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1 E_E_0 C E E Q_1_1_G_E
Q'*%,

| 2 CHAIRMAN SMITH: Mr. Paxter?

3 Whereupon,

O.;

4 ROBERT W. KEATEN AND ROBERT C. JONES,,

5 called as a witness by counsel for Licensee, havinc

6 previously been duly sworn by the Chairman, resumed the

f 7 stand , was further examined and testified as followss

8 REDIRECT EXAMINATION

9 BY MR. BAXTER::

10 0 Mr. Jones, in questions that have been posed to

11 you in cross examination and by the Board, you have been
|

12 making a distinction between core cooling and the removal of
j

'
+

|
13 heat from the reactor coolant system.

14 Is that an important distinction to you, and if

15 SO ' WhY?
.

16 A (WITNESS JONES) It is an important distinction to

17 me to separa te the two itens, th e removal of core heat, and

18 then the removal of heat from the primary system. The main

39 reason for that is basically tha t you can provide adequate

i
'

20 core cooling by maintaining inventory above the core; that |
|

21 1s, to keep the core covered with a two phase mixture. The

22 mechanisms to remove heat from the system are important in

23 order to control the transient, but are really not necessary

'

I'T 24 1n order to provide adequate core cooling.
,

\/
25 0 Also in the course of the examination you

O
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4852

(~) 1 described the various availa ble processes for renoving heat
%>

2 from the reactor coolant system, including a discussion of

3 the role of forced circuletion.,.s

( )
\/

4 Would you cummarice, please, what the physical

5 processes are which occur during a small break loss of

6 coolant accident and relate those to the heat removal

7 processes that have been discussed in your examination.

8 A ('A ITN ESS JONES) During a small break LOCA, there

9are many ways in which energy can be removed from the

10 prim ary system. For the very -- not very, but for larger

11 sized small breaks, those breaks graded approximately .02

12 squa re f eet, the energy removal capability of the break

13 itself, and the fluid it discharges, is more than sufficient
,

o() 14 to overcome the energy added by the core decay heat.

15 For the smaller breaks, there are several

16 processes the system can utilize in order to remove the

17 energ y added to the fluid by the core decay heat. First

18 o f f , during the transient -- first off, during the small

19 break transiant you have a leak which leads to a decrease in

20 the inventory in the system and a depressurization. That |

21 depressurization trips the reactor and under typical small

22 break analysis assumptions, the small break coolant pumps

23 would be lost. The initial coast-down of the reactor

() 24 coolant pumps would remove the initial stored energy of the

25 fuel and cool the core. The energy that is added to the

p)'w.
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i

{} 1 fluid would be removed during this coast-down of the reactor
t

2 coolant system pumps via the steam generator.

3 Following the complete loss of the pumping power

O 4 of the pumps in their coast-down period, a natural

5 circulation phenomenon will occer. In this process,

6 assuming that you have feedwater valve open to the steam

7 gene ra tors, the colder density fluid in the steam generator
;

8 will provide a driving hesi to circulate the hotter fluid

gthat has absorbed the energy from the core. That process

10 will result in the energy removal of the fluid, of the

11 energy added to the primary system fluid from the core decay

12 h e a t . .

13 '41 t h t im e , however, the system will ultimately

14 void because you have a continued loss of fluid in excess of
i

15 the capacity of the emergency core cooling systems for

16 certain of the small break sizes. This will result in a

17 voiding in the 180 degree bend in the top of the hot leg and

18 an interruption in the natural circulation heat removal

19 process would cccur.'

20 The system, depending on the size of the break,

21 can then undergo a. repressurization transient. The main

99 reason for the repressurization is the energy added to the

aid at this point in time is not being removed by the

() 24 steam generator because the steam bubble has formed in the

25 upper portions of the hot leg and there is no direct

O
T
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1 condensation path early in this process where the energy can

2 be removed in a boiler condenser mode.

3 However, the break itself will continue to
.

'

4 discharge mass f rom the system. The liquid levels
!

5throughout the primary system will decrease, ultimately

6 exposing a surf ace of the steam generator on which the steam
4

7 ean be condenred, and the boiler condenser process would

8 then occur. This would terr.inate the repressurization, and

9 You would have a completely -- you would then be able to

10 remove the anergy necessary from the primary system.

11 If, however, feedwater was not available for the
7

12 smaller LOCAs , the system would repressurize continuously up

I 13 to the PORV or the cafety valve set points. The high

() 14 pressure injection fluid is provided to the system in a feed

l 15 an d bleed mode whereby the high pressure injection system is

16 used to maintain inventory in the system, and the safety

17 valves or the PORV would open and the energy would be

18 Eemoved in i Combination of the Valves and the break, and

19 that would accomplish the heat removal processes.
.

20 0 Was the accident at IMI 2 the result of a failure

21 of any of these reactor coolant system heat removal

22 processes you have just described?

A (WITNESS-JONES) No. The accident at TMI 2 was23

) (}
24 no t a result of the failure to remove the energy added by

25 the core decay heat from the primary system fluid, but ;

O
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- 1 rather, a f ailure to maintain adequate inven tory in the

2 system because of the operator's th rottling of the high

i 3 pressure injection pumps early in the transient.

4 0 Mr. Keaten, I believe you tectified in answer to a

5 question by Ms. Weiss that upgrading emergency feedwater

6 systems to saf ety grade was a lesson learned from the TMI 2

7 accident.

8 Have you had occasion since that testimony to
,

greview the reports of the Lessons Learned Task Forces to

10 verify or confirm that answer?
,

i

11 A (WITNESS KEATEN) Yes, I have reviewed the
,

! 12 repo rts , and if I implied that upgrading the emergency

13 feedwater system to safety crade was a requirement arising

() 14 ou t of the NRC review of the TMI accident, that was a

15 mistake. The Short Term Lessons Learned Task Force Report
1

16 and also the Action Plan, which is the longer term lessons,'

17 do require certain items in the emergency feedwater system

18 to be upgraded , specifically, a requirement for the

19 emergency feedwater system to be automatically actuated on

20 certain even ts , and also a requirement for indication in the

J 21 control root of amargency feedwa ter flow.

22 But in those reports, there was no requirement'

1 23 that I was able to find to upgrade the emergency feedwater

() 24 system to sa f ety grade.

25 0 Thank you.

O
;

ALDERSON REPORTING COMPANY,INC,

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

,_ __ . _ , , , _ ,



|
|

!

|

4856

e ~ 1 Mr. Jones, Mr. Follard asked you in connection
L),

2 with your testimony on the operator actions required to

3 establish and maintain the feed and bleed cooling mode,

4 whether you had read procedares at the applicable, and you

5 said IMI 1.

6 Is it necessary to have reviewed such procedures

7 or have read thom to identify the key operator actions that

8 would be required to establish and main tain that mode?

9 A (WITNESS JONES) Ne, it is not. I have, as I

10 said , scanned those three pr cced ures, two or three

11 procedures that I testified on earlier. However, the

;qBabcock and Wilcox Company has provided to the Licensee

13 operator guidelines for sitigating rmall break LOCAs, and
em
Ij 14 these include the feed and bleed operation within those
v

15 quid elin es. I had pa rticipa ted in the development of those

16 guid elin es and I knew previously exactly what the operator

17 actions were to establish bleed and feed cooling.

18 C And did your further review cf these TMI 1

39 procedures during the course of the examination uncover for

20you any additional operator actions necessary to establish

21 a nd maintain feed and bleed cooling which you had not

22 al read y identified in your written testimony?

23 A (WITNESS JONES) No, they did not.

(~' , 24 MR. BAXTER I have no further questiens.
(_)

25 CH-AIRyAN SMITE: Any questions on the answers to

r
( )
t/
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1 Mr. Baxter's questions?

2 MS. WFISS: Could we wait until after the Board is

; 3 finished?
i

4 CHAIRhAN SMITH: All right.
!

5 MR. BAXTERs If we are going to do it that way,
s

| 6 Mr. Chairman, I guess I would prefer in the future that our

7 redirect follow the Board's examination as well. I think at,
2

1

8 this point we ought to complete the recross based on my

9 redirect.
,

10 CHAIRMAN SMITH: Well, I don't see that it !
1

11 matters. Ine Board's questions may satisfy some of Ms.

12 Weiss' questions, but I think you are correct about the

i

13 sequence that we should have followed, that your redirect

14 sho.uld have f ollowed the Board's questions.

"

15 In the meantime, it doesn 't really matter one way

16 or the other.

17 Let's have the Boa rd 's questions first.

18 Is there a reason that I am overlooking?

19 MR. BAXTEE No, sir, as long as I might have the

20 0pportunity, if there is anything new in the Eoard's |

21 questions, to ask.

22 CHAIRMAN SMITH: You will always have 'that

23 opportunity. Everybody is going to have an opportunity to

24 address new matters raised.

25 M E ~. SAXTER: That was my only concern.

O
'
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,

1 EXAMINATION BY THE ROAPD
/}

2 DR. JORDANS In response to one of the questions-

3 by Mr. Baxter, you made one statement which puzzled me a

O 411ttle bit. Are there certain break sizes uhich require

5 both the emergency feedwater systems and hich pressure
,

,

6 injection in o'rder to adequately cool the core?

7 WITNESS JONES: No, there is no circumstances

8 where both are required. The emergency feedwater system is

g expected to be available following a small break LOCA, and
;

10 the description I gave of the processes with the emergency
.

11 feedwater system is what I would call say the expected

12 system response.

13 DR . JDRDANs I see.

() 14 WITNESS JONES: However, without emergency

15 feedwater system, the high pressure injection system can
i

16 provide adequate inventory control and heat retoval

17 ca pa bility with the safety valves to provide adequate core
'

18 cooling.
<

i

19 D3. JORDANS All right. Let's assume for the

20 mom en t that the emergency feedwa ter system is not available.
I

21 Will you describe what the process would be

22 following that time, what would the operator be doing, and

: 23 wh at are the hazards involved? And I am particularly

24 interested in following up on the testimony yesterday !()
25 whereby you sai:1 you would not be able to establish

O
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Ishutdown, a cold shutdown with the high pressure injection

i 2 under the f eed and bleed mode.

'
3 And now I guess I am particularly interested again

41n the small break sizes, and if there are two or three.

'

5 dif f erent regimes that you must discuss, then please do so. :

6 WITNESS JONES: Well, for the larger size small

7 breaks, the ones greatee than .02 square feet, the operator

l 8really has to do nothing to initiate the high pressure

I
p injection system.

10 DR. JORDAN: This is the usual LOCA which you

i 11 address under 50.46, I presume, and the criteria then that

12 you are talkinc about there.,

13 WITNESS JONES: We address all break sizes within'

() '14 the analyses we do. ~4e do not necessarily specifically

15 analyze the smaller ones, but we demonstrate by performing

16 the spectrum * hat smaller break sizes are covered by the

17 spectrum we did, that is, th a t they demonstrate that all'

18 break sizes meet 50.46 requirements.

19 I am just trying to separate the two break sizes

20 in trying to get into the operator actions he would be

21 perf orming without feedwater.

22 DR. JORDAN: Okay. I think there will be'

23 testimony on I guess it is UCS 8, which does cover the,

() 24 specifically the B&W analysis of various sized breaks and

25 the consequences thereof, but from you I want to know what

O
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1 are the operator actions, then, if we have no emergency
(} ,

2 feedwater, a small break which is not sufficient in size to

3 operate, to remove all of the after heat.

'

4 WITNESS JONES: Okay. That was the second part of

5 my answer.

6 DR. JORDAN 4 I am sure that is where you were

7 headed.

8 WITNFSS JONES: Okay. For those smaller breaks,

gthose less than approximately .02 square feet, the system

10 would depressurize initially but may not reach the emergency

11 core coolina system set point without emergency, if you did

12 no t have emergency feedwater. The generator would boil dry

' 13 ea rly and the system would repressurize due to a loss of

14 heat sink.,

15 For that case, the operator is instrurted to

|
16 basically just actuate the high pressura injection system

17 a nd leave -- I don't want to say leave the system alone, but

18 basically that is all he doen er has to do to cet into bleed
.

19 a nd feed. Now, he does perform other functions. He checks
|

20 to make sure that the control rods have inserted, that the
;

21 turbine has tripped , and he verifies whether or not he has

22 steam generator cooling. He has really two indicationc to

23 tell him whether or not to -- whether he has to manually ,

1

() 24 initiate the high pressure injection system. They are
,

25either the loss of all feedwater, that is, no level in the
i

|

I
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1 generator when he does his verification f unction, and he is

2 instructed to actuate the high pressure injection at that

3 poin t, or when he reaches sa turated conditions of the

O
\~/ 4 primary system.

5 Now, once he has reached this situation where he

6 has the feed and bleed cooling essentially established and

71t will stay, it is at that poin t in time he really has to

8 do nothing to maintain it. For core cooling purposes, his

9 basic instructions are to attempt to get back feedwater.

j 10 The attempt to get back feedwater will depressurize the

11 system, result in --

12 DR. JORDAN: The a ttempt, you say, will?

13 WITNESS JONES: If he is successful. He is to

()'

14 somehow try to aet back feedwater, and there are various

15 ways that he could do it which will depressurize the system,

16 close the valves , if they had lifted, and then just keep the

17 high pressure injection system on until he returns the

18 system to a subcool sta te.

19 DR. J3RDAN: In that event, you would be using the

20 boiler condenser mode for a while, is that correct?

21 WITNESS JONES: That is correct, and that is

22 basically all he has to do.

23 There are many other actions he can take, and in

(~T 24 the long term for the bleed and feed mode, he does have to
s_)

25 take the action of the switchover from the BWST to the

()'
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(}
1 containment sump that is outlined on page 12 of the;

2 testimony. He could also, if he wanted to, open the PORV

. -
3 rather than using the safety valves for this mode of cooling.

I

4 DR. JORDANa If he loses level in the borated

5 water tank and switches to the sump, is that when the low

6 pressure injection system comes into operation? Or I
!
" 7 believe you said it would be, the pumps would be running,

3 8 but would they automatically then start supplying

9 feedwater? Is this an operator action that he has to take?

10 Fither one may answer.

11 WITNESS JONES: Well the low pressure injection

12 system is started upon receipt of an ESF AS.
;

13 , DR. JORDAN: But he hasn't had one of those, has

14 he.

15 WITNESS JONES: Right. And he may be able to

16 selectively start HPI pumps or LPI pumps, but in all

17 likelihood, because of the system pressures involved, he

j 18 would turn of f the low pressure injection pumps because he

| 19 would be above their shutof f head, and there would be no

20need to just continue to run them.

21 When he gets to th e low level, he would have to,

22 assu ming that he has shut the pump off, start the LPI pump
1

23 a nd then make various valve arrangements to where he would'

() 24 be utilizing the LPI pumps to provide suction to the HPI

25 pump s.

O
i

i
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1 DR. JGRDAN: Okay. Now, once he gets into thatO i

|

| 2 mode whereby sucton is provided from the sump, how is the

3 heat then removed from the water that is coming from the

O 4 sump , passing through the core, going out the leak, back

S into the sump?

6 WITNESS KEATEN: It is being removed by two

7 dif f erent methods. In the train of the low pressure>

8 injection system, on the discharge of the low pressure

9 injection pumps is a cooler.

10 DR. JORDAN: Is a what?

11 WITNESS KEATEN: A cooler. |

; 12 DR. JORDAN: Okay.*

13 WITNESS KEATEN: Which cools the water.

() ~ This is the normal residual hea t14 DR. JORDAN:

15 removal cooler?

16 WITNESS KEATEN: No, sir, this is an emergency

17 functions cooler as well as a normal cooler which is both'

18 during a large break LOCA where the low pressure injection

19 system is the core cooling mode, and it is also used during

20 shutdown cooling when the LPI system is operating as the

21 decay heat removal system.

22 In addition, there is reactor building cooling

23 which is cooling the water prior to the time that it is

() 24 picked up by the low pressure injection pumps. So both of
~

1

25 those cooling modes --
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1 DR. JORDAN The reactor --(}
2 WITNESS KEATEN: It is cooling the containment

3 atmosphere, which indirectly cools the water.

%
4 DR. JORDAN: Cooling them by vaporization of the

5 water in the sump.

6 WITNESS KEATEN: Yes, sir, exactly.

i 7 DR. JORDAN: Okay.

8 But now, it is necessary somehow or other to get

gback into the emergency feedwater system, either that or the

10 main feedwater. We must get feedwater opera ting in order to

. 11 cool the core.
I

12 Now, how long can you operate under this other

13 condition ? I should ask that first.

14 WITNESS JONES Well, you can operate in the feed

15 and bleed mode basically indefinitely. The water would be

16 sto red in t1e containment sump and you recirculate it

17 through the LPI, the cooler back through the EFI into the

18 system , and you can maintain that function basically
,

19 indefinitely.

J 20 DR. JGRDAh I see.

21 WITNESS KEATEN: Dr. Jordan, in further answer to

22 your question , if, for example, the PORY is functional, it

23 ma y in fact be possible to use it to depressurize the system

() 24 down to the point where simply the normal decay heat system
.

|25 vould be able to be used without ever reachieving emergency,

!
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(} 1 feedwater flow.,

! 2 DR. JORDAN: I see. That is the questin I was

3 going to come to, so that by use of the PORY you can achieveg~g
(_)>

4 shutdown coolig.
4

5 WITNESS JONES: Use of the PORV, use of the high

6 point vents on the system, really, any venting path that

7 could be established could be utilized to provide a'

8 depressurization means.

9 DR. JORDAN: What size are those high point

10 vents ? I didn't realize that they were la rg e enough to

11 contribute very much to the cooling.

12 WITNESS JONES: I don't remember the size. They

13 are on the order of .8 inches in diameter.

14 DR. JCRDAN Eow much?

15 WITNESS JONES: .8.

16 DR. JORDAN: Tha t is very small, isn't it?

17 WITNESS JONES: Yes.

18 DR. JORDANS I can't believe that really

19 cont ributes to the coolant.

20 WITNESS JONES: Well, th e depressuriza tion mode,

21 even utiizing the PORY to depressurize, requires the'

22 operator to throttle the high pressure injection pumps. In

23 order to depressurize the plant, even with an open PORV, the

() 24 balance of leak flow and injection flow would stabilize the

25 system pressure probably 1000 psi, and you could not-

O
y-
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1 depressurice any further except by decreasing the high
{}

2 pressure injection flow, which then means th at you have more

3 outflow and the system would depressurice slowly.

O
i 4 Now, you take that action by maintaining some
i

5 cooling in the system. You don't arbitrarily take the
4

6 action of throttling the HPI back. You throttle it within

7 existing guidelines which are to maintain approximately 50

I 8 degrees subcool, because the continued pumping of the cold

9 wa ter into the system will continuously decrease the system

10 temperature.

11 So you could, in fact, if you establish 100

12 degrees sub:ool in this system, you could throttle the HPI

13 and allow the system to depressurize somewhat until you

14 reach 50 degrees subcool.

15 DR. JCRDAN: ! quess we will have to ao over that

16 a little more slowly.

17 We have now the situation where there is a small

18 1eak, ray less than the .05 square feet, and we have started

19 the high prassure Lnjection system -- by the way, if system
1

20 B'is normally operating, will that have continued to run?

21 WITNESS KEATEN: In TMI Unit 1, the normal line-up

I

22 for the emergency -- fo r the high pressure injection pumps

23 1s for pumps A and C to be actuated, either if the emergency

() 24 saf egua ra systems ac tua te au toma tically or if the operator

25 presses the button which is labeled emergency safeguards

Ob
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1 actuation, and pumps A and C will come on.

2 DR. JOEDAN: I see. So --

3 WITNESS KEATEN In Unit 1, under the assumptions

O 4 that are normally used for licensing basis, which is that

5 simultaneously with an ESAS that you lose offsite power,

6 under that circumstance, pump B will go off.
j

7 DR. JORDAN: B will go off.

8 WITNESS KEI. TENS That is the thing I was answering*

9 yesterda y. I should add to my answer that under more

10 anticipated conditions, which is that offsite power is not

11 1ost, then pump B will in fact continue to run, and so all

12 th ree pumps would be running.
,

13 DR. JCRDAN: I see.

( )1 14 Now,-if pump B is running and does it normally run

15 at full speed and then have a valve which controls the level

16 1n the pressurizer?

17 WITNESS KEATEN: Yes, sir. And the valve line-up

18 1s normally such that the flow is coming in through one of

19 the four high pressure injection lines. There is one
4

) 20 specific line that is used for the normal make-up flow.

21 DR. JORDAN: I see. There are four lines.

22 WITNESS KEATENs That is correct.

23 D3. JORDAN: All right.

/'i 24 Now, then, astume that we have had a small break.
V

25 First o' all, what is the -- what does the operator observe

O
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1 to recognize that he has a small break and needs to do

2 something about it?

3 WITNESS KEATEN: The principal indication that the

4 operator has is the temperature saturation margin.

5 DR. JORDAN: I see. So that somehow or other it

6 1s the loss of inventory and the failure to maintain --

7 well, it is f ailure to maintain inventory that really

8results, is the thing that he first observes.

g WITNESS JONES: That is correct, alona with a

10 decrease in system pressure, both. You get not only an

11 approach to saturation but also a decrease in system

12 p res sur e .

13 DR. JORDAN: Why would the system pressura

() 14 decrease? Is that because we have lost level in the
,

,

15 pressurizer?

16 WITNESS JONES: It does somewhat depend on the*

17 even t , but if you a re talking simply about a loss, a small
:

j 18 break which results in loss of inventory, it is either the

19 decrease in the pressurizer level for breaks located within#

20 the primary system, excluding the pressurizer --

21 DR. JORDAN: Yes.

22 WITNESS JONES: Which then expands the steam and

23 decreases the system pressure, or in the eve nt of a break at

fh 24 the top of the pressurizer, it is the loss t f steam from the |
%J '

25 pressurizer that would cive you a decrease in system i

,

! !

|
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/~h 1 pressure, because if the break was in the top of the
V

2 pressurizer, the initial response would be a rise in the

311guid level in the pressurizer, not a decrease.

O
4 DR. JORDANS And if you had a rise, wouldn't the

5 heaters then in the pressurizer go on in attemptino to keep
'

6 the pressurizer up, and wouldn't they be successful, in fact?

7 WITNESS KEATENs In either case, the heaters, if

8 they were on automatic control, would sense the cooling that

gwas occurring, and the loss of pressure, and would try to

10 come on , but I believe the dynamics are such that the
|

11 reaction of the heaters in this kind of a case where you

12 have a leak , and a significant ' change in inventory of the

13 syst em , the heaters are much too slow to really keep up with

14 what is going on.

15 And so, for example, if you look a t what happened

i
16 during the EMI accident where the leak was out of the top of

17 the pressurizer, as Mr. Jones was saying, what happened in

'

18 fact was that the loss of steam from the pressurizer caused

19 a decrease in pressure, and the system pressure dropped, the
,

20 level rose in the pressurizer because the steam was going

21out, and that continued to happen until the primary hot legs

22 reached their saturation point, at which time voids started

23 to form in the hot legs, and that became, in effect, the new

' () 24 pressurizer of the system. .A n d then the pre ssu re was

25 stab ill:ed at the saturation pressure of the hot legs.

O
'

t
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i

1 DR. JOEDAN And that situation should be apparent

O.
1

2by the proposed saturation meter, is that correct? '

.

3 WITNESS JONES: That is correct.

4 DR. JORDAN: We will have further testimony on the

5 operation of the saturation meter and whether that meter

6itself is adequate or not, and so I will not go into that

7 matter today.

8 Bat now I do want to go back and try to pick up

gthe thread of what happens with the small break.

10 We have a small break, and if the inven tory drops

!

11 appreciably, you say that this will be evident to the

12 opera tor by virtue of loss in pressure as well as the

i

13 sa tura tion m eter.

() 14 Is this right or not?

15 WITNESS JCNES: That is correct.

16 DR. JORDAN: So he has two indications that

17 operator action is required.

18 WITNESS JONES: Well, they go hand in hand.

19 DR. JORDAN: I see.
.

20 WITNESS JONES: Because you get a loss of -- you |
.

21 get a decrease in system pressure initially from just a

22 typical reactor trip, when the reactor trip says you have a

23 decrease in pressure.

24 DR. JORDAN: I see, because of the loss in the(}
25 volume of the water as it cools.

|

O
\m/ 14

)
l

|
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! .
- 1 WITNE'SS JONESs That is correct..

-

|

|
2 DR. JORDAN: But now, under the assumption that we

3 have lost the energency feedwater system at least

4 temporarily, there would not be that loss in volume. There-

5 wouldn 't be the cooling.
;

6 Is that correct? In fact, there would be an

7 increase in volume because --

8 WITNESS JONES: In the longer term, that is

9 correct. Within the first minute or two, you would still'

10 get a depressurization because the -- you still have

11 inventory in the steam generator that can be boiled. So you

12 have a heat sink for some period of time, and since you shut
,

13 of f the res: tion within the core, you have inserted the

(j 14 cont rol rods, you have a decrease in your heat source, you

15 still have a heat sink, which will decrease the temperature

16 cf the primary system fluid, and the initial response to the

17 accident is a decrease in system pressure for the first few

18 minu tes .
;

19 But once the --
4

,

I 20 DR. JORDAN That heat sink in the pressurizer is
1

21 ad eq ua te , the boiling in the pressurizer is an appreciable

22 heat sink? Is that correct?

23 WITNESS JONES: Not the pressurizer, the steam

() 24 generator.

25 DR. JURDAN: I'm sorry. So start me over again

:

O
,
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1because I missed -- my mind was in the wrong p la c e .
; {}

I
i 2 So in the primary of the steam generator, the

,

'
1

3 primary side of the steam generator, you say, there is |
1

4 boiling -- n o , it is boilino in the secondary.

S WITNESS JONES: It is the secondary side.

6 DR. JORDAN I understand, yes.

7 Now, continue. Okay, I see.

8 WITNESS JONES: Now, once the steam generator
,

g inventory is boiled dry, and assuming that you are in the

10 smaller b reak sized category , .02 to .01 square feet or

11 1ess, then the system would repressurize.

12 DR. JORDAN: Now, this boiling dry, I believe has

13 been said it takes something like eight, ten minutes, is

() 14 that correct?

15 WITNESS JONES: The number is on the order of

16 three to four. minutes..

,

17 DD. JORDAN: I see.

18 '4ITNESS JC N ES: But the key -- I want to get back

19 to your initial -- well, I want you to understand that the

20 decrease in system pressure is really not important in

21 deciding when to activate high pressure injection. If I get+

.

22 to saturated conditions, irregardless of whether the system

23 pressure is decreasing or increasing, the operator is

() 24 instructed to actuate the high pressure injection system.
,

25 DR. JORDAN: I see, so that it is the saturation

!

O
1

|
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{} 1metsi then that will tell him to do thi" . And that is the.

2 meter that 'they did not have at TMI 2.

3 WITNESS JONES: It is not only the saturation

O 4 meter, bu* he has temperature and pressure gauges available

Sin the control room sepa ra tely which he could use and
1

6 compare to a graph of the steam tables to decide whether

'

7 fluid --

8 DR. JORDAN: But this is what they did not do at
,

9 TMI 2, isn't that correct?

10 WITNESS JONES: That is my understandsing.

11 DR. JORDAN: And they did not have a saturation

12 mete r .

13 WITNESS JONES: That is correct.

) 14 DR. JORDAN All right, now, then, I do need to

! 15 g e t back to this thread of what happens, then, after the

16 operator observes a loss in saturation -- is loss the

17 correct word?

18 WITNESS JC;. ES : Reaches saturation.

19 DR. JORDAN: Reaches saturation, all right. He

20 has now started the high pressure injection system, one or

21 two systems?

22 WITNESS JONES: He is instructed to start both
,

23 pu m p s .'

!

| .( ) 24 DR. JORDAN: He does start both pumps.

25 WITNESS JONES: Yes.

)|

l
!
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1 DR. JORDAN: Now, do these pumps then run at full
;

2 flow? Does he try to control this, and does he have ability

3 to control it ?

O
4 WITNESS JONES: He is instructed not to control

S it. He is to let the high pressure injection system inject

6 as much fluid as it is capable of injecting at the given

'

7 system pressure.

8 DR. JORDAN: But there are control valves, t h e r. , I

9 take it, that he is not supposed to use.

| 10 WITNESS KEATEN: That is correct. When the system

.i

11 1s actuated, what the operator would do in this case is to

12 hit the button or buttons which actua te the engineered

13 saf e ty feature system, and what that does is to turn on the

14 two pumps, normally the A and the C pumps, and these are

15 consta nt speed pumps, so they would run at full speed.

16 DR. JORDAN: So I see. He doesn't just turn on
i

17 the high pressure injection system under this circumstance,

18 he actuates the ESFA.

19 WITNESE KEATEN: I think that would be his normal

20 mode , although he co uld do it differently, but that is the

21 easy thing for him to do. 'All he has to do is to hit the

22 button that is right there in front of him.

23 DS. JORDAN: This would start the emergency

() 24 generators and a whole bunch of other things.

. 25 WITNESS KEATEN: It would start the high pressure
! I

I ($)
.

l
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1 injection system, it would start the low pressure injection

2 system , and it woc 13 start some of the supporting cooling .

3 water systems such as the coolers for the decay heet coolers

4 that we were discussing, and then --'

|

5 DR. JORDAN: And the emergency power system?

6 WITNESS KEATENa I es not sure.
i i

7 DR. JORDANS Okay. It doesn't matter.

8 WITNESS KEATEN: The other things that that does

9 1s it fully opens the injection valves from the high

10 pressure injection pumps into the reactors --

11 DR. JORDANS I see. And so these are the valves

12 that are normally used in the make-up system.

13 Is that why there are valves there?

() 14 WITNESS KEATEN: No. These valves are there to

15 keep the high pressure injection system normally isolated

16 from the reactor coolant system, and as I said earlier,
|

17 there is one of the four lines that is normally used in the )

i 18 make-up mode, but most of the injection valves are normally
.

:I

19 closed.

20 DR. JORDAN: I see, the valves are normally

21 closed , but I thought there was only maybe two positions,

22 closed or open.

; 23 WITNESS KEATEN: No, sir, that is incorrect.

(} 24 These are control valves.

25 DR. JORDAN: These are control valves for what use?

I

O
i

|

ALDERSoN REPORTING COMPANY,INC,

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

-- --_- - _ - - _ _ _ _ . -- - - _ _ . _ - __ - __



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

!
'

'
i
,

'

4876

(} 1 WITNESS KEATEh: They can be used under-the
,

2 conditions where, after the high pressure injection flow has

3 been initiated , if it is a small enough break and if, for

O 4 example, there is emergency feedwater so that the operator

5 can restore his subcool margin and so the system is at least
|

| 6 50 degrees subcooled, then he is permitted to th ro ttle th e

7 flow back in order, for example, to keep from filling up the

8 pressurizer or to keep from overcooling the system or

9 whatever. And his instructions, as Mr. Jones has indicated,

10 are tha t if he does not have at least 50 degrees subcool

11 margin, that he is to maintain full high pressure injection
)

12 flow.
|

13 DR. JORDANS I see. So tha t ,ir the reason for the

14 valv es.

15 WITNESS KEATEN Yes, sir.

16 DR. JCRDANs Now, this case that we are now

17 discussing here where you have a small break, not adequate

18 to cool the core under t ' .' feed and bleed mode, he hasa

19 pushed the button that actuates the ener7ency safety

20 features and then what happens?

21 WITNFSS KEATEN: Then basically wha t happens, as,

,

'22 Mr. Jones has indicated in his tystimony, is that if there
1s no feedwater -- '

23

() 24 DR. JORDAN That's right, there's no feedwater,

25so the system starts filling up.

O.
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/~T 1 WITNESS KEATENs The system starts filling up, and
V

2 if the operator doesn 't do anything else, then it will fill

3 up to the point that the safety valves lift and water er

O
4 steam, depending on the situation , will b e flowing out.

5 Under these circumstancos, the BEW analysis indicates that
,

6 the high pressure injection flow is anple to keep the core4

i

7 covered, and so as long as the core is covered, the fuel is

i a maintained cool and the safety valves act to maintain the

9 pressure of the system at the pressure, and the system will

10 str.pl y sit there.

11 DR. JORDANS Okay. So with quite a small break,

12 then , the system would fill er would go water solid and we

13 would have water coming, chiefly water coming out of the

14 sa fety valves, if the PORV was not operated.

15 WITNESS JONES: Eventually, yes, that is correct.

16 DR. JORDAN Okay, now, do you think that the
i

17 operator would try, or would the PORV itself -- I guess it'

18 would be -- it would detect the pressure rise even in a

19 water solid condition and start the PGEV to operate.

20 Is that correct?

21 WITNESS JONES: That is correct. And in fact, as

22 We were looking through the procedures yesterday, under this

23 circ umsta nce the operator is instructed to o pen the

() 24 downstream block valve for t he PORV, to use it as a relief

25 path , if available. |

,
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() 1 DR. JORDAN I see.

2 Is that block valve normally closed?

3 WITNESS JONES: No, I don't believe so, but it, in

.O
4 case it was for some reason closed --

5 DR. JCRDAN: I see, just to make sure that it is

6 open. All richt.

7 Yes.

8 WITNESS KEATEN: Let me add to that that Mr. Jones

91s correct, it is not normally closed but in the scenarios

10 in which you get into the system where in the event of a'

11 small . leak , the depressuriza tion --

12 DR. JORDAN: He has got to decide now where that

13 1 eat is.

14 WITNESS KEATEN: That is right, and the procedure

"

15 tells him very early in the stage to close that block valve

16 in case the leak happens to be through the P0FV.

17 DR. JORDAN: Okay, now, supposing it isn't?
,

18 WIINESS KEATEN: If it is not -- or if it is or is
<

19D0t?

20 DR. JORDAN All right.

21 WITNESS KEATEN If the system repressurizes and'

f

22 the operator wants to attempt to use the PORV as his

23 pressure control method rather than the safety valves, then

() 24 he would have to reopen that block valve,.and the procedure'

25 tells him to do so.4

(

,
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1 DR. JORDANS So he does have to make a decision{}
2 now as to where the leak is in order to know what to do.

3 '4 h a t aids does he have in making this decision?

O
4 WITNESS JONES: He doecn't have to make a decision

5as to where the leak is, Dr. Jordan.

6 DR. JORDAN: All right.

7 WITNESS JONES: His instructions as far as the HPI

8 1s concerned is to leave it on until it returns to subcool

9 conditions and then throttle to maintain it, and as far as

10 usin g the relief valves, if the system repressurizes and you

11 are in a saturated mode, then he is instructed to open the

12 block valve, if possible. There is ne real decision process

13 as to whether the break is in the cold leg, in the hot leg,

( 14 or anything like that.

| 15 DR. JORDAN: All right, now, with the small break,

16 wh a t would aa ppen is that the system pressure would build up

17 due to the operation of the high pressure injection system

18 un til the safety valves or the PORV was tripped.
<

39 WITNESS JONES: That is correct.

20 DR. JCRDAN4 And then, in - tha t event, he could

21 just -- are you saying he could just sit there until we run
;

22 ou t of water in the borated water tank, then switch to the

23 sum p and continue to cool by tha t method? Is that correct?4

() 24 WITNESS JONES: That is correct. Fe could do that

; 25 to ensure aiequate core cooling.

(
,

l

i
i

(
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() 1 DR. JORDAN: All right. That is where I got off
,

2 the track with something you said a little while ago, but I

3 think , perhaps, you were assuming now a bit ago a largers
,

>.,

4 break.
,

5 I mean, is there now, I am askinc you, is there a

6 break of somewhat larger size in which the high pressure

7 injection system wouldn't keep up with the break and yet the-

8 break is not big enough to dissipate all of the cooling?

g WIINESS JONES: Well, if you do not have steam

10 gene ra ted cooling --

11 DR. JOEDAN: That's right.

12 WITNESS JONES: All break sizes less than

13 a p pr oxima tely .02 square feet will repressurize and the

Ox
,

14 addition of the --
1

!

15 DR. JORD AN : Repressurize by going water solid ?#

16 . WITNESS JONES: No, no.

17 DR. JORDANS All right.

18 WITNESS JONES: Because the high pressure

19 injection fluid that is injected is not sufficient to stop

20 boiling witnin the core at that point in time, and so you

21 would be. boiling, and that would be helping to discharge |
.

l1

22 fluid. It takes a period of time for.the decay heat to

23 decrease to where the cold HPI water could no longer be

() 24 raised to saturated fluid, or just to sa tura ted fluid and no

25 boiling occurred before you would start to refill the system

1

" (:) i
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I"'V) tin a water solid mode. i

2 DR. JORDAN: Let's consider a break of .01 square

3 feet.

.

4 Do we get boiling in the core?

5 WITNESS JONES: Yes.

6 DR. JORDAN: We will under that circumstance.

7 WITNESS JONESs Yes. Without feedwater, even if

8you had no break in the system, you would ultimately start
1

9 to boil in the core.

10 DR. JORDAN I see. All right. That is what I

11 hadn't -- well, but d idn ' t we say a little bit ago that we

12 do reach water solid conditions?

13 WITNESS JONES: Eventually. The initial system --

14 1et me try to describe a little bit the energy processes
1

15 that are occurring here initially.

16 You are injecting on the order of 300, 200 to 300

17 gallons per minute of 90 degree water into the cora from the'

18 high pressure injection system at 2500 psi.

19 DR. JORDAN: And that is not nearly enough flow to

20 cool the core by circulation of that wa te r.
,

|

21 Is that correct?

; 22 WITNESS JONES: The cooling of the core is done by

23 just maintaining it covered with a two-phase mixture. You;

() 24 do not have to have circulation.,

25 DR. JORDAN: Yes, that's what I said, the cooling

1

|
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(}
1is not from the circulation of the high pressure injection

2 water, and s delta T in the water itself. The cooling is by

3 virtue of putting water in and letting-boiling occur.

4 WITNESS JONES: Yes, that is the basic cooling.

5 wa ter, a pool boiling type phenomenon at this point in time.

6 DR. JORDAN I see. So go ahead.

7 WITNESS JONES: The initial core decay heat is

8rather large relative to the energy absorption capability of

; 9 the high pressure injection water to turn it to steam, or

10 just to saturate a liquid, to raise it from 90 degrees to

11 650 degrees and then boil it. The initial core decay heat
i

12 shortly af ter shutdown. of the reactor is more than'

13 suf ficien t to boil the initial high pressure injection water

14 or what is being injected.

'

j 15 DR. JORDAN. And you are now talking about the 7

16 percent heat , or are you talking about excess high
;

I 17 temperature in the fuel elements?

18 WITNESS JONES: I am talking about the 7 percent.

19 decay heat.
]

- 20 DR. JCRDAN: All right, thank you.
|

| !

4
21 So you say . with 7 percent heat and two pumps

i
'

22 ope r a tin g , the 7 percent decay heat cannot be handled by the

23 bleed and feed mode?

() 24 WITNESS JONES: Tha t is right, initially,
,

| 25 initially.- You are still cooling the core by the volume of

(
i

!
.
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1 fluid. Thia is not unusual in a small break scenario. The
[}

2 high pressure injection pumps a re low capacity injection

3 systems, and basically the way the scenario runs for a small
,

4 break LOCA is you have plenty of cooling water available to*

5you within the confines of the primary system itself, and
,

6 that fluids stays around for a certain period of time

7 depending on the break size, and you m'atch up your high

8 pressure injection pump such that it is providing sufficient

g fluid by the time the initial system has drained down toward

10 the top of the cora such that it is more than capable of

11 matching the boil-off at that time..

12 DR. JORDAN: I see.

13 Are we racing, then, the decay of th e decay heat,

14 against' the high pressure injection residual remove heat,'

15 and then withinside an hour, at least, that decay heat has

16 cotten down I think you ssii to 1.4 percent, something like

17 that.

18 Is that what you are doing is boiling off fluid i

1

19 from the inventcry until the decay heat gets down to the

20 place where it can be handled with the high pressure

21 injection system?

22 Is that correct?

23 '4ITNESS JONES: That is basically correct, along

() 24 with the integrated flow of the high pressure injection
'

25 system which supplies you a little more fluid to be boiled,

O
:
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1 beca use an integrated ef f ect of 200 -- far lower pressuresO4

21s a substantial inventory of water.
I

3 DR. JORDAN: I see, I see.

4 So the original inventory is an important factor,

.

5then, in handling the first part of the deca y heat curve, of
.

6 the integrated curve.

7 WITNESS JONES: I see.,

8 DR. JCRDAN: I see. I hadn't appreciated that,

9 and that l' one of the reasons I can see that my questions

10 were a little at cross purposes.

11 All right.

12 So we do have boiling in the core for et least a

13 while , and therefore there will be a two-phase mixture a t

14 1 east at the top of the core.

15 Does that necessarily mean there is a two phase

.

16 mixture coming out of the safety valves or the PORV?

17 WITNESS JONES. No, not necessarily. The analyses
1

18 perf ormed which had no break in the system, where we lost

19 all feedwater --

20 DR. JORDAN: Yes, I am interested 1 that.

21 WITNESS JONES: The basic system response for that

1

22 case is initially you discharga steam when you repressurize

23 to 2500. Then you discharge liquid. Then it undergoes a

() 24 two phased discharge, and then it goes to steam, and then a ;
1

25 the process would continue further in time, you would go

*
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1back to a two-phased mixture through the valve and then

O 211guid , until such time as you ended the feed and bleed mode'

3 of operation. .

4 DR . JORDAN: I see.

5 Hav long would all of those phases take? Are you

6 talking now about a matter of a month in order to go through

7 all of that?

8 I presume that is what is happening during this

9 period of time , is the decay heat is becoming less and

joless. Is that correct?i

l 11 WITNESS JONES: That is correct. The analyses

! -

12 which have been performed have beeen performed to the point

13 1n time where ve had adequate HPI flow to match the core

() 14 boiling and was to ainated at that time because from there
,

15 on the decay of the core energy would match things up. So I
i

i 16 am not able to give you numbers on the return process.

; 17 DR. JORDAN: I see. What time was that?

18 WITNESS JONES: For no break in the system, that

19 time is on the order of two and a half hours.

20 DR. JCEDAF: I see. Ckay.

21 WITNESS JONES: But the fluid discharge in that

22 two and a hilf hout time period, again, you have to --

23 DR. JORDAN Yes. |

i WITNESS JONES: The first eight minutes or so it24

''
25 1s steam. Up until about 28 minutes, from 8 to 28 minutes

,
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t it would-be a water discharge. Between 28 and 38 minutes it<

O 2 would be a two-phase mixture, and then for the remainder of

3 that two and a half hour period it would be steam.
T
/ DR. JORDANS I see, I see. So all this happens4

5 during this first two and a half hours.

6 WITNESS JOHES: That's correct. And then the

7 return process, I am not sure what its timing would look

8 11ke.

9 DR. JORDANS If there were a loss of of f site

10 power , would'all of these systems be operable?

11 WITNESS KEATENs That is correct, sir. These are

12 all engineered safety feature systems and they would go onto

13 the diesels.

() 14 DR. JORDANS In response to Board Questions 6E and

15 6F, page 4, next to the last sentence, you stated,

16 " Add itio n ally , the individus1 systems and components

17 required for feed and bleed cooling are routinely operated

18 and . are tested to assure their functionability."

19 Now, do these tests assure their functionability

20under the system you have just mentioned which-you have part

21 of the time water, part of the time two-phase and part of

22 the time steam?'

WITNESS JONESs. Well, the HPI and LPI tests are
! 23

24 basically to confirm that the pumps will actuate, that the

25 valve line-ups will open, et cetera. They are not affected

4
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1 by the discnarge. The testing of the safety valves, my

,

2 understanding of them are they are testod, that they will'#

3 open at their set pressure, and that there has been no

4 abnormal wear or items such as that, and my understanding of

5 the test of openina them is that that is a steam opening,

6 not a liquid or two-phase.

7 DR. JOR D AN : That is steam?

8 WITNESS JONES: Yes, that is my understanding.

9 DR. JCBDAN: I see. So there is a test in which

10 the pressur= in the primary system is elevated to the point

11 where the safety valves operate.

12 WITNESS JONES: No, no, they do not do that on the

13 sy st em . They do th a t -- my understanding is they ta ke one

14 valve rouchly every refueling outage, one of the safety'

15 valves, and test it, bench test it, not on the system.

16 DR. JORDAN: Well, as stated yesterday, you know,

17 m y main concern is with the reliability of these systems,

18 a n d it is my impression that tnere are going to be witnesses

19 on some of the other Contentions and questions which will

20 ad dress that more completely than either of you gentlenen

21 have addressed it so far. You have mentioned that they are

22 reliable, but you have not tried to quantify it.

An I correct in assuming that t her e are other23

24 people that those questions should be addressed to?''
s

|r

s' !

25 Mr. Baxter?

-m

( )
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1 ER. BAXTER: Dr. Jordan, I an not sure which{) ,

2 systems you are referring to specifically.

3 DR. JURDANs I am talking about now the overall

4 system caliability of the after heat removal system which

! S includes the emergency feedwater systems'and the high

' 6 pressure injection system.
!

7 MR. BAXIERs We have a panel of witnesses who are

8 going to sponsor the remainder of the answers to Board

) 9 0uestions No . 6 on emergency feedwater system. I don't

10 believe we have any evidence filed with the Board to date on
i

I 11 reliability of the high pressure injection systems beyond

12 what these witnesses have stated today.

13 DR. JORDANS Well, you have not, neither one of

14 you have tried to make an event tree / fault tree analysis of;

15 the high pressure injection system, have you?

16 WITNESS JONES: No, we have not.
1

17 CHAIRMAN SMITHS Are you going to have particular

! 18 testimony on the auxiliary feedwater upgrading?

19 MR. BAXTEBs Yes, sir. There is an exhibit that

20 has been served, attached and accompanied to the remainder.
,

21 of the answers to Board Question 6 which discusses the

22 status of the emergency feedwater system originally, and the

23 whole program for its upgrade. It is entitled "TMI 1 )

() 24 Emergency Feedwater System," and-that has accompanied the

25 testimony of October 21 that we filed.

O
,
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c 3 1 CHAIRMAN ShITH: And this is in response to both-

O'
2 the order Item 1 and the Board's questions.

3 ?. R . BAXTEE: It is particularly tailored to the

4 Board's question. I think it repeats some of the

51nf ormation in tie Pesta rt Report and consolidates it in a

6 f ashion where you can get it in one place. So it does

7 address the order items indirectly. But those were

8 essentially addressed in the Restart Report, and we have

9just tried to cull it together in one place. It targets the

I

10 Board's quet ion particularly.

11 CHAIRMAN SMITH: We will just be a moment, and
,

1

12 then you can proceed.
,

1

|

13 (The Board confers.) |

|(~ .
CHAIRMAN SMITH: May I ask a few questions on -- I(_) 14

'

15 think that the answers to these questions are clear to

16 almost everybody here except me, and I think that the record
1

17 ough t to be a little bit closer to the layman 's

18 understandin g of some of these phenomena, if possible.

19 Cauld you give a little bit better explanation of

20your testimony that by keeping the core cov? red you can keep

21 1t cooled, even though you don't remove heat from the

22 syst em , in view of the fact that the core continues to add

23 heat to the system?

( 24 And if I have not asked the correct question,

25 please feel f ree to tell me that, too.

,

! l
m
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rw 1 WITNESS J0NES: Well, ultimately you do have to
< >

'w )
2 take the energy out of the fluid in order to maintain, for

3 exam ple, high pressure injection fluid. Ctherwise you would
,_

| '

'w/ 4 have excessive pressures building up.

5 The reason I separate the two is that basically

6 you are talkino two different heat removal processes. One

7 1s the core, got the energy out of the fuel rods from the

8 core decay heat, and that is accomplished jurt by k. e o p in g

gthe core covered with a two-phase mixture. There have been

10 various experimen ts which have been run which have

11 demonstrated that keeping rods, simulated fuel rods covered

12 with a two-phase mixture would adequately keep the core

13 cooled .
,-

(v; 34 CHAIR. VAN SMITH: Is that because a two phase

15 mixt ure can only get so hot itself?

16 WITNESS JONES: Yes. It has to be -- if it is a

17 sa tu rated mixture, the energ y added to the fluid just

18 crea tes some more boiling, but as long as you can rustain,

19 main tain a two phase mixture over the core, it stays cool,

20 a n d there has been various experiments that have been run,

21 including the experiments out at LOFT on nuclear reds.

22 CHAIRMAN SMITH: Given the pressure limita tions of

23 the system.

WITNESS JONFS: Given the pressure limitations of24

25 the system, yes. Ultimately you do have to get the energy

1

/^3
( ,/
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L

1out of the primary system fluid in order to just stay within

O
2 the design pressure of the primary system itself.

3 CHAIRMAN SMITH: All right.

4 Could you also provide a high school physics

5 definition of how you use saturation in your testimony, and

6what a saturation meter does? If that is not possible, then

l
7 go to the level where it can be done.

8 WITNESS JONES: Well, the saturation temperature

I 9 1s the temperature at some given system pressure, for a

10 given system pressure, it is the temperature at which you

11 can boil. If you are cooler than the saturation

12 temperature, you are defined as subcool, and you could
;

|13 absorb same . energy into the fluid without boiling. If you

( 14 are at the saturated tempe ra ture, you would absorb the

15 energy and you would boil but would not change its

16 temperature until you boiled away all of the liquid. That

17 1s the saturation temperature.

18 And what the T sat meter does is compare the

19 temperature and pressure of the system to that line that you

20 would get from a typical set of steam tables.

21 CHAIREAN SMITH: So the ! sat meter, does it in

22 itself nake some computations?

23 WITNESS KEATENs Yes, it does. Basically what it

24 does is to take the actual system pressure and calculate the

25 saturation temperature, i.e., t.. e temperature at which

O
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1 boiling could occur, and then it takes the actual systemg-
's /

2 temperature and compares it to that calculated saturation

3 temperature, and the difference is called the saturation

4 margin.

5 CHAIRMAN SMITH: Okay. That has been very helpful

6 to me. Thank you.

7 DR. JORDAN: And how much margin do you usually

8 try to maintain?

9 WITNESS JCNES: 50 degrees.

10 CHAIRLAN SMITH Shall we take a break before we

11 come back ?

12 MS. WEISS: Please.

13 CHAIPMAN SMITH: All right, let's take the
,

i, s; 14 mid-morning break of ten minutes.
x

15 (A brief recess was taken.)

16 CHAIEMAN SMITH: Are you ready, Ms . Weiss?

17 MS. WEISS: Does the Licensee have a n y r.' ??

18 CHAI??AN SMITHS Now I'm confused. I think you do.

19 EECROSS EXAMINATICN

20 BY NR. BAXTER: (Resuming)

21 0 Mr. Jones, you testified today that you had

22 reviewed the operating procedures f or Three Mile Island Unit

1 yesterday and determined there were no further manual23

24 actions for the operator to take to initiate bleed and feed

25 0ther than those covered in your testi. Tony.

rx
t 1

'% /
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(~s 1 Is that an accurate summary of what you said?

O
2 A (WITNESS JONES) I didn't say I reviewed all the

3 TMI emergency procedure. I stated specifically the couple

4 that I testified to yesterday. Other than that, the

5 statement is accurate.

6 0 Do you still ha' e with you Energency Procedures

7 1202-39, that is Union of Concerned Scientists Exhibit 4.

8 A (WITNESS JONES) Yes, I do.

9 0 Would you look on page 3 of that procedure to step

10 5, to the caution in step 5, and the last sentence in that

11 Caution, "HPI must be throttled to avoid violation of the

12 reactor coolant pressure / temperature limits of figure 1."

13 And my question is, is not that throttling
,

14 perf ormed manually by the operator?

15 A (WITNFSS JONES) Yes, it is. It would be an

16 action in the ultimate maintenance of the feed and bleed
17 cooling, if it should continue for an extended period of

18 time, on the order of several hours because, as I testified

19 to earlier, it would take two and a half hours before the

20 boiling process would be even matched by the HEI and at that

21 time the system would be saturated.

22 0 Is that period of time break size dependent?

23 A (WITNESS JONES) Yes, it would be.

24 0 Are there any break sizes for which the period of
f

25 time would be less than two and a half hours? |
l

?
NJ.
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1 A (WITNESS JONES) ! believe that it would probably{}
2 be on the order of the two and a half hours at the'

;

3 earliest. I am not able to quantify the actual time that -
w

1

4 the throttlino would have to occur at the TMI 1.

5 0 Have you done any analyses which would demonstrate

6 the shortest possible period of time which that caution

7 would become important?

8 A (WITNESS JONES) We have done analyses. The'

9 problem is the majority of the analyses do not extend to the

10 period of time wherein you have returned the system to a

; 11 su bcooled state. The analyses are carried forward to a time

12 wherein you have demonstrated that the injected flow is*

13 grea ter than the core decay heat at that time, and that

14 system conditions are moving in a direction which guarantees

15 that adequate core cooling would be main tained. The

16 analyses which have all been performed that I can recollect

17 tigh t here a t the time, without the steam generator

18 feedwater, it would be on the order of an hour or so for the

19 ea rliest cases where you would have -- where you would match

20 the boil-off rate with the injected fluid. It would take a

21 substantial period of time thereafter to stop the boiling

22 process in the core because you would have to change the'

i

23 co're deca y hea t a certain amount, which takes time. And so

() I believe the two and a half hour number would be -- is24

25 probably about the .ea rliest timef rame that this action would

O
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1be taken.
I {)gs

C But you have done neither computer models nord

3 experiments which go out to that period of time for the

4 break sizes of interest here.

5 A (WITNESS JONES) '4e have done some analyses which

6are out in tim,e for the break sizes of interest here, but

7the analyses were done in a very conservative manner in"

8 defining this type of a timeframe in that th ey used HPI flow

9 characteristics that were far beyond the capability of the

10 TMI 1 systen, which would tend to minimize the time.

11 We do not have specific analyses applicable to TMI.

12 1 to demonstrate this timeframe.
t

13 Q Mr. Keaten, you' expanded some this morning on your

14 opinion of what the lessons Learned documents require in the

15 way of emergency feedwater upgradino, and I am not sure that

16 I completely understood what you said.

17 So let me please ask you to repeat what you said.

18 A (WITNESS KEATEN) I reviewed yesterday portions of

19 two documents, NUREG-0578, which is the TMI 2 Lessons

'
20 Learned Task Force Status Peport on Short Term

21 Recommendations, and NUREG-0660, which is the so-called

22 Action Plan which gives basically the long term

23 recommendations, and the only items in there that I was able
:

() 24 to identify in terms of new requirements on emergency

25 feedwater systems were two specific items for upgrade, one

(
,

4
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{} 1having to do with automatic initiation of the emergency
4

2 feedwater system , and one having to do with an indication of

3 emergency feedwater flow in the control room ; anc in neither-

'' 4 document did I find any requirement that stated that the

|
5 auxiliary or emergency feedwater systems must be fully

| 8 upgraded to safety grade systems.

i
7 Q Okay.

I 8 Now, for clarification purposes, NUEEG-0578,

9 specifically Section 2.1.7 on pa ge A-30, that is the section

10 --

11 MR. BAXTEP: What page was that?

) 12 MS. WEISS: Page A-30.

13 BY MS. WEISS: (Resuming)

14 0 That is the section that requires automatic --
1

J

15 that the automatic initiation circuits for emergency

i 16 f eedwater must be saf ety grade in the long term.

17 Is that correct?

18 A (WITNESS KEATEN) That is correct.

19 O Does that include, beyond the circuits for turning

20 the pumps on, does that alsC include control of steam

21 generator level?

22 A (WITNESS KEATEN) In the NRC position given on
|

23 page A-31, I do not find that is a requirement.

() 24 0 Do you have a copy of the Safety Evalua tion

; 25 Report, the Restart Evaluation for TMI 1?
)

4

,

ALDERSoN REPORTING COMPANY,INC.

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



-- . ._ _ . . . . - --

4897

1 A (WITNESS KEATEN) I don't right at this moment.

2 MS. WEISS: Tom are you able to supply him with

3 one of those? We didn 't come prepared with copies of that.

O
j 4 WITNESS KEATENs All right, I now have a copy.

5 BY MS. WEISS (Resuming)

6 0 Let me refer you to page J-8-36 and ask you to

7 read the second paragraph on that page to yourself, please.

1

i 8 (The witness inspacted the document.)

9 WITNESS KEATEN4 All right, I have read it.

10 BY MS. WEISS: (Resuming)

; 11 Q Does that indicate to you that the requirement for

12 saf e ty grade automatic EFW initiation circuits also includes
i

13 requirements for control of steam generator level with
.,

) 14 saf et; grade instrumentation?
'

15 A (WITNESS KEATEN) Yes, this paragraph would imply
|

16 t h at . That is correct.'

17 Q And if we might re turn to NUEEG-0578, page A-32,a

18 Section 2.1.7B, now that is the section to which you refer

19 :equiring you to irist all saf ety grade indication of

20 auxiliary feedwater flow, ir that correct?

21 A (WITNE",S KETTEN) That is correct.

22 0 Now, of the requirements that we have just

23 discussed, which of these would be completed prior to

24 restart in both categories that we just discussed?

25 A (WITNESS KEATEN) My memory is that the flow

O
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11ndication very definitely is. The automatic indication of

2 emergency feedwater f lo w on the loss of four reactor coolant

3 pumps or the loss of the main feedwater pumps is. I am not

O 4 from memory sure what our planned schedule is on the

5 dif f erence between control break circuitry and safety grade
!

6 circuitry for those things, and I would like to point out

7 that at this is very specifically covered in the restimony
,

j 8 which has been submitted in answer to portions of Board's

9 0uestion No. 6, and there will be people testifying who have4

10 those schedules at their fingertips.

11 0 And we will ask them the details of the systems,

12 and I don 't intend to be asking you any of that.

13 Can I refer you now to page 10 of NUREG-0578.

) 14 A (WITNESS KEATEN) You mean page A-10?

15 0 No, I have gone back into the main text, not the

16 appendix now.

17 About the middle of that page is a section labeled'

18 2.1.7, improved auxiliary feedwater system reliability for '

19 PWRs, and I a er. you just to read that first paragraph to

20 you rself .

21 A (WITNESS KEATEN) Yes, I have read it.

22 0 And does that indicate to you that other lessons

23 1 earned requirements with respect to emergency feedwater are

() 24 contained in the IEE bulletins and orders and not
25 necessarily contained in NUREG-0578?

O
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1 A (WITNESS KEATEN) Yes.

2 Q Now, if you can refer back to the Safety

3 Evaluation Report --

4 (Pause)

l 5 MS. WEISS: Ha ve I referred you to a page?

6 BY MR. POLLARD:j

7 0 Mr. Keatan, if you have been eferred to a page,

81t is the incorrect one. Could you please refer to page

9 C-2-6 and C-2-7.>

'

10 Beginningoon the bottom of page C-2-6, there is a

11 paragraph labeled No. 8, which is quoted and continues on
4

12 the top of page C-2-7, <:ould you please just read that

13 requirements which is oithin the quotations?

() 14 (The-Witness inspects the occument.)

15 WITNESS KEATENs Yes, I h:ve read it.

16 BY MP. POLLARD: (Resuming) 1

17 0 Would you agree that what that requirement says,
,

18 that if the auxiliary feedwater system is not available or j

19 operable , that the Three Mile Island Unit 1 plant would have

20 to be shut down?

21 A (WITNESS KEATEN) This paragraph, as I think you.

.
22 imply, imposes a new requirement for procedures, and in !

!

23 fact, technical specifications I expect which place

() 24 limitations on how the plant can be operated with a system

! 25 inoperable, that is correct.

| ALDERSON REPORTING COMPANY,INC,
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-- _. _ , , . _ _ . , ___._



. ~ - . . . _ -

i

4900

1 Q Are you familiar with any other technical |

2 specification requirements f or Three Mile Island Unit 1 that>

3 would require tha shutdown of the plant if a non-safety

/
4 system was inoperable?

5 MR. BAXTER: I will object to that question as

6 beyond the scope of the redirect. The only redirects

i
7 question was is upgraiing of the emergency feedwater system

8 to safety grade a lesson learned of the Three Mile Island

9 Unit 2 accident. This, in my view, is beyond the scope af

10 that redirect.

11 MS. 9FISS: '4 e ll , I think it is clear that even if
,

!

12 there is not -- and I am not sure there is not any one

13 sentence in any one of the staff documents t ha t says that as

14 a result of the accident, one of the lessons learned is to

15 upgrade emergency feedwater to safety orade, that if you

16 take all the dif f erent parts of the system that have been

17 upgr aded to safety grade, and if you take th e tech spec

18 which applies only generally to the safety grade systems,

19and you draw inference, what they have done has required the

20 emergency feedwater system to be upgraded to safety grade.
'

21 S3 all of these questions are really along the
4

22 same lines.

23 %R. BAXTER: I don 't think it has been established

() 24 that the technical specifica tion only applies to safety

25 grade equipment.

O

'
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1 MS. WEIS5s That is exactly what the question is.

2 DR. JORDAN: Wha t is the question?
>

3 MR. POLLARD: The question is does he know of any

4 other place in Three Mile Island Unit 1 where there is a

5 technical'specifica tion which requirea shutdown of the plant

61f a non-safety system is inoperable?

7 Perhaps another way I could have asked the

8 question is, isn't it generally the case that technical

9 specifica tions require the shutdown of a plant only when

10 safety grade systens are inoperable?

e 11 MR. BAXTER: I withdraw the objection.

WITNESS KEATEN: I w111 have to answer that I am12 *-

13 not sufficiently familiar with every detail of the TMI 1

() 14 tech specs to be able to give an absolutely unequivocal
,

|

j 15 answ er to that question.

16 BY MR. POLLARD: (Resuming)

17 C Within your knowledge of the NRC and its

1 1simposition of technical specifications on your plant, would

19 you not agree that aenerally the NRC does not require

20 shutdown of a nuclear power plant unless it involves some

21 saf e ty f unct on being unavailable?

22 A (WITNESS KEATEN) I think that kind of a question
:
'

23 1s a very difficult question to answer because there is a

; () 24 difference between safety function and safety grade systems

25 and so f orth , and so I really honestly have a hard time
1

() |
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1 responding to it, and frankly, I am a little ;_2: led. There

! 2 is no controversy, so far as I know, over what TMI 1 has
|
'

3 proposed to do in terms of the modifica tion to its emergency'

! [1
i 4 feedwater system. Those are well documented, and the
!

Sstaff's position as to the extent to which there are or are

6 not acceptable to the staff is also well documented. The.

7 only reason that this line of questioning came up at all is
i

8 that yesterday you implied that that was a specific
j

9 requirement in the documents and I just simply couldn't find

10 it in reviewing the documents last night.

11 BY MS. WEISS: (Resuming)
,

12 0 Well, it is true, isn't it, that this tech spec

13 has been applied as a result of the Three Mile Island

() 14 accident. It didn't apply before. .

15 A (WITNESS XEATEN) As far as I know, that is

16 correct. i

17 Q And let me just try once more. Are you aware of

18 any other tech spec within your knowledge of the plant which

19 requires shutdown of the plant upon the non-availabilty of a

20non-safety grade system?

21 MR. BAXTER: I object. I think the question has

22 been asked and the witness said he wasn't able to give an

23 unequivocal answer to the question. He didn't know.'

() 24 MS. WEISS: I think the record will show -- well,'

25 1t is not the same question. I just can't believe the -

,

O
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1 witness can't answer that question.

O1
.

I 2 CHAIRMAN SMITH: Well, the question now is are you

3 aware, and I suppose that he can answer that yes or no and

h 4 we will be at an end to the dispute.

5 WITNESS KEATENs I am not personally aware of one,

6 no.

7 BY MS. WEISSs (Resuming)

8 0 All ri g h t , in the TMI evaluation, the Safety'

i

9 Evaluation Report, if you refer to page C-8-36 --

10 DR. JORDANS 37?

11 MS. WEISS: 36.

12 BY MS. HEISS (Resuming)

13 0 Beginning on the last two lines of that page,

14 would you read the paragraph which continues on to C-8-37?

15 (Ihe witness inspects the document.)

16 WITNESS KEATENs Yes.

17 BY MS. WEISS: (Resuming).

18 0 And does that indicate that -- does that indicate

19 a requirement that the emergency feedwater control valves

20 and steam admission valves be made safety grade?
4

21 I'm sorry, the instrument e rro r , the instrument

22 error for operation of the emercency feedwater control

23 valves be made saf ety grade.

24 A (WITNESS KEATEN) No, I do not see such a

{
25 requirement in that paragraph.

.

O
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1 0 That paragraph requires upgrading but it does not

2 mention the word "sa fety grade," is that correct?

3 A (JITNFSS KEATEN) It imposes certain requirements

4 on air supply, but it does not use the term "safaty grade,"
,

5that is correct.

4
6 CHAIRMAN SMITH: How is this examina tion -- where

I 71s it leading us?

8 MS. WEISS: This derives from some questions on

9 reactor coolant pumps initially. The testimony of the

10 witnesses w as that insof ar as UCS's Contention suggested

it that one response to the accident micht be upgrading reactor
L

12 coolant pumps to safety grade, providing a source of forced

13 flow , the response was that that Contention was faulty

() 14 because reactor coolant pumps had never been classified by
'

I

3 NRC as safety grade, as if that disposed of the problem, and

16 we did some questioning to establish that NRC never required

17 the emergency feedwa ter system at this plant to be safety
i

f 18 grade either , bu t as a result of the accident, they were

19 requirin g it, really just to denonstrate that that is what

20 this hearing is all about.

21 CH AIRM r. N SMITH But following tha t, then, what

22 you are trying to do is rake this witness pronounce a
cI

23 judgment as to whether the NRC has required the emergency

() 24 feedwater system be safety grade?

25 MS. WEISSs We are just trying, at this point

|
I

| .

|

ALDERSoN REPORTING COMPANY,INC,

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

. _ . . . - _ , , ___., _



. . ._ _ _ _ . _ _ _ _ - . . _ . . _ . _ _ _ . _ _ _ .-- _ _ _ _ .. __ _

4 .

|
f

4905
,

1trying to strip avsy what is a semantic difference from what
),

'

2 is a real difference.
i
i 3 It seems to us the rasponse to the UCS Contention

4 to which this questionino was relevant was largely a

5 semantic response that they are not safety grade because

! 6they are not safety grade, and we are inquiring into what
I

L
7 the implications of the accident say with respect to

,

|

i 8 upgrading of equipment. That is the line of questioning.

| 9 BY MS. WEISS: (Resuming)
i

| 10 0 Le t me just go to conclude the line of
:

| 11 ques tioning, to pages 17 and 18 of NUEEG-057 8, and let me
i

12 read a paragraph in the middle of that page.,

! 13 "In the licensing process, the specification of

14 design basis event s has resulted in the classification of

4 15 systems into two typesa safety and non-safety. The

I 16 reliability and quality of safety systems are controlled
1
i

17 through NBC requirements f or their design, construction andt

18 oper ation . The NRC requirements for non-safety systems are

19 generally limited to assuring that they do not adversely
i

20 affect the operation of safety systems."

21 Now, let me stop at that point and go on to the >

; 22 next page and ask you to read to yourself the first full

23 paragraph on page 18.

() 24 (The witnese inspects the document.)

25 WITNESS KEATEN: All r.ght. ;

j

O
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!

! 1 BY MS. WEISS: (Resuming) '

)(
; 2 Q And my question simply is if that doesn't indicate
4 <

l
'

i
3 to you that one of the long term lessons lea rned projects,

1

f
dif you will, is to explore as a general matter the line

! 5between safety and non-safety system and the possible need

| 6 to upgrade a variety of systems previously thought to be

7 unrelated to safety.

! 8 A (WITNESS KEATEN) Well, I would like to start my

9 answer by pointing out that that particular paragraph is
a

! 10 quoted word for word in UCS Contention No. 14, which we will
!

11 be testifying about later. In fact, I will be on the
!

!

12 witness stand, so I am not sure what its relevancy is to'

13 this particular UCS Contention that we are dealing with

) 14 toda y .

; 15 0 Well, there wasn't an objection, so if you could
i

16 answer my question, please.

1) A (WITNESS KEATEN) But my general answer is that
i

18 ti.ts general pa rag ra ph is a very general paragraph and I

!

! 19 thin,' it is difficult to draw conclusions as to what were
1

| 20 the future plans of the people who wrote that paragraph.
J

] 21 Q And it is not your opinion, then, that one of the
,

: 22 general lessons of the accident is the need to reassess this

23 11ne between safety and non-saf ety systems and to look at

24 the possible nead to upgrade systems previously thought to(
4

j 25 be unrelated to safety?

!

1
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1 A (WITNESS KEATEN) I guess I need to understand

2 your words a little bit. When you say one of the lessons,

' 3 you mean lessons in the minds of the NRC sta ff who wrote

4 this paragraph?

5 0 No, I am asking for your opinion.

i

6 A (WITNESS KEATEN) My personal opinion is that the
;

d

711ne between saf ety systems and non-safety systems was not a
!

8 significant contributor to the TMI accident.

9 Q So therefore you disagree with that, with the

10 statement I just made. Your personal opinion is that it is

l 11 not necessary to reassess the need to upgrade systems
i

12 previously thought to be unrelated to safety.

13 A (WITNESS KEATEN) I wou1d not want to take the,
,

l 14 position that there is no possibility that some systems

15 migh t not need to be upgraded, but I answered your question

16 1n the particular context of the TMI 2 accident, and it is4

17 my personal opinion that the difference between safety

18 systems and non-ssfaty systems was not a significant

19 contributor to the accident.

20 MS. WEISS: I don't have any more questions of
.

'

21 this witness.''

22 Think you very much.'

23 CHAIRMAN SMITH: Okay, but I think just for me,

() 24 there is something hanging here, just of the quotes that I4

25 have seen here, was not the contributor to the accident but 1

O
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1 the systems used to b ring the accident under control, to
[

2 which his answer did not respond.

3 MS. '4 E T S S : Feel free to respond to the Board's
2

4 question. t

t

5 '/ITNESS KE ATEN: With respect to the paragraph

6 here that dealt with the systems that were used to respond

7 to the accident, in my opinion, and I think that of many 1

8 other people, at least at GPU, i t simply shows that the

9 nuclear plan t has a great deal more flexibility than is

10 no rm ally accounted for in the safety analysis type of
;

11 reviews that are done, which restrict their attention to the

12 recovery actions that cen be taken with so-called safety

13 systems, whereas in fact a real plant has a large number of

'
14 other systems which may or may not be a vaila ble. In the

15 case of the TMI 2 accident, many of them were available and

16 were used. And so it really shows not that the systems were
.

17 deficient, but that the plan t has a great deal more

18 ca pa bility than is taken credit for in the safety analyses.

jg CHAIRMAN EMITH: Are you complete in your

20 examina tin?

21 MS. WEISS: Yes. I thank the gentleman. I have

22 nothing further. I

23 CHAIRMAN SMITH: All right, Mr. Cutchin?

() 24 MR. CUTCHIN: Mr. Chairman , I have one or two

25 questions I would like to ask of these witnesses.

O

,
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1 CROSS EXAMINATION

2 BY MR. C3TCHIN:
.

p 3 0 Mr. Jones, I believe you tesitifed tha t high point
,u
4 vents and/or the PORY can be used in conjunction with

' 5 throttling the HPI flow to cool down to conditions that

1 I6 would switca over to residual heat removal system is
|,

.

7 possible.
!

8 If indeed there is no feedwater available, do you

9 know whether or not these high point vents will be in place

10 prior to restart?

j 11 Mr. Kesten, you may answer also.

12 A (WITNESS KEATEN) The Licensee has committed, to

13 m y knowledge, to have the high coint ven ts in the reactr;

14 hot legs in place prior to restart.

15 0 Thank you.

16 Cae or the other of you has also referred a number

17 of times to the T sat meter, sometimes referred to as well

18 by the term subcooling meter.

19 Will this piece of instrumentation be in place at
4

( 20 the time of restart?

21 A (WITNESS KEATEN) Yes, sir, there will be two such
1

22 meters, one fed from each of the two loops.

23 MR. CUTCHIN4 Thank you. No further questions. '

I

24 CHAIRMAN SMITHS Mr. Adler?

25 MR. ROBERT ADLER: We have no questions.

.
O
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'

1 CHAIRMAN SMITH: Any redirect?

i 2 MR. BAXTER: No, sir.

: . 3 CHAIRMAN SMITH 4 Then I believe the witnesses are
J

i 4 excused.j
1

! 5 Thank you very much, gentlemen.
|

j 6 ( The '41tnesses were excused.)
I

i
7 CHAIRMAN SMITH: Do you have separate staff

4

8 testimony on Board Ouestions 6D, E, and F?

9 MR. CUTCHIN: No, I do not, r. Chairman. The

10 staf f filed its total response to Board Question 6 in one

11 pack age, and since you bring that up and in light of some

12 maybe confusion that war created yesterday in the line of

13 ques tioning, I was going to suggest that we can do either of
a

14 two things. We can put Mr. Jensen on to address UCS

" 15 Contentions No. 1 and 2 and defer our evidence on all of the
16 Board questions until Item 3, which seemed to be a desirable

17 thing yesterday, or we can put Mr. Jensen and one other
,

18 witness on to address UCS 1 and 2, plus Board Questions D,-

1

19 E, and F. However, we don't have that testimony separate,
|

20and we could mark it as an exhibit for '.dentification..

i

21 I personally think it might be cleaner to wait and

22 address the whole Board question with Item 3. In that case

23 we will only put on Mr. Jensen for UCS 1 and 2 at this time,

() 24 1f that would be the Board preference.

25 CHAIRMAN Sr.ITH: Yes, that seems to be a good

()-

:
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i 1 approach. The Board agrees.
:

2 Are you ready for Mr. Jensen?

! 3 MR. CUTCHIN: Yes. I call Mr. Walton L. Jensen to
i

4 the stand .4

!
5 CHAIRMAN SMITH: M r. Jensen, may I administer the

6 oa th , please ?

7 MR. CUTCHIN: Mr. Chairman, copies of Mr. Jensen's,

8 testimony were served by the staff on the Board and the

9 parties by staff transmittal dated September 25, 1980.

10 Whereupon,

. 11 WALTON L. JENSEN, JR.
|

12 called as a witness by counsel f or Nuclear Regulatory;

13 Commissin Staf f, having first been duly sworn by the

) 14 Ch a i rm a n , w1s examined and testified as follows:
i

15 DIRECT EM A MIN ATICII

16 BY MR. CUTCHINas"
,

1

17 0 Mr. Jensen, would you state your business address

18 and name for the record, please.
,

;

j 19 A. Xy name is Walton L. Jensen, Jr. I am employed by
!
'

20 the Nuclear Regulatory Commission in Bethesda, Maryland.

21 Q Did you prepare a document labeled NRC Staff

|
22 Testimony of Walton L. Jensen, J r. Relative to Primary

23 System Natural Circulation, UCS Contention 1, which consists

24 of 14 numbered pages?,

.

| 25 A Yes, I did.

i (:)
!

'
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1 0 Do you hive any additions, corrections, or0!

; 2 modifications to make to that testimony? .

!

3 A No.,

'

3 4 Q Then that constitutes your complete testimony on
,

5that subject in this proceeding.
4

6 A Yes, it does.-

7 Q Did you also prepare a document labeled NRC Staff I

8 Testimony of 'Jal t on L. Jensen, Jr., Relative to Prima ry

9 System Forced Flow Circulation, UCS Contention 2, which

10 consists of four pages, the first three of which are

11 numbered, the fourth of which is not?-

1

12 A I did.

13 Q Are there any additions, corrections or
1

() 14 modifications you wish to make to that testimony? |

15 A No, there are not.

i
16 0 Then that testimony constitutes your complete

17 testimony on this issue in this proceeding?
!

18 A Yes.

19 MR. CUTCHIN. Mr. Chairman, I move that these two t

'

20 documents be received in evidence as if read, and bound into

21 the transcript at this point.

[ 22 CHAIRMAN ShITH: Okay. We will receive it.

23 How about Mr. Jensen's professional
d

() 24 qualifica tions ? Do you want those bound in t

i 25 MR. CUTCHINt I believe so, Mr. Chairman.

]

!

(}
)

!
.
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1 BY MR. CUTCHIN: (Pecuming)O,

2 0 Mr. Jensen, I would also ask if you have attached

i 3 those two pieces of testimony, a copy of your professional

- 4 qualifications?

5 A Yes, I did.
,

;4

#

8 0 And those are a correct representatin of your

7 experience and education on the subject matter.

! 8 A They are, correct.
!

9 MR. CUTCHIN4 Mr. Chairman, those documents were |

10 attached to the testimony. I would move that they be

'

11 racaived in evidence as if read and bound at the same point

12 in the transcript.

; ,

13 CHAIR?AN SMITHS All right, they may be received.
,

;

j 14 (The prepared testmony and professional

15 qualificatins of 'Jalton L. Jensen, Jr. followa)

18 :

!
i !17
i I

i 18

194

20

21 1

22

i 23
|

!O 24

25
|

O
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(GT OUTLINE

This testimony of Walton L. Jensen, Jr. contains the NRC Staff's resconse

to UCS Contention 1.

The purpose of this testimony is to demonstrate that, contrary to the assertions

made in the contention, natural circulation does provide adequate cooling to

remove decay heat following a SBLOCA and reliance on natural circulation coolinn

to remove decay does not violate either GDC 34 or GDC 35.

Conclusions to be drawn from this testimony:

O T8. rete of decey heet generet40e drops from eeeet 7 of feil power 4- ediete:y
af ter shutdown to about 1.45 of full after i hour.

Following a LOCA some or all of the decay heat,dependine on the size of the
break, would be carried out through the break with the lost coolant.

For break sizes greater than about 0.01 sq. ft. sufficient energy would be
carried out throuch the break so that the reactor coolant system could be
depressurized without even natural circulation coolina but for break sizes
less than 0.01 sq. f t. some natural circulation cooling would be reouired.

Data collected at operating B&W plants has shown that natural circulation is
effective in removing decay heat.

Analysis has shown that natural circulation can be established and is effective
in renoving decay heat even if steam voids are present.

Neither GDC 34 nor GDC 35 specifies the means to be used for decay heat removal
and thus reliance on natural circulation is not prohibited by either criterion.

,7
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COPHISSION

.

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

METROPOLITAN EDISON CCMPANY ) Docket No. 50-2S9
) (Restart)

(Three Mile Island Nuclear )
Station, Unit No. 1) )

NRC STAF: TESTIMONY OF WALTON L. JENSEN, JR., RELATIVE TO
PRIMARY SYSTEM NATURAL CIRCULATION

UCS CONTENTION 1

Q1) Please state your name and position with the NRC.

O A) My name is Walton L. Jensen, Jr. I am an employee of the U.S. Nuclear

Regulatory Commission assigned to the Reactor Systems Branch, Division of

Systems Integration, Office of Nuclear Reactor Regulation. Frem June

through December 1979, I was assigned to t.ie Analysis Group of the Bulletins

and Orders Task Force. Office of Nuclear Reactor Regulation.
,

Q2) Have your prepared a statement of professional qualifications?

A) Yes. A copy of this statement is attached to this testimony.
I

Q3) Please state the nature of the responsibil1 ties that you have hac with

respect to the Three Mile Island Nuclear Station - Unit 1.

A} The accident at Three Mile Island Unit 2 (TMI-2) on March 28, 1979,

involved a feecwater transient coupled with the equivalent of a small

i
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break in the reactor coolant system, though the accident's ultimata

severity resulted from a number of interacting elements including lack of

complete understanding of system response, misleading instrument readings

and inadsquate operator training and procedures. Because of the resulting
,

severity of ensuing events and the potential generic applic::5ility of the

accident to other reactors, the NRC staff initiated prompt action to:

(1) assure that other reactor licensees, particularly those plants such

as TMI-1 which have a similar design to TMI-2, took the necessary actions

to substantially reduce the likelihood of future TMI-2-type events from

occurring, and (2) initiate comprehensive investigations into the potential

generic implications of this accident on other operating plants.

To accomplish some of the work, the Bulletins and Orders Task Force

(B&OTF) was established within the Office of Nuclear Reactor Regulation

(NRR) . early May 1979. The B&OTF was responsible for reviewing and

directing the TMI-2-related staff activities associated with loss of

feedwater transient and small break loss-of-coolant accidents (LOCAs) for

all operating plants to assure their continued safe operation.

I was assigned to the Task Force in June 1979. I participated in the

preparation of NUREG-0565, " Generic Evaluation of Small Break Loss-of-

Coolant Accident Sebavior in Babcock & Wilcox Designed 177-FA Operating

Plants."

| Following my assignment to the Reactor Systems Branch, I participated in

the evaluation of potential feedwater transients at operating B&W plants

|
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and participated in the final preparation of the staff Safety Evaluation

on the Three Mile Island 1 restart.

O -

Q4) Please state the purpose of this testimony.

A) The purpose of this testimony is to respond to UCS Contention 1 which

reads:

"The accident at Three Mile Island 2 demonstrated that reliance on natural
circulation to remove decay heat is inadequate. During the accident, it
was necessary to operate at least one reactor coolant pump to provide
forced cooling of the fuel. However, neither the short nor long term
measures would provide a reliable method for forced cooling of the reactor
in the event of a small loss-of-coolant accident ("LOCA"). This is a
threat to health and safety and a violation of both General Design
Criterion ("GDC") 34 and 35 of 10 CFR Part 50, Appendix A."

Q5) Define wha * is meant by natural circulation.

A) Natural circulation is the phenomenon by which circulation of reactor

coolant is maintained through the coolant loops under conditions when the

primary coolant pumps are not available to provide forced circulatica.

The flow through the loops is produced by the unequal fluid densities in

that section of the primary coolant loop that is heated by the core and

in that section which is cooled by the steam generators. The unequal

densities produce an unbalanced force which produces circulation of the

reactor coolant as predicted by Newton's Law of Motion. The rate of

natural circulation flow is a function of the core decay heat rate since

the greater the core heat rate the less will be the density of the water

in the core and hot legs and the greater will be the unbalanced force.

O The cooling rate of the steam ca er tort also acts to increase natural
U

circulation by increasing ;h- %v .y of the water in the steam generator

and cold legs.

3
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Q6) How is the reactor heat removed from the primary system by natural

circulation?

A) The process of heating the circulating primary coolant water in the core

and of cooling that water in the steam generators transfers heat from the

core to the secondary system water in the steam generators. The heat

;ddition to the steam generator secondary coolant water causes it to boil

and turn to steam. This steam will flow into the condenser, if it is

available, or through relief valves to the at:nospnere. Make-up water

to the steam generators is provided by the main feedwater system, if it

is available, or by the emergency feedwater system if main feeawater is

not available. In the absence of a leak, there would be no net loss of

water from the primary syste.n. However, in case of a small break LOCA,

the water lost from the break is made up by the High Pressure Injection

system.
O

Q7) Will power operation be pensitted when the reactor coolant pumps are not

operating?

A) No, the core safety rods will be automatically inserted (tripped) so thac

the reactor will be shut down at any time when the reactor coolant pumps

stop operation. For this reascn, natural circulation is required to

remove only decay heat. Decay heat is about 7% of full power when the

reactor is first shut down. The rate of heat generation rapidly decreases

so that at I hour after shutdown the rate cf heat generation is only 1.4%

of full power.

O Q8) How does the natural circulation heat removal requirement for loss of

coolant accidents compare to that required during a transient causing

reactor coolant pump trip?
|

4
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A) In the case of a transient, all decay heat would be removed by natural

circulation whereas in the case of a LOCA, some or all of the decay heat

depending on the size of the break, would be removed from the break by

being carried out with the lost coolant. For break sizes greater than

approximately 0.01 sq. ft., sufficient energy would be discharged through

the break so that the system could be depressurized without reliance on

natural circulation. For break sizes smaller than approximately 0.01

sq. ft., only a portion of the decay heat would be removed through the

break and natural circulation would remove the remainder of the decay

hea t. Bv these Drocesses, the primary system would be cooled and

dearessurized.

Q9) What evidence exists that natural circulation is effective in removing

decay heat following a reactor transient for which the reactor coolant

pumps are tripped?

A) Data collected at operating B&W plants has shown that natural circulation

is an effective means of removing decay heat following a reactor trip.

This information is contained in Appendix 1 to the B&W report, " Evaluation

of Transient Behavior and Small Reactor Coolant System Breaks in the 177

Fuel Assemoly Plant," May 7, 1979.

Q10) Certain plant transients and accidents including LOCA might produce steam

in the reactor coolant loops. What evidence exists that natural circula-

tion is effective in the presence of steam voids?

A) The plant data discussed in the response to Question 9 was for concitions

during which there were no steam voids in the primary coolant loops.

Steam voids would affect the natural circulation flow rate by increasing,

5
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the unbalanced force if the voids were on the side of the loop containing

the core and by decreasing the unbalanced force if the voids were on the-

side of the loop containing the steam generators. Analyses by B&W have

2indicated that for break sizes of .01 ft and smaller, sufficient steam

O cauM be formed irr the hot leg region above the steam generators to

temporarily block natural circulation. These analyses are described in

the B&W report, " Evaluation of Transient Behavior and Small Reactor

Coolant Assemoly Breaks in the 177 Fuel Assembly Plant," May 7, 1979.

Qll) Would this temporary loss of natural circulation be significant?

A) The temporary loss of natural circulation would not be significant.

The core would continue to be adequately cooled as long as

it was covered by liquid. As additional water was lost from the primary

system through the break, the region of voiding was shown by the analyses

(Evalution of Transient Behavior and Small Reactor Coolant Assembly

Breaks in the 177 Fuel Assembly Plant, May 7, 1979, Se.+. ion 6.2.5) to dip

into the steam generators to the level of the emergency feedwater inlet

sparger. At this point, two-phase natural circulation was shown to be

established by the condensation of steam produced by the core on the

inside of the steam generator tube surfaces.

Q12) What conditions are important to assurance that natural circulation is

established following a 58LOCA?

A) An important factor in the establishment of natural circulation is that a

steam-condensing surface will exist in the steam generators before the

core could begin to uncover. For lowered loop plants like THI-1, this

occurs because the EFW enters the steam generator from the top. For all

O s'w ' r d 'aea ai at=. ta s i' Br * t= es "cv rec eer r a#4r-a

that the levels in the secondary side of the steam generators be raised
|

to 95% on the operating range level indicators if the RCPs are not running.
i

!
l

6

-

|



__ __ _ __

!'

..

1

Emergency feedwater is automatically fed to the steam generators when the

level reaches the low level limits if the RCPs are running (30 inches on

the startup range indication) and to 50% of the operating range if the

primary coolant pumps are not running. Analyces by B&W show that emergency4

feedwater will be initiated before the vessel 4 .er level drops below the

top of the core.

Assurance that emergency feedwater will be available is being provided by

improvements to the reliability of the Emergency Feedwater System. .

See pages Cl-1 to Cl-12, C2-6 to C2-9, and C8-34 to CS-40 of the NRC

Safety Evaluation for TMI-1 restart NUREG-680.

Q13) If natural circulation was not effective at THI-2 in removing the decay

heat, why would it be effective at TMI-1?

A) Natural circulation did not occur at TMI-2 when the reactor coolant pump <

were initially tripped because of insufficient coolant inventory. This

was precipitated by operator action in which the HPI was prematurely

terminated while coolant was still being lost througn the PORV. In later

stages of TMI-2 recovery (up to the present day), after an adequate

coolant inventory was restored, the core was successfully cooled by

natural circulation in spite of the severe flow blockage expected in the

damaged core.

Q14) What conditions are important to maintenance of natural circulation once

it is established?

A) In order for natural circulation to te maintained, a sufficient amount of

coolant must be retained in the primary system during tne course of the
|

accident to keep the water level at least as high as the cottom of the

7
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cold leg vessel inlet nozzle. If this condition is met, steam formeo by

boiling in the reactor vessel will be transferred to the steam generators'

and condensed to flow back to the reactor vessel as liquid producing a

continuous process. If less water is in the primary system than that

O'

required to reach the cold leg inlet nozzle, water lost from the reactor

vessel by boiling will not be sufficiently replaced so that eventually

the core would become uncovered. The staff believes that this condition

occurred at TMI-2. Although the core could be uncovered for a,brief

period without exceeding the core damage limits of 10 CFR 50.46, during

an extended period of uncovery the decay heat would raise the core

temperature so that these limits would be exceeded.

Increased assurance of a sufficient coolant inventory for natural circu-

lation at TMI-1 has been achieved by the improved termination criteria

for the high pressure injection (HPI) system described in the NRC staff

Safety Evaluation Report (Pages C2-4 and C2-5). These criteria are

provided in the control room in the form of emergency procedur;s wnich

instruct the operator against prematurely terminating HPI in the event of

; a SBLOCA.
;

Q15) If natural circulation cannot be maintained (for example, if both main

feedwater and the backup emergency feedwater are lost), is there another

backup means available to cool the core at TMI-1?

A) If it is postulated that natural circulation cannot ce established

(because of loss of both main and emergency feedwater), a capability
1

exists in TMI-1 to cool the core in the feed-and-bleed mode. Water is |

injected into the primary system (cold legs) by the high pressure injec-

|

|
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tion system, and the core decay heat is removed through the pressurizer
,

.

pilot operated relief vai 'DORV) and possibly the safety valves. The

cutoff head of the hip., pressure injection pumps is above the pressure

settings of the safety valves (2500 psig) so that infection can continue

even though the system is at high pressure. This cooling mode would be

maintained until the primary system can be depressurized.

Q16) What evioence exists that the feed and bleed method of cooling the reactor

will work?

A) An analysis by B&W for the case of a small break LOCA for which feedwater

was unavailable was reported in " Evaluation of Transient Behavior and

Small Reactor Coolant System Breaks in a 177 Fuel Assembly Plant," May 7,

1979. This analysis indicated that even if feed a d bleed were delayed

for 20 minutes, no core uncovery would occur if 2 HPI pumps were available.

Additional analyses were presented by B&W in a letter from J. Taylor,
- B&W, to R. Mattson, NRC, May 12, 1979. These analyses indicated that in

i

the absence of a LOCA, feed and bleed would cool the core even if the

second HPI pump was not initi.ated for 30 minutes.

Q17) Do you consider the Crystal River Unit 3 event a demonstration of the

feed and bleed mechanism?
_

A) The event at Crystal River Unit-3 of February 26, 1980, was essentially

a feed and bleed event in the sense that the operability of the affected !

systems was demonstrated. The HPI system injected water into tne reactor

system for a period of 28 minutes. The excess water was relieved from

the primary system first by the PORV until it was isolated and then later

by th.: safety valves. The failure of measurement signals to the integrated ;
i

control system resulted in a significant reduction of feedwater flow to the

9
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steam generators. One steam generator was automatically isolated about 10
.

.

)
minutes into the event and went dry. The remaining steam generator approacned

dryout. Thus, during the initial phases of the event, the steam generators

(]) were not providing a significant amount of decay heat removal. Coolant

Temperature and Pressure measurements indicated, however, that the core as

adequately cooled.

Q18) A large amount of hycrogen gas was generated at TMI-2 wnicn could not be

condensed. What would be the effect of noncondensible gas on natural

circulation?

A) The effect of noncondensible gas on natural circulation is aodressed in

NUREG-0565, " Generic Evaluation of Small Break Loss-of-Coolant Accident

Senavier in Sabcock & Wilcox Designed 177-FA Operating Plants," January

1980. It was concluded tnat the expected amounts of noncondensible gases

that could accumulate in the primary system during a small break LOCA are

() small compared to the amounts needed to: (1) block natural circulation

flow; (2) significantly degrade steam generator condensation heat transfer;

and (3) invalidate single-fluid (steam-water) analysis models.

As an additional precaution, a safety grade vent system for the removal

of noncondensible gases is being installed at TMI-1 at the reactor system

hign points (reactor vessel head, pressuri:er, and hot legs). These

vents are discussed in the NRC staff Safety Evaluation Report for TMI-1

restart. See pages CS-60 to C3-63.

O
10
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Q19) Why do you beli3ve that natural circulation will be adequate to remove

decay heat follows.,g a small-break LOCA?

As discussed above, the plant conditions required for natural

circulation to be effective have been determined and improvements in the

plant operating procedures and in the emergency feedwater system at TMI-l

will be accomplished which will ensure that the required conditions for

natural circulation will be present whenever natural circulation is

required.

Q20) Is it therefore your expert opinion that forced circulation is not

necessary to adequa:ely cool the core following a small break LOCA?

A) Yes.

p Q21) What are the requirements of General Design Criterion 34 of Appendix A to
a

10 CFR 50?

A) The requirements of GDC 34 are as follows:

"A system to remove residual heat shall be provided. The system safety

functions shall be to transfer fission product decay heat and other

residual heat from the reactor core at a rate such that specified accep-

table fuel design limits and the design conditions of the reactor coolant

pressure boundary are not exceeded.

Suitable recundancy in components and features, and suitabic intercon-

nections, leak detection, and isolation capabilities shall be provided to

assure that for onsite electric power system operation (assuming offsite

power is not available) and for offsite electric power system operation

(assuming onsite power is not available) the system safety function can

be accomplished, assuming a single failure."

11
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Q22) Is reliance on natural circulation to remove decay heat following

a small-break LOCA a violation of GDC 34?
O
Q) -

A) No.

Q23) Why not?

A) Criterion 34 does not specify the means or equipment utili;:ed for decay

heat removal.

Q24) What are the requirements of General Design Criterion 35 of Appendix A

to 10 CFR 50?

A) The requirements of CDC 35 are as follows:

"A system to provide abundant emergency core cooling shall be provided.

) The system safety function shall be to transfer heat from the reactor

core following any loss of reactor coolant at a rate such that (1) fuei

and clad damage that could interfere with continued effective core cooling

is prevented and (2) clad metal-water reaction is limited to negligible

amounts.

" Suitable reduncancy in components and features, and suitable intercon-

nections, leak detection, isolation, and containment capabilities shall

ce provided to assure that the onsite electric power system operation

(assuming offsite power is not available) and for offsite electric power

system operation (assuming onsite power is not available) the system

) safety function can be accomplished, assuming a single failure."

u
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025) Is reliance on natural circulation to remove decay heat following a

small-break LOCA a violation GDC 35?

!C A) No. . )

026) Why not?

A) GDC 35 specifies systems requirements, to wit, ... abundant emergency core

cc31i.19.... and does not specify the means or systems to be employed to.

meet these requirements.

The systems which provide emergency coolant to the reactor are the

j Hign Pressure Injection System (HPI), the Low Pressure Injection System

(LPI) and the Core Flooding Tanks (CFT). The HPI provides energency coolant

for reactor ,ystem pressures above the safety valve setpoint to atmospheric

pressure and is designed primarily to deal with small break loss-of-coolant
O

ac:idents. The LPI provides emergency coolant for pressures below 200 psia,

and the CFT's provide a passive source of flooding water for reactor system

pressures below 615 psia. These systems are provided with redundant valves,

pumps, power sources, and piping and Me HPI and LPI may be operated from

the emergency diesel generators. These systems were reviewed by the staff

as reported in our Safety Evaluation of July 11, 1973, pages 6-12

and 6-13.

Q27) How is abundant core cooling determined?

A) Abundant core cooling is that which is sufficient, in the event of a LOCA,

so that the limits stated in 10 CFR 50.46 for peak cladding temperature,

O xi cieceias oxid tiaa. 44 = avaros a sea retica ae cooiente

geometry are not exceeded. The analytical methods used for this decer-

mination must be in conformance with Appendix K to 10 CFR 50.

13
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Q28) Will abundant core cooling be provided at TMI-l in the event of

a SBLOCA?

Analyses of small-break loss-of-coolant accidents which are applicable to

TMI-l were performed by Babcock and Wilcox. These analyses

were reviewed by the NRC and determined to be in conformance witn the

requirements of Appendix K and were within the limits of 10 CFR 50.46.

For large and small breaks, the initial approval was published January 8,

1976. For small breaks, a revised model was approved September 5, 1978.

Since the accident at TMI Unit 2, further small break analyses were

performed by Babcock and Wilcox for additional break sizes smaller than

previously analyzed, including a stuck-cpen PORV. The results of these

analyses were also within the core temperature and core damage limits

imposed by 10 CFR 50.46.

O

!

O
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OUTLIf!E9
This testimony of Walton L. Jensen, Jr. , contains the flRC Staff's responae

to UCS Contention 2.

The curcose of this testimony is to demonstrate that, contrary to the implications

of the contention, forced cooling of the core is not required in the event of a

loss nf main feedwater or small-break LOCA.

Conclusions to be drawn from this testimony:

The reactor is automatically shutdown whenever the reactor coolant punos de not
provide forced cooling.

>"' flatural circulation is adequate to remove decay heat following a small-break
LOCA or loss r>f main feedwater.

Forced circt.lation is not required for adequate coolina of the core following
a small-break LOCA or loss of main feedwater.

-
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UNITED STATES OF AMERICA
(~T NUCLEAR REGULATORY CCMMISSION
LJ

SEFORE THE ATOMIC SAFETY AND LICENSING BOARD

I the Matter of )
)

METROPOLITAN EDISON COMPANY ) Docket No. 50-289
) (Restart)

(Three Mile Island Nuclear )
Station, Unit No. 1) )

NRC STAFF TESTIMONY OF WALTCN L. JENSEN, JR., RELATIVE TO
PRIMARY SYSTEM .GRCED FLOW CIRCULATION

UCS CCNTENTION 2

("') Q1) Please state your name and position with the NRC.
Q..J

A) My name is Walton L. Jensen, Jr. I am an employee of the U.S. Nuclear

Regulatory Commission assigned to the Reactor Systems Branch, Division of

Systems Integration, Office of huclear Reactor Regulation. From June

througn Decemcer 1979, I was assigned to the Analysis Group of the Sulle-

tins and Orders Task Force, Office of Nuclear Reactor Regulation.

Q2) Have you prepared a statement of professional qualifications?

A) Yes. A copy of this stateme:it is attached to this testimony.

Q3) Please state the nature of the resoonsibilties that you have had with

respect to the Three Mile Island Nuclear Station - Unit L

.
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A) The accident at Three Mile Island Unit 2 (TMI-2) on Maren 28, 1979,

involved a feedwater transient coupled with the equivalent of a small

break in the reactor coolant system, though the accident's ultimate

severity resulted from a number of interacting elements including lack of

complete understanding of system response, misleading instrumer". readings

and inadequate operator training and procedures. Because of the resulting

severity of ensuing events and the potential generic applic. ability of the

accident to other reactors, the NRC staff initiated promrI action to:

(1) assure that other reactor licensees, particularly those plants such

as TMI-1 wnich have a similar design to THI-2, took the necessary actions

to substantially reduce the likelihood of future THI-2-type events from

occurring, and (2) initiate compreher.:ive investigations into the potential

generic imolications of this accident on other operating plants.

/3
\"J To accomplish some of this work, the Bulletins and Orders Task Force

(B&OTF) was established within the Office of Nuclear Reactor Regulation

(NRR) in early May 1979. The B&OTF was responsible for reviewing and

directing the THI-2-related staff activities associated with loss of

feedwater transient and small break loss-of-coolant accidents (LOCAs) for

all operating plants to assure their continued safe operation.

I was assigned to the Task Force in June 1979. I participated in the

preparation of NUREG-0565, " Generic Evaluation of Small Break Loss-of-

Coolant Accident Behavior in Babcock & Wilcox Designed 177-FA Operating

Plants."

Following my assignment to the Reactor Systems Branch, I participated in

the evaluation of potential feedwater transients at operating B&W plants

-2-
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and participated in the final preparation of the staff Safety Evaluation '

on the Three Mile Island 1 restart.

9 Q4) Please state the purpose of this testimony.

A) The purpose of this testimony is to respond to UCS Contention 2 wnich

reads:

"Using the existing equipment at TMI-1, there are only 3 ways of providing
forced cooling of the reactor: (1) the reactor coolant pumps; (2) the
residual heat removal system; and (3) the emergency core cooling system
in a " bleed and feed" mode. None of these methods meets the NRC's regulations
applicable to systems important to safety and is sufficiently reliable to
protect public health and safety:

"(a) The reactor coclant pumps do not have an on-site power sucaly (GDC
17), their controls do not meet IEEE 279 (10 CFR 50.55a(h)) and they
are not seismically and environmentally qualified (GDC 2 and 4).

"(b) The residual heat removal system is incapable of being utilized at
the design pressure of the primary system.es

f i
k~# "(c) The emergency core cooling system cannot be operated in the bleed

and feed 1tode for the necessary period of time because of inadequate
capacity and radiation snielding for the. storage of the radioactive
water bled from the primary coolant system."

Q5) When is forced cooling required?

A) Forced cooling is required at any time when the reactor is critical. The

shutdown rods are automatically inserted into the core in the event thac

the reactor coolant pumps do not pr:, vide forced cooling.

QE Is forced cooling required for safe shutdown or cooldown in the event of a loss

of main feedwater or small-break LOCA?

A) No. In the event of a loss of main feedwater, emngency feedwater would

be effective in removing decay heat. This heat ould be transmitted to

the steam generato:s by means of natural circulation. Natural circulation

-3-
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. .

will be effective in removing decay heat even in the event of a

small-break LOCA. See the NRC response to U~.1 contention 1.

Q7) Is it necessary to operate the reactor coolant pumps , the residual

heat removal system or the emergency core cooling system in the feed

and bleed mode following a loss of main feedwater or small-break LOCA

to adequately remove decay heat frr,m the core?

A) No.

O
.j~
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WALTON L. JENSEN, JR.

P
PROFESSIONAL QUALIFICATIONS

I am a Senior Nuclear Engineer in tne Reactor Systems Branch of the Nuclear

Regulatory Commission. In this position I am responsible for the technical

analysis and evaluation of the public health and safety aspects of reactor

systems.

Frem June 1979 to December 1979, I was assigned to the Bulletins a.:d Orders

Task Force of the Nuclear Regulatory Commission. I participated in the

/x

!y -) preparation of NUREG-0565, " Generic Evaluation of Small Break Loss-of-Coolant

Accident Behavior in Babcock & Wilcox Designed 177-FA Cperating Plants."

From 1972 to 1976, I was assigned to the Containment Systems Branch of the

NRC/AEC, and frem 1976 to 1979, I was assigned to the Analysis Branch of the

NRC. In these positions I was responsible for the development,and evaluation

of computer programs and techniques to calculate the reactor system and

containment system response to postulated loss vi-cociant accidents.

Frem 1967 to 1972, I was employed by the Babcock and Wilcox Company at Lynchburg

Virginia. There I was lead engineer for the development of lot,-of-coolant

co puter programs and the qualification of these programs 'y comparison with

experir. ental data.
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From 1963 to 1967, I was employed by the Atomic Energy Ccmmission in the

Division of Reactor Licensing. I assisted in the safety reviews of larger

power reactors, and I led the reviews of several small research reactors.

I received an M.S. degree in Nuclear Engineering at the Catholic Un.iversity of

America in 1968 and a B.S. degree in Nuclear Engineering at Mississippi State

| University in 1963.

I at a graduate of the Oak Ridge School for Reactor Technology, 1963-1964.

I am a member of the American Nuclear Society.

: O
I am the author of three scientific papers dealing with the response of B&W

reactors to Loss-of-Coolant Accidents and have authored one scientific paper
r

{ daaling with containment analysis.

i
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em 1 MR. CUTCHIN: I have no further questions.

U
2 CHAIRMAN SMITH: You have it attached to each

3 testimony. I think it would be sufficient to have it once.

8 4 MR. CUTCHINs We had it for the convenience of the

5 parties attached to each. If we want to make the record no

6 thicker than possible, I have no problem with removing it

7 from the second copy.

8 CHAIRMAN SMITH: That is fine with the transcript

9 because it is there together. The practica that you follow

10 1s very helpful, however, when you have it repeated with the

11 different testimony.

12 MR. CUTCHIN: Mr. Jensen is available for cross.

13 MS. WEISS: Could we have five min utes, Mr.
*

t''';

\ ) 14'Ch ai rm a n ?

15 CHAIRMAN SMITHS All right.

16 (A brief recess was taken. )

17 CHAIRMAN SMITH: is. Weiss, are you ready?

18 *R. EAXTER: Excuse me, Mr. Chairman, we did have

19 cross examination of this Witness. I didn't know whether

20 the order that was being established here was intentional or

21 you had o verlooked. I have no particular preference.

22 CH AIR;1 AN SMITH: No, I had not overlooked that you

23 had cross examination, but I thought that the better pattern

24 would be for you to be at the end.

25 MR. BAXTER: That's fine, thank you.

|h
~.
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g- 1 CHA!RZAN SMITH: That way you can cover not only
c.

-

2 what you have in mind but new matters as we progress through

3 the line of examination, new matters raised by the crocs

4 examina tion before you.

5 Do:s that trouble yoc, Ms. Weiss?

6 MS. WEISS: Well, that applies equally to me.

7 CHAIRMAN SMITH: Well, you know, somebody has got

8 to go and we have to be realistic about what the various

9 positions are. You, however, we have indicated, each time

10 will have f ull opportunity to address new natters.

11 M3. WEISS: It is certainly not that important.

12 CROSS EXAMINATION .

13 BY MS. WEISS:
,r y

'. j 14 0 Mr. Jensen, looking at your qualifications, you

15 began your career with the Atomic Energy Commission between

16 1963 and 1967, is tha t correct?

17 A Yes, it is.

18 O And then you then went to work for Patcock and

19 Wilcox for the period of 1967 to 1972, is that correct?

20 A That is correct.

21 0 And then went back to th3 Atomic Energy Commission

22 and have bean there ever since?

23 A Yes.

24 0 You indicate that while at Babcock and Wilcox, you

25 were lead engineer for the development of the loss of

1
!

('T
'

(
l
|

|
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1 coolant computer programs.

2 Were you a professional colleague of Mr. Jones at

3 that?

4 A I was employed at the same time th a t Mr. Jones was

5 employed.

6 Q Were you on the same project?

7 A No. I worked in generic code development whereas

8 Mr. Jones, I believe, at that time was assigned to specific

9 projects, various plant reviews.

10 0 Now, for purposes of your testimony today, have

11 you not reviewed essentially the same computer analyses

12 which you wrote while at Babcock and Wilcox?

13 A I did not write any computer analyses at Babcock

u) 14 -- well, what I did, I developed computer programs that were

15 used by other people to do computer analysis. This was

16 several years aco, of course, and since that time the

17 Sabcock and Wilcox Company has developed new computer models

18 which they use rather than these that I worked on in 1972.

19 Q Do the new models, the models presently in use at

20 Babcock and Wilcox, rely upon the programs which you wrote

21 while at Babcock and Wilcox?

22 A Some of the developmental work that I did in the

23 1oss of coolant computer programs I believe is still

f 24 incorporated in the current computer programs.

25 Q So to that extent, then, you are reviewing your

^

([ ~1
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,- 1 own work.
C

2 A The review of the models for th e small break loss

3 of coolant models was performed some time ago, and I was not

8 4 involved with the review of these models by the NPC.

5 0 Didn't you review them for your testimony here

6 today?

7 A I looked at the models. I compared the results of

8 the calculations to the limits of 1( CFR 50.46, and yes, I

9 have examined the results of the calculations that were made.

10 0 Exactly what is your current job, that ir, since

11 December 1979, at NRC7

12 A I am a member of the Reactor Systems Branch at the

13 Nuclear Regulatory Commission, and I review various -- the
7() 14 perf ormance of the reactor systems. I have spent a great

15 d e a.1 of time recently preparing testimony for this hearing.

16 In f act, probably about half of my time since December of

17 ' 7 9 has been spent in that ca pa cit y .

18 C What reactor systems do you review?

19 A This would be the primary system, and the

20 emergency coolant systens. That's all I can think of.

21 CHAIRMAN SMITH: The primary, the entire primary

22 System ? What aspect of th e primary? I mean, what system?

23 THE WITNESS: The thermo-hydraulic aspects of the

|
24 prim ary systen.

25 BY ME. WEISS: (Resuming)

rm.
_, /
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,r 's 1 0 '40 u l d it be correct that you review or have
G

2 reviewed since December 1979 mechanical hardware, pipes and

3 pumps, for example, but that your area of review does not

4 include the electrical cystems which control this hardware?

5 A Not completely. I have not reviewed in detail any

6 pipes and pumps. I have reviewed and performed analysis of

7 the pressure and temperature that would occur in the primary

8 system due to failures and malfunctions in the system.

9 0 You doa't review instrumentation.

10 A No.

11 0 And how .n a n y plants since December 1979 have you

12 been responsible for reviewing?

13 A I have not reviewed completely the primary systems
()
(_/ 14 of any plant.

15 0 May I ask how you were selected to precent this

16 testimony larofar as you know? And I am not asking for

17 hea rsa y.
.

18 A No, I don ' t. I was requested to prepare testimony

19 1n this area. I raally don't know what thcughts went into

20 the minds of my management.

21 0 Did you participate in the preparation of

22 NURFG-0578? That is the short tern lessons learned at TMI.

23 A No, I did not.

| 24 0 You sn.y on page 3 of your testimony that you

25 participated in --"

,

'
_._

I
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1 MR. CCTCH1N: Excuse me, Mr. Chairman. Is t hrs t

2 page 3 of the testimony on 1 or on 27 |
|

3 THE W!TNESS: On 1. All my questions will be on 1.

4 BY MS. WRISS: (Resuming)

5 0 You Gay at the very top -- it is actually the

6 co'itinuation of a sentence that begins on th e previous page

7 -- that you participated i the " final preparation of the

8 staf f saf ety evaluation on the Three Mile Island 1 restart."

9 Exactly what did that preparation consist of? Did

10 yo u write any of the SER?

11 A There was some open issues th a t existed at tha

12 time , and I reviewed some of the analysis that were done by

13 th e Lice n see to address the open issues, and I modified our
,m,

- 14 conclusions that were in the draft safety evaluation.

15 C Could you tell me which open issues those were?

16 A The ones I can think of were on the capability of

17 the high pressure injection system to cool the core after

18 th e installation of cavitating benturis, and the ca pa bili t y

19 o f the emeraency f2edwater system to adequately depressurize

20 the system, to depressurize the primary syste.m with a flow

21 capacity of 500 gallons per minute.

22 0 And with respect to the first subject area, the

23 capa bility of high pressure injection to cool the core after
,,
I i 24 the installatin of cavitating benturis, how did you modify

25 the conclusions in the draft SER?
,--

_<
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1 A In general. the conclusions at that time said that(m)
_

2 an additinal analysis, or additional analyses -- I don't

3 remember singular or plural -- were required of the

4 Licensee. The analyses were submitted. I reviewed the

5 results of the analyses and found that there was little

6effect on tne paak line temperature.

7 0 Did that result in a pprovJ r s a previously open

8 item, or adding a requirement?

9 I am just trying to translate that into the terms

10 of the safety evaluation report.

11 A 'J e l l , we would say it closed the open items. This

12 no loncer appeared as an open item that we were owed

13 inf ormation for.
*

(3
C 14 Q |i o w , with respect to the second cubject area,,

15 ca pa bilit y of emergency feedwater to depressurire th e

16 primary system under certain conditions, how did your work

17 modif y the draft SFE in that area?

18 A I believe here also th e draft said that additional

19 anal y ses were required by the licensee. I reviewed the

20 addition al analyses and performed 'also an audit, computer

21 analysis myself , and found that the amount of f eedwater of

22 500 opm was sufficient.

23 Q So that involved checking the results of the BEW

l ) 24 computer modelinc.
(.-_

25 A Y?S*

(m
\ )

..
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|
1 O Are there any other examples in which youx

t
D

2 participated in the preparation of the safety evaluation

3 report?

8 4 A That is all I can think of at this time.

5 0 Let me go to page 2 of your testimony -- maybe we

6 should begia actually on page 1, your answer to Question 3.

7 By the way, who wrote the questions for this

8 testimony ?

9 A I wrote these questions. I used as a guide for

10 the first three, I think I was given general guidance from

11 the legal staf f , but as far as the technical questions are

12 concerned , I wrote them.myself.

13 DR. JORDANS Ycu have left the personal

e,t
14 qualifica tions section?'

v

15 M5. WEISS: Yes.

16 DR. JORDAN: I have one question I would like to

17 ask then.

18 The last statement tha t you make, "I an the author

19 o f three scientific papors dealing with the response of BEW

20 reactors to loss of coolant accidents and have authored one
21 scientific paper dealing with containment analyses," those

22 papers concerning the BEW reactors, were those written while

23 you were an employee of 3EW or an employee of the NEC?
'

() 24 THE WITNESS While I was employed by Babcock and
--

25 WilCOX-

,,

\
.
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3 1 DR. JORDAN: Okay.

2 BY "S. WEISS: (Resuming)

3 0 I believe just a little bit more.

4 When you use a computer model to analyze an

5 accident sequence, is it true that someone essentially tells

6 you what equipment is available and the manner in which it

7 will function during the accident?

8 A Not necessarily. Often the goal of the analysis

31s to see tae consequences if certain pieces of equipment

10 fail to operate. So in that case I would put in input to

11 the computer model saying that these systems did not

12 f unction .

13 0 I'm corry, did you have another sentence?
,n.

(j 14 A Well, for the f unctioning of the system, if the

15 syst ems do function as they are designed, I will use the

16 design barriers for the system, perhaps with sone

17 conserva tism , and take those numbers from some source such

18 as the plant safety analysis report.

19 BY MR. P 3 L L.A F D s

20 0 Let me just see if we can ask some more specific

21 questions so we have a bette r idea of what you were told

22 versus what you actually analyzed.

23 You are analyzing, is it correct, the

[ 24 thermodynamic performance of and how the core is cooled if,

25 for example, one hich prescure injection pump is lost and

,,,
5

~./
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1 you only have one remaining. Is that correct?g ,

\_/
2 A Y3s, that would be possibly an analysis.

3 0 Your evaluation ot whether or not the emergency

4 core coolina systeme will be effective, you do not consider,

5for example, in your analysis whether or not there is such a

6 high level of radiation in the water being pumped by the

7 high pressure injection pumps that it could actually destroy

8 the motors.

9 A That would not be in the computer model that I

10 would use. On the other hand, this water would come from

11 the bora ted water storage tank which I would not think would

12 be radioactive since it would be located outside of the

13 reactor buildino.
,-,

kI 14 0 It would come initially from the borated water

15 storage t a n 't , but wouldn't it subsequently come from the

16 containmen t suap after the borated water storage tank was

17 empt y?

18 A Yes, in the recirculation mode t would.

19 Q 53 that back to my example, the kinds of things
!
1

20 that you don't really analyze in doing your theoretical

21 computer analyses are the actual effects en the equipment n |
|

|

22 the plant daring the course of the accident, such as the one

23 I ga ve you of high radiation levels.

[ 24 A That is true.
N.;

25 BY "S. WEISS: (Besuming)

y

, .-
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1 Q Now, if we can go to Question 3, you testified}
i 2 that the accident at TMI Unit 2 involved a feedwater

3 transient coupled with the equivaleat of a small break in

I 4 the reactor coolant system, though the accident's ultima te

5 severity resulted from a number of interacting elements,

6 including lack of complete understanding of system response,

7 misleading instrument readings and inadequate operator

8 training and procedures.

9 With respect to the misunderstanding of th e

10 system, is it your testimony that the Licensee misunderstood
a

i

j 11 system response?

! 12 DR. JORDAN: Misunderstood what? ,

13 MS. WEISS: Fisunderstood system response.

14 THE WITFESS s That is my understanding, in the

! 15 initial part of the accident, that the operator was
|

16 f ollowing the pressurizer level to determine whether

17 adequate coolant was available in the reactor system.

18 Seeing that the pressurizer level was high, he throttled or

19 turned off the high pressure injection system and because of

20 this perhaps that the core was deprived of the cooling water

21 that it needed.
i

22 BY MS. WEISS: (Resuming)

23 0 Was that the only example of a misunderstanding of

,( 24 the system response on the p' art of the Licensee in your

25 opinioni
.
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r 1 A That is all that I can think of.
V]f

2 0 Is it your opinion that the Nuclear Eequlatory

3 Commission misunderstood system response durino the accident?

4 MR. CUTCHIN: Mr. Chairman, I am going to object

5 to that question. I think the Nuclear Regulatory Commission

61n the early stages of the accident had nothing to do with

7 the severity of the accident.

8 MF. WEISS: Mr. Cutchin is testifying. It is a

it is absolutely fair cross examination.9 f air --

10 CHAIPMAN SMITH. What portion of the direct

11 examination?

12 MS. WEISS: I am referring to -- the p r eci s t'

13 language appears on line 3 of page 2 of the witness'

14 testimony as giving the reasons for the severity of the

15 accident , and the first reason is lack of complete

16 understan din g of system response.

17 CHAIRMAN SMITH: Well, if you are going to pursue

18 this line of questioning, you are going to have to

19 demonstrate the relationship of the NRC's understandinc or

20 1ack of it to the accident, right?

21 You intend to do that, I would assume. Otherwise

22 you would be off on an irrelevant course.

23 MS. WEISS: Well, the witness can answer yes or

24 n o , I don't think NEC could do it. That's all the question

25 I was tryin; to get a t, what he means by misunderstanding

7
.)|N
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]
1 system response.

I 2 CHAIR?.AN SMITH: Please answer.

! 3 THE WITNESS: I cannot speak for the Commission.
I

4 I can speak for myself tha t at the time I understood th e|

|
5 system response that would have occurred from a stuck open'

;

i 6 relief valve in the pressurizer.
!

I 7 BY MS. WEISS: (Resuming)
1

j 8 0 Do you know -- so when you wrote that sentence,
!
' '

91ack of complete understanding of systen response, did you

!

; 10 mean to say or did you not mean to say that there was some
.I

11 1a ck of understanding on the part of NPC?

12 A I was speaking --

13 MP. CUTCHIN: Mr. Chairman, again I would like the

1 14 question to be more specific. Is she asking is he saying
i

! 15 that a misunderstanding on the part of the NFC contributed
,

I !

) 16 to the severity of the accident? That first sentence refers
i

17 to w hy the accident wac severe. If you read'the next couple

18 of sentences it says then the NRC ini tia ted certain actions.
<

19 I would like the question to be spccific.

20 MS. WEISS 4 Mr. Chairnan, Mr. Cutchin is

21 testifying. The question was specific. I asked the witness

'

]22 wh a t did he mean when he wrote those words. We cannot have

I

23 Mr. Cutchin telling the witness what to answer. l

( 24 MR. CUTC"IN: That testimony speaks for itself,

25 Mr. Chairman. I am trying to make sure that the record is

O
.
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r^' ,! 1cledc.
t

'w]

2 CHAIEMAN SM'TH: Whose lack of understanding are

3 you referring to in that testimony?

4 THE WITNESS: To the people in the control roon

5 who were controlling the plant.

6 CHAIE'AN SMITH: And who were those people?

7 THE WITNESS: First it was the operators, and then

8 later I understand there were a number of people in the

9 control room.

10 CHAIEVAN SMITH: Were they NEC people?

11 THE WITNESS: Not till sometime late in the

12 even t. I don't know whon NFC people --

13 CHAIEMAN SMITH: ' Jell, were you referrino t,o NRC
/

(. / 14 people in this testimony that is being the subject of the

15 examina tion now?

16 THE WITNESS: No, sir.

17 BY MS. WEISS: (Eesuming)

18 0 Now, might it also have been a cause, a

19 contributing cause of the severity of the accident, in your

20 opinion, that at the time ThI 2 was licensed, those who-

21 reviewed it at NPC did not have a complete understanding of

22 how the system would respond in the conditions similar to

23 those to which it was exposed during the accident?

[' / 24 A I don't know.
v

25 0 In your mind, that is not a cause contributing to

(' s
'qs!
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(]) Ithe severity?

2 A No, I don 't think so.

3 0 Is it your opinion that you now have a complete
i

i 4 understanding of system response, you personally?

5 A Complate is rather a perfect word. I think I have4

1 6a good understanding. I would hesitate to say I have a
|

7 complete understanding.

8 0 Is it your opinion that now, as a result of

9 changes that have been made at Three P.ile Island Unit 1, orj

10 will be made prior to restart, that there is no longer any
i

11 chance for misleading instrument readings?
,

l
12 A I don't know.' .

13 Q And just to complete the remainder of the

O 14 sentence , is it your opinion as a result of changes in
!

15 operator training and procedures subsequent to the accident
'

16that there is no longer any possibili ty that those training

17 2 n d procedures are inadequate in any respect?

18 A If you are speaking of the time of restart, I
:

i
19 think tha t will probably be the case. The NPC is reviewing

: 20 the plant procedures and the training. This review is not

21 completed at this time but it should be complete by the time

22 of restart.

| 23 0 But you have not been involved in that review of

; .

24 training and procedures, or have you?

25 A I have read some of the procedures. I have not
,

O
I

|
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'

1done a d e tailed review of the procedures.(,s
w/

2 0 Do you have a personal opinion as to whether a the

3 time of restart those operator training and procedures will

8 i

4 be adequate in all respects?

5 A Not in all respects. The small break LOCA

6 procedure I spent the most time looking at, are improved

7 primarily in the requirement that the high pressure

8 injection system flow not be throttled until subcooling is

9 attained in the primary system.

10 Q And that is the change which in your mind -- is

11 that the only change that is significant?

12 A This is the most significant chance. There are a

13 number of other changes. I am not familiar with the old
(3
\w,) 14 procedures , so I am not sure what has been changed and what

15 h a sn ' been changed.

16 0 But you do know that at this point operators have

17 been instructed not to throttle ECCS until --

18 A Yes, or they are being instructed, or they will be

19 instructed.

20 CHAIE'A.4 SMITH: !s. "eiss, are you done with this

21 line ?

22 MS. WEISSs Yes.

23 CHAIRMAN SMITH: Welli I am concerned, in the

f 24 even t th a t it comes up again: that your questions are so
LJ

25 sweeping. You say "in all respects." I assume you mean

LJ

ALDERSON REPORTING COMPANY, INC,

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



1

|
|

4930
_

(w; 1 these questions with respect to the direct testimony.

2 "S. WEISS: Well, I an exploring, I think --

3 witness has given a statement of his opinion of te reasons

4 f or the severity of the accident, and I simply have gone

5 through each of them separately and asked does he have any

6 Personal reason -- basically does he have any way to know

7 whether those reasons have been all c1.rected. I used

8 nothing but his direct statement.

9 CHAIR'AN SMITH: 't h a t is what you are referring to

10 th en , oka y. My problem is that your question within itself

11 did not indicate any such li m it a t io n . It was very broad.

12 MS. WEISS: I don't think it was any broader than

13 th e direct testimony.
7,
g .s

'd CHAIRdAN SMITH: '4 ha t do you think the term "in' 14

15 all respects" means? How cid you intend to use that?

16 S. WEISS: Well, you know, the witness giver his

17 opinion that chances have been nade to prevent a recurrence.

18 CHATPMAN SMITH: Of what? Of what?

19 MS. ''EI S S : Cf an accident cf the severity of.

20 Three Mile Island 'J n i t 2. Ve are simply explering to what

21 exten t they are changing, is there a bare for their saying

22 that they have covered all the bases.

23 CHAIRMAN SMITH: Okay.
,m() 24 BY MS. WEISS: (Rasuming)

25 0 On page 5 of your testimony, the answer to

,

Lj'
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'

1 Question 8, a t the top of that page, I thought that there

2 migh t be an apparent inconsistency between the break sizes

3 used by you and the Licensee.

4 Do you know what I as referring to, or do I have

5 to be more specific?

6 A Could you be more specific, please.

7 0 You say for break sizes greater than approximately

80.1 square feet, sufficient energy would be discharged

9 through tha break so that the system could be depressurized

i 10 without reliance on natural circulation, and I thought that
|
.

11 the Licensee had said that 0.2 square feet was the critical
,

i

12 break size.

13 I'm sorry, 0.01 and 0.02.

14 A I don't believe the exact break has been

15 de te rmined for which emergency feedwater would be required

16 to d epressurize the system. The Licensee did calculations

17 for .02 square feet which did depressurize without the help

18 o f the emer;ency feedwater system. He also did an analysis

19 of a break of .01 square feet which did not depressurize

20 without the help of the emergency f eedwa ter system.

21 0 So than you are saying that the evidence would
I
'

]
22 indicate that the critical point is somewhere between 0.01

23 and 0.02 square feet.

r- 24 A YeG-
.

V)
,

25 0 '4h a t is the equivalent break size for a stuck open
'

O lv ;
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J') 1 PORV?
U

2 A It is about one inch in diameter, which I believe

8 3 is .007 square feet

4 0 A little bit about definitions.

5 You use the phrace natural circulation throughout

6your testimony.

7 A Yes.

8 0 Would you provide your definition?

9 A Yes. Natural circulation is the process by which

10 a fluid would flow through the primary system without the

11 help of the coolant pumps.

12 0 And for purposes of your definition, that can be

1311guid flow or two-phase flow?
,

x/ 14 A Yec, it could.

is 0 Recause on page 6, cuection 12, you have referred

16 to a boiler condenser procers which you call natural

17 circulation , and I think tha t the Licencee makes a

18 distinction.

19 Is that correct?

20 A Yes. Whare I referred to two-phase natural

21 circ ula tion , I believe that is synonymous to where the

22 Licensee refers to the boiler condenser process.
|

23 0 ll o w , what are the necessary conditions for the

24 est a blishmen t of that boiler condenser process?

25 A You need to have feedwater available to provide

,,

N ,]
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1 for the condensa tion in the steam generator. There has to7-
( ! -

''
2 be suf ficien t water in the primary system so that the core

31s adequately covered. There has ta be a heat transfer

4 surf ace available so that steam in the primary system is in

5 cont act with the surface of the tubes that is cooled by the

6 emergency feedwater.

7 0 Anything else? Do the steam generators have to be

8 at any particular 'ovel?

9 A Well as I said, there has to be an exposed surface

10 so that the water level in the steam generator would have to

11 be below the level -- let me start all over.

12 The water level en the primary side of the

13 generator would have to be below th e level for which

,. ,

( ) 14 emergency feedwater or main feedwater was cooling the tubes
v

15 on the seconda ry side.

16 2 Is it your testimony that so long as the water

17 level on the secondary side of the steam generator is higher

18 th an the water level on the primary side, it does not matter

19 t h a t -- it is that relative relationship tha t matters and

20 n o t how high the levels arc in a gross manner?

21 A Partially. Also, the emergency feedwater enters

22 the steam generator at a very high point which is close to

23 the top of the tube sheet, so even though the still water

(~'; 24 level on the secondary side could be below the primary
; .

LJ
25 1evel, there would still be a heat transfer surface

,-,

\%f

ALDERSoN REPORTING COMPANY,INC,

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



4934

TN 1available by the difference between the elevation of the
(_)

2 emergency feedwater entry point and the level of the primary

3 syst em.

4 0 Have you read the Licensee's testimony cf Robert

5 W. Keaten and Robert C. Jones in response to UCS Con ten tion

6 Nos. 1 and 2?

7 A Yes, I have.

8 0 Do you happen to have a copy with you?

9 A No, I don't.

10 MR. EAXTE94 We have provided the witness with one.

11 MS. WEISS Thank you.

12 BY MS. WEISS: a(Pecuming)

13 C Could you look at Figure 1? It is the last page

\-) 14 of the text of that testimony.

15 A Yes, I have it.

16 C Could you illustrate by using the diagram where

17 the tubo sheet is and where the emergency feedwater inlat is?

18 A There are two tube sheets, of course. There is

19 one at the bottom of the steam genera tor and one at the

20 top. The tube sheet is a heavy plate in which the steam

21 generator tubes are connected, and it is located near the

22 top of the steam generator -- well, in this drawing there is

23 a straigh t section and a curved section at the top, and it

/^N
f, ) 24 1s located at approximately where the s t raigh t section meets
t/

25 the curved section.

,,
,

,/
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1 O I think the record is probably coing ,to be exlearc.
( t

2 on this, but for my own benefit, do you mean about here

3 (Indicating) ?

4 A Yes, about there.

5 CHAIR 3AN SMITH: 9ay I succest if this is

6 important that we richt now Xerox s ccpy of that and have

7 him physically mark on it and put it in the record at this

8 poin t in his tectimony?

9 MS. WSISSs Okay, that would be good.

10 CHAIRMAN SMITH: Would this be a good time for

11 lunch ?

12 MR. PO LL A P.D : I would like '. n e upper sheet and the

13 entry pipe.
,,

(v! 14 MS. WSISS: Maybe he can just draw the lines now

15 and we can break and Xerox it.

16 CHAIPPAN SMITH: Ckay.

17 MS. WEISS: Would you draw the linec and mark,

18 ma k e sor.e indication of what the lines there are?

19 And would you make a mark for the line where the

20 emergency feedwater enters?

21 Thank you.

22 CHAIRMAN SMITH: May I see that, Ms. Weiss?

23 All right, would you pass that around to the other

~

/ ) 24 parties and see if it is satisfactory?
' ,/

25 (Pauce)

,o
(
Lj

|
|
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!

g 1 CHAIBMAN SMITHS All right, is 1:20 catisfactory

| 2 to return? It will be one hour, approximately.

# 3 ("Jhereupon, at 12: 19 o ' clock p.m., the hearing in i
i

4 the above-entitled matter recessed, to reconvene at 1:20 !

i i
-

5 o ' clock p.m. the same day.) !
,

6 - - -
-

i i

! ;

| 7 i
n

-

8 '

,

i 9 i
i
I

10 j
-

!

11 '

i

12 !
3

i |
4 i
i 13 |
1 i

! 14
|

i
15 |

16

i 17
tt

-! i

j 18

|
'

19 |

,,i |
)
2 20

i4

j 21
i

I 22
i
I-

! 23

24

!
! 25
l

L6
i
,
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:
!

1 AFTEENCON SESSION

2 (1.24 p.m.) {
l

3 CHAIRP.AN SMITH Are we ready to proceed? |
t !

4 I just handed the reporter a figure from Jones and
{3,

5 Kea ten 's testimony, with Mr. Jensen's additions, to be bound t

i i

|
6 into the transcript at this point. :

r

i i

i 7 (The document referred to follows.) !

! !

:1 8 i
J |
J

i1 9
!
i

! 10 l

ii
r: 11

1
i

!

| 12
! ,

I
' 13

14
4
;

15 ;

'

16 ;

;

i

! 18 ,

4

|

.I

i 20
+

i

~ 21
!

i

| 22
! :
' 23

|e 2.

j 25
;

1

,

.
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1 MS. WEISS 4 I noticed last night a mistake in the( ;)L
2 cross-examina tion plan that the Board has. If you would

3 just strike the question that is marked 7A. I don 't have

4 any idea how that got in there. That is not to say that

5 that is the only ?. i s t a k e , but that one leaped out at me.

6 CHAIRMAN SMITH: this is on page 4?

7 MS. MFISS: It is on page 2, 7A.

8 Whereupon,

9 WALTON L. JENSEN

10was resumed as a witness and, having baen previously duly

11 sworn, was examined and testified further as follows:

12 CROSS-EXAMINATION -- RESUMED

13 SY MS. WEISSs (Eesuming)

14 Q You testified before the break, Mr. Jensen, that

15 you ware not aware of any particular level required in the

16 secondary side of the ._am generator for boiler condenser

17 cooling , so lonc as the secondary side was higher than the

18 primary side.

19 Can I refer you to your answer to question 12 on

20 p a g e 6. You state in that answer that the ECW small break

21 emergency orocedures raquire the levels on the secondary

22 side of the steam generators to be raised to 95 percent on

23 the operating range level indi:ators if the reactor coolant

fl 24 pumps aren't running.
G

25 Now, did you make any analysis to determine

/~x
j
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1 whether that was a required lovel, a maximum level?,3
,

'w-|
2 A The 05 percent level was not considered in the

3 safety evalaations that were done for the loss of coolant

8 4 accidents performed by the Licensee. I would alro like to
.

5 clarify my statement. I don't remember exactly w h a.t I said,

6 but the level on the primary side is important. It has to

7 be above the top of the core. The relative height -- once

8 the core is covered, then relative height above the core

9 between the steam generator level and the primary system

10 le vel, the relative heights would be important rather than

11 the total level. But the core does have to be covered.

12 Q In your opinion, would that be the minimum level

13 on that secondary side, corresponding to the coverage of the
.

U 14 core

15 A No. The core would be covered with a level much

16 1ower than that. Even a 50 percent level would be above the

17 t o p of the core. A 50 percent level on the secondary side

18 would be higher than the top of the core on the primary

19 Side *

20 0 Is it the 50 percont level on the operating range

21 or on the startup range

22 A On the operating range.

23 0 I would like to refer you now to question 13 on

rx '

! ) 24 page 7 of your testimony. The question is, if natural i

LJ |

25 circulation was not effective at TM.I-2 in removing the decay |
|

f"'x |

'
w-
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e 1 heat, why would it be effective at TMI-1. And I want to
(.)x

2 make sure that your definition is consistent, that when you

3 say natural circulation in thic question and answer that you

4 include boiler condensing wi thin that definition.

5 A Yes, I do. I have given a rather complete

6 definition 3f natural circulation in my answer to question 5

71n the testimony, which says what is meant by natural

8 circulation. And _n there I have included both single-phase

9 and two-phase natural circulation.

10 0 I would like to return to he conditions for

11 establishing boiler condenser. You mentioned emergency

12 f eedwater availability and we have just discussed

13 requirements for level in the steam generator. Is it your
*(~ ,

() 14 opinion that -- well, let me sta te that the other way.

15 What other conditions are necessary?

16 A For this node to be ef#ective, there has to be

17 suf ficien t dater in the p rim a ry system to cover the core .

18 0 During the accident, when was adequate coolant

19 invantory r? stored?

20 A I don't Know the exact time.

21 Q Have you had a chance to review at all the matrix

22 that is on the easel behind you, UCS Exhibit 1?

23 A No, I haven't.

| 24 0 There is a copy of it, I believe, in front of you,

25 a smaller copy. Have you ever seen that? )

I

(^[ |

LJ

|

|
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; O ' ^ "-

1 2 .0 It is produced by the Nuclear Safety Analysis
,

3 Center.

4 A I have seen curves of various, some of the various

5 instrument readinos af ter the sccident, that were recorded
i

j 6 during the accident. I have not ceen this particular set of

7 curves before.

8 0 Put you f amiliarized yourcelf with the status of'

2 9the important plant parameters during the accident during
;

10 the procecs of preparing your testimony; didn't you
1

j 11 A Not in great detail, no.
,

'
12 0 You say in your answer to question 13, when you

13 are saying why natural circulation wac not effective at

I 14 TMI-2 but would be effective at THI-1, that the critical

15 problem was an inadequate coolan t inventory; is that correct? I
1

) 16 A Y"S.

| 17- 0 And how did you determine that without makinc some

18 analysis of the sccident sequence?'

19 A There was a computer analysic done by the 3abcock

20 C Wilcox Company where they tried to closely reconctruct the

21 events of the accident. This analysis showed that the core |
'

22 did become uncovered.

; 23 0 I'm sorry, are you finished with your answer?

} 24 A I have also discussed the accident with various

25 members of the staff and read reports that were written by

O
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1 people that examined the information that was available

2 following the accident.

3 0 You ctate as your opinion that natural circulation;

i 4 was not effected because of inadequate coolant inventory.

5Was there adequate coolant inventory at any time before the

1 6 reactor coolant pumps were turned on, approximately the

7 sixteenth hour?

8 A I don't know. I do know that there were

9 complications af ter the damage was done in the core by a
,

101arge amounts of noncondensible hydrogen g?s that were in

11 the primary system at that time, and tha t would have had an
;

12 ef fect on the natural circulation. I don't know what the ;

i 13 inventory was or the extent to which this gas did affect the

14 circ ula tion.
i

15 Q I thought you testified later in this testimony

16 that you're not so cure that noncondencible gases won't

17 interrupt natural circulation?
|
|

'

18 A This is the noncondensible gas that would be in '

19 the primary system and would be available in the primary

20 system if there were no core damage, and this is a fairly
1

21 small amount of gas and includes gas dissolved in the

22 prim ary coolant itself. And I was not speaking of

23 noncondensible gas that would be generated by the large

24 amount of core damage.

25 0 So is it another condition, in your opinion, for

O'

t
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1 natural circulation that there be no core damage?{}
2 A I wouldn't,directly relate it to core damage or

,

4
! 3 how much core Jazage. But there is some degree of
:

4 noncondensible gas that I believe would cause natural

j 5 circulation to be greatly retarded. I have also stated that

i 6there will be vents installed in the primary system before
!

7 restart that will have the capability of relieving'

i

| 8 noncondensible gas or any gas that would be in the primary
1

j 9 system.

) 10 0 With ref erence to the condition of the plant at

| 11 the time of the accident, how much noncondensible gas would
i

| 12 in t e rrup t the flow of natural circulation?
j

13 A I --

14 hR. CUTCHIN: Mr. Chairman,-is tha t an accident

15 th a t would be postulated in TMI-1 or are we now discussing

16 the accident that occurred at TMI-27

17 PY MS. WEISS: (Resuming)

'

18 Q I'm sorry, Mr. Jensen. That is the accident that

19 occu rred at TMI-2 and the condition

20 o f the plant at the time, in case you didn't understand.

i

21 A I don't know how much gas was in the system at

22 TMI-2 at any time after the accident occurred. I have made
:

23 analyses which show that approximately 360 cubic feet of gas

() 24 1n a coolant loop would have a severe effect on the natural
,

25 circula tion.

O
,
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1 BY MB. POLLARD 4
[}

,

2 0 dr. Jensen, what I would like to do now is, if we

3 could go through this UCS Exhibit 1, this equipment and

4 system matrix , to help familiarire you with it, and then

5I'll ask you some questions related to the condition of the

i 6 plant at specific times.
J

7 MR. CUTCHIN: Mr. Chairman, I believe Mr. Jensen
1

i 8 indicated to the record a few minutes ago that he had not
i r

1 9 had time, that he had not seen this document until now. I

:i
'

10 think he should have some time to look at it on his own

11 before Mr. Pollard starts asking him questions.

12 MS. WEISS 4 That's fine. Could we specifically *--

; 13 CHA!RMAN SMIIH: Yes, point out to him.

14 BY MR. PDLLARD: (Resuming)

#

15 0 I'd like you to pay particular attention as we run

16 f rom the top of the chart down, what we have here is a

17 sequence of events that began at minus one hours before the

18 accident and run up to 17 hours after the start of the

19 accident. The first bar gra ph show the operation of the

j 20 reactor coolant pumps. The second bar graph shows the

21 indicated flow. You can skip the third and go to the fourth
:I
'

22 and the fifth, which indicate the reactor coolan t system

23 tempera,tures at the outlet and the inlet and immediately

24 below th a t the operation of the high pressure injection
,

25 pumps, then the pressurizer level.
f

. O
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, .

|/ 1 You may skip the core flood injection. I have no

; 2 questions there. Then on the reactor coolan t system
1

; 3 pressure, you should look at. The next one would be tho

| 4 emergency relief valve, block valve, or the PCRV block

| 5 valve, whichever you preter. And then, finally, the last

6 three on the chart, which show the steam generator pressure

7 and steam generator levels.

8 I would also particularly ask you to note as you
I

,

9 are going through thase bar graphs, to pay also come
1

10 attention to the footnotes which apply to those particular
|

111tems.

12 CHAIRMAN SMITH: Ms. Weiss, I have numbered my

13 bars , and if we're going to be using this exhibit very much,

14 m a y I succest that we do the same with the one up there and
,

15 the two that are in evidence. It would save a lot of time,<

4

16 1f we're going to use it very much.

17 M5. WEISS: Well, this will be the last witness, I,

18 think , that we will use ther for. But we can just go up and3

: 19 take what you hsve done and copy it onto those. That's

20 fine. You just nuobered them seriatim, top to the bottom ?

? 21 CHAIRMAN SMITH: Yes, 1 through 15.
l

22 MS. NEISSs Yes, we can do that. Why don't you

23 take as much time as you need to do tha t and let us know

24 when you are done.
;

25 I just wanted to add one thing. The official

1
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1 document with the colorc on the easel behind you will be

4 2 cleirer in terms of the steam generator levels and

3 pressures, because there are two different steam
,

4 generators.
|

5 I:4E WITNESS: I don't know if I csn understand

6 these curves, if by studying these curves I can become

' 7 expert in what all went on in the course of this accident at

8 TMI Unit 2. I could per. laps speculate with you as to what

gwent on, if that's of any value.,

: 10 BY MP. POLLARD: (Resuming)

l 11 0 Perhaps I can help you, Mr. Jensen. The kinds of

12 questions I'll be asking you, I'll be directing your

13 attention to particular times when it appears from this

14 exhibit that all the conditions which you say in your

15 testimony that are necessary for natural circulation were in

16 f act present, or ask you whether or not you agrae that they

i 17 were present; and then ask you, why in your opinion then did
i

|
4 18 not natural circulation become effectivo.

19 MS. '4E ISS : Now you can 't ask him anything fairer

20 than that. The question's in advance.
4

21 CHAIRMAN SMITH: 1 think we should take fi ve

22 minu tes. Er. Jensen, five minutes do you think would be

23 helpful to you? If that's not enough, of course, when you I
|

24 come to an individual question, an individual graph, you |

25 take all the time you need.

O
i
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[}
1 THE '4ITNESS : Five minutes would certainly be

i

2 helpf ul.

}
J 3 ( ~4h ere u p o n , at 1:43 p.m., a brief recess was

: 4 taken.)

} 5 CHAIRMAN SMITH: Ms. Eidgway provided the Board

6 with copies of Licensee's report on the status of Newbury

7 Township Steering Committae Contentions, and the question

8 was, would it be helpful to have our legal clerk have a ,

9 copy , and I just told her that it was.
;

10 Okay, you may proceed.
t

; 11 BY MR. POLLARD: ( R e su ming .)

4
12 0 Mr. Jensen, the questions I'm goino to ask you now -

13 pertain to your direct testimony on question 13, where you

14 sa y s In later stages of the TMI-2 recovery, after an

15 adeq ua te coolant inventory was tilt red, the core was

16 successf ully cooled by natural circulation in spite of the

17 severe flow blockage expected in the damaged core.

i 18 I would like to direct your attention to this

19 eq uipmen t matrix, UCS Exhibit 1, to the time period

20 approximately 12 hout up to 16 hours. You will note at

21 approxima tely -- I am now on bar 6 -- the makeup pump high
;

I 22 pressure injection pumps, tha t a t approximately 13 hours had

23 15 minutes or 20 minutes, we have two high pressure

()~ 24 injection pumps running; is that correct?

25 MR. CUTCFIN: Mr. Chairman, I'm coing to object to
,

1

4 .

I

'
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/ 1 this question and those that follow on this chart, for the

2 following reason. The witnoss clearly stated a whila aco

(~ 3 that he had no familiarity with this document. He is being
,

I 4 asked to create evidence on the stand and not tell what he

i 5 knew prior to coming onto the stand. And I think on that
i
<

6 basis this whole line of questioning is objectionable.
1

! 7 He has also stated he has done no great analycis

8 of the TMI-2 accident in ceneral and has made no specific'

9 analysis of those charts, having never seen them before.

10 CHAIRMAN S.MITH: Ms. Weiss?

11 MS. WEISSs Do you want a response?
,

i 12 Question 13 ist If natural circulation was not

l 13 ef f ective at TMI-2 in removing the decay heat, why will it

14 be effective at TMI-1? And the answer implies both why it1

I 15 was not effective at TMI-2 and why it would be effective at
.

-| 16 TMI- 1, because of changes that ha ve been made.

17 If the witness had no basis -- if he doesn't know

- 18 the accident sequence at Unit 2 in at least a general wa y,
i

19 he has no basis for making the testimony, it seems to me
,

20 it's clear. We don't care if he uses this particular chart,

$ 1f he uses any sequence that he would like to suggest. We21

22 have been through pretty much all of them, anl I don't think

; 23 that there are any significant changes, for the purposes of

() 24 these questions,.in any of them.

25 And if he does not have a general familiarity with

|i

(:) it
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1 what the conditions were in the plant affecting natural

2 circulation, then he has no basis for answering the

; 3 questions. So it seems to me he must, or we will just have
:

4 to move to strike st least questions 13 and 14

5 He also answers in the next question, what

; 6 conditions are important to maintenance of natural

7 circulation once it is established. He ought to have some

8 undarstanding of whe ther those conditions were present or

{ 9 absent during the sccident.

'

10 MR. CUTCHIN: Mr. Chairman --
<

j 11 CHAI3%AN SMITHS You have two basic objections,

12 and I would like to separate them. The first objection is,

) 13 that he does not wish to confirm or he does not wish to--

14 confirm the validity of this chart. He is not able to do
I
'

15 th at .
1

'

16 MR. CUTCHIN: That is correct. He is asked to

17 crea te evidence on the basis of this chart.

18 CHAIRMAN SMITHS So that one is a valid objection,'

19 or I suppose it will be when we find out that that is the

20 ca se f rom him, I expect. However, she can get around tha t
;

1
' 21 by askino him to assume that the chart reflects the actual
i

22 f acts, and then on a hypothesis ask him his question. That ,

: 23 would be one way.

24 lut what is your other objection?
!

25 MR. CUTCHIN: I have no problem with her asking

()
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/}
1him' questions about the basis for his testimony. Eut to ask

2 him to in ter p re t these charts for her, he has only just now |

3 seen as having him create evidence. If she wishes to make
1

4 hypotheses on the basis of information in th e record, I have

5 no problems.

6 CHAIRhAN SMITH: But also, you had another.

7 objection, and that was he said he was not himself generally

8 f amiliar with this.

!

9 T. CUTCHIN: He made that statement ea rlier in

i 10 his testimony , that he had made no detailed analysis of the

11 Three Mile Island 2 accident. He had made a generalized

12 assessment and had spoken to others who had knowledge of

13 wh a t happenad, and so on.

#
14 CHAIRMAN SMITH: Now she has a richt to explore

15 how general or how detailed that was.

16 MR. CUTCHIN: Most assuredly.

17 CHAIRMAN SMITH: So I think that only half of your

18 objection is sustainable, and the other half I don't read as

i 19 --
1

20 MR. CUTCPIN: I have no problem with her inquiring

21 1nto the basis for his positions and understandings.

22 CHAIR?AN SMITH Mr. Baxter, you a re of course,

| 23 af f ected by this. You don't have any objection?

() 24 MR. BAXTEE: No.

25 M3+ ''EIS S : I was coing to ask the witness if"

(

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554 2345
8

. -. . ._ . ._..



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

i

i 4951
,

!

1 there was any. accirlent sequence which he used in preparing,

j 2 his testimony.

3 THE ~4ITNESS. Is that a question? Could you

4 repeat it, please?
.

5 PY HS. WFISS: (Resuning)

6 Q Yes.

<

7 A Could you repeat the question?
l

j 8 0 Was there any a cident sequence that you used in

9 preparing your testimony?

i 10 A The accident sequence that I used was basically
5

l 11 the one folicwed in the analysis done by the Babcock &
4

12 Wilcox Compa ny and the repor ts on the accident that I have
T

13 read leading up to the time of core damage.

14 0 liow exactly what PCW analysis are you referring ;

15 to ? |

16 (Pause.)

:| 17 A The analysis is contained in a report entitled !

18 " Evaluation of Transient Behavior and Small Reactor Coolant

19 System Breaks in tha 177 Fuel Assembly Plant ," dated ayw

20 7th, 1979.

21 0 Does that contain an analysis of the accident?

22 A Yes, it does.
4

23 0 Do you have a copy with you?

24 A No, I don't.

25 *S. WEISS: I wculd prefer to question him on the

'
.

)

i
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1 basis of whatever he says he used for his testimony, and I),

i 2 think we have one of those back in the room.

'
3 BY MR. P3LLARD: (Resuming)

i

4 0 Before we proceed along this line, did I

5 understand you correctly when you just answered that the

6 analysis of this report that you have just referenced
i

7 covered only the time period up to core damage?

8 A Yes, I believe that is the case.

9 Q Can I ask you, then, in your testimony on question

10 13, you make the statement about the core being successfully
i

|

11 cooled af ter this period of core damage. Now, what acciden t

| 12 sequence did you use in preparing your testimony in the

|

13 answer to question 137

/~}.

(_/ 14 A This was discussions I made with various staff
,

i

15 members as to the present state of the TMI-2 core. I

16 believe at the present time it is being cooled by natural

; 17 circulation. As I stated before, there was a time when

18 noncondensible gas was relea sed into the system, and during

19 this period I feel that this gas would have had an effect on

20 the natural circulation.
i

! 21 The noncondensible gas came from the metal-water

22 reaction from the damaged core.

23 BY MS. WEISS: (Resuming)

() 24 Q Do I understand your testimony correctly that you

25 reviewed the BCW accident sequence up to the period of cored

ALDERSON REPORTING COMPANY,INC.
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1 damage, you had discussions with other staff members about(qJ
2 what happened after the reactor coolant pump was shut off at

3 approximately one 1t o n th ; and that you have no knowledge what

(VA) 4 happened in between the tw, when the core was damaged and

5the pe riod when the reactor coolant pump was shut off at one<

6 month?

7 A I have -- the knowledge I have is to the effect

8 that gas in the primary syctem eill have on natural

scirculation.

| 10 0 And you did not look at the performance of any of

11 the plant systens or any accident sequence that would tell

12 you the performance of the plant systems from when core'

13 damage occurred until the reactor coolant pumps were shut

14 of f at one 1tonth; is that correct?

15 MR. BAXTER: Excuse me. Just for my own

16 clarification , when you say " accident sequence," you sre

17 ref erring to published reports which dircuss the accident

18 sequence ?
4

19 MS. WEISS: Yes, any accident sequence.

20 THE WITNESS: I woulcn't say I have no knowledge.

21 I have lockad at reports and looked at curves showing the

22 conditions in the primary system following the time when the
!

23 coo.lant pumps were tripped and the damage was occurring. I :

24 don ' t know the condition -- or I don ' t know, for example,

25 the level in the core at those times. I don't believe it

i O
!
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i

n 1was recorded. I don 't know the extent of noncondensible gas
V

2 that was in the primary system at any time. I am not sure
:
}

. 3 3 that anyone knows.

4 BY BS. '4 EI S S s (Fesuming)

5 0 Are you twa re that at some time thero was

6 sufficient noncondensible gas in the primary system to block

7 na tural cirrula tion ?'

8 A I don't know that for a fact. I know a large i

"

gamount of noncondensible gas was released and I suspect that

10 there was enouch to block natural circula tio n . I haven't

11 made an exact computation of the amcunt of noncondensible

12 c a s .

13 0 You states "In later stages of TY.I-2 recovery ,

' - 14 af ter an adequate coolant inventory was restored, the core

15 was successf ully cooled by natoral circulation." 'Jhen was

'

16 an adequa te coolant inventory restored?
i

17 A I don't know the exact time. I was speaking of

18 th e present state of the core and the system when I wrote

19 this testimony.

20 0 The present stata of the system?

21 A Yes. I understood at that tine it was in a
i

22 natural circula tion mode. |
|

'

23 'O And you are not aware of any time when adequate

24 coolant inventory was restored until th e reactor coolan-t

25 pumps were started up, are you?

O l
i
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1 A I don't know what the coolant inventory was. I{
2 don ' t -know shat the amount of noncondensible gas was

.

{ 3 present.

4 MS. '4 EIS S : Mr. Chairman, we're going to make a

5 motion to strike his testimony. I don't think the witness

6 has got any factual basis for it. I want to be very careful
,

7 to make sure that I cover exactly what I think ought to be

i 8 stricken. So if you could give me a couple of minutes.

j g CHAIREAN SMITH: I 'd like to hear your last
4

10 question again.
1

11 MS. WEISSs The question was with reference to his

12 statemen t : "In later stages of TMI-2 recovery, af ter an

13 adequate coolant inventory was restored, the core wa s

14 successf ully coole3." -

15 My first question wass Do you know when an
7

2 16 adeq uate coolant inventory was restored? The answer was
:

I

17 n o .

18 MY second question was -- now let me see if I can

19 state it exactly. Maybe we should have that -- |

20 ' CHAIRMAN SMITH: I would like to have it read

21 ba ck . Do you know which one I'm referring to? It would be

22 the question immediately prior to the motion, the
i

23 announcement .

() 24 (The reporter read the record as requested. )

25 MS. WEISS: Mr. Chairman, at this time we move to

O
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1 strike one sentence of the witness' testimony on page 7, inc

(s)v
2 response to question 13, and that is the last sentence. And

3I will read it into the record, quotes

# 4 "In later stages of the TMI-2 recovery (up to the

5 present day), after an adequate coolant inventory was

6 restored , the core was successfully cooled by natural

7 circulation , in spite of the severe flow blockage expected

8 and the damaged core."

9 We move to strise that on the basis that the

10 witn ess ' answers show that he really has no basis for making

11 any judgments beyond th e period of time when the core was

12 damaged and he has not lookod beyond that.

13 CH AIP'! AN S ITH: '' r . Cutchin?

gs
; / 14 !! 9 . CUTCHIN: Yes, Mr. Chairman. I think the fact

15 t h a t the witness has said that he doesn't know the details

16 of w ha t happened between the time coolant inventory was

17 stopped and coolant inventory ha s started ha s nothing to do

18 with his understanding of what has happened since it was

19 restored .

20 It is unimportant that he know exactly when

21 coolant invantory was restored. It is just that he has

22 stated that he does know, and I think his answer in

23 perf ectly valid after that. And all he has said is that |
|

|
24 af ter coolan t inventory was restored, he has said he knows

25 that to be i fact and that today na tu ral ci rcula tion is

o
L s
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1 doing the job. So whether he knows what happened before

2 then is unimportant.

/ 3 M3. BAXTEE: I agree with Mr. Cutchin's analysis

4 and I oppose the motion as,well. It seems to me the

5 question Ms. b'eiss asks does not go to the basis of the,

6 sentence to which the motion has been addressed. The fact

7 that he didn't know at every place in the accident what the

1 8 inventory was or exactly when it was restored does not co to
i

9 whether the witness knows that up to the present day and

10 some time in recovery it was restored and natural
I

11 circulation has been working.

12 53. WEISS: I think the point is not so much when

13 it was restored, but why and by what mechanism it was
D(,,) 14 restored, because it is our contention that the evidence'

15 shows tha t it was not restored until the reactor coolant

16 pump was startad. And the witness has said that he can't
1

! 17 give any opinion on that. He doesn't know when the
1

18 conditions before or af ter the reactor coolant pump was

19 star ted, and that was crucial to the question of whether

20 forced circulation was required rather than natural
,

21 circulation.

22 CHA!3 MAN SP.ITH: How does the sentence that you

23 seek to have struck purport to make any claim as to the

24 reactor coolant pump contribution? It doesn't. It just
w

25 makes the sta tement that there were certain open-ended -- or

!
1

(:)
'
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1a certain period of time, the beginning of which is not'

! 2 claimed, that natural circulation was restored.

3 MS. WEISS: If we can't get him to tell us when it

4 was restored or why it was restored or by what mechanism it,

5 was restored , then there is no -- then the statement is

6 essentially irrelevant to the issues in the case, which was,

71s natural circulation adequate. It is not responsive to

8 the question , why, if it wasn't effective at TMI-2, why

9 would it be effective at TMI-1.

10 Maybe Mr. Pollard wants to add to that.

11 CHAIRMAN SMITH: Pefore you ask us to rule on your

12 motion , is Mr. Pollard going to ask another question?

13 MS. WEISS: No, I'm sorry. He doesn't -- I think

14 that 's all the questions.

15 CHAIRMAN SMITH: Ms. Weiss, I still don't i

:

16 understand. I think you read more into the sentence than is

17 claimed for it. I think, doesn't the sentence simply say

18 th at there is now natural circulation in the core -- I mean,

19 and tha t the core is now being cooled by natural

20 circulation ?

21 MS. WEISS: But the witness says that the core was
j

1

22 successf ully cooled after an adequate coolant inventory was !

23 restored, and the latter is a condition for the former.

() 24 That is what the sentence sa ys. And the witness said

) 25 adequate coolant inventory is necessary for natural

.

1
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; 1 circulation, but he couldn't tell us when that occurred, why

2 it occurred.
i I

3 CHAIR. FAN SEITH: But he doesn't purport to.

'' 4 MS. WSISS: Or by what mechanism it occurred.

5 CHAIRMAN SMITH: My problem is, I don't see in

6this answer to that question where he is purporting to

7 address the means by which natural -- I mean adequate

8 coolant inventory -- was supplied. I don't see that he'

9 undertakes to provide that information in that question.

10 MS. WEISS: The question is, why would natural

11 circulation be ef f ective at TMI-1.3

12 CHAIRMAN SMITH: Now, you may argue in findings

13 that the answer does not satisfy the question. I don 't

14 k n o w . But that doesn't justify striking it. I mean, it may

15 not go as f ar as you want it to go.

16 MS. WEISS: I think the witness has shown he is

17 n o t competent to make this statement.

18 CHAIPliAN SMITH: He is not competent to make that

19 -ta t ement? Do you challenge the actual accuracy of that

20 sta t emen t ?

21 MR. FOLLAED: Yes, sir.

22 CHAIRMAN SMITH: You don't believe that the core

23 1s today being cuccessfully cooled by natural circulation?

. () 24. MR. POLLARD: But the sentence says, all times

25 af ter adequate coolant inventory was restored that the core

I

4
d
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1was successfully cooled by natural circulation.

2 CHAIEMAN SMITH: I don't see "at all times." I

3 think that this is not a very useful sentence in the case.

V(~S 4 It is not going to support a very strong finding of fact.
,

5 But I don't see as auch in it as you see in it. As a matter

6 of fact, you even ask to -- didn't he testify that he

7 doesn 't- know when, and he's not saying how an adequate

8 coolant inventory wac restored? Didn 't he say that?

9 MS. WEISS: He doesn't know. I think the answer

101s he doesn ' t know either of those.

11 CHAIRMAN FMITH: I still don't understand what

12 your complaint is. I think you should first establish a

13 record on the point. I ne ve r, heard of somebody asking to

b)(_ 14 have a sentence struck from testimony because they don't

15 think he says enough .

16 MS. WEISS: I think the basis is we can't

17 cross-examine him on his reasons for it, and therefore we

18 wish to have it struck because it shows he is not competent

19 to make the statement.

20 DR. JORDAN: I don't see why you can't ask him for
;

; 21 his reasons as much as you can. You don't have to produce

{ 22 the chart, which he is not familiar with. I think that is
1

23 unf air. But from the sentence, from the question, I get two )
|

()'
24 things: one, that the reason that natural circulation did

25 no t work at TMI-2 ic because of insufficient coolant
''
.

O

I'
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i

j 1 inventory. I gained one other piece of information, that

2 na tural circulation is now working. It doesn't tell me when

3 it started working or whether it worked in response to the

O 4 coolant pumps.

5 I think that you can argue all of those things

6 successively .

7 CHAIRPAN SMITH: Your motion is denied. However,

i
8 the Board itself has some difficulties with the answer which<

i

9 we would like to inquire into.

10 The first sentence in the answer to question 13 is

11 possibly ambiguous. It could be read, natural circulation

{_ 12 did not occur becauce of insufficient coolant inventory, or

13 1t could be. read that natural circulation did not occur

() 14 because coolant reactor pumps were tripped, having been

15 tripped because of insufficient coolant inventory. And

16 because of that, becinning in the next sentence, the word

17 "this" has an ambiguous antecedent.

18 (Pause.)

19 CH A I.T.f A N SMITH: Did you understand the trouble

20 the Board was having with the answer?

21 THE WITNESS: '4o ul d you like me to explain it?

22 CHAIRMAN SMITH: We can read it two ways, maybe
i

I 23 even th ree wa ys. |
\

/") 24 THE WITNESS: Na tu ral circulation did not occur
\_/'

25 because of insufficient coolant inventory, which also

O
|
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1 occurred at the time the reactor coolant pumps were tripped.

; 2 DR. JORDAN A t the same time?

3 THE WITNESSs There was insufficient coolant
(
'

4 inventory when the reactor coolant pumps vere tripped, that-

5 the level in the core went to an elevation below the top of

6 the core.+

7 CHAIRMAN SMITH: Then we go to your final

8 sentence, and then it is clear what you intend there is that
|

' 9 na tu ral -- th at natural circulation was made possible

10 because the coolant inventory was restored. If it was

11 impossible in the first instance because it wasn't there,4

i

12 then the meaning of your second and last sentence is that it

13 was made possible because there was adequate coolant

) 14 in ventory . .

15 THE WITNESSs There was adequate coolant inventory

16 and natural circulation did occur. And there was also

17 noncondensible gas that was released from the system between

18 the two stages.

19 DR. JORDAN: This natural circulation, when did

20 that occur? Wasn't there a long period up to th e present in

21 which the coolant pumps were not operating, so that it was
4

22 not naturai coolant circulation for this long period,

23 perhaps many days, weeks, months, and then they finally did

() 24 turn off the pumps?,

.i 25 THE WITNESS: The pumps were turned off, I
i

!
1
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1believe, at about one or two' hours following the beginningO,

! 2 of the accident. During this time period, the amount of
i

s 3 coolant in the primary system was being depleted. But the'

,

'

4 action of the coolant pumps kept the available water in the
:

5 primary system in contact wi th the core.

6 Once the coolant pumps were turned off, the stean
i

.

7 sepa rated from the liquid because the mixture was no longer
e

8 stirred by the coolant' pumps. The steam separated from the'

,

I

gliquid and the primary coolant systen level fell to an

j 10 elevation below the top of the core. '

<

11 DR. JORDAN. Then when was natural circulation

12 resto red ? Do you have any feeling for that? Was it in the

13 next few hours, the next few days, or the next few months?

14 THE WITNESS: I don't know the exact time.
4

15 MS. WEISS: You don't even know whether it was

16 days, hours or months?
4

I 17 THE WITNESS: It wasn't hours. I just don't
|

18 know.

19 (Pauso.)
,

1

20 .M S . WEISS: I was just going to start asking him
i '

1- 21 just a couple of other questions on the sentence that the
i

22 Board has decided will remain in, because if it's going to

23 remain in I just want to make absolutely sure what it means.
:

; ( 24 BY MS. WEISS: (Resuming) j

25 0 You say at later stages of the TMI-2 recovery,
]j

O
s

i
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i 1

{}
1 af ter an adequate coolant inventory was restored. Ey those

2 two clauses, do you mean -- how do I say this -- do you mean

3 in all periods of time when an adequa te coolant inventory

4 was present? Is th a t what you mean to say?

5 A An' adequate coolant inventory is required for

6 natural circulation. and natural circulation occurred after

7 the time that adequete coolant inventory was restored. And

8 this included removing the noncondensible gases f rom the

) 9 primary system.

10 0 Do you have any pa rticular time period in mind

11 when you say "in later stages of TMI-2 recovery"? Or do you

' 12 have in mini whatever the period of time was when an

13 adequate coolant inventory was restored? Let me ask that

bl
(_/ 14 ques tion first.'

;

15 A '40uld you repeat' the question, please.

16 0 Yes. Do you mean -- j ust one second.

'
17 (Pauso.)

|

18 0 Was there any period of time when the core was

19 successf ully cooled without an adequate ecolant inventory?
i

20 CHAIRfAN SMITH: That's not a fair question.

21 MS. WEISS: My eyes are crossing. I can't figure

1

22 o u t how to ask this. |

.

[ 23 BY MS. WEISSs (Resuming)

24 0 Is it your testimony that at all times after an

25 adequata coolant inventory was present the core was

)

|
'~

.
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1successfully cooled by natural circulation?

2 A The core a t TMI-2 is in a damaged state. An

3 analyis that would be done for an undamaged core might not
.

!\ 4 apply to the damaged core at TMI-2. Analyses of undamaged
1

1 5 cores show that they will be cooled at any time that they
4

6 are covered with water.

7 MS. WEISS: Mr. Chairman, could I have the answer

8 back , because the answer wasn't responsive.

9 CHAIEMAN SMITH: I beg your parden?

10 MS. WEISS: I won't move to strike it. I would

11 just like to have my original question.

12 CHAIRMAN SMITH: t r. Jensen , we are having some

; 13 dif ficulty h ere , and it's -- you are coing to have an

| () 14 oppo rtunity to explain your entire concept here, and we are
i

! 15 aware that you have something you want to add here. But
!

16 please be careful and listen to the question and answer just

17 the question asked.

18 Would you read it back, M r. R eporter.

19 (The reporter read th e record as requested.)

20 A THE WITNESS: I understani that once the core at

21 TMI-2 became uncovered, it began to overheat, I do not know
|

22 which times it was cooled and when it was not cooled, until |

23 the time that natural circulation was restored.,

} 24 CHAIRMAN SMITH. And then, go ahead from that

25 poin t..

1

s

O
4

f
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;

'f g 1 THE WITsESS: The core was in a damaged sta te and,'

()
2 even though it was covered with water, it might not be

,

3 adequately cooled. I don't know the state of the TMI cores

4 and I don't know what the cooling requiremen t would be f or

i 5 the core once it was damaged.

6 CHAIRMAN SMITHS dr. Jensen, I think that that is

7 a good explanation. I mean, that is an explanation. But

8 the answer is you don 't know.

9 THE WITNESS: Yes.

10 CHAIRMAN SMITH: To the question, you don't know

11 the answer.

12 (Witness nods in the affirmative.)
:

] 13 DR. . JORDAN: I have a question more general, just

() 14 for the moment. Is your testinony based chiefly on analysis
i

15 of ideal situations rather than an intimate investigation of

16 what happened at TdI-2 and an attempt to explain in detail

17 whal had happened at THI-2?

1 18 . THE WIINESS: I am not attempting to show in
i

19 detail what happened at TMI-2. I am attempting to show in
.

20 detail by analysis, had the high pressure injection system

21 no t been terminated at TMI-2, as would occur with the
!
'

22 revised proredures at IMI-1, tha t the core would not have

23 become uncovered, natural circulation would not have been.

(v"). 24 lost, and care damage would not have occurred.;

25 DR. JORDAN: But what you are basing it on is

: O
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k/g 1 t his , that you have made calculations or you have looked at

2 models of natural circulation, and that those models

3 demonstrate to you that natural circulation is adecuate to
/

4 remove the amount o-f after heat that existed at TMI-2. Is
*

5 that the basis for your testimony, ra ther than, as I said,

6 an investigation of the accident at TMI-2?

7 THE WITNESS: Yes. The analysis shows that the

8 core will be adcquately cooled if high pressure injection is'

9 not terminated.

| 10 DR. JORDANS And there isn't any hydrogen and the
;

11 co re isn ' t too badly damaged and a few other things like
4

12 that ; is that right?

13 THE WITNESS 4 Well, these are not all ,-- these are

( 14 all connected together, because if the ccre is adequately'

15 cooled , as the analysis of the spectrum of breaks indicates,<

161f hich pressure injection is not terminated, then there
l

17 would be no core damage, no hydrogen generation, and natural

j 18 circr1a tion would n.t be lost.

19 DE. JCEDA!is Yes, but this is a ge neral statement

20 concerning the aiequacy of natural circulation to cool a

21 reac tor core. But you feel, knowing the amount of after

22 heat that is there, that in your estimation natural
,

23 circulation is an adequate method for cooling it?
.

() 24 THE WITNESS:- Yes.

25 DR. LITTLE: Your questic- reads: "If natural

*

e

ALDERSON REPORTING COMPANY,INC,

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

)
. - . .. - -.



4968

(] 1 circulation was not effective at TMI-2 in removino the decay
-

2 heat, why would it be effective in TMI-1?" And your answer

# 3 is framed to answer the first phrase there: Natural

4 circula tion did not occur at TMI-2 because, et cetera.

5 And I think what we are waiting to hear is the

6 answer to the second half, and that is, why would it be

7 ef f ective at TMI - 1. Could you rephrase your answer in those

8 terms?

9 THE WITNESS: Yes, all right. Natural circulation

10 would be effective at TMI-1 because the operator is

11 inst ructed not to terminate the high pressure injection flow

12 to the reactor system until the reactor system beccmes

13 su bcooled . This would preclude the core becoming uncovered

(j 14 a n d damaged and natural circulation being lost.

15 DE. JO ED a.N I see. I was mistaken that yours was

16 a theoretical analysis of the 2dequacy of the cooling. But

17 ra th er , yours is an analysis of what is going to happen at

18 TMI-1, what the nes requirements are. It is a hardware

19 ques tion you are trying to answer, not a theoretical

20 calcula tion from thermodynamics.

21 THE WITNESS: They go together. The accumption in

22 the analysis is that high pressure injection will not be

23 lost, and the basis of it is the instruction to the operator

24 no t to terminate the automatic initiation of the high

25 pressure injection.

7--
' )
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1 CEAIEMAN SMITH: Mr. Jensen, I have a question
)

2 too. In your last sentence, where you say the core is today

# 3 -- and all of your testimony in general -- is today at TMI-2

4 being cooled by natural circulation, and from that -- that

5 is one of the bases upon which you say that T P. I .1 , if we had

6a f eed wa ter transiant of the nature of TMI-2, could be

7 adequately cooled.

8 Now, what is missing is two things. Cne is that

9 you' re assuning that you're not going to have an uncovered

10 co r e . But there is another thing too, and that is the

11 relationship between the amount of heat that has to be

12 ramoved today by natural circulation compared to the amount

13 of h eat which has to be removed during the relatively short

14 time durina the uncovering of the core and core damage and

151oss of coolant?

16 I mean, what value is there to know that today at

17 TMI-2 you can cool the core by natural circulation? What

18 value does that have to us, when you haven't corralated that

19 to the amount of heat that had to te removed shortly

20 following the accident at TMI-2?

21 THE WITNESS: Natural circulation is produced by

22 th e density differences i'. the primary system caused by the

23 heating of the system by the cooler and the cooling in the

f 24 steam genera tor, so that the greater the amount of heat you

25 would have -- the greater heat generation you would have in

,~,
\ f
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(N 1the core, you would expect to have a higher amount of
t 4

x_/

2 na tural circulation.

3 So if you had more heat in the TMI-2 core now,

4 that would be T. ore na tural circulation than there is now.

5 CHAIRMAN SMITH: Is the driving force o f the heat

6 then always adequate to, in your analysis, then -- the

7 driving force of the heat is the de termining factor? It is

8 always adequa te to cool it? You don't arrive at a time whan

9 th e driving force of th e heat, a l th o ugh it is greater,

10 because of other system problems, may not be sufficient to

11 cause the natural circulation?

12 THE 'JITNESS : If the primary coolant pumps or lost

13 or tripped, the reactor is tripped, so only decay heat would
,m

_f 14 be required to be removed by natural circulation. And

15 analysis shows that if emergency feedwater is present, that

16 natu ral circulation will be adequate to remove heat from the

17 prim ary system.

18 CHAIR"AN SMITH: How about the greater detted t of

19 the --

20 (The ?oard confers.)

21 DR. J0P D AN : You are not claiming that natural

22 circula tion would take care of any amount of heat? Full

23 power?
,,

| j 24 TliE WITNEFS: No, sir.

25 DR. J0FDAN: All right, how much?

#'N/

ALDERSON REPORTING COMP ANY,INC,

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



:

|

|
|

4971

7'N 1 THE WITNESS: It will take care of the decay heat.
t 4

v

2 DR. JORDAN: How much is that?

3 THE WITNESS: That's seven percent when the

4 reactor is --

5 DR. JCEDAN: How much?

6 THE WITNESS: Seven percent, but --

7 DR. JORDAN: Okay.

8 THE WITNESS: But I 'm not claimina that it will

9 remove reven percent of the heat from the reactor at a

10 cons tan t rate. Once the reactor is tripped, the decay heat

11 1evel is about seven percent, but it quickly drops to a

1210 wer level . So that in one hour it is around one percent.

13 D?. JORDAN: Ckay. Fupposing it stayed at seven
,

(
; 14 percen t. Would it cool it with natural circulation, cool

15 it, if it were to stay at seven percent? Or would it start

16 1osina ground for a while and then catch up later as the

17 decay heat went off?

18 THE WITNESS: I don't believe that the emergency

19 feedwater flow is aqual to seven percent of reactor power.

20 There would be a decrease in secondary syster. water

21 inventory for a time until the amount of decay heat drops to

22 a level that was or could bo removed by the emergency

23 feedwater system flow.
,,

l | 24 DR. JORDAN: Okay. Then natural circulation is

25 n o t adequate to take care of the entire heat load, heat

(y
E )|

ALDERSON r1EPoRTING COMPANY,INC.

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



4972

1 generation rate immediately after shutdown trip of the

2 reactor. But it will become effective soon thereafter. Is

3 this richt?

4 THE WIT';ESS: No. Natural circulation, if

5 ef f ective , will be effective immediately af ter the reactor

6 is tripped. The emergency feedwater is not enough to keep

7 up with a constant seven percent.

8 DR. JORDAN: If the main feed pumps were

9 continuing to operate, it would take care of it?

10 THE WITNESS: Well, I don't know, but I don't know

11 whether the -- I have not done an analysis for a constant

*12 seven percent , for any constant decay heat. I have only

131ooked a t tne decay heat decrease, that is --
g3
I l 14 DR. JOEDAS: All right. Then let's take what you

15 have looked at. You started at seven percent and you

16 star ted with how many gallons in the emergency feedwater

17 system ? I gather that is the system you're talking about

18 no w ?

19 THE NITNESS: Yeah. I have looked at 500 gallons

20 pe r minute.

21 DR. JORDAN: 500 callons per minute. Is that

22 on e-pump op? ration or tw3 or three?

23 THE WITNESS: That would be a little tit more than

f 24 on e pump.

25 DR. JORDAN: And by one pump now, I guess in this

7

_-
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(~) 1 case you're talking about the turbine pump?
t/

2 THE WITNESS: The motor pump.

# 3 DR . JORDAN: The motor pump.

4 THE WITNESS: One motor pump.

5 DR. JCEDAN: One motor pump. How much is the

6 turbine pump? Do you remember the numbers? How much is the

7 notor pump, or how many motor pumps?

8 THE WITNESS: Each motor pump is about half of a

9 turbine pump.

10 DR. JUEDA5: All right.

11 THE WITNESS: Tha turbine pump is 900, I believe

12920 gallons per ninute, something like that.

13 DR. JGEDAN: I soe. So you're sayinc the two

14 pumps would handle it, but n o't a single motor-driven pump?

15 THE WITNESS: Well, the analysis I did was for 500

16 gallons per minute. There have been analyses done by the

17 Licensee wnich indicate that a smaller amount of emergency

18 f eed wa ter would be adequate in fact. These analyses

19 indicate that 300 gallons of emergency feedwater, 300

20 gallons a minute, would be adecuate to cool the reactor

21 syst en in the event of a small broak LOCA.

22 DR . JORDAN: I see, and you're disagreeing a

23 11ttle bit with that?
24 THE WITNESS: No. I was just saying, personally I

25 haven't done an analysis myself. I have no reason to doubt

,

s -
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g' Iwhat the Licensee has done.
V

2 DR. JORDANS I see, so that the -- 30 natural

3 circulation in the case of ThI-1 is adequate if there is

4 enough feeddater and if two pumps are running. Then it -

5 would take care of the seven percent after heat immediately;

6 would it not?

7 THE 'JITNESS : It would, I believe. The analyses

8 done by Licensee indicate that 300 gallons per minute will

9 remove the decay haat generated by the primary system. The

10 ste a m generators are initially filled -- not filled, but

11 they initially have a water level which is supplied by the

12 main feedwater system. -

13 If the main feedwater system is suddenly lost, the
,a

!( 14 reactor trips. The steam generators that are still

15 main tained -- that are still maintained -- start with this

16 inventory in the steam generators and this inventory that is

17 present is enough to take care of the initial imbalance

18 between the emergency feedwater flow and the amount of decay

19 heat that is delivered.

20 DR. JORDAN: So you are saying, then, that based

21 on Licensee's analysis, that after heat can be removed

22 immediately following a trip by a singla mo t o r-d rive n

23 emergency feedwater pump combined with natural circulation?

( 24 THE '4ITNESS s Yes, sir.
m.

l

25 DE. JGEDANs All right. Now, then, where does
'

|

/
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r~i 1your expertise come into this? You said this was based on
LJ

2 the Licensee's analyses. Where does your expertise come

3 in ? '4 h e r e do you sa y of your own knowledge what you know to

4 be true?

5 THE WITNESS: I have evaluated the calculations

6 done by the Licensee and I made a calculation myself with

7 500 gallons per minute. And there was no loss of natural

8 circulation in this calculation. The reactor core was

9 adequately cooled, and this was not very different from what

10 would be delivered by one emergency feedvater pump.

11 DR. JCEDANs Now, you said -- is your expertise, in

12 t h e field of heat transfer and fluid flow?

13 THE WITNESS: Yes, sir.
'

/

5_i 14 DR. JCRDAN. And so therefore you say that the'

15 Licensee's calculations to the effect that natural

16 circulation with one motor-driven emergency pump is adequate

17 to cool the reactor following a trip is in your ostimate

18 corr ect and you have checked it?

19 THE WITNESS: Yes, I believe they are correct.

20 DE. JOEDAN: All right. Now, I don't know if this

21 helps us in getting us out from where we were at the start,

22 but I feel 1 little bit more comfortable myself about the

23 field of expertise and what he is testifying on.
n

( ) 24 And I don't believe, Mr. Cutchin, tha t he is

25 testifying priscrily -- I ask you this now. As an expert

,,
!

w
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1from the staff on the changes to be made at TMI-1, the

2 suf ficiency of those changes to meet the Commission's new

(7T 3 requirements and to protect the hea3th and safety of the
( !

'- 4 public, can you advise me as to your opinien as to what the

5 expertise of this witness is and in what aras?

6 MR. CUTCHIN4 Dr. Jordan, I think perhaps it may

7 be this is a problem of having contentions worded as they

8 are. This witness was put on for the purpose of testifying

gto the fact that if you have a core -- if you have a reactor

10 which suf fers a small break lost of coolant accident and
it things go as expected, meanino systems work like they are

12 supposed to, operators don't do things they are not supposed

13 t o , the plant will scrive through the transient and suffer

14 no damage and in that situation natural circulation will do'

15 the job.

16 And that is purely an analytical situation. He is

17 not testifying as to what hardware changes have been made.

18 He is testifying as to how a plant will normally respond to

19 a small break loss of f eedwa ter accident . And I think we --

20 I am af raid we have confused the record a great deal,
|

21 because it is not his testimony, as I understand it, that

22 na tural circulation will at all times cool a damaged core
j

23 such as occurred at TMI-2.

[) 24 That was never the intent of his testimony and I
(_/

25 don't think the staff would support that situation.

(
l
I
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r~x 1 DR. JCRDAN: Okay. I think we have cleared up
i !

o

2 perhaps enca7h now for continued cross-examination, and

3 let's turn it back to ds. Weiss.

4 CHAIRMAN SMITH: Well, before that, at some time I

5think the witness intends to clarify his answer to question

6 13 and perhaps 14, to insert the need to remove

7 noncondensible gases or the condition of the removal of

8 noncondensible gases or the absence of noncondensible gases,

9 one way or the other.

10 He b?.s made thic point several times. I don't

11 know if he va ts to correct or change his written

12 test imony . Sometimes written testitony is Dicked up and

13 re a d in the absence of the transcript explaining it.
p
(j 14 DR. JOEDAN: I think this is of some importance,

15 because I tnink this is a li t tl e bit contradictory to the

16 testimony from the Licensee.

17 Bf MS. WFISS: (Fesuming)

18 0 You do know, r. Jensen, don't you, that thev

19 reactor coolant pumps -- that a reactor coolant pump was

20 turned on at 16 hours and remained on until one month into

21 the accident?

22 A I knew one was turned on. I didn't know the exact

23 time when it was turned on and when it was turned off.

f 24 0 And you have no opinion as to the contribution of

25 that reactor coolant pump to the cooling of the core, in

s

#

i
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7 'S 1 other words, whether it was necessary or unnecessary at~

L)
2 TMi-2?

3 A No, I don't know.

4 0 You testified on page 8, in your response to

5 question 14, that adequate coolant inventory will be assured

6 in the future because operators have been instructed not to

7 prematurely throttle emergency core cooling." Is that

8 correct?

9 A I said increased assurance of a sufficient coolant

10 inven tory for natural circulation at TMI-1 has been achieved

11 by the improved termination criteria for the hich pressure

12 injection sy stem , yes.

13 0 Your analysis assumed that those instructions
7

\_) 14 would be effective and that the ECCS would not be

15 pren aturely terminated; is that correct?

16 A Yes, they did.

17 C Have you ever operated a reactor?

18 A I have never operated a power reactor.

19 0 Did you review the pertinent operatinc procedures

20 in any d e ta il ?

21 A I have read the ocerating procedures for a small

22 break LOCA.

23 0 And it is your opinion that th e y vill be

f 24 ef fective, based on your professional judgment about the

25 procedures themselves?

70,
(,/
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1 A I have seen the statement, th ? requirement, that

j 2 the high pressure injection system flow not be terminated

3 unless the system is subcooled by 50 degrees. And I believe'

1 4 that if this criteria is followed, that the reactor cora

! 5 vill be protected.

6 0 Have you analyzed at all the instrumentation

7 available to the operator to make the judgment that the core
,

8 is subcooled to th a necessary degree?

9 A Not in detail. I understand that subcooling will

.|

10 be indicated to the operator and that he will get indication'

11 as to the condition of the primary system from thermocouples

12 in the top of the reactor core and from temperature sensors
'

1

131n the hot legs.
;

14 Q Do you have any opinion or have you any basis for

15 the opinion as to the likelihcod of these procedures being
i-

f 16 followed?

17 A I understand the opere. tors are being trained in

18 th ese procedures. I haven't reviewed the training program.
.

19 Q '43uld it be correct, then, to characterine your

i

20 testimony with respect to the operator training and '

21 procedures as being based on your general knowledge and
;

22 discussions among the staff as to the fact that such

23 training will take place and such procedures do exist?
;
'

A And on the sta ff's saf ety evaluation that24

25 addresses tt ; particular area.

1

O
:
a
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(3 1 0 And did you have anything to lo with that part of
U

2it?

3 A I didn't write that part, no.

4 Q Did you participite in that part?

5 A No, I di dn ' t.

6 BY MR. P3LLARD: (Resuming)

7 0 Mr. Jensen, if I could direct your attention now

8 to your answer to question 15, beginning on page 2. Did you

9 personally do any analysis to determine the ca pa bili t y of

10 t h e high pressure injection pumps to parform this bleed and

11 feed cooling mode?

12 A I have compared the pump disenarge pressure with

13 th e relief pressure of the safety valves, and I have
/,

I

(_)i 14 reviewed the calculations done by the Licensee. I have not

15 d ona any particular calculations, detailed calculations, in

16 f eed and bleed.

17 0 You have a sentence in your testimony which says

18 the cutoff aead of the high pressure injecticn pump is above

19 th e prersure setting. What is the cutoff head of the high

20 pressure injection pumps?

21 A T think it is about 2700 psig.
1

22 0 Can we explain, please, in general terms what the

23 phrase " cutoff head" means? |

f 24 A Yes. That would be the discharge, th' pump

25 discharge pressure for which the pump would produce no

,

_
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1 flow.
(U

,

2 0 Do the high pressure injection pumps themselves

3 require coolinc while they a re operatinc?

4 A I don't Know.

5 0 In your experience in reviewing other emergency

6 core cooling systess, have you found occtrrences where pumps

7 such as high pressure injection pumps do require cooling?

8 A I havo not review 21 that particula r detail of high

9 pressure injection systems.

10 0 Assuming that the hich pressure injection pumps do

11 require coolin; in order not to be damaged, then it would be

12 co rrect that, if the pressure in the system rose to the

13 cu t o f f head of the pump, that the pumps might not te

14 adeq ua tely cooled; isn't tha t correct ?

15 A I don't know.

16 0 Let me ask you a cuestion, then, on the analysis

17 side of foed and bleed, instead of hardware. A ss um e that

18 there are three high pressure injection pumps runninc and

19 t h a t we are in the bleed and feed mode. And with three high

20 pressure injection pumps running, the POR" block valve is

21 closed and the one safety valve fails to open. So the

22 situ ation you're confronted with is we have three high

23 pressure injection pumps running and only one safety valve

24 0Per3D10+

25 Under those conditions, would the pressure in the

n
( )v
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(S 1 primary system rice, go lower, or remain the sane? And if
\_/'

2 it depends upon something else, ploase explain what else

3 might influence it?

4 A I would have to make a comparison between the

5 discharge flow of the three high pressure injection pumps

6 and th e relief capability of the safety valve. I believe

7 they are -- I think they ara -- I think there are at least

8 two safety valves. I have not done that particular

9 analysis.

10 C let's make an assumption, then, again. let me

11 assume that, with three high oressure injection pumps

12 opera tinc , that there is not sufficient flow relieved

13 th rough the safety valve and the pressure in the system is
g
(,) 14 incr easinc. Would there be any concern in terms of safety

15 to having the pressure continue to increase to the cutoff

16 head of the hi7h pressure injection cumps?

17 A I don't know.

18 CHAIDMAN SMITE: Txcuse me. Do these questions

19 also assume a break, no break?

20 "R. POLLAPD4 'f r . Chairnan, basically what I'n
|

21 trying to do with these quections is to get a feel for what
1

22 did this witness examine in preparing his testimony and what

23 he didn't examine. I think it is becoming clear that he did

,

[ ) 24 primarily a theoretical computer analysis and he really
v

25 didn't look at the capability of the actual equipment to

(~'s
'%
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1 perform the function that he was analyzing in his computer

2 a nalysis.

3 .4 3 . CUTCi!!N: I'll stipulate that, Mr. Chairman,

4 if it will help.

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21
|

22

23

24

25

O
1
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r~ 1 "E. CUTCHIN: I will stipulate that, Mr. Chairman,
( ),

_

2 if it will help.

3 CHAIRMAN FMITH: I thought that was pretty well

4 established.

5 DR. JORDAN: "ay I interrupt for a moment? Your

6last statement on that page, and normally I would have left

7 this till the end of the cross-examination but I'm afraid

8 I' ll forget it and forget what I was told this morning by

9 Licensee 's witness, Mr. Jones. You weren't here at that

10 tim e , wer e you? Or were you?

11 THE WITNESS: I was here this morning.

12 DR . JORDAN: Do you remember "r. Jones and I

13 talking about what happens when you get into the feed and
.

( ,) 14 bleed node and what is the end result?

15 The end result, Mr. Jones said, yo u con tin ued wi th

16 t h e feed and bleed mode until you were abla to reestablish

17 the eme rg enc y feedvater system. He did not give an

18 alternative of depressurizing that you have mentioned.

19 Mow are you sayinc that Mr. Jones was in error

20 this morning in that?

21 TH E '4ITN ESS : I hava seen no analysis of how the

22 system could be depressurized in th e feed and bleed.

23 DR. JORDAN: I see. Then why did you say that

24 this cooling mode could be continued until the primary

25 nysten can be depressurized? 'n' h y didn't you say until the

,

G
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(s 1 emergency feedwater system could be reestablished? Or that
G

2 outside the field of your expertise and did you not want to

# 3 address tha t?

4 TH E k'ITNESS : The operating instructions for an

5 adequa te core cooling under which feed and bleed would fall

6 instruct the operator to depressurize the system using the

7 secondary system.

8 D?. JORDAN Usinc the secondary system?

9 THE W IT."ESS : And you would have to get feedwater

10 f r om some source, either the main or --

11 DR. JORDAN: I see. I misunderstood. You didn't

12 mean depressurize by operating the FOIV. You meant

13 depressurize by operating the emercency feedwater system.

14 TH E '4ITNESS : Possibly there could be some

15 mechanism for depressurizinc the primary system with the

16 POIV , but I have not reviewed it and I have not seen it. I

17 have not done any analysis like that.

18 DE. JORDAN: Okay, then. Then you 're not

19 testifying differently than Mr. Jones particularly. And

20 that is all I wanted to establish at this time. That's

21 fine. Than(s.

22 BY MS. :4EISS: (Resuming)

23 Q You wouldn't be surprised, then, if one of the

24 Licensee's procedures called for depressurization with use

25 of the POIV?
|

< 1
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1 A I have seen that in the. inadequate core cooling
,

%-)
2 procedures, but this is kind of a last-ditch action, I

3 believe, once the core is shown to really not be cooled --

4 that superheated steam above the core. And normally in feed

5 and bleed there is no instruction to open the POIV.

6 0 I'm sorry. I didn't hear the last sentence.

7 Would you begin again, beginning with normally and bleed and

8 feed ?

9 A There is a statement in the procedures for

10 ina d eq ua te core cooling to open the POIV, but this is only

11 af ter the core thermocouples are shown to be superheated.

12 The analysis for feed and bleed shot this won't happen, so I

13 would not expect this would bo an event that would occur.
,.

(_) 14 0 On page 9 of your testimony, question 16, I wanted

15 to clarif y , I guess, the last two sentences in your

16 response. You say the ECW analysis indicated even if th e

17 feed and, bleed were delayed for twenty minutes no core

18 uncovery would occur if two HPI pumps were a vailable. Does

19 t h a t maan that you need to have two HPI pumps at or before

20 twenty minutes?

21 A Yes. For this analysis, however, this was a loss

22 of coolant analysis and it assumed the standard assumption

23 for loss of coolant analysis, one of which is the core

/n
! ! 24 pow er . The decay heat generation rate is twenty percent
;_J

25 higher than the decay heat generation rate that would be

1

(', |
:
' w,I

,

'

!

|

ALDERSoN REPORTING COMPANY,INC,

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

.__________- ______ -



0987

(7 1 expected, and under this condition -- that is, required for
V

2 the analysis for loss of coolant analysis - thera would
-

3 be. Two high pressure injection pumps would be required.

4 Q I'm afraid you confused me with th e elaboration,

5 so if you could give me a yes or no and then explain it

6 would te clear. Is is true that what you are sa ying in that

7 sentence is that for a small preak loca you need two HPI

8 pumps at twen ty minutes?
\

9 A Yes.,
s

10 0 And then -- the last sentence in that paragraph --

11 You postulate a loss of feed water without a loca. Correct?

12 A Yes.

13 0 And you say feed and bleed -ould ccol the core

14 even if the second HPI pump was not initiated for thirty

15 min u tes. Now, assuming that tha t second pump comes on at

16 thir ty minutes, when did you assume that the first pump cane

17 on ?

18 A It came on rather early. I don 't know the exact

19 time, but it was essentially right after feedwater was lost.

20 0 Do you know if it is less than ten ninutes after

21 the loss of feedwater?

22 A I think so.

23 0 Less than five minutes?
,s.

[ ] 24 A I think it was less than a minute. I don't know
'w ]

25 if I can get any finer than that. |
|

/~
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~

1 0 Less than a minute? Is that what you said?. ,

L,)

2 ? Yes. So, wait a minute. Lot me think about this.

3 No, I made a mistake. Strike that. The first

4 high pressure injection pump came on in twenty minutes and

S if the second one cane on in thirty minutes the core would

6 be adequately cooled.

7 So the first high pressure injection pump would be

8 twenty minutes.

9 0 And the second in thirty minutes?

10 A Yes.

11 0 Can I ask you what you were confused with? I'm

12 in trig ued . What accident sequence you were thinking of

13 which required the initiation of a pump within a minute?
,-
t 1

(_) 14 A I was confused between the analysis done with the

15 emergcncy f eedwa ter system . These normally are ascumed to

16 co m e on in less than a minute and I got the analysis mixed

17 u p and it's twenty minutes.

18 0 You assumed EFW pumps initiated?

19 A There were no EFW pumps in this an alysis a t all.

20 I wa s just contused. But no emergency feedwater pumps and

21 one high pressure injection pump was initiated in twenty

22 minu tes.

23 0 Do you know of any other loca sequences other than

n

|J) 24 bleed and feed which require the use of two high pressure
L

25 injection pumps?

,m

!

)
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f- 1 A No, I don't.
r .;

'x_/
2 O Do you know what the limitinc condition in the

3 tech specs for TYI Unit 1 is for operation of th e plant

# 4 vis-a-vis coerability of high pressure i..jection cumps?

5 A I have not read the tech specs.

6 0 Would you agree, or do you know, that TMI 1 tech

7 specs require the plant to be shut down unless there are a

8 minimum of twc pumps available? Is that correct?

9 A I don't know.

10 0 You don't know, of your general knowledce, whether

11 tha t is ususlly the casa?

12 A I don't.

13 0 Well, do you know the answer to this question? If
,,

(v) 14 only two high pressure injection pumps are operable and both

15 a r e required to operate for bleed and feed, does that meet

16 the single failure criteria as applied by the Nuclear

17 Regulatory Commission?

18 A No , it would not.

19 C With respect to question 17 on page 19 about

20 Crystal River, which you term demonstration of the feed and

21 bleed mechanisn, could you give a short summary description

22 of the events at Crystal River?

23 A The event was caused by a failure in the

24 integrated rontrol system which caused a reduction in

25 feedwater flow and that sonehow opened up the pressured

,
,

I
s

|
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1 relief valve. Eo it was a combination loss cf feedvater
r

( !
# 2 event and, in essence, a small break loca.

3 The high pressuro injection system came on

4 automatically. Th> operator shortly thereafter tripped the
-

5 primary coolant pumps. The open POIV was isolated and the

6 sYstam repressurizad by the action of the high pressure

7 injection pumps, so that the safety valves were opened.

8 Then, later, the high pressure injection -- the

9 flow was reduced and emergency feedwater was restored and

10 the plant was recovered.

11 0 Da you know how much contaminated water was

12 released to the containment building, approximately?

13 A I don't.

14 0 Tens of thousands of callons?
8.J

15 A I don't know.

16 O Do you know how long that plant was shut down?
,

17 A No, ! don't.

18 0 Do you know the cost of the cleanup or the cost of

19 t h e shutdown?

20 A No, I don't.

21 0 And you don't know how much radiation was released

22 into the containment buildinc?

23 A I know the core wasn't damaged. I don't know how

24 much radiation was released.

25 Q Do you have an opinion as to why they didn't use

_m,
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- 1 natural circulation ?,
, i

%/\

2 A Why they did not?

3 0 Yes.

4 A They didn't use na tural circula tion once the

5 emergency feedwater was restored. However, before the

6 emergency feedwater was restored the system pressurized by

7 the action of the high pressure injection pumps.

8 0 Question 18, on page 10, on the effect of

9 non-condensible gas on TMI 2. I thought I understood tha t

10 bef ore you took the stand, but I'm not sure that I do.

11 The first sentence in the questien is, a large

12 amount of hydrocen gas was generated at TM! 2 which could

13 n o t be condensed. Let me ask you this question. 'J a s it
,

(_) 14 that gas, in your opinion, that prevented adequate core

15 coolina?

16 A The adequate core cooling was prevented by the

17 inadequate coolant to cover th? core. The core wasn't

18 cove red and was damaged because of that.

19 0 Okay. The inadequate coolant inventory caused the

20 damage in the ccre at which point non-condensable gas wa s

21 crea ted . Correct?

22 A Y95-

23 0 And it is your opinion that that point was the

/m

|/;
24 crea tion -- it was the craation of that non-condensabla gas

v.
25 which prevented the reestablish ent of adequate core ccoling

7m
J
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1 by natural circulation?,

t ,>
LJ

2 A I believa thit non-condencable gas, such as would

3 be released from a large amount of non-water reaction, would

# 4 certainly have an effect on natural circulation. I don't

5 know the degree to which it degraded natural circulation.

6 0 And did you testify earlier that the answer to

7 this question -- the answer you gave to this question --

8 assumes no damage to the core?

9 C:4 AIEM AN SMITH : What question?

10 "S. ~4 EISS : 18. Question 18.

11 THE WITNESS: Yes. This is a speculated amount of

12 non-cond ensible gas that would occur without core damage.

13 EY MS. WEISS: (Pesuning)
'

fw .

(n-) 14 C Is other words, you're postulating. And what you

15 a re saying in the future is that we won't have acain a

16 damaged Core and that it why I'm not worriad about

17 non-condensa ble ga s.

18 A Yes. Also, however, there is a backup rystem

19 being provided to remove non-condensable c30 in the event

20 that somehow it would occur in the syrtet. And these are

21 the high point vents.

22 BY MS. WEISS: (Resuming)

23 C Okay. That is the high point vent, and in your

l'~'i 24 view , is the requirement to install the high point vents an
(_)

25 expression o f the Commission 's philosoph y of defense in

_iq
|
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n 1 depth?
! |
m-

2 A I think co.

3 C So even though it is your opinion that it is

# 4 highly unlikely that a core will be damaged and create hot

5 condensable gases in dangerous amounts, you think that

6 none theless it is prudent to have these high point vents as

7 an expression of def ense in depth?

8 A Yes, I do.

9 0 N3w it's also your opinion that na tural

10 circulation will be effective in all cases becauco there

11 won ' t be an accident which creates core damage which creates

12 non-condensable gases in sufficient amounts tc block netural

13 circula tion . Ic that correct?
_,o
i ) 14 A And the high pressure injection system will not be
v

15 turned of f.

16 0 All right.

17 Wouldn't it be consistent with the same

18 defense-in-lepth approach you have jurt descrited with

19 respect to non-conlansable Tac to require a method of forced

20 coolina to remove decay heat?

21 A The primary coolant pumps, of course, provide a
.

22 method of f orced cooling, but the natural circulation

23 ph enomena , as far as the primary system is concerned, there

<s
j| 24 is 1 phenomena that is caused by basic physics. It is a
v

25 passive systen. It does not require active components to

|

|"~,
r 4
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1 produce natural circulation other than that there will be-

?

w/
2 emergency feedwater present. So there is a reliable

3 phenomenon.

# 4 9Y ME. P3LLARD: (Resuminc)

5 0 When you do your computer analyses of core

6 coolino, would it be fair to say that there is a higher

7 degree of assurance that the core will ba adequately cooled

8 1f you ha ve forced flow and sufficient coolant inventory

9 than there is if you have to rely on pascive natural

10 circulation , considering the possibility of core damage or

11 non-cond ensible gases?

12 In other words, if you are looking at it from your

13 comp uter a n11ynis sta nd poin t , don't ycu agree that it is a
n
' l 14 higher degree of assurance that the core would be adequately
J

15 cooled over a wider range of conditions with forced cooling

16 than if you had to rely upon natural circulation?

17 A No, I don't believe so. I believe natural

18 circulat ion is a natural pnenomenon that would occur and

19 does occur and it is more reliable than any p u r. p would he.

20 0 Did you testify earlier that there is a

21 possibility natural circulation might not work with a

- 22 damaged core?

23 A Yes. Certainly if the core was sufficiently

[ 24 damaged it micht not work. But perhaps neither would forced
x_/

25 coolina work if the core was sufficiently damaged. You

n
fL/'}
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1can't even force a flow through sooething that is-

i,

\.j
2 suf ficien tly damaged tha t there's no pa th for the coolant to

3 go.

# 4 0 !s the driving head for natural circulation just

5 simply the dif ference in the density of the colcmns of

6 water? Is that correct?

7 A Yes, it is.

8 0 So essentially what you are talking about is a

9 driving force for the water and that is what results in

10 forcing the water around tho loop and that is what results

11 1n cooline the fuel?

12 A fes.

13 0 Don't you agree that it is possible for a pump to

7-.

!v -) 14 su pply a much greater driving head for that circulation than

15 just a difference in density?

16 A It certainly could, I suppose, provide a higher

17 driving heal. It might also cause nore damage to the core.

18 Tho vibration from the pump that's forcing coolant through

19 this damaged core, I just -- I wouldn 't feel any more

20 con fidence in turning a pump on and going to a damaged core.

21 O You are aware, aren't you, that the reactor

22 coolant pumps are normally operating during operation of the

23 plan t?

/~') 24 A Yes.
%.)

25 0 Are you concerned about the operation of those

,-
,

!
'
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1 reactor coolant pumps with so much flow and vibration
,

f 1
wJ

2 dama ging the cere?

3 A I was speaking of a rore that had already been

8 4 damaged. I am not concerned with the pumps damacing the

5 core themselves. There are plants operating with coolant

6 pumps and cores and I know of no instance where a pump has

7 damaged a core.

8 BY MF. WEISSs (Resuming)

9 C We are not operating totally in a vacuum. We do

10 h a ve a few facts on the reccrd and one is that during the

11 accident the core was damaced. Another is that the cas

12 bubble created interrupted natural circulation. I think you

13 agreed several times on the record to that.
,-

( ) 14 And the third is that under those circumstances

15 t h e reactor coolant pump war restarted to establish core

16 cooling. Now is there anythlag you disagree with in there?

17 A N3 -

18 0 Do you have any idea of the cost of the high point

19 vent system?

20 A I don't.

21 0 Do you (now whethor are or there were already

22 valves at the appropriate point in the plant and it's just a

23 ques tion of installino .; tor operators, speakina of TMI 1?

,,

! i 24 A I don't know.
V

25 DR. JORDAN. Before you leave 16 I would like to

o
'q ,/
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1ask one question scout the last sentence in your -- in the-s
I -

'"J\

2 second centance in your answer, which cays, it was concluded

3 that the expect amour:ts of non-condencable gases that could

4 accumula te in the primary system during a small break loca

5 are small compared to the amounts needed to, and then you

8give three different things.

7 Now, by the expected amounts of non-condensable

8 gases, were you referring to the criteria of to CFE 50.44

9 for the amount of hydrogen? Is that what you meant by

10 expected amounts?

11 THE WITNESS: I don't believe that was included.

12 DR. JORDAN: That is not what you had in mind?

13 THE WITNESS: No. There would be no hydrogen

( 14 generation f or the spectrum o f small break locas that was

15 analyced for TMI 1. Some of the large break locas. I

16 believe pernaps there would be some.

17 DB. JORDAN: I see. So what you are referrino to,

.athen, is the amounts that would occur for a small break

19 loca, not a larae break loca?

20 THE WITNESS: Yes, sir.

21 DR. JORDAN: All right.

22 EY XR. PDLLAED: (Eecuming)

23 0 When you say in your analysis no hydrogen would be

24 prod uced you are referring solely to hydrogen beino produced

25 from the metal-water reaction. Is that correct?
|

~'/ ; |

N. J
|

i
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1
4 Y?s, sir, from the metal-water reaction. Theree

O
2 would be no --

J Q Your statement that there would be no hydrogen did

4 not include hydrogen which might be produced from radiolytic

5 decomposition of the water?

6 A I don't <now whether that was included in this

7 particular analysis or not.

a MS. WEISS: Mr. Chairman, if we could have about

9 ten minutes I think we could be finished with this witness.

10 I want to make euro I don't have anything else.

11 CHAIF"AN SMITH: Mr. Cutchin?

12 MR. CUTCHIN: Is she saying she's abcut finished

13 with him on both one and two, or just on one?
_

( \
(j 14 MS. WEIS2 I' m sa yinc if you give me ten minutes

15 I think we rould put our heads together and I think we're

16 just about finished.

17 CHAIR'AN SMITH: ! think vise Weiss indicated that

18 she didn't have cross-examination on two.

19 'E. CUTCHIN: I missed that. I'm sorry.

20 C3AI9 FAN 03ITH: All right, a ten-minute break.

21 (A brief recess was taken.)

22 CHAIRMAN SMITH: Are we ready to proceed?

23 "S. '4 E IS S : Yes, "r. Chairman.

f 24 CH AIR.M AN SMITH: Okay.

25 BY MR. POLLARD: ( Resuming )

i

1 pm
| i, )
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(") 1 0 Mr Jensen, are there any safety disadvantages to
,

v
2 usino forced coolino compared to using either natural

3 circulation o r bleed and feed, assuming you had the

4 capability for forrad cooling? Are there any advantages to-

5 using either bleed and feed er natural circulation?

6 A A na tu ra l circulation system would be more liable

7 than a forcad circulation system. So the disadvantage of

8 usin g only forced circulation would be that it wouldn't be

9 as reliable as a natural circulation system.

10 0 Is that the only disadvantage of t orced cooling --

11 that it is less reliable than natural circulation -- in your

12 epinion ?

13 A That is all I can think of.
,q
(_j 14 MS. 'a' E I C S s Mr. Cutchin stipulated earlier -- I

15 d o n ' t remenber ' he correct words and correct me if I

16 missta te anything -- but I believe the stipulation was to

17 the effect that dr. Jensen had done no examination of the
18 ca pa bility of the hich pressura injection system to perform

19 the necessary functions in bleed and feed. Is that

20 essentially your stipulation?

21 dE. CUTCHIh. I don't recall the stipulation being

22 with rospect to that particular matter. My stipulation was

23 that he had not analyzed the mechanical capabilities, et
,

( | 24 cetera, of equipment. He arsumed in his analysis that <

iw.'

25 certain equipment performed as it should perform. |
i
,

\

I ]
l
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c. 1 MS. WEISS: Okay. And would that stipulation 9,

U
2 to both the high pressure injection system in bleed and feed

.

3 and emernency feedwater?

# 4 "R. CUTCHIN: With respect to any analysis that
.

5 Mr. Jensen nas done he has accumed, and T, a y I can broaden

6 this for the benefit of the Board, he has assumed that he

7 has a plant that is initia lly operating as it should and

8 that that plant suffers a small break loss of coolant

9 accident. And from that point onward that the equipment

10 t h a t is a ssumed in the accident analysis that is supposed to

11 function in the accident analysis does function as it is

12 supposed to function.

13 Of coursa, he also assumes that there is a single
( ,

(_) 14 f ailure in those equipment trains. He also assumes that the

15 operator does the thins that he is cupposed to do and

16 doesn't do thinas that he isn't supposed to do.

17 And when we get through with this proceeding, if

18 the Board is not satisfied that, with the training and all

19 o f the other things that have ha ppened in the aftermath of

20 the Three Mile 2 sccident don't prevent a Th ree Mile 2

21 accident from occurring again then we've got a big problem.

necause before tho Three Mile 2 accident, core22

23 failure such as occurred at TMI 2 was not a design basis j

['i 24 even t , and even today, after the occurrence of Three Mile
~> '

25 Is11nd 2, we do not consider tha t a design basis event.

,-

Y_../
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(~') 1 Everything is aimed at moving that type of happening back
LJ

2 into the range of the incredible.

3 Nas if that helps you to go ahead and ask your

4 questions then fine.

5 MS. WEISS: That helps me.

6 CHAIR.iAN SM!Thz I wonder, however, if Mr. Jensen,

7 list ening to, not the staff's position on moving into the

8 incredible, but if Sr. Jensen would like to add anything to

9 Mr. Cutchin's bounds on your tastimony -- the purpcse of

10 your testimony. Do you agrse with his statement, or do the

11 bounds go further?

12 THE WITNESS: Sora analyses were done by the

13 Lice nsee assuming that the emergency foodwater system did
n(,) 14 no t function for a certain ceriod, and these analyses were

15 to demonstrate the ability of feed and bleed to cool the

16 core .

17 9Y MS. WFISS: (Fesuming)

18 0 And it is the staff's position, is it not, that

19 bleed and feed is not a system important to safety within

20 the meaning of the "RC regulations and does not have to be

21 designed to safety grade criteria.

22 MR. BAXTER Excuse me. I don't understand what

23 we mean when we say feed and bleed is not a system. It is

[/ 24 an operation as I understand it. I don't know what equipment
v

25 exactly we're talkinq of.

,
,

u-

ALDERSoN REPORTING COMPANY, INC,

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



- . _ . _. . . _ - . . . _ . . - . - . _ _ _ __ _ ._- ._. -- .. -_ -_ - . . _ . _ _ - -

i

5002
!

[}
MS. WEISS 4 Well, if you don't know, we're in a.

.

2 lot of trouble. But let me ask the question again.
1

;

| 3 SY MS. WEISS 4 (Resuming)
,

4 0 Is it your testimony that the feed and bleed mode

i 5 of rooling is not required to be accomplished entirely
i !

6 through safety grade equipment? Isn't that the staff's
i

'
7 position ?

8 A We don't believe that feed and bleed will be
!

9 required at TMI 1 because we feel that the combination of

10 the high prassure injection system and emergency feedvater
i
'

11 will be adequate to protect the core in the event of a small
!

' 12 brea k loca.
I

13, O And do you know if the emergency feedwater system

141s now a safety grade system?
i

i 15 A I understand that a lot of changes have been made
!

| 16 to the system that would meet safety grade requirements. I
.

i 17 don ' t know to the extent tha t all these changer have been

| 18 made. I understand that the system, however, is being

|
19 upgraded to a cafety grade system.

; 20 0 Will that be sometime after restart?

21 7. I don't know.

22 Q Zr. Jensen, did you consult with any persons at,

4

23 Babcock and Wilcox in the course of preparing your testimony?j

! () 24 A I didn't discuss this testimony with them in

25 the preparation. I have 'incussed -- I had meetings and
!

O-

'
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i

j (]) Itelephone conferences with individuals from Eatcock and

2 Wilcox , but I haven't discussed the preparation of this

3 testimony with them.
; I

! 4 0 Have you met with Mr. Jones?
j

5 A Yes, I have met 'itt Mr. Jones in the past and I-

: 6 have talked to him on the telephone.

| 7 MS. WEISSa I have no f urther questions of this
!

8 witness at this time, Fr. Chairman.

9 CHAIRMAN EMITH Mr. Baxter? Well, Mr Adler, do

] 10 you have questions?
a

T

11 CROSS EXAMINATION
'

\
*

*
12 3Y MR. ROBERT ADLER:

13 0 Mr. Jensen, you rely very heavily on the analyses

14 perf ormed by B EW . - Is that correct?,

15 A I didn't hear the question. Could you repeat?

j 16 0 I'm sorry. You rely in your testinony very

17 heavily on analyses performed by BEW. Is that correct?4

t

18 A Yes.

|19 0 And, as I understand it, the NRC takes these
i

]
20 analyses and evaluates them on the basis of Appendix K.

21 A The model that was used by Babcock and Wilcox in

22 most cases was the model that has been approved for Appendix

23 K calculations. There were some other calculations that'

] () 24 were labeled best estimate calculations that did not use the

| 25 conservatism in the decay heat model that would be required

.

:
!

1
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1 by the Appendix K =alculations.

| 2 However, when I say that the spectrum of breaks
i

j 3 meets the requiremen te of 10 CFP 54.6 : an usino this
f

i 4 calculation using the Appendix K models.
|

|
5'

i- 6

7
t

|

i 8

9

i 10

11
,

i 12

'
13

14

15 -

i

|
16 '

17
,

I

18 '

19

20

21,

1

| 22

23

24
i

25 |

|O
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{} 1 0 Could you try to spesk directly into the

2 microphone? I am having some difficulty trying to hear you.

3 Naw, can you repest those models for which you did

4 not check the BCW inalyses with respect to A ppendix K and

5 what aspects of Accendix K?

6 A Some analyses which were labeled best estimate

'
7 were done using best estima te value f or deca y hea t rather

8 than the 1.2 times decay hea t that is required by Appendix K.

9 0 'Jo uld that apply to the January 1990 analysis that

10 you referred to on page 10 of your testimony?

11 A This is an NRC document and it refers to sources

12 identified of non-condensable gases in the primary system.

13 I don 't k now what conservatisms were applied to this

14 calcula tion. It was not a small break LOCA calculation, and

151t would not be in accordance, nor would it be required to

16 be in accordance with Appendix K.

17 0 W3uld that apply to the .May 12, 1979 BCW analysis

18 that you referred to on pago 9 and thrcuchout your testimony?

19 A This analysis used the Appendix K model and had

20 1.2 times the recommended ANS standard decay heat curve.

21 0 Are there any analyses in this testimony that do

22 no t use the 1.2 figure?

23 (Pause)

() 24 31 MR. 83 PERT '9LER: (Resuming)

25 Q Why don't you look at page 14 of your testimony.

O
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1 Tae revised model on September 5, 1978, does that

2 meet - all of the criteria in Appendix K?

% 3 A Yes. What I am saying, there was a break spectrum

4 done usino the Appendix K model. There were also some

5 additional analyses done for illustrative purposes that did

6not necessarily use the Appendix K model.

7 0 Can you tell me why?

8 A Yes. They were to show -- I said before that two

9 hich pressure injection pumps would be required to remove

10 deca y heat in the feed and bleed mode. Additional analysis

11 was done showing that only one high pressure injection pump

12 would be required if best estimate values of decay heat were

13 used .

() 14 0 Can you describe in general the procedure used by

15 NRC to independently analyze BEW 's analyses?

16 A The NhC has a loss of coolant analysis method

17 called RELAP that has been used to make audit calculations

18 of those calculations made by B E '4 .

19 Q Can you define what you mean by audit calculations?

20 A An audit calculation would be a check to see if

21 using this independent method, if the same approximate

22 results of core cladding tem pera ture or core uncovering

23 could occur.

() 24 Q So as I understand it, you use a model which is

25 different.from PE9's model, and then you select some

O

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON; D.C. 20024 (202) 55 t 2345

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



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

.

5007

| }
1 scenarios within the range of the analysis and do a double

2 check.

- 3 A Yes. These checks are reported in NEC Document
. .

4 NUREG-0565 and there were a number of checks on the -- a
a

5 number of audit calculations discussed in this document.

1.

6 0 Mr. Jensen, I presume you have read UCS Contention

71. .

8 A Pardon?

9 0 I presume you have read UCS Contention 1.

10 A Yes, I have read that Contention.

11 Q Can you reread the first two sentences of that

12 Cont en tion ?

13 A The accident at Three Mile Island --

() 14' O Jast to yourself is fine.
,!

! 15 A Parden?
,

16 0 You can just read it to yourself. It doesn't need

17 to be read into the record.

18 (The 'ditness inspects the document.)

19 THE WITNESS: Yes, I have read those two sentences.
,

20 BY "R. ROBERT ADLEE4 (Resuming)

21 0 In your testimony, did you respond explicitly to

22 those.two sentences?

23 A I have responded to the first sentence which
t

() 24 states, "To demonstra te that reliance on natural circulation

4 25 will be adequa te to remove decay heat at Three Mile Island' |

O
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1 Unit 1." i

2 0 What about the second sentence?
!

| 3 A "I t will not be necessary to opera te at least one
|

| 4 reactor coolant pump at Thrae Mile Island Unit 1 because

- 5 na tural circulation will be effective at Three Mile Island
,

6 Unit 1," and I have addressed this also in response to UCS

7 Contention No. 2.

8 0 Perhaps we had better read the question in this

9 sense a little more carefullly.

10 It reads, "During the accident it was necessary to

11 operate a t least one tesctor coolant pump to provide forced

12 cooling of the fuel."

13 Did you analyze whether that was true?
.

() 14 A I answered this Contention in the context of Three

15 hile Island Unit 1, and whether it would be necessary to

16 operate a coolant pumpt at Three Mile Island Unit 1.
,

|

| 17 0 -Can you tell me who assigned you the project of

18 responding to this Contention?

19 A My branch chief, Dr. Spiess, gave me this

20 assignmen t. -

21 Q Can you explain what instructions he gave you?

22 A I don't remeober his exact words. They were to

23 respond to this Contention, which I did.

() 24 0 And in rerpondina to the Contention you didn't

| 25 think it necessary to explicitly address each of the
i
!

| I
1

|
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|
'

1 specific allegations or sentences in the Contention?

2 ME. CUTCHINs Mr. Chairman, I am going to object

3 to it I think. I am not really interested as to whether one-

4 of the Intervenors or the state representatives is satisfied'

5 that the Contention was adequately addressed. Ultimately

8the Board and the Commission will decide if the Contention

'

71s adequa tely addressed.

8 If he wishes to ask specific questions about what

9 Mr. Jensen did and did not analyze, he will answer those

10 qu estions . I think many of the questions he is asking have

11 been answered, and I object to that line of questioning.

f 12 CHAIR!AN SMITH: Sometimes in Nuclear Regulatory
1

13 Commission practice a Contention will also incorporate in it

() 14 the bases for the Contention. I don't know if there is
~

15 going to be a litigable -- that there is an issue surviving

16 as to whether er not it was necessary to operate at least
:

17 one reactor coolant pump during the TMI 2 accident.

18 Frequently the practice is to address the purpose

19 of the Contantion. Perhaps the Board should have insisted
,

20 that bases be eliminated from Contentions that relate to the

21 unit under consideration. Perha ps we should have been a

22 11ttle more careful about that, but where are you going to

23 go with your point?

24 MR. ROBERT ADLER: I think UCS believes that

25 whether a reactor coolant pump was utilized is a t issue. I
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1

1 don' t think cross examination of Licensee's witnesses is

2 trying to get at tha t point, and what concerns me is that

3 the testimony of the NEC in response to UCS's allegation in

4 essence gets around it by saying that the circumstances

$ 5would never happen again because the operating procedures

6 and the operator training is such that they will never again
a

7 throttle back the HPI, never again make a manual error of

8 that sort, and it seems to me that they are presuming that

. 9 they will prevail in other Contentions in order to address
i

10 kthis Contention.
)
'

11 MR. CUTCFIN: I will stipulate to that. We are

12 presuming that we will prevail in the other Contentions and
.

13 1f indeed when we get through the Boa rd and the Commission

/'T|

j (_J 14 ar e not convinced that an adequate job has been done to

]
15 prevent a recurrence of TMI 2, just like it occurred, we

16 won ' t have prevailed.'

| 17 CHAIRMAN SMITH: I think you are digressing. Your

18 complaint now is that this witness did not independently

19 analyze whether it was necessary to operate at least one

20 reac tor coolant pump to provide forced cooling of fuel at'

21 TMI 2. That is your criticism of him, but he quickly

22 realized tha t wasn't the thrust of it. I think perhaps he

23 would be willing to concede that for the purposes of his

() 24 testimony.

25 MR. ROBERT ADLER: Tha t' is exactly wha t I was

i

;
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1 trying to get at in the cross examination and I think the

O
j. 2 witn ess could have said that. I am not sure why Mr. Cutchin
.

3 objected.
; ,

} 4 I am simply trying to determine what assumptions
i

i
5the witness-used in the preparation of his testimony and

6 what he was trying to prove.

i 7 CH AIRMAN SEITH: All right, but I just want you to
4

8 bear in mind as you proceed that sometimes we do allow a

9 basis for Contention to remain within a Contention and a
10 more carefully structured Contention might have been

4

11 required to separate them ou t. This is something we become

12 accustomed to doing anyway.

| 13 Go ahead.

( 14 9R. ROBERT ADLER: 'a'e ll , I think Mr. Cutchin

15 already stipulated wh3t I was cetting at, so I can move on,

16 t o another tres.

17 9Y ME. EGBERT ADLER: (Eesuming)

18 0 You testified in answer to a question by Ms. 'd eis s
:

19 tha t you don't believe that feed and bleed mode will be

|
20necessary at TMT 1. Is that correct?

21 A Yes, that is correct.'

22 0 Now, you also referred in your testimony to the

23 Crystal River in:tien t, and earlier today you summarized

24 that incident.

25 Do you believe at Crystal River that the feed and
,

O
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1 bleed mode was necessary?
{

2 A No, I don't believe it was necessa ry a t Crystal

3 Riv r.

| 4 Q Why not?

5 A Analyses have shown that the reactor core will be

6 adequately cooled without either feed and bleed or feedwater

7 flow for 20 minutes following a -- well, a stuck open

8 pressurizer relief valve. Emergency feedwater was restored

9 at the Crystal River reactor within that 20 minute time.

10 Q Why was feed and bleed used a t all ?

11 A Feed and bleed was not -- there was no purpose for,

12 actuation of feed and bleed as a system, per se, but that

13 the high pressure injection system was actuated

14 automatically by the safeguards actuation system, and it was
;

I 15 no t terminated by the operator. However, the stuck open

16 valve was closed. Since water was added to the system and

17 no t being removed from the primary system the saf ety valve

18 was opened and in ef f ect produced feed and bleed, even.

. 19 though it was not required in this instance to cool the core.

! 20 0 Mr. Jensen, when I was asking you about the

21 staff's analysis of PCW's transient analyses, I forgot to

'

22 ask you one thing.

23 Can you describe the efforts that the staff goes

() 24 through to analyze a generic analysis with respect to the

25 particular dif f etances a t IMI I?
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1 A I don't understand your question.Ot

| 2 0 Well, BC'4 does a generic analysis of all similar

3 plants, and then you are using that analysis to evaluate the

4 ca pa bilities at TMI Unit 1.

5 Do you determine whether there are some

6 diff erences in the construction or operating procedures of

7 Unit 1 that would warrant a more specific analysis or a'

8 dif t'erent analysis?

9 A Yes, we do that. The generic analysis, for

10 inst ance , had a higher power level than the license power

111evel at Three Mile Island Unit 1.

12 O On page 8 of your testimony, in response to
,

13 Question 14, you refer to the improved termination criteria,'

; 14 and you reference the SER.

15 I believe you already testified to Ms. Weiss that

16 you were not familiar with the adequacy of Operator training.

17 Are you f amiliar witn the procedures themselves,

i

18 and the criteria in those procedures that are discussed in

19 the TER?

20 A I have read the procedures. I have read the

21 criteria not to terminate HPI flow unless the primary system

22 is subcooled by 50 degrees that exist in those procedures.

23

O '
'

25

O,

,

,
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'

1 MR. ECBERT ADLER: I would just like to ask Mr.{}
2 Cutchin whether later in the proceeding there is going to be

3 more familiar with the opera ting procedures and particularlye

v
4 the ICE bulletins tha t are referenced in the SER?

5 T. R . CUTCHIN: Mr. Chairman, there will be

6 testimony later in the proceeding addressing opera to r

7 training requirements and it is my understanding there will

8indeed be witnesses-from the Office of Inspection and

9 Enf orcement available. But that is much later in the

10 proceeding.

11 MR. ROBERI ADLER: In that case I have no more

12 questions.

13 DR. JORDAN: Couli I a sk Mr. Cutchin perha ps one

14 question now.

15 You stipulated concerning the staff's position and

16 Mr. Jensen said it was also the staff's position that the

17 feed and bleed rode was not necessary. Will the staff now

18 stip ulat e that the reliability of core cooling will depend

19 entirely on the emergency feedwater and not the high

i 20 pressure injection system?

21 XR. CUTCHIN: And not the high pressure?

22 DR. JORDAN: Mr. Jensen has said he felt it was

23 no t importan t to saf e ty.
,

() 24 MR. CUTCHIN: I cannot do that, sir, because the

25 high pressure injection system has to function to keep the

O
,
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r's 1 core covered in order for the emergency feedwater to be
(

2 ef f ective in causing natural circulation.

3 No, I am not prepared to stipulate that we don't

4 believe that the feed and bleed system is nice to have. 'de

5 don' t believe that it is the first line of defense. That is

6 the natural circulation mode of cooling. Eut the feed and

7 bleed mechanism of cooling is there as a back-up.

8 DR. JORDAN As a ba ck -u p method of cooling or as

9a back-up to supply inventory?

10 MR. CUTCHIN: The high pressure injection system

11 -- and I am testifying in effect, but I think it is there in

12 th e record -- the high pressure injection system supplies

13 t h e, prim a r y coolant to keep the core covered regardless of
/~;

( ,l 14 whether you are relying on co-called feed and bleed or on
_

15 so-called na tural circulation when you get a small break

161oss of coolant accident that exceeds the capacity of the

17 norm al ma ke-up system.

18 DR. JORDANS Yes, precisely. But Mr. Jensen said,

19 I believe -- and perhaps I am wrong and I should have

20 addressed it back to hin -- that the prime method of

21 remo ving heat was through the energency core cooling system

22 and the high p re ssu re injection system, the feed and bleed

23 m o d e for coaling, was not being relied upon by the staff as

[ 'l 24 a safety feature.

25 MR. CUTCHIN: I didn't understand him to say

f~'\ |
* If
L/

|

ALDERSoN REPORTING COMPANY. INC.

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



..

5016

1 that . Mayh2 it would be best f or the record, Mr. Chairman,{}
2 to have M r. Jensen address that directly.

3 DR. JORDAN: I would address the question then

4 directly to M r. Jensen. Did I misstate what you said? Do
,

5 you believe that the high pressure injection system is

6important in that it not only supplies emergency cooling

7 inve ntory but it also removes heat in the feed and bleed

a mode? That that is an important safety feature?

9 THE WITNESS: The high pressure injection system

101s an important safety feature for making up the coolant
.

11 1ost from a small break loca. The NRC does not rely on this

12 system f or heat removal in the feed and bleed mode by which*

,

13 core decay heat would be forced througn the safety valve or

14 the POIV. Instead, we rely on the heat removal from the

15 emergency feedwater system.

16 DR. JORDAN: Okay. That's fine.

17 MS. WEISS: If I can refer, Dr. Jordan, I think

18 the exact question you are asking is answered on page o of

19 the staf f 's testimony in respor.se to Board question number

20 6. I was going to read the sentence te you.

21 The feed and bleed back up is not required by the

22 staf f and therefore need not meet all the requirements of

23 the safety system. It's just si m ply a direct quote.

I 24 DR. JCRDAN: Yes. I remember that and thank you
%/

25 for pointing that out. I think that clears up the matter.

' ()
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1 CHAIEMAN SMITH: You had concluded, Mr. Adler.

2 Mr. Baxter?

3 CROSS EXAMINATIONg

4 BY MR. BAXTEE:'

.

5 Q Mr. Jensen, I'd like to return to page 7 of your
|
'

6 testimony in answer to question 13, the last pa rt of the

7 last sentence where you are discussing the fact that up to

8 today the core at Three dile Island Unit 2 is being

9 successf ully cooled by natural circulation in spite of the

10 severe flow blockage expected in the damaged core.

11 Looking it the natural circulation phenomena in

12 terms of the ability to move water through the loops, is it

13 an advantage to the driving force to have a high thermal

O i41= 47

15 A There would be more flow through the loops if the

16 heat generation rate from the core was highe r. The higher

17 the heat generation rate the higher the flow would be.

18 0 So to that extent, at least, today, the thermal

19 load having declined to some extent, at least, we. ha ve an

20 increasingly impressive, if you will, demonstration of tne:

21 inherent ability of the BCW design to maintain natural

22 circulation. Would you agree?

23 A Less natural circulation is required because ;

, ,

24 there's less heat. Less natural circulation is also

25 occurring because there is less decay heat. So it is a

- o .
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1

1 demonstration of the system's ability to maintain natural
[}

2 circulation throagh a wide variety of decay heat

| 3 conditions. But I don't knew whether it would be a more
<
'

,

4 severe condition than would be st a plant that just shut

5 down .,

i

6 MR. BAXTER: I have no other questions.

| 7 EE-DIRECT EXAMIhATION

8 BY ME. CUTCHINs

9 0 Mr. Jensen, in connection with the discussions in

i
=

10 your --

11 DR. JORDAN The last time the Licensee asked to

12 have the last question after the Board questions were asked.

13 hR. CUTCHIN: I'd be happy to do that.

() 14 DR. JORDAN: I was going to say in this case I'm

15 no t going to have any questions for this witness, so you go

16 ahead.
(

17 MR. CUTCEIN: Thank you, sir.

18 BY MR. CUTCHIN: (Resuming)

19 Q Mr. Jensen, in connectioi. with your answer to

20 qu es tion 14 on page 7 there was some discussion as to

21 whether or not you had fully enumerated _the conditions

22 n ecessar y to natursl circulation and there arose a question

23 as to whether the analyses that have been made by either BCW

() 24 or the staf f had considered the presence of vapor in the

25 form of non-condensable gases or in the form of steam,

O
.
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1perhaps.
)

2 Have you made or have you reviewed calculations of

3 natural circulation capability which assumed the presence of(p
'/ 4 non-condensable gases or vapor?

5 A A calculation of this nature was performed by the

6 Babcock & Wilcox company and also by myself in a separate
,

7 calculation to evaluate the -- well, these were analyses of

8 over-cooling transients which formed steam voids in the

9 system. And in both these calculatione it was found that a

10 stea m bubble of spproximatey 360 cubic feet would block

11 natural circulation. This was in one loop.

1A These particular calculations, however, did not

13 calculate natural circulation was completely lost, because

( 14 it was only lost in one loop with the formation of

15 approximately 360 cubic feet of voids.

!

16 0 All right now. In a situaticn involving a

17 normally operating reactor which suffers a normal -- n o t a

18 normal but cuffers a small break loss of coolant accident,

19 wh a t amount of vapor or non-condensable gases would be

20 pres ent in the system? Do you know the answer to that?

21 A This e valuation wa s perf ormed and is reported in-

22 the NBC report in 0565 -- NUREG 0565 -- and it was concluded

23 that approximately 22 cubic feet of non-condensable gas

() 23 migh t be formed in the Primary system as a result of the1

25 depressurization brought about by a loss of coolant accident.
1

!

O
3

|
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1 0 So then you have either made or reviewed

2 calculations that demonstrate that with a pproximately 360

3 cubic feet present you lose natural circulation in one loop,s

'

4 but that does not mean you lose natural circulation+

5 completely? I presume you still have natural circulation in

6the other loop.

7 A This would be the amount of voids required to lose

8 natural circulation in one coolant loop. The effect of the

9 voids in the primary system loop are to have a negative

10 ef f ect on the driving pressure difference because of the

11 density difference in the loops. And the extent of this*

12 bubble in one loop would have to be 360 cubic feet.

]
13 Q And you would not expect more than approximately

() 14 22 cubic feet to be present following a small break loss of

15 coolant accident?

16 A No, I wouldn't. I would expect no more. This was

17 the conclusions of this document prepared by the task

18 force. That there would be approximately 22 cubic feet of

19 no n -cond e n sa ble gas in the primary system and that also that

20 this amount of gas would not be sufficient to block natural
,

21 circula tion .
1 !
j- 22 0 So would your conclusion be from that that there |

l
; 23 1s a margin of approximately a factor of 15 between what is

{}
24 present and what appears to be required, based on

25 calculations you have reviewed, before blockage would occur?'

3

O
1

|

ALDERSoN REPORTING COMPANY. INC,

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

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



- .. .. . -

5021

1 YS. WEISS: I'm going to object just because I
Cie

2 think the questions are becoming extremely leading and this

3 is not cross-examina tion. The counsel is feeding the

4 testimony into the mouth of the witness.

5 MR. CUTCHIN: I will withdraw that question.

6 CHAIRMAN SMITH: Do you have any further

7 questions, Mr. Cutchin?

8 MR. CUTCHIN: No, Mr. Chairman.

J 9 CHAIRMAN SMITHS Are there any further auestions?

10 MS. WEISS: Yes, I have a few.
.

11 RE-CR0SS EXAMINATION

12 BY MF. WEISS 4
;

13 0 You just referred to the document entitled

() 14 NUREG-0555 in response to Mr. Cutchin's questions. You also

15 ref arred to it in response to a quection of M r. A dle r 's.

j 16 And I believe you said that represented the NRC staff's

) 17 analysis of the EEJ loca analyses. Is that true?

18 A This was -- yes. There are NEC analysis in here.

19 Q Did you participate in any way in the drafting of

20 the document or in any other work that went into it?

21 A Yes, I did.

22 0 And you agree generally with its conclusions?
!

23 You've cited them in several cases today. Is that correct?
.

i /~3 24 A Yes, in general.
O

25 0 Let me read to you from page 2-3 o f that document,
,

O
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1section number 2.2, Small Break Loca Analytical Model, 2.2.1

2 Conclusions. '

3 The small break analysis methods used by BE.W are'

V 4 satisf actory for the purpose of predicting trends in plant

5 behavior following small break locas and for training of
,

6 reactor operators. However, several concern s regarding a

7 small break model have been identified in section 4.1.1 of

8 this report. These concerns need to be resolved. In

9 addition, comparison of the total analysis method with

10 available small break integral test data from the scale test

i 11 S-02-6 has indicated large uncertainties in the

12 calcula tions. The analysis methods must be revised and

13 verified befcre they can be considered for NRC approval

14 under 10 CFR 50.46. Do you agree with that statement?

15 A There are --

16 0 Could I have a yes or a no and then an

17 explana tion , please?

'

18 CHAIRMAN SMITH: Why don ' t you give him the

19 statement before you require such a conclusory answer?

20 THE WITNESS: I do not completely agree with that

21 stat emen t.
.

22 CHAIRMAN SMITH: What was the answer? I do not

23 agree?

O 24 MS. WE1SS: 1 de not cemp1ete1y egree eith th=t

25 statement ,
n
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1 BY KS. WEISS (Resuming)

2 0 You've cited other sections in this report. I

3 take it you agree with the Cther conclusions in the report?

/ 4 A This is a general conclusion. I agree with that

5 this is a general statement made from this report. I agree

6 with the finding of this report, but with this particular

7 general statement I feel that it is not worded too well.

8 0 Well, let's just take one sentence and you tell me

gif you agree or disagree with that.

10 Do you agree or disagree that the analysis methods
a

11 must be revised and verified before they can be considered

12 for NRC appr. oval under 10 CFR 50.u6 ?

13 A The NRC considers BEW's present analytical model

(/) 14 to be in conformance with 10 CFR 50.46. There were a number
~,

15 of issues raised by members of the BE0 task force which are .

j 16 tabulated in this document, mostly referring to needs for

17 additional experimental compa rison.

| 18 These coraparisons are not z. quired by Appendix K.

19 These particular comparisons were not. There is no basis

20 for believing that ECW's current model does not conform with

21 Appendix K.

; 22 What this statemen t means to say is that if the

23 models need to be compared to future experimental data, as
,

| () 24 this data becomes available, then they will be reviewed

25 again , if n eed be, by the NRC staff.

O
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1' O How do you know that is what that sentence means

O
2 to say, because that is not what the sentence says.

3 A I have read these requirements in the BCO task

4 force are incorporated into the NRC action plan and this is

5 my understanding of the requirements in the action plan.
j

6 Q So-I take it that you disagree with the plain

7 English meaninc of- the sentence that we read?

8 MR. BAXTER: Mr. Chairman, I will object at this <

9 poin t. Counsel is a rguing with the witness.

10 CHAIRMAN SMITH: The witness, as I understand his

11 testimony -- and I may be wrong -- can neither agree nor

12 disa gree with a sentence the premise of which he believes to

13 be invalid.

() 14 BY MS. WEISS: (Resuming)
,

15 Q In what way do you believe the premise to be

16 1nvalid, if that is your position? Well, let me take that

17 question back.
,

18 Would it be an accurate statement of your position.

19 t h a t NBC has not officially issued a letter to ECW caying we

20 with draw prior approval of your Appendix K analysis?

21 A They have not done that.
.

22 Q They have not done tha t . But you would agree,

23 would you not, that there are a great number of criticisms
,

!

} 24 of those analyses in NUREG-0565?

25 MR. BAXTER: Excuse me. Which analyses?

()
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1 MS. WEISSs The B&W small break.

2 MR. BAXTER: Well, I am sorry. The reason for my

3 request is we talkad about withdrawing 50.46 approval by the

4 NRC and now we are talking about this document, which, as I

5 understand it, evaluates the post-TMI 2 analysis accident

6 analysis done for operator guidelines.

7 MS. WEISS: I don't think that is entirely

8 accura te, Tom.

9 H2. BAXTEE: Well, could you clarify it for me?

10 When you say withdraw the analysis, which --

11 EE. WEISS: We got past -- we got past that

12 ques tion.

13 ME. BAXTEE I'll listen to the question again,

( 14 M r . Chairman. I'm sorry.

15 CHAIEMAN SMITH Wait a moment.

~

I think de need some orientation to the question16

'

17 where we are, what the dispute is now between you all.

18 MS. WEISS: I an j ust trying to find out whether

19 the witness quarrels with that sentence because there's been

I 20 no official action of NEC saying we withdraw our prior
:

21 approval of your computer models for purposes of 50.46 --
i

22 whether that is the point of difference, rather than the

23 ex tent to which this study which is embodied in this book

() 24 shows tha t the analysis methods must be revised and:

25 verified. Do you understand that?

O;
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1 THE WITNESS: I think you a re misinterpreting this |

2 sentence. It does not mean that the analyses do not now
,

; 3 conf orm with the regulations, but it is saying that we think

4 that the models should be compared with experimental data

5before we -- and then we should rereview the models again.
,

6 BY MS. WEISS: (Resuming)

7 0 They need to be rereviewed? Why do they need to

8 be rereviewed?

9 A To see how they correlate this additional

10 experimental data.

11 C Would it be because, f or instance, the sentence

12 above, the small break integral test data from the

13 semi-scale test indicate large uncertainties in the

() 14 calculations ?

15 CHAIRMAN SMITH: Miss Weiss, if you're going to

16 examine very long on this document I want th e Board to get a

17 COPY *

18 MS. WEISS: No, we're not. In fact, this document

jg is the basis f or a big piece of testimony that ccmes in

20 either next or tha subject after and I had intended to save

21 the detailed questioning until then.

22 MR. CUTCHIN Mr. Chairman, I would also like the

23 record to reflect that this document is da ted Ja nua ry, 1980,

{}
24 a n d the questions are asking if that reflects the position

25 a t this time. And I think at this time is the time of the

O.
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1 writing of the documant -- January, 1980.

2 MS. WEISS: This is, however, the current version

3 of the document to which you referred in answering questions
/

4 today and in your dritten testimony, is it not?

5 THE WITNESS: This is the current version of this

6 docunent.

7 MS. WFISS: I would like to just ask one other

8 question and it may be objected to and the abjection may be

9 sustained .

10 CHAIRMAN SMITH: Shall we just short-circuit the

11 questier ?
.

12 BY 'S. WEISS: (Resuming)

13 Q I would like to know if you disagree or you agree

14 with the following sentence, which is the second sentenco in

15 the UCS Contention 1. During the accident it was necessary

16 to operate at least one reactor coolant pump to provide

17 forced cooling of the fuel. If you can give me a yes or a no
!
! 18 or a n I don't know to that.

19 A Just to read this sentence by itself, it was

20 necesary to opera te at least one reactor coolant pump to

21 provide forred rooling to the f uel. If you want to provide

22 forced cooling, I would think you would have to operate a

23 reactor coolant pump. I don't know how else to provide

O 24 forced cooling.
v

25 0 Aha.

O
.

I
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! 1 CHAIRMAN SMITH: Well, was it necessary to provide

2 forced cooling?
,

1

3 DR. JORDAN: That's really the question.

( 4 THE WITNESS: I really don't know,
a

5 MS. WEISS: Okay. I have no further questions of
T

6 this witness.

7 CHAIRMAN SMITH: Mr. Cutchin?'

8- MR. CUTCHIN: I have no further questions, Mr.

9 Chairman.

10 CHAIBMAN SMITH: Anybody else?

11 All right. Thank you, Mr. Jensen.

12 (The witness was excused.)

13 CH AIEMAN SMITH: Anything elsa before we adjourn

(} 14 for the evening?

15 What are we going to do tomorrow? We're going to

16 begin with 3r. Jones again?
,

17 MR. BAXTERs Mr. Joner and Mr. Broughton, on their

18 testimony on UCS Contention 6 and the Board question

19 rega rding UCS Contention 6.

20 CHAIR.1AN SMITH: All right. The Board's order of

21 August 25 setting the : earing called for outlines of

22 testimny and what was expected to be proved.

23 Mr. Cutchin correctly observed that the outline

24 was not a part of the testimony and he removed it. The

25 outline I though t is helpful was helpful to the Foard and;

!

l

O
1
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.

Imay very well be helpful upon review of the record, too.

2 However, it cannot be evidence.

'
3 My inclination is it would be complicated to come

4 up with ground rules to keep the outlines in evidence, but I

5 wanted to bring it to the pa rties attention that although'

6 the Board did reauest outlines they are not ending up in the,

7 record. It is not an ex parte problem because the outlines

8 are served with everybody.

9 Is there any -- do you have any opinion on tha t ,

10 dr. Bax te r?

11 MR. BAXTER: I have no particular preference

12 whether they are in evidence or not. Is it the practice we
,

13 would like to establish to phycically remove them from the
,

()' 14 copies given to the reporter? I don't see what harm theyi

15 could do in there as long as there is a Board directive that

16 they are not evidence.

17 CHAIRMAN SMITH: I think if no one objects, if we

18 don' t need any ground rules except the ruling that they are

19 n o t evidence, I think it would be better to leave them in.

20 3S. WEISSs I have no objection.
<

21 CHAIRY.AN SMITH: The point is, as Mr. Cutchin
1

22 poin ted out, tha t in his case at least -- and it probably

23 will be the case -- that the witness is not the person who

(} 24 prepared the outline and it is not evidence.

25 And it may not even be accurate. So that is th e'

,
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1 problem. Who's trying te get my attention?

: O
2 MR. ROBERT ADLER: Me. Commonwealth.

3 CHAIRMAN SMITH: Mr. Adler..

( 4 MR. BOSERT ACLER: I am not sure I see the purpose

5 for having them in the record. They're not evidence.

6 They 're not the subject of cross-examination. And if the
1

7 outlines here a re misleadino , th ere is at least the

8 potential f or them to be, and for that reason I'm not sure

9 wny we should have them in the record.

10 MR. BAXTER: I think they're a guide, Mr.

{
11 Chairman, for sonebody to determine whether they've got the

12 righ t piece of testimony and the righ t part of the record so

13 that they kncv whether to go further.

() 14 CHAIPEAN SMITH: It helped me in the first place.

15 I begin to understand the testimony faster when I begin

16 reading it. Yoa can identify whether you want to read it to

17 begin with or r.ot. And it's just a guide through there.

18 Vell, I think, with the understanding that the

19 outlines and ,. as a matter of fact, just at the time you are

20 qualif ying ycur testimony make it clear whether the outline

21 was a pa rt o f the testimony or not at the time the testimony

22 1s received so that that is made clear.

23 '3 u t it's helpful to me, and I think it is going to

24 be helpful to the Commission on review, too.

25 MR. CUTCHIN: I could easily supply the reporter

5
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1 with the two.that I tore off today, if that's the pleasure

2 of the Board and tney could go in with those documents.

3 CHAIRMAN SMITH: A ll right. The Board believes

i 4 that that is helpful and it would be helpful, then, if they

5 were to be placed in the .tra nscript at the place where the
:

6 testimony is placed. Is it too late to do that, Mr.

7 Reporter?
;.

8 THE REPORTER. No.
3

9 CHAIRMAN SMITH: And they are not evidence. And

10 they cannot be referred to in proposed findings.
,

i

11 All right, nothing further? Then we will E.djourn

12 and meet totorrow at 9:00 a.m.
.

13 ('4h ereup o n , at 5: 08 p.m., the hearinc was

14 ad journed , to reconvene at 9:Ci +.m., Friday, November 7,

15 1980.)*

16

17,

a
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