 24 there was a seismic analysis done at some time, and from

25 that standpoint on the requirements were less because of the

O
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() I fact that you were going into the CRW system and really your

2 requirement, like I said earlier, is the fact that you want

3 to ensure that you have got volume to scram, it is within

O
4 those confines of those two valves that back into the scram

5 valves back to the vessel.

6 MR. EBERSOLE: Arc those stainless?

7 MR. METCALFs I believe everything is stainless

8 except for the scram discharge headers and maybe the drain

9 lines themselves. The withdrawal lines and things are

10 stainless. The small-diameter lines coming in from the

11 control units.

12 MR. EBERSOLEs But the big headers are?

13 MR. METCALF: Are not. They are carbon steel.

() 14 A little discussion now with regard to the scram

15 discharge header vents. And like I said earlier, the

16 primary interest is to make sure that you don't have water

l'7 in the scram headers or in the instrument volume. The

18 header vents and ensuring the vent and drain as quick as
,

!
'

19 possible are twc things to do, but they are not the safety

20 aspects of the system.

21 Some of the things that we have looked and are

22 considering in regard to improving the vent and drain system

23 is cross-tying the vents f rom each of the scram headers.

() 24 This crosr-tie would be before the vent valves there would
|

25 he a cross-tie with an isolation valve between such closing

)
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( )) I and can put it back into the configuration that it is in

2 now. This is just to ensure that one of the vent valves

3 failed to open, that you would have a path that you could

4 vent back through the other vent valve, and just an

5 additicnal means for it.

6 We are also evaluating the vent valve design and

7 configura tion . Currently it is a float valve. Maybe it

8 should be another type of valve. Maybe it should in a

9 vertical run as opposed to a horizontal run of pipe. These

10 are things that are being considered currently.

11 Also we are looking into where this scram

12 ' discharge header vent should be runs should it be

13 continually run to the CRW system, or possibly look at other

14 ways to have a more positive vent' arrangement, such as going

15 to tne DPW system or tying somehow into the APAC system.

16 And all of this is really to make sure that you have a vent

l'7 and for some reason that vent is available such that you can

18 ensure that you can drain from the instrument volume.

19 This sketch shows how the vent cross-tie would be

20 before each one of the vent valves. This is one

21 configura tion which is being considered. And this is

22 currently each one of the vent lines come back in to a CRW

23 line, which is righ t above the ficor elevation. One thing

O
(_/ 24 that is being considered is to come up with a four-inch line

25 and tie in at a high elevation and then take a

nv
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() 1 small-diameter line being straight to the HVAC system. This

2 is to help ensure that you have a positive vent. That is

3 one thing that is being looked at currently.

4 Another item and with regard to the vent that we

5 are considering is taking the vent now to the DRW system,

S rather than to the clean rad waste system. And we are also

7 looking at the possibility of putting two vent valves, as

8 opposed to one; and these would basically just be to ensure

9 that these valves close on scram. You basically would have
,

-10 -- they would be the sane type of valves, but it would just

11 be two valves.

12 But really, from our standpoint, we really haven't

13 made -- I guess we are a lot closer to making a decision as

() 14 to actually what we are going to do with tne instrument

15 volume, as opposed to what we are going to do with the vent-

16 system. And I think part of this is getting back to the

l'7 aspect of trying to make the vent more positive.

18 MR. EPERSOLE: Mr. Metcalf, I guess this is a good

19 time to observe we have been rightly accused of putting

20 Band-Aids on bad problems all over the place, and that is

21 exactly what we are doing here: we are Band-Aiding the

22 daylights out of what is a closed system to make it cpen and

23 close on schedule and to make it an instrument to tally

(} 24 acceptable for all operations. So shcrtly we are operatino

25 all sorts of Aend-Aids to close the system when it is

bd
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() 1 needed , as against the idea of having an open system which

2 doesn't need any instruments, it is just oren and it will

3 dump, and then, having executed the prime f unction, you will

4 close it to prevent follow-on of a somewhat modest problem,

5 the leakage of seals.

6 All we are doing here is stacking all sorts of

7 garbage on top of garbage to make it work, rather than going

8 back to the root concept of evaluating that. And I would

0 suggest that you do that you go back to the roots, not just

10 patch.

11 MR. METCALF I don't disagree. And I think that
i

12 ve have looked at other things. And I guess, from the

13 aspect of th e vent itself , we are not completely satisfied

14 with what we want to do with it. And I think this part we

15 are more, because that gives you a positive indication that

16 you have got water and you don't have water, and if you

l'7 don't have water, you can scran. So this is a lot more

18 straichtforward than fram the aspect of the vent, because

19 that, I agree, is a n e. r e a where it is really no clear

20 thought way to do it and solve all of your problems or maybe

21 create other problems by doing it different.

22 MR. EBERSOLE: You have to build on the

23 fundamental stake that it is beginning to make it work.

() 24 MR. ZUDANS: Would you consider that this is an

25 interim solution to make sure that you don't h_ve any

O
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1(} further problems and you will continue thinking along the

2 lines that Jesse is talking about?

3 MR. METCALFs This that we are talking about here

O
4 is our plans in'looking at a long-term solution. The

5 interim solution and detection of water, making sure that

6 you don 't have water in the system , is being done by our UT

7 network. But this would be the long-term modification. It

8 would be an interim fix.

9 MR. ZUDANS: Do you feel, do you need any vents in

10 this modification at all?

11 MR. METCALF: Yes. You have to have some type of

12 vent if you are going to drain water out. And that goes

13 back to, I think, to what Herb said earlier: with the valves

() 1-4 closed you only get a certain amount of drainage. So you

15 would have to have some type of vent. Exactly how that vent

16 was configured is debatable.

17 MR. ETHERINGTON: That arrangement of the vent

18 that you have over there looks more like an overflow

19 arrangement than a vent.

20 MR. METCALF: An overflow?

21 MR. ETHERINGTON: Yes. You have it going down
| .

| 22 into a funnel. I agree this is fine for when it does

23 overficw, but don't you want a connection to the vent system

| () 24 as well? You 've got an open pipe there.

25 MR. METCALF The basis of this discussion, I

A
(/
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() 1 guess, in regard to - you see, DRW system is an open

2 system; it is not a closed system like the DRW systems. The

3 arrangement is to make sure that -- I'm not sure there'd be'

4 a funnel arrangement, but the intent is to make sure that

5 you have a positive vent to the atmosphere, but also some

6 type of configuration such that if you had any water or

7 steam condensation that it would go down into your drain.

8 MR. ETHERINGTON: Yes. But I would have thought

9 that you sould have wanted to make another connection to the

10 vent system rather than just let it get out into the

11 building.

12 MR. METCALFs Well, this design would be made such

13 that that would be the intent, because you would make sure

14 you have a positive vent, plus any steam condensa tion would

15 go into the drain system rather than going out into the room. ,

16 MR. ETHERINGTON: Yec. But your previous slide

17 showed both a vent and a drain from the top of the --

18 MR. METCALF You are talking with regard to the

19 vent back into the HVAC system?

20 MR. ETHERINGTON: The previous made more sense to

21 me than this one did. There you have an off-take for gas

22 and an off-take for condensation of water.

23 MR. METCALFs Well, there is drawbacks on both

() 24 ways. I guess this one you are venting into the HVA system

25 and if there's a possibility of steam you don't want
,

O -
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~T 1

(V particularly steam going into the HVAC system. So, like I

2 say, it is being evaluated which would be the preferred way

3 to go, and I think there is drawbacks both ways.

4 MR. EEERSOLE: Mr. Metcalf, having endorsed an

5 open system, I'm going to get to the other part of the

6 problem. If I invoked a single failure on your venting

7 system and say that it stays open prior to a scram, and I

8 have somewhat messed up the reactive order by fuel failure

9 or whatever, then I've got an open path through that funnel

10 that we just saw all out into everywhere and I've got a big

11 mess on my hands -- right into the machinery rooms which

12 must mitiga te the accident which I started with.

13 So how are you going to ensure as a prescram

() 14 function that, in fact, I did stop it up? Although I'd much

15 rather you did not do it at all. Do you understand?

16 MR. METCALF I don't disagree with you. I think

17 that is one of the problems that we are having coming up

18 with a definite recommendation on regard to the vent

19 Eystem. But that is one of the reasons why we were looking

20 at the possibility of having two valves if we go to an open

21 system like the DRW, such that you would, hopefully, ensure

22 that, number one, the valves would close if you needed them

23 closed and you were open.

24 Are there any other questions?(}
25 MR. PLESSET: That one there looks like you can

O
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() get some radioactivity into the ve n tila ting system. Is thatI

2 right?

3 MR. METCALFs That is a possibility.
O

4 MR. PLESSET That doesn't sound very appealing to

5 me.

6 MR. METCALFs Of course, there is monitors on the

7 ventilation system such that if there is radiation they

8 isolate. You can also on the stand-by.

9 MR. ZUDANS: But it doesn't do much good. They

10 only tell you, not a number, but you can 't fix it.

11 MR.-EBERSOLE: They tell you it already happened,

12 but you can't go in and fix it.

13 MR. CATTON: The suppression pool is looking

(-) 1-4 better and better.

15 MR. METCALFa I would say that we have looked

16 into, we have looked, considered the f act of putting the

17 vent into the torus. The problem is, I guess, there was

?
18 questions then when you might need to isolate that line.

19 But that has been --

20 MR. ZUDANS: Why not drain in the torus?

21 MR. METCALFa You are saying looking at the

22 possibility of running the drain itself into the torus?

23 MR. ZUDANS: Right. You started out with six-inch

() 24 line and you will cut it off at that point and run it

25 straight through the suppression pool, just put one valve in

()
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1

(} there, get all your instrument; you don't need any

2 complementary vent lines; it is a perfect system, tha t is

3 what Jesse is talking about.

O 4 MR. EBERSOLE: Leave it open.

5 MR. ZUDANSs Leave it open and shut the valve when

6 you want to, to prevent it from leaking. All your level

7- sensors are your two-inch lines.

8 MR. EBERSOLE: It just disappears.

9 MR. ZUDANS: There 's no reason to change the

10 headers and banks. They can stay there all right. The

11 question is can you find a place to run such a line. It

12 doesn't have to be six inches.

13 MR. METCALF I agree. It is worth consideration.

( 14 MR. CATTON: Have you considered the use of the

15 suppression pool seriously?

16 MR. METCALF: Not seriously. We have looked at

17 the aspect of taking the vent back to the torus area. We

18 haven't really looked at bringing the drain line itself intoi

19 the suppression area.
;

20 MB. CATTON: When one of the relief valves is

21 actuated, how much mass are you putting into the suppression
|

| 22 pool? How does it compare with the amount of water
|

23 associated with the scram?

(]) 24 MR. METCALF: I don't know the exact amount, but

25 there'd be no comparison.

I
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l MR. EBERSOLE4 It is infinitely greater.(}
2 MR. METCALFs There's just no comparison.

3 MR. PLESSET: I would like to shut off all of this
O 4 discussien up here. But let us do it. Are you finished?

5 MR. METCALF Yes.

6 MR. PLESSET Let us ao on.

7 MR. DOMER: That takes us down to the last of the

8 agenda items. And that will be handled by Hank Ff ef f e rlen

9 of GE.

10 MR. PLESSET: I should say that we would have to

11 stop in five minutes to twelve. Some people have to catch

12 the airport bus.

13 MR. PFEFFERLENs I have a short presentation. I

O(_j 144 will present what I have, then we will open it to questions.

15 MR. PLESSETs That will be fine.

16 MR. PFEFFERLEN: My name is Hank Ffferferlen. I

1'7 am manager of the BWR licensing programs for GE. ,And my

18 purpose here today is to discuss with you the results of the

19 GE evaluation into possible implications of the Browns Ferry

20 partial scram .

- 21 GI has performed some analysis in an attempt to

22 shed some light on the questions that were asked by the NRC

23 and by the ACRS, questions that are of the "what if"

() 24 character, what if we had this event concurrent with a

1 25 transient of some sort for full power. I will say that GE,

Ov
_
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l
[} has done this evaluation and we have concluded that given

2 the existing BWR configuration, tha t had the Browns Ferry

3 initial scram attempt occurred under these conditions, that

O 4 the operator had the capability to safely shut the plant

5 down.

6 Given that we have come to that conclusion, we

*7 still treat this event in a very serious -- we feel it is

8 very important. To that end, GE has devoted significant

9 resources to investigating and evaluating the occurrence. I

10 think some of the activities were alluded to earlier. And

11 before I go into the results of our evaluation, I would like

12 to just very briefly put it into perspective of wha t the

13 total effort that we have done in understanding the problem.

O
(_/ 14 Right after the Browns Ferry event, right af ter

15 the Browns Ferry event, we established communications with

16 the sites we set up a task force to interface Browns Ferry

17 with other units; we did send a team of individuals

18 knowledgeable on the scram system to the site, to try to

19 understand what was happenings and we activated a 24-hour

20 communica tion center. Those first four bullets really

21 repr'esent the data accumulation and dissemination activity.

22 This was then used in a structured problem analysis ef fort

23 to try and understand just what went wrong, and I think the

; (} 24 results of this effort was presented already.

25 We also performed some analytical work to look at
,

bd
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() I the scram system performance. This was coupled with some

2 tests that were run in San Jose. And again this was

3 discussed previously.
(')T

,

u
4 What I would like to get into now are some of the

5 analytical efforts that we did in support of the answer to

6 one of the questions. These weres to answer our own

7 questions, to respond to ICE bulletins, and to respond to

8 NRC staff questions.

9 Given this input, I would like to summarize for

10 you just what we found.

11 Our evaluation was, first of all, based on the
i

12 generic plant that was assessed in the ATWS report that was

13 submitted to the staff in December of last year. We took

'- l'4 that plan and we considered in terms of an isolation event.

15 We did a, first of all, a core power calculation and

16 determined that given the rod motion that occurred after the

; 17 first scram attempt at Browns Ferry and taking that from an
r

18 end-of-cycle all-rods-out configura tion , that we would drop,

19 probably power drop to less than 10 percent. This is

20 considerably evaluated, given that the initial power was at

21 100 percent, as I indicated, at the Brcuns Ferry rod motion,

22 ve had recirculation pumps tripped in our case and we

23 assumed it happened someplace in the first 30 seconds. And

() 24 as T indicated, rods would be inserted from all-out,

25 end-of-cycle all-rod s-out config ura tion .

|O
~

|

|
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l Mh. EBERSOLEs Is that a manual recirculation pump(}
2 trip that you envision in 30 seconds?

3 MR. PFEFFERLENs Our assessment in the 30 seconds

4 in the eventuality if we had this event we would get an

5 automatically pump trip. The important thing that is in the

6 time scale, we had up to 30 seconds. So for a plant that

7 perhaps did not have ATWS RET there world be time to take

8 some action. We believe that in reality the ATWS pump trip

9 would cause us to occur in a much shorter time.

10 MR. EBERSOLE: What would trip the pumps? Where

11 is the signal that would trip it?

12 MR. PFEFFERLEN: We are starting isolation from

13 100 percent power. No, we are not talking about what

14 happened at Browns Ferry. *

15 MR. EBERSOLE: You propose --

16 MR. PFEFFERLEN: It is 100 percent and then the

l'7 rods scram in the same manner that was observed after the

18 first attempt at Browns Ferry.

19 In attaining this we had iterate between our EEDY

20 code and a 3-D BWR core simulator, in order to establish

21 power. Once establishing this power, we used the EEDY,

22 again the same code that we used in our ATWS assessment, to

23 look at the plant response. And I have broken that down

() 24 into two categories: first of all, the short-term response,

25 and then the suppression pool, which would be the long-term.

O
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() 1 MR. CATTON: There's a REDY code that replaced the

2 old code? '

3q MR. PFEFFERLEN: No. ODYN has replaced REDY. In
U

4 our ATWS assessment we have done a comparison between the

5 REDY and ODYN codes to assure ourselves that the two are

6 predicting the similar results and it is termed that REDY is

7 conservative for these ATWS tests.

8 At any rate, this is, then, an extension of our

9 ATWS extension.

10 MR. CATTON: I thought that the comparison between

11 that code did not quite predict the pressure peaks that it

12 should and that the new code did a good job and that a

13 lapped --

1-4 MR. PFEFFERLENs As I understand it, it is

15 primarily related te the scram. It is more the timing.

16 MR. CATTON4 The REDY code underpredicted the

l'7 pressures.

18 MR. PFEFFERLEN: With scram there is a problem

19 with timing, where the scram occurs relative to the

20 pressurization. It is not a problem in ATWS, since we are

21 not scramming.
'

22 So what we-would do is, we are cutting off the

23 peak, and depending on where you cut it off, the slope of

() 24 that peak makes quite a bit of difference. But then, I say,

25 we did compare CDYN and REDY in the ATWS context and we

O
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() I found tha t, indeed, REDY was predicting conservatively.

2 They were very, very close, but REDY was somewhat

3 conservative.

O
4 MR. CATTON: All right. I will just accept that

5 for the moment.

6 MR. PFEFFERLEN: What we found, that in the

7 short-term, because of the drop to the lower power, the

8 rapid vessel pressure stayed within the off-set limits.

9 MR. EBERSOLE: What pressure was that, please?

10 MR. PFEFFERLEN: It was on the order of 1250, I

11 believe.

12 MR. EBERSOLE And all valves were relieved? Or

13 did you take one stuck?

() 14 MR. PFEFFERLEN: No, we had all valves available.

15 MR. EBERSOLEs So you did not take a stuck safety

16 relief, you used them all?

17 MR. PFEFFERLEN I'm not sure that all were called

18 upon at the power level. I could not answer that. We did

19 not assume a stuck valve. I'm not sure that all of them

20 were relieved. They all were available to relieve. I'm not

21 just quite sure what the actual response was.

22 MR. EEERSCLEs The pressure was 1250?

23 MR. FFEFFERLENs Yes.

() 24

25

O
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(]) 1 MR. PFEFFERSONs We both maintain an acceptable

2 level, and the fluid control and the level were well above

3 tha t calculated in the full A,TWS.
4 MR. EBERSOLE: The fluid is just boiling flow, so

5 that wouldn't matter. But the level is something else. You

6 have lost main feedwater?

7 MH. PFEFFERSON: Yes.

8 MR. EBERSOLE: And you were operating at what

9 percent pcwer?

10 MR. PFEFFERSON: 10 percent.

11 MR. EBERSOLE: And you have had water compression?

12 MR. PFEFFERSON: Yes.

13 MR. EBERSOLE: At what point in time did you have

14 to call upon the turbine d riven aux f eedwater , so-called --

15 what do you call it?

16 MR. PFEFFERSONs HPCI. I believe that is on the

17 order of one to two minutes into the event.
''

18 MR. EBERSOLEs~ And you call upon it at the time --

19 MR. PFEFFERSON: -- of level 2.i

!
,

| 20 MR. EBERSOLE: You were sitting then at 1250

21 pounds?

22 MR. PFEFFERSON: No, no, the pressure --

23 MR. EBERSOLE: It would be --

(). 24 MR. PFEFFERSON: With recirculation pumps, the

25 pressure would come back down.

(%
'

f ()
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()/ 1 MR. EBERSOLEa Oh, it would come down. What is

2 the power level after you have tripped the pumps then?

3 MR. PFEFFERSON: Well, that is when you get down
O

4 to the 10 percent.

5 MR. EBERSOLE Okay. Now having got down to 10

6 percent and tripped the pumps, what is going to make the --

7 MR. PFEFFERSON: The level is moving down.

8 MR. EBERSOLE: The l'evel is moving down, the

9 pressure is holding at 1250?

10 MR. PFEFFERSON: The pressure is back down to

11 below the low set point.

12 MR. EBERSOLE: Is it?

13 MR. PFEFFERSONs It comes back down, yes, and --

() '

14 MR. EBERSOLE: But anyway, you are at the relief

15 set point --

16 MR. PFEFFERSON: Yes.

I'7 MR. EBERSOLEs -- of the first valve?

18 MR. PFEFFERSON: Yes.

19 MR. EBERSOLE Now you are going'to ask HFCI to

20 turn on under that condition?

21 MR. PFEFFERSON: That is correct.

22 MR. EBERSOLEs And of course they are notcriously

23 allergic to turninc on the high pressure because they have

() 24 all these big trips which pumps it even at normal pressure.

25 So I quess I am going to get around to the fact

O
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1 that you didn't get the HPCI pump eventually.{}
2 MR. PFEFFERSONs Well, we get down and at level 2

3 we would call for HPCI pump, which is what we have done in a

4 full ATWS and, you know, the same area.

5 MR. EBERSOLE: Yes, I know.

6 MR. PFEFFERSON: My point here is that in a full

7 ATWS , if the level continues down, the flow will reduce

8 further. But in this case, because of the lower power, the

9 HPCI is not able to correct the situation and maintain our

10 level within the range of the normal operation.

11 Now you are right, it is going to presume failure

12 in the HPCI. We have a --

13 MR. EBERSOLEs A problem?

O, - 14 MR. PFEFFERSCNs We then have RCIC, which at theg,

15 lower power levels could provide some flow, and in fact we

16 believe that even a full ATWS, that while the level will go

17 very, very low, that eventually the RCIC would not -- a nd we

18 have not run this analysis. I am concluding -- --
;

| 19 MR. EBERSOLE: I know, but I know RCIC wouldn't

i 20 even cope with that for quite a while.
t

21 I guess now I would like to point a question to

22 TVA. I want you to notice your writing on HPCI. You have

23 got a lot of practical experience with HPCI and its

1

() 24 reliability or unreliability at normal pressures andj

25 conditions. Here you are asking it te start on an

O
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1 absolutely guaranteed requirement tha t it work at abnormal

2 high pressures. How do you feel about it? It had better

3 work quick too, no delay, no fiddling around.

O 4 MR. PFEFFERSON: I don 't really ~know how to answer

5 you, other than that I think we have all looked at the

6 reliability of the data on HPCI's and we have made an awful

7 lot of improvements on the units at Browns Ferry. I think

8 we have improved reliability and, you know, if you think

9 that HPCI is not going to go you may as well as hano it up.

10 MR. EBERSOLE: You may as well hang up Browns

11 Ferry if HPCI doesn't work.

'
12 MR. PFEFFERSON: Or anywhere else.

13 MR. EBERSOLEs HPCI is a critical matter here.

() 1-4 MR. PFEFFERSON: Again, the point I am trying to

15 make, and I nust qualify that it is not the result of

16 rigorous analysis, but it ir our technical people's opinion

17 that if we were to go through a HPCI loss, that other

18 sources of water would eventually maintain the cooling

19 through that core. It's a difficult thing to analyze,

20 though.

21 MB. EBERSOLE: I guess I object to the word
t

| 22 " eventually," because it doesn't connote anything to me.

23 When you say eventually you will get cool, I don't know

24 whether that is af ter --

25 Mp. pFEFFERSON: Well, no, I am sorry- Let ne

(
!~

|
|
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1() clarify that.

2 What will happen is the level in the reacter will

3 continue to drop. At some point HPCI stabilizes and brings

O 4 the level back up, and the flow is then proportional to the

5 levels and natural circulation flow. If we were to lose

6 HPCI cur level would continue to drop to a much lower

7 level. The core flow would reduce to a much lower level.

8 It would continue to maintain core flow at some very low

9 level. The power will then also -- and I think it is an

10 important point -- the power will continue down, and we

11 would reach a point where the RCIC closed would be

12 equivalent to the power system, which would maintain cooling.

13 MR. EDERSOLEs I would like at this point to ask a

( ~

14 question to you, GE, that has been asked internally but we

15 have made no progress on it.

16 It seems that the boiler has perhaps an attractive

l'7 features which is not exploited if you get to these dire

18 straits. Suppose I tell the operator at this time to

19 execute SAR and boil the reactor down to 100 pounds or

20 whatever to enable foam or froth cooling and get a void
, -

21 f raction which is extremely hich.
|
|

22 Would I get then a power reduction rate which I'

:

23 could deal with with RCIC for example?

(]) 24 MR. PFEFFERSON: If you depressurize.

25 MR. EBERECLE: Without bu rnin g the core ?

b-,

|
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1 MR. PFEFFERSON: If you depressurize, I think that

2
,

would be the case, but then you would bring on the low

3 pressure systems on cold water, which you would have to --

4 MR. EBERSCLE Then I would get back in trouble

5 again?

6 MR. PFEFFERSON: You would get back in trouble

7 again.

8 MR. EBERSOLE: So I would have to intercede?

9 33. PFEFFERSON: That is correct. Now we are back

10 to --
.

11 MR. EBERSOLE: Now we are cut two. We don't want
'

12 to pull that far down, to 400 pounds. But it does seem that

13 there is some possibility that you can void the core and

() 14 control the reactivity problem which has not been expidited.

15 MR. PFEFFERSON: Well, in essence I think that is

16 what I was saying here, that as the level goes down we in

17 esse nce accomplish --

18 MR. EBERSOLE: Some of th a t , yes.

19 MR. PFEFFERSON: And it is not as strong as what

20 you have suggested, but the mechanism is certainly there.

21 MR. EBERSOLE: Well, what I am arguing is that I

22 will increase the void volume, that I will reduce the void

23 in other words, I will reduce the void so that they--

I

24'

{}
individually carry away fewer BTU's, so I have got to have

25 mora of then, and tha t means I am going to reduce reactivity.
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l MR. PFEFFERSON: You a re absolutely right, and we{}
2 have been thinking about this, and I think our problem is

3 that we are not able today with our analytical models to

O 4 handle a critical core during a blowdown. Now we are.

5 looking at this. You are absolutely right. I think it is

6 an a rea that deserves exploration.

7 MR. EBERSOLE: Great.

8 MR. ABERCROMBIEs But you have got to know what

9 you are doing now.

10 MR. PFEFFERSON: Maybe we can 't answer it. We

11 have to make some --

12 MR. ABERCROMBIEs They would have to know what

13 they doing.

() 14 MR. EBERSOLE: Oh, yes, but when your back is to

15 the wall you do whatever you can.

16 MR. ABERCROMBIEs Yes, that is really what you

l'7 have to go to.

18 MR. PFEFFERSON: Okay, the point I am trying to

19 make here is that in the short term the response would

20 perhaps vary so that the scram pattern is rounded

21 conservatively.

22 If we turn our attention now to the longer term

23 suppression pool temperature, we look at the timing

() 24 necessary to just keep the temperature within the acceptable

25 limits. It turns out that if the S1C were initia ted in 30

0
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I(} minutes, th a t our peak pool tempera ture, will stay within

2 186 or below 186 degrees, which we feel is acceptable.

3 This is using the existing SLC system, the single

O 4 pu mp rather than the two pumps that are being discussed in

5 terms of ATWS. And the RHR was initiated at 10 minutes.

6 So I think though that the point I am trying to

7 make here is that while we expect the operator could take

8 actions well before this, that if he waited for 30 minutes

9 to initiate the SLC, the existing system, single pump, that

10 the pool temperature would be acceptable.

11 I think there was a question from the ACRS on loss

12 of offsite power, and we believe that, in looking through

13 the consequences of the loss of off site power, that what I

() 14 have said here would apply also to loss of offsite power,

15 since one of the very early things that would happen would

16 be the closure of the SLC.

I'7 We would trickle off the heat water, the recirc

| 18 pumps named earlier, and in some cases we would be in an

19 oven better situation.

20 The point, I guess that I am making here, this is

21 my conclusion, and this is all that I had planned to

22 present, is that given the low power that we attained

23 following the Browns Ferry scram, the effectiveness of that

(~s}
24 portion of the scrn:, it is highly necessary for the

u

25 operator to initiate the boron system coupled with the

i
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() capability of the existing system. We believe that a plantI

2 could survive a safety shutdown given the Browns Ferry today.

3 MR. EBERSOLE: Right, that is assuming that a lots
O

4 of things work like you think they are going to work.

5 MR. PFEFFERSON: That is correct.

6 MR. EBERSOLE: Let me compound the problem a

7 little bit. When you upset the safety reliefs -- by the

8 way, the whole plants have tail pipes on the reliefs now or

9 do some of them dump it --

10 MR. PFEFFERSONs Still on pipe.

11 MR. EBERSOLE: So you would get a high level

12 pressure for those? -

''
13 MR. PFEFFERSON: Yes.

() 14 MR. EBERSOLE: Okay. Now I am q'oing to make

15 things a little more messy by pickin; up another problem

16 that we have, which is stick y saf ety reliefs. And now you

l'7 have continued discharge at low pressure, or rather at low

18 power, such that even tually your pressure will fall to a

19 point at which the ECCS systems will do their great thing,

20 which is dump water by the tons into the system.

21 How is your boron injection system going to cope

22 with the flooding process that occurs?

23 MR. PFEFFERSON: We have to keep the low pressure

(') 24 system from flooding the vessel.

25 MR. EBERSOLE: How are you going to do that?

_.O
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({} l MR. PFEFFERSONs The operator will have to prevent

2 the low pressure systems from --

3 MR. EBERSOLE: I am afraid he is locked out, he() '
4 can't. Can you?

5 I have gone to low pressure in the primary loop

6 below 400 pounds. I have got high level pressure and all my

7 big praps are coing to, against all efforts I think that you

8 make, are going to flush out all the boron you put in.

9 MR. PFEFFERSON: Well, I think you have to tie two

10 or three things together here. First, on the safety relief

11 valves that I have mentioned, since we have changed to state

12 valves we have not had a blowdown.

13 MR. EBERSOLE: So they are more reliable.

() 14 MR. PFEFFERSON: The reliability of the valves is

15 tremendous.

16 MR. EBERSOLE: Okay.,

17 MR. PFEFFERSON: Secondly, in flooding the core,

18 where you have normal levels, for example, the work that we

19 have done, the order through the Emergency Procedures

20 Subgroup, we do instruct the operator to hold out the low

21 pressure systems if he has a normal level.

22 MR. EBERSOLE: And he can --

|
23 MR. PFEFFERSON: 'Je would not let them sta rt.

() 24 MR. EBERSOLE: He can stop those motors in the

25 presence of any signal?

O

ALDERSON REPORTING COMPANY, INC.

| 400 VIRGINIA AVE. S.W., WASHINGTON, D.C. 20024 (202)554 2345
.-. - - - - - - - , . , - . - - . - -. --- . - ..



_

|

|
,

|

358

l MR. PFEFFERSON: He can override.(]}
2 MR. EBERSOLEs He has overrides.

3 MR. PFEFFERSONs Yes.

O. 4 MR. EBERSOLEa I remember, yes, he has got

5 forcible overrides.

6 MR. PFEFFERSON: But to keep pouring in, if he has

7 his reactor water level normal, within normal limits, he

8 would not allow those pumps to flood.
.

9 MR. EBERSOLEs He would turn them off. They are

10 on automatic power?

11 MR. PFEFFERSON: fes.
,

12 MR. EBER' SOLE: But would he go off and turn them

13 off?

14 MR. PFEFFERSON: That is what we have in our

15 procedures now. The thing you can in on, under all

16 ci rc um s ta nces , is you got a normal level.

17 MR. EBERSOLE: Yes. And didn't you have that

18 procedure prior to this?

19 MR. PFEFFERSON: Yes. We did that work in the

( 20 aftermath of TMI, the boards -- General Electric and all the

i
i 21 utilities working together.

22 MR. EBERSOLE So you are already aware of the

23 borca washout potential?

(} 24 MR. PFEFFERSON: I don't think, we do not directly

25 couple the operator actions with any problem on SLC.i

|
|

ALDERSON REPORTING COMPANY, INC,

400 VIRGINIA AVE. S.W. WASHINGTON, D.C. 20024 (202)554 2345

.- ,.-. . _ - . , , -. . - . . . - - - ___ - - -. . .- - . . _ _ .



359

1 MR. EBERSOLE: Oh, it just came about as a back --

2 MR. PFEFFERSON: Yes. I understand at that point

3 you have to put two or three things together to kind of

O 4 figure out what might be happening to the operator.

5 MR. EBERSOLE4 Do you regard it as advantageous

6 that he has to manually put boron in because he will

7 remember he better keep it in rather than automate its

8 insertion?

9 Suppose I automated its insertion. Would he

10 remember that he has got to keep it in?

11 MR. PFEFFERSONs Yes, I think so.

12 MR. EBERSOLE: In other words, you would favor

13 manual insertion?

14 3p, pFEFFERSON: I favor manual insertion for the

15 boron.

16 MR. EBERSOLE: At least it would make him remember

17 he had be tter keep it.

18 Thank you.

19 MR. PLESSETs Well, thank you. I think we had

20 better kind of draw things to a close. k e a five

21 minute to 12:00 deadline for some people. Do you want to

22 make some closing remarks? We will give you just a couple

23 of minutes.

24 MR. DORMER: The only thing I was going tu say is

25 that I hope we covered everything you wanted us tc cover.

O
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1 MR. ZUDANSa Mr. Chairman, coulu I ask a very{}
2 quick question?

3 MR. PLESSETs Very. Just one short one.

O 4 MR. ZUDANSs Yes, one short question. Why are all
.

5 the drives on one side, and why don 't they crisscross from

6 one to the other? Wouldn't that then be a better end result

7 if it did ?

8 MR. ROSSs In retrospect, yes, I would consider it

9 would. I guess the design basis of that system was that it

10 wasn 't required because we provided instrumentations to

11 monitor the potential accumulation of water in that volume

12 that designs itself.
.

13 MR. PLESSETs A plumber's nightmare. Let's leave

() 14 it at that. I am sorry. Iet's make it simple and say it is

15 a plumber 's nightmare.

16 The only other comment I was going to make, you

l'7 have got an impression that some of the people up here like

18 the idea of draining down into the suppression pool. I want

19 to tell you it is not unanimous up here. But I like your

20 viewino this whole SDV_and the instrument volume, drain and

21 vent lines as part of the primary vessel. Eut I would like

22 you to include that drain valve , beca use this Brunswick

23 thing, there is a possibility that that drain valve is what

(]) 24 cauced the destruction of the instrumentation and the

25 instrument volume.

O
.
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1 So if you go just a little bit farther, you would

2 make me happy. That may not be your objective, but it is a

3 thought.

O.

4 I don't think there is any disagreement with

5 ha vin g this high class installation all the way to the

6 bitter end, downstream of the valve.

7 Well, I thank you all, and I think there will be

8 some further discussion on September 3rd on some aspects of

9 this in Washington. There is this Safety Philosophies

10 Subcommittee meeting in Washington September 3rd, and some

11 of you might wish to be in touch with that subcommittee

12 agenda in case there are things of interest to you.

13 With that I thank you again. You responded very

14 well, I think, on short notice, and we appreciate it. So'

15 the meeting is adjourned.

16 (Whereupon, at 12:00 p.m., the meeting was

17 adjourned.)!

18 ---
,

| 19

20

21

22
.

| 24

25

O
:
|
1
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Subject: INCOMPLETE CONTROL ROD INSERTION FOLLOWING UNIT THREE SCRAM -
REVIEW TO SUPPORT PROPER ELECTRICAL OPERATION OF THE REACTOR

4 PROTECTION SYSTEM

During a planned shutdown of unit 3, hydraulic control units on the east
side of the reactor failed to fully insert control rods until after
several attempts. The following analysis supports proper electrical
operation of the reactor protection system.

Operators verified blue scram lights illuminated on the main control
panel while partially inserted control rods held steady at recognizable
intermediate positions. Closure of limit switches mounted on each scram
valve are required for blue scram light illumination and this is positive
indication that both , cram valves were open.

Response times required for the scram actuators to fully de-energize
were verified to be acceptable and each rod scram group was verified to
be electrically independent.

Hydraulic control units from each of the four rod scram groups were
verified to be randomly positioned on both sides of the reactor. It

is then reasonable to observe typical electrical response from only two4 sets of four if each of the hydraulic control units are directly adjacent
and one is from each rod scram group. Hydraulic control units 18-03,
22-03, 26-03, 30-03, 30-07, 34-07, 38-07, and 42-07 were selected because
their control rod drives are also directly adjacent and located in the
same core proximity.

The second set of four hydraulic control units which share the west
side scram discharge volume all inserted rods properly. Since west
side hydraulic control units inserted rods properly the manual scram
actuators which are common to each side of the reactor must have operated
properly and the pilot scram valve solenoids on both the east and west
sides of the reactor must have de-energized. Rod movement to position
02 following scram is a relatively common occurreae.e and the failure of
rod 30-23 to fully insert on the first attempt is not considered relevant.

Based on this analysis, the failure of rods to fully insert was not
caused by any electrical malfunction in the reactor protection system
trip logic.

.

J

- .4.-
4



4

0

.

6', 'f
3I R h:" xa; m wea .} .?). * %*k '''

~ ? ; <;u n, w -
%

, -

w3 .e--'

W v) M "

l Ia - s - JH = iT s .& 5-
H. u 4

.
-a

c. , ,, w ev - -

c: e-

,, C ( -- w('

,$, ,k
:|

. . m o. ,,
I'

k , ?.
* fhi m.g.

.e- (| b %x 'N
4
e os, ._y
u a

9
e. wt?xxk ,

b* {E 0 x *

'CL.g "o %
*

o meeg x w
4 de e ~024 e *

24 "3,t 2Et. =
** * a ~ \> I*u o

s 5 u. se %' ::
-> u- ' *- w*- -

y m .o x x :4
-

, 2 i : :,, ~. .~. =~

< m u
,dl ,M $ , 5$0 y* b *)*k $ Y.

e
~ _. -

4 ~C {M y, u , _m...h * umM ( g*C '

|t bg b y
e x a n>- :s: nme

. mY - - u o= Ah> s : N- A

3e^ W
7 Q w O hW o ,

fs> kl'ImbE a a

2 4 *T o o C2qwhw a g e" - Wg4M-su Cn >go o
U n v

w

h, dbi o
3 4 r 2 a
15I 4H | .. C,

eme r ,e' A *
O g,

s* g *_C gs .a tg
-

6-{| t *I
= a .,
X jl us

a| 7 "-
Oh 2.Et -- -

M 4)
Caf

.



'
REVIS10fi 1

.'
PROPOSED SCHEddLE FOR ACRS

FLUID DYNMICS SU3 COMMITTEE MEETING
A'JGUST 19-20, 1980

4
TUESDAY, AJGUST 19, 19dv

1. EXECUTIVE SESSIOf1 - Opening Comments - M. Plesset 8:30 am

(A) Discussion with ACRS Fellows on Their Report

BREAK 11:00 am

II. INTRODUCTORY COMMENTS - NRC Staff 11:15 a.n

Ill. DESCRIPT10tl 0F 3WR C0t4 TROL ROD ORIVE MECHANISM A|40
11:30 am

SCRM SYSTEM uE SCOPE OF DESIG:4 AND INTERFACE RE-
QUIREMENT FOR A.E. - GE

LONCH 1:00 pu
,-

; -,

~'

IV. BRUNSWICK AND HATCH EVEllTS RESULTING IN DMAGE TO
2:00 pm

LEVEL SWITCHES

(A) System Design

(8) .1ormal System Operation

(C) Event Sequence

(D) Course of the Event

(1) Actions Taken to Investigate

(2) Conclusions Reached

(E) Possible Consequences if all Instruments had
Failed

(;) How Long Would it Take to Accumulate Enough
Water to Prevent Scram

V. QUESTIONS RAISED BY COMMITTEE MEMBERS (List provided to
3:30 pm

Staff)

RECESS
5:00 pm |



i

* Fluid Dyaninics Mtg 8/19-20/80 -2- REVISION 1

WED!iESDAY, AUGUST 20, 1980
gb(W VI. BROWNS FERRY 3 EVENT OF JUNE 28, 1980 8:30 am

(A) As Built Design of the Scram System Scram Discharge,
Piping, Valves, Instruinentation, Drain Tanks, etc.

(B) Description of the Normal Operation of the Syste;n

(C) Event Sequence of June 28, 1980

(D) Why did Event Occur

(1) Actions Taken to Investigate Event
(2) Cor.clusions Reachec'

(E) Corrections Taken or Planned

(F) Possible Outcome of Event Under Slightly Different
Conditions, i.e., Scram from 100% Power, Scram frotn
Loss of Offsite Power

*VII. 14RC RESPONSE TO EVENTS 10:30 am

(A) Iminediate NRC Actions Through I&E Bulletin 80-14
and 8-17

(B) Results of Testing at Other BWRs

(C) Immediate Modifications Required to Vent the Scram
Discharge Volume

(D) NRC Regional Mecatings with Licensee's to discuss
as Built Conditicss

(E) Long Tenn NRC Actions Underway

(F) Implications with Regard to ATWS

VIII. GENER/51 DISCUSSION 12:30 pm

'1
(fi ADJOURN 1:00 pm
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SCRAM DISCHARGE HEADER VENT i

Crosstie vents from each scram header J
-

'

Evaluate vent valve design and configuration

Each scram header vented to CRW system
f

Positive vent arrangement

!

o ~
-

;

.

SCRAM DISCHARGE INSTRUMENT VOLUME,

Separate SDIV's for the east and west scram discharge -

headers. :

Six inch diameter pipe from scram header'to SDIV
..

- Drain line to CRW system -

Either SDIV will alarm, inhibit control rod withdrawal, |
' and scram ;
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GENERAL ELECTRIC

PRESENTATION TO THE

ACRS ON

O BROWNS FERRY 3 EVENT

|

AUGUST 20, 1980

|

h
HCP

8/18/80 (MM/1539)

:

I
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PURPOSE

PRESENT RESPONSE TO QUESTIONS ON BROWNS FERRY

PARTIAL SCRAM WITH ESCALATED ASSUMPTIONS

O

HCP (1)g
8/15/80 (MM/1793)

1

..
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/I

GE ACT10Nji,,

J
o ESTABLISH DIRECT PHONE CONVERSATION WITH BROWNS FERRY

SITE

o ESTABLISHED SAN JOSE TASK FORCE TO C00RulNATE SUPPORT

FOR BROWNS FERRY 3 AND DIRECT EFFORTS FOR OTHER UNITS

o DISPATCHED TEAM 0F SIX SENIOR PERSONNEL TO BROWNS FERRY

SITE

o ACTIVATED A 24-HOUR COMMUNICATION CENTER FOR DIRECT
'

COMMUNICATIONS WITH OPERATING UNITS

(~''1 o PERFORMED STRUCTURED PROBLEM ANALYSIS AND IDENTIFIED
''

POTENTIAL IMPROVEMENTS

o PERFORMED ANALYTICAL ASSESSMENTS

SUPPORT INTERNAL EVALUATIONS-

- RESPOND TO 18E BULLETIN
- RESPOND TO NRC STAFF QUESTIONS

g

HCP (2)
8/15/80 (MM/1794)
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PARTIAL SCRAM EVALUATION

4
o EVALUATION BASED ON RESPONSE OF GENERIC BWR/4 PLANT

USED IN ATWS REPORT T0 ISOLATION EVENT

o CORE POWER CALCULATED TO DROP BELOW 10T,

INITIAL POWER AT 1007.-

- BROWNS FERRY PARTIAL SCRAM R0D MOTION
- RECIRCULATION PUMPS TRIP WITHIN 30 SEC.

RODS INSERTED FROM E0C ALL RODS OUT CONDITION-

o PLANT RESPONSE TO ISOLATION (SHORT TERM)

REACTOR VESSEL PRESSURE WTHIN " UPSET" LIMITS-

o
- CORE C00LAN1 LEVEL / FLOW MAINTAINED AT ACCEPTABLE

V LEVELS
- CORE RESPONSE CONSERVATIVELY B0UNDED BY ATWS

EVALUATIONS

o SUPPRESSION POOL TEMPERATURE MAINTAINED WITHIN ACCEPTABLE

LIMITS

- PEAK % TEMPERATURE IS 186 F
EXISTING (SINGLE PUMP) SLC UTILIZED-

- SLC INITIATED AT 30 MINUTES (MANUALLY)
RHR INITIATED AT 10 MINUTES-

o ISOLATION EVENT EVALUATED CONSISTENT WITH LOSS OF

0FFSITE POWER EVENT

,

!

HCP

8/18/80 (MM/1540)

|
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CONCLUSI0f4

EXISTING PLANT DESIGN CAPABLE OF

ACCOMMODATING BROWNS FERRY PARTIAL

SCRAM SHOULD IT HAVE RESULTED FROM

A TRANSIENT AT FULL POWER

O

O

- - .
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(; OUTLINE

1_)

I. DESCRIPTION OF HANDOUTS AND FULL-SIZE DRAWINGS
AVAILABLE

II. SIMPLIFIED CRD HYDRAULIC CONTROL SYSTEM FIG 1

BASIC ISOMETRIC 0F SCRAM DISCHARGE

SYSTEM (SIMILAR TO DISPLAY MODEL) FIG. 2

DETAILS OF SCRAM INSTRUMENT VOLUME TANK

AND LEVEL SWITCH FIG. 3

AS-BUILT ISOMETRIC 0F SCRAM DISCHARGE
SYSTEM FIG. 4

AS-BUILT ISOMETRIC 0F UNITS 1 AMD 2
VARIATIONS FIG. 5

III. FLOW DIAGRAM 0F CLEAN RADWASTE DRAINAGE
SYSTEM FIG 6

TABULATION OF CRW INTERFACES WITH SCRAM

DISCHARGE SYSTEM FIG. 7A
THRU 7C

AS-BUILT PLAN VIEWS OF CRW PIPING BY
ELEVATIONS:

,-

~'

EL. 565-0 FIG. 8

EL. 593-0 FIG. 9

FL 621-3 FIG. 10,_

U EL. 639-0 FIG. 11

t _
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SIMPLIFIED SCH EM ATIC
Tf PICAL CRD HYDR AULIC CONTROL SYSTEM

V
REACTOR )
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$ CRAM
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VALVE |--

_ A
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A AVALVE
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VALVE
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EXH AUST W ATER
;

OTHER -1 4
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..

TABULATION OF CRW INTERFACES WITil SCRAM DISCIIARGE SYSTEM -

FLOW DIAGRAM

( '1 REF. NO. LINE DESCRIPTION LOCATION
.

LJ
1 Lower end of 8" unlimited access equipment El. 509'-0"

,, Drain IIdr. (in R.B. equipment Dr. sump)
! >

~'
2 Vertical run of 8" header from sump. To El. 547'-6"

3 Vertical run of 8" header from sump (continued). To El. 560'-4"

4 90 E1. for_ hori z - run_ of 8" header to El. 561'-4"
Stub-ups thru the 565'-0 floor slab: El. 565'-0"

5 Train 1 (For all units unless indicated) El . 565 '-O"
I en panel 25-52 dr

* 1 ea U2 capped and U3 atmospheric filter vent [(APPEd
2 ea CRW dr. capped
1 ea atmospheric vent (cAPPE.D)*

* 1 ea CRD header vent (<Appto)
I ca RiiR heat exchanger dr. (shell side) (unit I only)
I ea panel 27-217 dr.

U2 capped
U3 D.W. control air surge Tk. dr.

2 ca RilR shutdown cooling dr.
U3 capped

I ca Ri!R supply dr.

f'',n U3 capped
N ,) I ea panel 25-196 dr.

U2 and U3 capped

Train IA (U2 and U3 only) E1. 565'-0"
2 ea CRW dr. capped
I en CRW dr. capped (U2)
I ea RilR heat exchanger dr. (U3)

6 Train 2
1 ca panel 25-18 dr. E1. 565'-0"
2 ca CRW dr. capped
I ea Reevre Pmp seal dr.

U3 CRD relief viv. disch. dr.
4 ea CRW dr. (inaccessible)

'

8 Train 3 El. 565'-0"
* 1 ea scram inst r. vol. dr.

I ea Dp comp. separator dr.
U2 line trap dr.

p 1 ea CRW dr. capped of f-Ul
(/ 1 ea RllR heat exchanger dr. shell side -Ul

.m
v.

a.

7a

.-. .



- -
__

-
. . -_-

!

,

FLOW DIAGRAM,,

is-) REF. MO. LINE DESCRIPTION LOCATIOS

7 1 ca CRW dr (inaccessible) El. 565 '0"

(] 1 ca panel 25-51 dr. and dr. from
L' steam tunnel

2 ea CRW dr. capped
* 1 ea atmospheric vent (CAPPc0)
* I ea scram hdr. vent (CAPPED)

I ea panel 25-57 dr.

U2 and U3 only
I ea RilR heat exchanger dr.
I ca CRW dr. capped

9 6" header f rom 8" header to
10

~ ~ ' El. 565'-0"
stub _nps in the 593' floor: El. 593'-0"

2 ea CRW dr. capped (Ul)
I ca RBCCW panel 25-8 dr.

A/C dr
RBCCW receiver dr.
"B" isolation tank dr.
Vertical 1ine to RBCCW dr.
Receiving Tr. dr.
RBCCW dryer dr.
(U3 blanked)

/3 1 en panel 25-5 A and B and 25-5-00 dr.

(''' ') I ea RWCU panel 25-2 dr.
I ea panel 25-6-001 dr. (U2 and U3)
I ea panel 25-6 A and B dr. (U2 and U3)
I ea CRW dr. blanked (U2 and U3)

11 6" header to stub-uns El. 593'-O"
in 621'-3" floor: El. 621' ''

Unit I on t v_
1 ea A/C unit bd. rm dr.
I ea D.W. pool lit x. dr.

I ca T'n to D.W. and FPC pipe dr.
2 en T's to vent sys and fuel pool lit Exch. dr.
2 ea fuel pool cool PMP dr

to vent sys
to FPC pipe dr.

2 ea to 14" pipe dr.
I ca RWCU precoat PMP dr.

RWCU precoat Tk dr.

to tank overflow dr. ( VENTg.o 70 ATMOS PH ERE )
to backwash inlet dr.
precoat outlet dr.

( ) I ea to precoat inlet A dr.
'"

to precoat outlet B dr.
to RWCU holding PMP IB dr.
to backwash line dr.
to precoat PMP disch. dr.

- e"~~g to precoat outlet dr.
j.

7b



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

.

.

4

|

|
.

' ' FLOW DIACRAM
$ '- REF. NO. LINE DESCRIPTION LOCATION |

1

11 (cont'd) I ea apare blank

() - to precoat inlet A dr.
1 ea 1:o RWCU holding PMP 1A dr

-|

to precoat inlet B dr.

i
;

Unit 2 and Unit 3

,
1 ea panel 25-36 A and B and 25-187 dr. E1. 621'-3"

! I ea holding PMP dr.

I 1 en RWCU station dr.
i U2 precoat backwash intake.dr.

_

1 en pump 2A dr.'

U3 PMP disch dr.
U3 PMP 3B dr.

,

U3 backwash air pipe dr.
1 ea PMP 2A dr.,

.

i to backwash air line dr.
! U3 blank

1 ea U2 blank
; U3 precoat overflow dr.
i i ca to conds. s and s pipe dr.
' to 6" RilP. pipe dr.

1 ea FPC pipe dr.
,

; 1 ea PMP A and B dr.
\

: FPC pipe dr.
U3 FPC PMP dr. A and B,

! I ca FPC pipe dr. for U2 add
i PMP A and B dr.

2 en FPC lit. Exch, dr.

U3 FPC lit. Exch. dr.1

' 1 ea panci 43-674 and 673 dr.
U3 sample station dr.

! I ea eq. dr.

!

12 6" header to stub-ups E1. 639'-0"
- in the 639'-0" floor:
4 ea air duct dr.i-

! 4 ca blank (5 en for U2 and U3)

13 4" line from 8" header to El . 561'-4" to'

14 Stub-ups in the 593'-0" floor: El. 593'-0"
' 2 ea CRW dr.
; 1 ea instru. panel dr.
I

f]() 15 2" line from 4" line to stub-ups in El. 593'-0" to

| 621'-3" floor : El. 621'-3"
! I ca fuel pool vent duct dr.

1

!,

.

i

l' 7e
i

i
<.
' -.
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PRIOR TO SCRAM #1
/.(D's 59 48 48 48 48 48 48 48 (y

'
55 48 48 48 42 48 42 48 48 48

(.) 51 48 48 48 48 48 48 48 48 48 48 48

47 48 12 48 0 48 8 48 8 48 0 48 12 48,

43' 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48

39 38 48 48 48 0 48 48 48 48 48 0 48 48 48 38

35 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48

31 48 48 0 48 48 48 48 48 48 48 48 48 0 48 48

27 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48

23 38 48 48 48 0 48 48 48 48 48 0 48 48 48 38

19 48 / 8 48 48 48 48 48 48 48 48 48 48 48 48 48

15 48 12 48 0 48 8 48 8 48 0 48 12 48

11 48 48 48 48 48 48 48 48 48 48 48

07 48 48 48 42 48 42 48 48 48

03 48 48 48 48 48 48 48j

02 06 10 14 18 22 26 30 34 38 42 46 50 54 58

8
~

AFTER SCRAM #1

59 40 4 36 42
,

55 36 46 38 2 L' 0131

51 36 34 36 42 10 f

1

| 47 42 20 24 i L
| 43 12 40 44 30 28 40 38 f

_

Blank 39 24 40 34 32

Indicate 35 30 4 38 18 8 34 30

Rod Full 31 22 10 34 28 2

In 27 42 36 30 14 26 28 36 24,

23 8 38 32 12 36 2.
,

l 19 34 42 34 20 10 28 22 26_

15 40 36 38

11 26 6 14 40 40 24 1

07 40 2 /

I 03 28 42 42 $ ,

02 06 10 14 18 22 26 30 34 38 42 46 50 54 58

ATTACHMENT (1)

CONTROL R0D POSITIONS

i
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FOLLOWING INITIAL SCRAM

e OPERATOR ACTIONS

- SCRAM DISCHARGE VOLUME HIGH LEVEL SCRAM

8YPASSED
- PLACED REACTOR MODE SWITCH IN SHUTDOWN
- IRM'S AND SRM'S INSERTED
- SCRAM RESET 4 MIN 27 SECS

e OPERATOR OBSERVES

- ALL SCRAM VALVES OPEN
- ALL ACCUMULATORS DISCHARGED
- MANY CRD'S ON EAST SIDE NOT FULLY INSERTED
- APRM READINGS DOWNSCALE

OTHER PLANT PARAMETERS NORMAL-

e OTHER SIGNIFICANT INFORMATION

- SCRAM LEVEL SWITCHES IRIPPED IN IS SECONDS

VS. il0RMAL 40 TO 50 SECS
- SEVERAL LOW SCALE LPPM READINGS ON

EAST SIDE,e 3

~~'J -

76 CRDS DID fl0T FULLY INSERT

O
7/29/30

13



|if
57 2 2 0 0

0 0 0 0 20*

0 0 0 0

0 0 0 0 * Failed
'

v

49 2 4 4 0 0 0'

0 2 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

41 3 3 6 0 0 0 0

2 2 6 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

33 6 8 3 0 0 0 0

3 4 2 0 0 0 0 !

0 0 0 0 0 0 0

0 0 0 0 0 0 0

25 9 10 9 2 0 0 0

>0 0 4 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

17 >0 10 7 2 0 0 0

6 6 4 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

l

09 0 4 4 0 0 0

C 0 2 0 0 0

o o o o o oO
A 0 0 0 0 0

08 16 24 32 40 48 56

O
*

,

LPRM READINGS FOLLOWING SCRAM #1

|

|

I
. .-. . . . --
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o
CONTROL ROD POSITION

vs
SCRAM INSERTION TIME

!
' s . .

'

00 - C - - - _ $

04 -

08 -

=
E

Se
j 12 -

G
j 16 - __'-

U
=
S 20 -

e
24 -

9
-
G 28 -

E

8c: 32 -

WEST BANKo
N $1st SCRAM

36 -

b EAST BANK ~

.

A lst SCRAM
40 -

44 -

I I i ! q*

48
2 23 2.4 2.5 2.6 2.7 2.8 2.9

SCRAM INSERTION TIME (sec) ote's.i

' / 2 3,' 3 0x

32

.__ ._ . _. __. ._._ __ . . _ _ _ . _ _ . _ _ _ , . . _ . ._ _ _ , _ _ . _ _ __
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l

O

(~) SECOND SCRAM
s_

.

e OPERATOR ACTIONS

- MANUAL SCRAM 6 MIN 04 SECS AFTER INITIAL
SCRAM

- RESET SCRAM 7 MIN 03 SECS AFTER INITIAL
SCRAM

e OPERATOR OBSERVES

- ALL SCRAM VALVES OPEN f
- ALL ACCUMULATORS DISCHARGED <

- SOME R00 MOVEMENT
- OTHER PLANT PARAMETERS NORMAL

e OTHER SIGNIFICANT INFORMATION

- R00S FULL Our 0
- RODS PARTIALLY IN 59
- RODS FULL IN 126

O
%)

O
7/29/80

15
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/ .'
PRIOR TO SCRAM #2 y'

/']
59 40 4 36 42

'

55 36 46 38 2O''# 51 36 34 36 42 10 0131'

47 47 20 24

43 12 40 44 30 28 40 38

39 24 40 34 32

35 30 4 38 18 8 34 30 l

31 22 10 34 28 2

27 42 36 30 14 26 28 36 24 __

'

23 8 38 32 12 36 2

19 34 42 34 20 10 28 22 26

15 40 36 38

11 26 6 14 40 40 24

07 40 2

03 28 42 42 30

02 06 10 14 18 22 26 30 34 38 42 46 50 54 58

9
AFTER SCRAM #2

59 30 14 18

55 26 42 28 0136

51 12 22 28 34

47 30 12

43 30 38 14 4 30 26

39 8 30 26 14

35 14 30 4 22 20

31 8 14 12

| 27 26 22 20 2 12 12 16 2

| 23 30 20 16
''

1
'

19 10 26 24 8 6 4

b 15 18 18 28v

11 12 32 30 14

07 30

| 03 2 34 22 4

b
02 06 10 14 18 22 26 30 34 38 42 46 50 54 58'"'

.

. ATTACHMENT (3)

CONTROL R00 POSITIONS

|
|
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THIRD SCRAM

:
e OPERATOR ACTIONS

- MANUAL SCRAM 7 MIN 56 SECS AFTER INITIAL
SCRAM

- RESET SCRAM 11 MIN 21 SECS AFTER INITIAL
SCRAM

l

3 e OPERATOR OBSERVES

- ALL SCRAM VALVES OPEN
- ALL ACCUMULATORS DISCHARGED
- SOME R00 MOVEMENT
- OTHER PLANT PARAMETERS NORMAL

I e OTHER SIGNIFICANT INFORMATION

- R0oS PARTIALLY IN 46
- R00S FULL IN 139

O
7/29/80

16
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PRIOR TO SCRAN #3
. .

(O
LJ 59 30 14 18-

0136
55 26 42 28

0. Si 12 22 28 34 .

47 30 12 ,

43 30 38 14 4 30 26 ,

39 8 30 26 14

35 14 30 4 '2 20

31 8 14 12

27 26 22 20 2 12 12 16 2
'

23 30 20 16

19 10 26 24 8 6 4

15 18 18 28

11 12 32 30 14 ,

07 30

03 2 3? 22 .4

02 06 10 14 18 22 26 30 34 38 42 46 50 54 58

9 AFTER SCRAM #3

59 24

55 20 40 22 0137

51 16 24 30

47 26 6

43 24 36 2 24 18

39 2 24 20

35 6 26 14 16

31 2 4

27 18 16 14 2 4 6 2

23 26 12 2

19 16 18 2 2
_

( 15 4 10 >0

11 6 28 26 8

07 24

03 30 10

0 02 06 10 i4 18 22 26 30 34 38 42 46 50 54 58

ATTACFMENT (4)

! CONTROL ROD POSITIONS

_ _ __



.

i

(~) .

U FOURTH SCRAM !

e OPERATOR ACTIONS

- AUTO SCRAM WH'EN SDV HIGH LEVEL 3YPASS

REMOVED 14 MINUTES 01 SECONDS AFTER

INITIAL SCRAM

- RESET SCRAM 16 MINUTES 27 SECONDS AFTER
INITIAL SCRAM

e OPERATOR OBSERVES

S
- ALL RODS IN -- SCRAM APPEARED tl0RMAL

- ALL SCRAM VALVES OPEN

- ALL ACCUMULATOR DISCHARGED

- PLANT PARAMETERS fl0RMAL

e OTHER SIGNIFICANT INFORMATION

- SDV HIGH SCRAM TRIP RESET 9 MINUTES
02 SECONDS AFTER SCRAM RESET

-

SDV NOT DRAINED ALARM RESET 9 MINUTES 51 SECONDS
AFTER SCRAM RESET

C)O

n
'

7/29/80
17
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PRIOR TO SCRAM #4

b''' 59 14
0137 j.

55 20 40 22
i

51 16 24 30
!'

.

47 26 6

43 24 36 2 24 18

39 2 24 20

35 6 26 14 16

31 2 4

27 18 16 14 2 4 6 2 |
'

23 26 12 2

19 16 18 2 2

15 4 10 >0

11 6 28 26 8

07 24

03 30 10 4

i

02 06 10 14 18 22 26 30 34 38 42 46 50 54 58

8
AFTER SCRAM #4

59

55

51

47

43

39

35 /LL R0E S

31 I N

27
'

23

19

O 15

11

07

03

Okl 02 06 10 14 18 22 26 30 34 38 42 46 50 54 58

ATTACHMENT (5)

CONTROL ROD POSITIONS

- . _ _
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(") I;

SCRAM SUMMARY

|

TIME AFTER TIME SDV
SCRAM / RESET INITIAL SCRAM ALLOWED TO DRAIN

INITIAL SCRAM 0

RESET 4 MIN 27 SEC

SECOND SCRAM 6 MIN 04 SEC
RESET 7 MIN 03 SEC

THIRD SCRAM 7 MIN 56 SEC

RESET 11 MIN 21 SEC

2 MIN 40 SEC
FOURTH SCRAM 14 MIN 01 SEC

RESET 16 MIN 27 SEC

9 MIN 51 SEC

i

1
'

O
,

i () 7/29/80
18'

i
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6/27/80 <

22 12 00 Browns Ferry Unit 3 commenced a routine
shutdown to perform maintenance on
a reactor feedwater pump discharge line.
The initial power reduction from 1082 MWE
to 542 MWE was performed by slowly reducing
recirculation flow through the reactor core
by recirculation pump speed reduction.

6/28/80
00 55 00 With the recirculation pump operating at

minimum speed, additional power reduction
to 400 MWE was accomplished by normal inser-
tion of selected control rods.

,

The plant conditions following this power
redcction were normal and as follows:

Power Level 36% of Rated

6Core Flow 29 x 10 lbs. per hr.

Reactor Pressure 920 psi

Vessel level 35 inches (203 inches
above the top of the
active fuel)

Generator Output 400 MWE

6
Steam Flow 4.9 x 10 lbs. per hr.

6Feedwater Flow 4.9 x 10 lbs. per br.

Control Rod 157 control rods were
Pattern fully withdrawn

10 rods were fully in-
serted
18 rods were at inter-
mediate position (see
Attachment 1)n

( )'" 01 31 16 (T ) A manual scram was initiated to completeg the power reduction. This was a normal
part of the Browns Ferry shutdown procedure.

Within several seconds after the scram, in
7s
t ) accordance with normal procedures, the scram
" discharge volume (SDV) bypass was placed in

,



.

'; " bypass" position, the reactor mode switch was
(_) placed in "shutdosa'' position, an.I insertion

of the source range monitors (SRMs) and inter-
fm mediate range moniter; (!hMsl were initiated.
;

Within several seconds (ap;,raximn ly
5 t o 1(0 af t f r th :, s: n.n , o, .n at ; q pr..r.nul
r.oted t:at:

~.n bl. . so . . ./. t. n u 1: * .1. ,

av.umulut:r l ig ;s v re i . . c:
upected.

o A number of rJd% Gn the ea51 s'aOP 'f,

the reactor sare indiccter. to be net
fully inserted.

During this entire sequence of events,
uperating personnel observed that key
plant parameters (pressure, level,
temperatures and fluws) were well within
safe limits even though a number of
control rods were not fully inserted.

Subsequently, a review of plant recorders
and process computer printout showed:

3 o A total of seventy rods did not fully
insert. Another six rods settled at
either position 02 or 04. The extent
of insertion varied from about 5 percent
of fully inserted to 90 percent of
fully inserted for these partially
inserted rods, lhe rod pattern at
this time is shown by Attachment 1.

|

|
|

|

|

o During and after this scram, ro
[3) other unusual or unexplained varia-''

| tions in plant parameters were
observed.,

!

|

|

1 m
,]

[JR:jml/IU 2

1
~

, , ,
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Reactor pressure decreased from
920 to approximately 900 psi

(] (this pressure remained approxi-
't / mately constant throughout the

remainder of the event.)
6

Core flow decreased to 22 x 10 lbs.
per hr. This decrease was due to the
loss of natural circulation driving
head when reactor power was reduced.

Based on steam flow, the heat
generation within the reactor was
very close to the heat generation
expected from decay heat alone,
verifying that the insertion of
the rods had virtually stopped
the fission process.

01 31 24 (T + 8 sec.) Low reactor water level trip occurred.
(This corresponds to Level 3 which is
180.5 inches above the top of the active
fuel.) The water level decrease was due
to void collapse following the scram.

8
From plant recorders it was later verified
that the minimum water level reached during
this avent remained above the level required
for emergency core cooling system initia-
tion. (This corresponds to Level 2 which
is 130 inches above the top of the active
fuel.)
The level variation, including maximum
and minimum values, was well within the
expected range during a normal scram.

01 31 34 (T + 18 sec.) The scram discharge volume "high-high"
g level was reached. This occurred 18 seconds

after the manual scram. This normally occurs
approximately 40 seconds af ter a scram. Sub-
sequent investigation confirmed that all "high-
high" instrument volume level switches were
properly calibrated and functioning.

01 31 40 (T,+ 24 sec.) The main turbine was tripped as part of
g normal procedure.
f. j

01 32 01 (T,+ 45 sec.) The low reactor water level trip was
reset.

Upon achieving normal water level, one
p) feedwater pump, two condensate booster
( pumps and one condensate pump were secured.

.

EJR:jml/10 3

_



(]U
01 35 43 (T + 4 min. The scram was reset again and the hydraulic

27see?) control unit accumulators were recharged

(n) uatil the lights cleared. ,

01 37 20 (T + 6 min. A second scram was manually initiated for
o 4 sec.) the purpose of inserting the remaining

seventy rods. Within several seconds after
this scram, operating personnel observed that:

o all blue scr.- lights and accumulator
lights were lit and scram pilot
lights were out as expected.

o Rod movement was indicated, but
motion appeared slower than normal.

o Some rods were indicated to be not
fully inserted.

Subsequent review of plant recorders and
printouts indicated that:

o a total of 59 rods were still
not fully inserted. The
rod pattern at this time is shown

8 by Attachment 3. Major plant
parameters (steam flow, core flow,
water level and reactor pressure)
remained essentially unchanged
throughout the scram.

o Fluctuations of IRM sensor ceadings
prevent determination of actual
effects due to the scram.

01 38 19 (T, + 7 min. 3 The scram was reset and the hydraulic control
sec.) unit accumulators recharged until the lights

cleared.

01 39 12 (T + 7 min. 56 A third manual scram was initiated.
sec.) Operating parsonnel observed that:

o all blue scram lights and accumulator
lights were lit and scram pilot lights
were out.

p

C)
>

o Rod movement was indicated.

o Some rods were indicated to be not
fully inserted.

(3
O'

F

EJR:jm1/1D 4



(V3 Information obtained later from'

plant recorders showed that:

(O a total of 47 rods were stillo(> not fully inserted. The rod
pattern at this time is shown
by Attachment 4.

o LPRM readings all indicated "0"
except 40-57C which was failed.

o All major parameters discussed above,
remained approximately constant through-
out this scram.

01 42 37 (T + 11 min. The scram was reset for the third time and
21 sec.) the hydraulic control unit accumulators

were recharged until the lights cleared.

D' 'T + 14 min. The operator placed the scram discharge
01 sec.) volume (SDV) bypass switch in " normal"o

which resulted in a scram since the SDV was
not actually fully drained. This was the

ifourth scram in this sequence of events.

Operating personnel observed that:

o rod insertion rate appeared normal
for a scram

o all blue scram lights and accumu-
lator lights were lit

all rods were indicated to be fullyo
inserted

Plant parameters and conditions were aso
normally expected following a scram.

i 01 46 30 (T + 15 min. The operator initiated a manual scram (con-
14 sec.) firmatory).

01 47 43 (T + 16 .nin. The scram was reset.
27 sec.)

01 57 04 (T + 25 min. The scram discharge volume "High-High"
o 48 sec.) trip was reset.

O,

'O 01 57 34 (T + 26 min. The discharge volume high water level
18 sec.) trips (50 gallon scram trips) cleared.o

,

O)
I v

.

EJR: jml/10 5
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\
/ 1

EEI-ElffffLlf&ECTKfS /h -: /-

IhTFAULIC CQmtOL (filT VALVE LINELP VERIFIED CORRF,CT-

,

ORA.IN NO VENT VALVES DOOISITtATG OPERABLE
-

INSTRaiEffT VDLtFE LEVEL SWITClyS CALI TED. ALL 50 cALLON (SCRea)
-

SWITCHES WERE TESTED, ImEE b) Ato GALLON SWITCHES DID PCT
CPERATE ON FIRST CALIEf% TION ATTDFT TROUGH SWITCIES DID OPERATE
DURING INCIDUiT)

REVIEKED SCR/N HISTORY FOR ff-1, 2, Ato 3. OUT OF 320 SawtS, to-

3ElfsTEDINCIDjNTS. ALSO PERF0FNED DETAILED NMLYSIS OF RECENT
M SCIW.S. f0 tVLFGiCT10ft FORECASTED

REVIEWED HISTORY OF C0f(TROL R03 DRIVE OPERATIONS, MINIT. NANCE,-

NO FODIFICATION ACTIVITIES. fb APPNiEt(T RELAT10fGilP

INSPECTED AIR LINE SUPPLIES TO HCU'S No VALVES
-

REVIEkED CD TEMPERATIEE LOGS FOR INDICATION OF EXCESSIVE SEAL
-

LEAKAGE. . btiE FOMO ON EAST SIDE
'

S
- PERF0 feed PHYSICAL IfMECTION OF VENT LINES, 2" DRAIN LINE, SCRN4

EADER, AND INSTiWE.NT VQLU4E BY CUTTitG PIPE NO USING BOROSCOPE.
10 OI1STRUCT10NS FOUfD. ALSO liiSPECTED ROD-WASTE SlfP FOR LARGE
OBJECTS. fl0NE FOUND

PUFORMED COMPREHENSI' TESTS ON EAST SIDE CPD'S, R ICTION TESTS,
-

STILL FLGV, SCR#1 TIMitC. PLL RESULTS NCfdVd.

PERFORtID FLOV NO DRAINAGE TESTS Off l.I-3 SCR/M DISCWEGE SYSTDi.
-

IfolCATED tORMfL OPERATION 1

IRFORMED ADDITIONAL ELECTRICAL TEST!?S OF PfS LOGIC MO OFU?ATION.
-

LVERYDilfE FUNCTIONED AS EXPECTED ;

REQUESTED E PERFOf''i CCf F1ft% TORY TESTIfM TO DUG 5TPATE THAT
-

MTER IN VOLl1E tOULD PRODUCE OBSERVED RESULTS

!

|

_

F-n

b ,
_ _ __ _ _ .___.. . _ . _ . _ . . _ . _. _ ____._.__s

Visual Products Division /3M
- e.4

Su but, MN 65101 M.& in USA
_ _ _ _ _ _ _ _ - .
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o
CAUSE OF INCOMPLETE INSERTION

CONCLUSION

e THE BR0wNS FERRY 3 EVENT WAS CAUSED BY UNDETECTED

WATER IN THE EAST SCRAM DISCHARGE VOLUME

.

3 e WATER WAS PRESENT Dut TO A RESTRICTION IN IHE EAST
SDV DRAINAGE SYSTEM

d

e SINCE NO EVIDENCE OF A RESTRICTION COULD PHYSICALLY
BE FOUND, THE CONTRIBUTION OF THE VENT SYSTEM IO IHE

EVENT CANNOT BE DISCOUNTED

O

m NJB

7/29/80'

22
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CAUSE DETERMINATION

O

POTENTIAL CAUSES CONSIDERED

e ELECTRICAL

e HYDRAULIC CONTROL UNIT

e CONTROL ROD DRIVE

e SCRAM DISCHARGE VOLUME LEVEL INSTRUMENTATION

e SCRAM DISCHARGE VOLUME

e PHYSICAL INSPECTIONS

SUPPORTING EVALUATIONS

S e SAN JOSE DRIVE IESTS
e INSERTION VARIATIONS

e ANALYTICAL PROGRAMS

POST EVENT IESTS

8 DRAIN IESTS

OV

NJB

7/29/80

0 23

. - . . _.
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O /k
p CAUSE DETERMINATION
't

e ELECTRICAL

e EVALUATION:

- RESULTING CHECKERBOARD PATTERN NOT CONSISTENT

WITH OBSERVED INCOMPLETE R0D INSERTION PATTERN

ROD MOTION WOULD BE EITHER COMPLETE OR NO MOTION-

- POST EVENT SCRAM TESTS SHOWED ACTUATION CIRCUITRY

FUNCTIONAL

- ELECTRICAL INDEPENDENCE OF EACH ROD SCRAM GROUP

VERIFIED

e CONCLUSION:

NOT CAUSE OF BROWNS FERRY 3 PARTIAL ROD INSERTION

.

NJP

7/29/80
24

.
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(}) CAUSE DETERMINATION

e HYDRAULIC CONTROL UNIT

e EVALUATIONS:

- HYDRAULIC CONTROL UNIT VALVE LINE-UP VERIFIED

AS NORMAL

- ACCUMULATOR CONDITION VERIFIED IN CONTROL ROOM

S
CONTROL ROOM INDICATION OF PROPER SCRAM INLET /-

OUTLET VALVES

NO EVIDENCE OF MALFUNCTIONS IN THE PNEUMATIC-

SYSTEM

POST-EVENT SCRAM TIME MEASUREMENTS CONSISTENT-

WITH PREVIOUSLY MEASURED VALUES

- NO APPARENT CONTRIBUTION BY MAINTENANCE ACTIVITIES

WEST BANK DRIVES PERFORMED NORMALLY-

e CONCLUSION:g-)
\_/

NOT CAUSE OF BROWNS FERRY 3 PARTIAL ROD INSERTION

rm
(-)

NJB

7/29/80
25
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CAUSE DETERMINATION('_')
i

e CONTROL ROD DRIVE

,

e EVALUATIONS:

WEST BANK DRIVES PERFORMED NORMALLY-

POST EVENT SCRAM TIME MEASUREMENTS CONSISTENT-

WITH PREVIOUSLY MEASURED VALUES

FOST EVENT TESTS (FRICTION, STALL FLOW) RESULTS

S
-

NORMAL

DRIVE OPERATING TEMPERATURES NORMAL-

NO UNUSUAL MAINTENANCE HISTORY-

e CONCLUSION:

NOT CAUSE OF BROWMS FERRY 3 PARTIAL ROD INSERTION

O
NJB

7/29/80
26
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pJ CAUSE DETERMINATION f

i

e SCRAM DISCHARGE INSTRUMENT VOLUME LEVEL INSTRUMENTATION

e EVALUATION: |
!

-

WOULD CAUSE BOTH EAST AND WEST BANK FAILURES

-

SCRAM SCNSOR OPERATION DURING EVENT VERIFIED BY
PROCESS COMPUTER

i

POST-EVENT CALIBRATION DEMONSTRATED THAT SCRMi-

SENSORS OPERATIONAL

SDV VENT & DRAIN VALVES HERE VERIFIED TO BE-

OPERATING PROPERLY

e CONCLUSION:

NOT CAUSE OF BROWNS FERRY 3 PARTIAL ROD INSERTION

(} NJB
'-

7/29/80
27
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CAUSE DETERMINATIONrm <

L) i

e SCRAM DIS (,*JARGE VOLUME

e EVALUATION:

- DRIVES NOT FULLY INSERTED ALL IN EAST BANK

- WEST BANK DRIVES SCRAMMED NORMALLY

SCRAM LEVEL SWITCHES TRIPPED IN 18 SECONDS-

j

(NORMAL 40/50 SECONOS)

SDV VENT & DRAIN VALVES OPERATED PROPERLY
-

e CONCLUSION:

WATER IN EAST SCRAM DISCHARGE VOLUME MOST LIKELY

CAUSE OF BROWNS FERRY 3 PARTIAL ROD INSERTION

NJB

7/29/80
Q 28v
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O
SAN JOSE TESTING

SCRAM VOLUME PRESSURIZATION TIME
/3vs

INDUCED CRD SEAL LEAKAGE
vs

AVAILABLE PRE-SCRAM VOLUME
110

INDUCED LEAKAGE
100 'O' gpm 8.9 gpm

INITIAL VOL OF 0.5 gal.,t = 1.6 sec 1.5 sec

g INITI AL VOL OF 'O' gal. , t = 0.23 sec 0.17 see

-

j( s0 -

5
P
z 70 -

,

9

S 7
g 80 --

b
E 50 -

y VESSEL PR = 1030 poig ! HOT)

3 1510/575 pois F.S. ACCUM SCR AMS

g man HYDRAULIC LINE LCSSES

3
g 30 -

13 gel.

20 -

2.0 gal.

' ~

1.0 get.

I ' 'O
O 1 2 3 4 5 6 7 8 9 10

O INDUCED CRD SE AL LE AKAGE (gpm)i

(DOES NOT INCLUDE ACTUAL CRD LEAKAGE)

CONCLUSION:

PERFORMANCE OF DRIVE IN TEST FACILITY COMPARABLE
TO PERFORMANCE OBSERVED AT BROWNS FERRY 3 casir.i

O 7/29/80
30
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0 l/
CAUSE DETERMINATION i

INITIAL IIME (SECONDS)*
VOLUME PERCENT INDUCED LEAKAGE i

(GALLONS) VOLUME "0" GPM 9.0 GPM

0.5 85 1.6 1.5

0.0 100 0.2 0.2

!

"IIME FOR SCRAM DISCHARGE VOLUME TO REACH 1000 PSIG.

n
J

7/29/80
31
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O

O SIMULATION OF 6/28 INCOMPLETE
SCRAM - BF-3 |

HEADER PRESSURE vs TIME

1000

47% SCRAM

70% SCRAM

95% SCRAM800 -

!

STALL PRESSURE - 690 psia

6 } 600 -

80%

$
2
d

^

E
o.

5 assi

<
y 400 -

W

EAST HEADER 90% FILLED w/H O2

|
| 200 - ASSUMED CRD LEAKAGE FLOW = 3 gpm

ASSUMED VENT AND DRAIN VALVE
CLOSURE TIME = 15.5 see

EMPTY WEST HEADER

i ' '
0
O 2 4 6 8

TIME AFTER SCRAM INITIATION (sec)
t 018186
j

7/29/30
.

34
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|

f
,
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O
NORMAL SCRAM

O REDUCED POWER LEVEL
| '

60

._

. , 50 gal.

I I

|
ASSUMED CRD

LEAKAGE FLOW = 4 gpm |

g _
3gpm

.a

5
2 -

t
5 OBSERVED RANGE OF TIME
Q TO TRIP 50 gal. SWITCHES
E

y 30 - i
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5 I[ 25 gal.;
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5 |
j 20

|
-

OBSERVED TIME TO
TRIP 25 gel. SWITCH

10 -
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O 20 40 60 80

TIME AFTER SCRAM INITIATION (sec)
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O
o CAUSE DETERMINATION
O

SOURCES OF WATER

e OUTLET SCRAM VALVE LEAKAGE

e NOPMAL WATER DISCHARGE DURING AND FOLLOWING SCRAM

e INTRODUCTION OF WATER FROM VENT SYSTEM

e INTRODUCTION OF WATER FROM DRAIN SYSTEM

0 FLUSHING CONNECTIONS FOR DECONTAMINATION

INADEQUATE DRAINAGE

i

|O
|

| O
NJB
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,~,

(_)
INVESTIGATION OF CAUSE OF WATER IN EAST

,,
(_) SDV HYDRAULIC SYSTEM

,

!

e INSPECTION FOR RESTRICTION -- NONE FOUND

- 6" HEADERS

2" DRAIN-

- INSTRUMENT VOLUME

- DRAIN TO EQUIPMENT DRAIN IANK

t e SCRAM VENT LINE NOT RESTRICTED

e VERIF1ED SLOPE AND ELEVATION ON IWO-INCH DRAIN

l!NE TO INSTRUMENT VOLUME

e VERIFIED SLOPE AND ELEVATION OF SCRAM DISCHARGE
VOLUME

I

[ '\
O

NJB
7/29/80
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i

O
o
V

CAUSE OF INCOMPLETE INSERTION

CONCLUSION

IHE BROWNS FERRY 3 EVENT WAS CAUSED BY UNDETECTEDe

WATER IN THE EAST SCRAM DISCHARGE VOLUME

.

t WATER WAS PRESENT DUE IO A RESTRICTION }N IHE EASTe

SDV DRAINAGE SYSTEM

SINCE NO Ev!DENCE OF A RESTRICTION COULD PHYSICALLYe

BE FOUND, THE CONTRIBUTION OF THE VENT SYSTEM IO

THE EVENT CANNOT BE DISCOUNTED

oG

g NJBd
7/29/80

37



jr

(") BROWNS FERRY 3 DRAIN TESTS
v

k VENT hVENT

i

EAST WEST

6" HEADERS A L " HEADERS6

UT TEST POINT
UT TEST POINT

2" =150' LONG 2" =20' LONG

INSTRUMENT '
;

N VOLUME
,

DRAIN

8
"

.

REACTOR BUILDING EQUIPMENT 3

DRAIN IANK

TIME TO DRAIN 6" HEADER SYSTEM

EAST flEST

MEASURED 25.5 MIN. MEASURED 9.5 MIN.
CALCULATED 23 MIN. CALCULATED 10 MIN.

TOTAL VOLUME DRAINED 750 GALLONS (APPROXIMATELY)

/ \

b9/80
38
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SUCSE0JElITACTIVITIES

U jn

\

O lfilT 3 FLGi TESTS

PLn T PAINTtrinlCE, CMTTN00GA Ete!NEERite, TVA DESIGN, no GE-

/1L litOLVED DIRECTLY IN TESTit0

PROVIDED DETAILED lilFORPATION ON SYSTEM DRAlt%GE no OVERALL-

CIARACTERISTICS OF SYSTEM, C0t(TRIBUT10N OF VthTS

POINTED OUT LIMITATIONS OF LEVEL ItGTRLNENTATION-

GOCO EASELINE DATA TO COMPARE SYSTEM OPERATION IN FLmRE-

It0!CATED SYSTEM AREAS WHICH WARRNE ItPROVENEi(T-

IE RilIETIN 80-17 TESTS

INVOLVED 2 SCR ms CN E/4H UNIT-

IESTitG litoLVED PM ELECTRICAL SYSTEM, Cf@ PTCH411 CAL, DRAIN-

AND VENT VALVES, SCRNi DISCl%RGE tEADER

INDICATES EF L 2, no 3 CPD SYSTEMS WORKIfG f0RP%LLY-

SYSEM 0%NTS

|JT lbHITORING - C0ffTINUOUS READOUT M)NITORS INSTALLED ON SCRNi-

HEADER LOWPOINTS

EXPERIENCE DURItE U-3 no 80-17 TESTING INDICATES (f[ FONITORING IS-

RELIABLE

.

VENTS

v

POSITIVE VENT PROVIDED ON EAST ND '.<ST HEADERS-

O* '>
.
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(] EMERGEtCY INSTRUCTION WITTEN DESCRIBifE OPERATOR SECT 10fis IF I-

|'

WATER DETECTED lt{ VOLlFE

- ALLOPERATORSINFORMEDTt0R00Gft.YONff-3 EVE?R

IESIGlWORK

- TVA VORK!NG VIGOROUSLY TO FINALIZE ti2DIFICATIONS TO ELIMINATE
POSSIBILITY OF REOCCUREt:CE OF THIS T(PE OF EVENT
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