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1 11acII2;111

2 COM5ISSIOFER HENDRIZ: If we could come to order,

3 Commissioner Bradford will join us directly. The Chairman,
,

is off taking some well-deserved rest.*

5 The Commission meets this afternoon to hear a

6 briefing from the staff on the progress of their

7 consideration of hydrogen control matters for the Sequoyah
,

8 nuclear plant. We have in hand a draft staff position.

9 This is the first mee ting at which we have gathered on this

10 subject.

11 There are other meetings scheduled down the line.

12 I ragard this first set of discussions on the suhject of the

13 draf t as an appropriate getting started point on a subject

14 which will undoubtadly take a number of discussions by the

15 Commission with the staff, and indeed on down the line,

16 because there are a number of staff review efforts still to

17 be compited.

18 We have the executive director, hr. Case, Mr.

19 Ross, Mr. Hubenutain, Mr. Butlar, OPE, and the general

' 20 counsel at the table. Let se sta rt off and throw it to you,

21 Bill, and you can farm out the task as appropriate.

22 MR. DIRCKS: I can farm it out right' away to the

23 man on :y lef t, Denny Ross, to pick up that burden.

24 53. ROSS: If I could have tne first slide, please.

25 (511fe.)
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1 52. ROSS: As Dr. Hendrie said, we are here to

2 talk about hydrogen control seasures for Sequoyah. As we
f

3 continue on to the next slide --
.

1

4 (Slide.)

5 MR. ROSS: we vill be discussing sources of--

6 hydrogen, what might happen if it burns, some possible

7 countermeasures, sece possible contraindications to some of

8 these counterseasures, and then some conclusions.

9 Next slide.

10 (Slide.)

11 MR. ROSS: If you look reversi it, please.--

12 (Slide.)

13 COMMISSIGNER HENDRII: I kind of-took a fancy to

14 it the other way. It allowed freer interpretation.

15 (;eneral laughter.)

16 COMMISSIGNER HENDRII: Cut of the containment,

17 uto the vessel. Nov what are you going to do?

18 (General laughter.)

19 COMMISSIONZE HENDEII: I have been there before.
_ _ _ - .. _ __ _ _

20 I can give you a 1:ng lecture on what to do about that.

21 (General laughter.)

22 MR. RCSS: Maybe you can cut it into three pieces,

23 accordiac to hov much hydrogen, how much : ore reaction. If
_.

24 you took the top path here, it is ?. ore or less what present

25 policy is. The hydrogen that is generated, 1. follows the

ALOERSCN REPCRTING COMPANY. !NC.
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1 Begulation 50.uu, which does not produce much hydrogen in

2 the containment. '4e don't believe there would be any

3 structural problem...

4 The bottom trail is the more advarse side, where

5 you assume that you have a complete reaction there.

6 COMMISSIONER GILINSKY: Are you assuming a large

7 con t ainm en t up thers? ,

8 MR+ ECSS: No, no. That number is for Sequoyah.

9 C3HMISS!3NER GIIINSKY: Oh, I see.

the10 3R. ROSS: Even less for the large dry --

11 bottom trail with 100 percent core metal-water reaction

12 could produce temperatures uniformly and slowly relative to

13 a detonation could produce a 200-pound pressure, which again

14 would lead to containment failure, and that path we did not

15 pursue further either.
:

16 Actually, the containment would fail from other

17 mechanisms as well if the core melted. From the hydrogen

18 viewpoint, thocen, the Sequoyah containment vocid not
:

19 withstand 103 percent core metal-water reaction. The middle
i
'

20 trail is the one that we are prepared to discuss today where

21 rou w'ould have rates cad amounts of hydrogen analogous to

22 what happened at IMI II, not exactly, but analogous, perhaps

23 up to two-thirds core setal-water reaction.
!

-

24 If burning ad iab a tically , this could produce a

3 containment failure, and there say be some countermeasures,

|

r-
0

ALoERSCN AEPORTING COMPANY, INC.

400 VIRGINIA AVE. S.W., WASHINGTON. O.C. 20024 (2321554-2345

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



_, _ _ ,
-_ _

g., .

1 and we will be discussing those.

2 Okay, next slide.

3 (Slide.)r

* MR. ROSSs This is a simplistic adiabatic

5 calculation. This has been done several different ways by

6 several different people. You ; t pretty such the same-

7 answer. This shows about a 35-percent core metal-water

8 coaction, 300 kilograms of hydrogen produced , and following

9 the initial state column, where ve reduced the hydrogen,

10 burn it, and then look at th e temperature incraase and the

11 attendant pressure increase, it comes about 68.6 ;sia. You

12 get dif f e re n t numbers, some 67, some 70. This pressure is

13 above the predicted failure pressure, as calculated in

14 several different nanners. So this would establish the need

15 to go furthar.

16 Had this number come out within the containment

17 capabilities, and had the amount of hydeccen'been considered

18 a reasonable amount analogous to TMI II, then we might well

19 have stopped, but it didn't, so We press on.
- - - - - - - . _ . .- .

20 Next slide.

21 (slide.)

22 3R. ROSS: The structural analyses that vere done

23 and that were discussed in the report that Dr. Hendrie

24 referred to a re several. TVA has supplied one. A

25 consultant to the 3:sff, Ames I.aboratory, has provided one.

ALDERSON AEPcRT:NG COMPANY, INC.

400 VIRGINIA AVE. S.W.. WASHINGTCN. 0.C. 20024 (202) 554-1345
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1 2CD Associatas from Los An;eles have done one.

2 Next slide.

3 (Slide.)-.

4 MS. ROSS. The results -- the calculation was

5 approached differently, and we have different ansvers, but

6 in summary, the difference is not significant. The TVA

7 calculation produced 33 I will go down the yield--

8 pressure nunbers. The 33 psig yield pressure, the Ames

9 Laboratory consultant at 36, and the RCD Associates at 37,

10 the nominal containment design pressure being 12.

11 These represent nunbers two and a half to three

12 and a half the nominal design basis. We don't think it is

13 particularly significant whethat it is 27 or 36, considering

14 the difference in assumptions. The research number shown at

15 the bottom is Ju. Failure pressure is about u0 or so psic.

J 16 Okay, next slide.

17 (Slide.)

18 MR. ROSS: I sentioned countermeasures. TVA has

19 made a proposal for three phases of hydrogen control
. . - - - - . - -

20 seasures for Sequoyah.

21 Let's cc to the next slide.

22 (Slide.)

23 33. EOSS: The .:hase I, the short-ter: effort is a

'

24 proposed distributad ignition systen. They would install and

25 are in fact actively -- heginnia; to install a series of 30

k
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1 glow plugs within the containment. That is distributed as

2 shown on the chart here, and witn the specified capabilities

3 on power and seismic design and remote control.rs

4 Tests are under way both on endurance of the

5 igniters as well ts the onset and completion of ignition of

6 hydrogen mixtures that they would provide.

7 Next slide..

8 (Slide.)

9 ER. EOSS: This is a schematic of the

10 containment. There is a rough division of the containment

11 in the horizontal direction, the upper compartment being

12 about two-tairds or so of the volume; the lower compartment,

13 where the reactor system is, being about one-third to

14 one-fourth, and thay are sainly connected through the ice

15 condenser.

16 5cs of the ; low plugs are proposed to be

17 installed in the lower compartment, where most of the

18 hydeccen should be released, a f ew in the ice condenser

19 plenum themselves, and three in the upper volume.

20 Okay, next slide.

21 (Slide.)

22 3R. R0554 Endurance tests I sentioned are in

23 progress. They are also doing tasts to detaraine how

24 efficient the igniter is in a steas air-hydrogen-mixture.

25 These tests are ongoing, and we do not have the conclusions

ALOERSCN REPORING COMP ANY, INC.

400 VIRGINIA AVE. S/N. WASHINGTON, D.C. 200 4 (202) 554-2345
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1 from them yet. There exists what is known as turnery

2 dia; rams, whers the triangle has sides being percantage by

3 mixture -- volume of air, hydeccen, and steam.e.
's

4 A locus of datonation or flammable limit would

5 exist on the turnery diagram. This should explore a portion

6 of the turnery diagram for the particular igniter being

7 proposed.

8 As you vill see la ter, the staf f is supporting

9 similar confirmatory work at Lawrence Livermora La b o ra to ry .

10 Next slide,

11 (Slide.)

12 MR. ROSS: Going beyond the present phase, a

13 numbete of improvenants in the igniters are proposed, so they
:

14 can be activated individually instead of collectively. More

15 and better hydrogen and oxygen monitors and the various

18 upgrades ars shown here.

17 COMMISSIONER GIIINSKY: What is the use of the

18 igniter? Suppose va go back to the short-te rm. They can be

19 turned on manually from the auxiliary building. What
. . - - - . - -

20 indication --

21 XR. ROSSs The only words we have so far would be

22 following a LOCA. Now, the safetey analysis that TVA --

23 actually, I quess it filed it today -- vould discuss that.

24 We have reached agreement with them on that, on the

25 necessary and sufficient conditions to turn it on. It could

ALoEMSoN AEPCRTING COMP ANY, INC.

~ 400 VIRGINIA AVE. S.W. WASHINGTCN, D.C. 20024 (202) 554-2345
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1 be, for example, an indication of inadagaate core cooling,

2 or it could be high hydrogen concentration, or it could be,

e' 3 if you have symptoms that put you into a LOCA procedure,

4 then one of the follovup actions could be, turn on the
.

5 ignitors. We have not gotten that far yet.

6 COMMISSIONER GILINSKY: Are there any instru=ents

7 to detect hydrogen?
'

8 MR. ROSS: There are two sonitors.

9 MR. RUBENSTEIN: One in the uppec compartment, one

10 in the lower compartmen t. Ihey are double sensers.

11 COMMISSIONER GILINSKY They are is now?

12 MR. RUBENSTEIN. Yes.

13 MR. RCSS: Okay. Other than that this upqtade

14 program would take one or two years, we do not have a

15 specific time in which these features would be provided. If

16 ve reach agreement-on the program as a whole, I would

l'7 suspect that improvements like this would go in at some

18 scheduled outage, like the first refueling, but again, we

19 have not negotiated agreement with them on that.
.._ _ . . . _ .

20 Next slide.

21 (slide.)

Z1 MR. ROSS: Nov, there are subsequent matters in

Zl Phase III of the long-ter.2 program that more or less

24 parallel the rulemaking effort that is sentioned in the

25 action plan for ie;raded cores. A little : ore on this on

ALOERSCN REPORTING COMP ANY, 'NC.

400 VtRGINIA AVE. S.W., WASHINGTON, o.C. 20024 (2021554-2345
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I the next slide, to illustrate what TVA has in mind.

2 Naxt slide, plaase.

3 (Slide.).

4 MR. 30SSs They have a task force that is looking

5 into alternatives other than distributed ignitors such as

6 halon suppressants. The nature of the rulemaking vill

7 probably require looking inte the filter vented containment

8 and other aspects of degraded core, perhaps core retention

9 devices.

10 There are other ways to inert the containment,

11 like were discussed for Zion and' Indian ?cinc, like

12 exhausting a gas turbine or something like that. This is

13 part of 'a two-year program .

14 Okay, that is the TVA or licensee effort on

15 sitigative measures. Let's go to the next slide now.

16 (Slide.)

17 52. ROSS: The question on icniters can be divided

18 into two parts, safety sad efficiency. We vill go into the

19 efficiency, that is, to what extent would the igniters

20 result in a containment prassure that would not be able to

21 contain it. .Some computer methods developed in context of

22 the off-shore power systems.

Z3 Plants valch involve the ice condenser have

24 produced a computer code known ss C*ASIX, which is regarded

25 by the davelopers is still being under development. It is

.'

ALDERSON AEPORTING CCMP ANY. INC.
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1 not verifiei yet. However, the code was applied to the

2 Sequoyah case with the proposed distributed ignitors, v4.th

r- 3 the results that we will see in the next few slides.

4 Lege s go to the next slide now.

5 (Slide.)

6 MR. ROSS4 There are two codes that feed CLASIX.

7 The requiar containment code for ice coadensers is called

8 LOTIC, L-0-I-I-C, which would provice the containment

9 conditions, pressure and temperature and moisture conditions

10 up until the point you started getting hydrogen, and f o r th e

11 application down here, you wculd also need the computer code

12 MARCH, which is an NRC code, or developed under NRC

13 sponsorship by Batelle Columbus, that is used to get the

14 exit conditions from th e reactor, hydrogen and other mass

15 and energy.

16 CLASIX then takes the ice condenser and divides it

l'7 up into compa rtments where you can calculate the local gas
4

18 sixturcs, and as user input you can decide when to start

19 burning hydrogen, when to stop burning it. The heated gas

20 would be transport 3d then if it is in the lower compartment

21 through the ice if there is any ice, where you vculd melt
i

22 the ice and go to the other compartoent.

23 If you nave flow through the ice condenser from
,

24 the lower to the upper, and there is hydrogen in the lower

3 compartment, you will transport it to the upper. Iach

ALOERSON REPORT 1NG COMPANY. if,0.

400 VIRGINIA AVE. S.W., WASHINGTON. 0.C. 20024 f 202) 554-2345
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1 compartment has its own individual set point ss to when to

2 stop and start ignition.

3 Okay, next slide.^
f

4 (311de.)

$ 33. ROSS4 The other codes that I mentioned, the

6 NARCH and the IOTIC code, the MARCH code uses the sequence

7 S2D, which zeans a small steck LOCA with no ECC injection.

8 This would allow the cora to drain down, boil off, and then

9 after about an hour heat up and start interacting with the

10 water vapor and producing h yd rog en .

11 The base case in CLASIX assumed 10 percent, but as

12 I said before, tha t is user input.

13 All right, let's go to the next slide.

(
14 (Slide.)

15 MR. ROSSa The other initial conditions up to the

16 poin t where hydrogan is produced from LOTIC were covered by

17 point Number 1, which would give you the volumes,

18 temperatures, pressures, and so on. The burn parameters are

W variable, and we show some cases where other than 10 percent

20 for the onsat ignition is covered. The air return fans --

21 it can vary.
.

| 22 COMMISSIONER GILINSKY: Can you tell se where the

23 fans are? '4here are they locatad?

24 YR. 3053: 'J a :ould ;o back to one of the slides.

; 25 Just a minute.

I

?

ALOERSON RE?CRTING COMPANY, INC.
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I (Whereupon, a discussion was held off the record.)

2 MR. 205S4 Charles Tinkler with the Containment

e- 3 Systems Branch can dese:1be it. We don't have a vu-graph

4 right now.
,

5 HR. TINKLER: The fans are located in separate

6 rooms in the lower region of the containment, roughly in the

7 same section that the ice condenser is in, although they are

8 located benaata tha ics condense'c in the annular compartment

9 in the lower ragion.

10 COMMISSIONER GIIINSKY: They are going up past the

11 ice condenser?

12 MR. TINKLER: They discnarge into the active lower

13 containment volume. The fans draw suction from various
J

14 points in the containment, including the upper compartment

15 and dischar7a into the active lower compartment volume,

16 which then flows into the ice condenser.

17 COMMISSIONER HENDRIE: But the general flow path,

18 as I recall it, is that you dischar;e out of the fans into

19 the lower compartment. The excess pressure than drives the

30 principal stream up through the ice condenser, banks into

21 the upper compartment.

22 MR. TINKLER: That is correct.

23 COMMISSIONER HIN05:I: And then you have a few

24 such smaller dead-ended regions. A .e those all set up fee

3 recirculation? I just don't --

!

!

| t
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1 MR. TINKLER: Part of the hydrogen skimmer system

2 which serves to turn ever the at:osphere in those dead-ended

3 regions and feeds it to fans -- they essentially --g-

4 COMMISSIONSR HENDEIEs So that the dead-ended

5 volumes also have a' circulation that goes around that?

6 dR. TINKLER: Yes..

7 MR. ROSS: Okay. Let's look at some numerical

*
8 results on the next slide.

9 (Slide.).

10 MB. RCSS: These vill all be either pressures or

11 temperatures or ica masses remaining for what will be

12 referred to as the base case, and the base case paraneters

13 are printed in rather small print at the bottom. We have

14 two fans and one spray. All the base case vill represent an

15 onset of burn a: 10 percent, and a burn down to rero.

16 Each burn burns the hydrogen completely. The

17 abscissa is time in seconds, and at the origin you see

18 rero. That is the onset of hydrogen production. This

19 starts when MA2CH got the core up hot enough to produce

20 hydrogen, which was almost an hour previous.

'

21 So, if you added 3,480 seconds to each tine on the

22 abreissa, th en that vould be real time following .5e break.

23 This is the lover compartmen: tesperature, so the

24 ordinate is in degrees Fahrenheit, and the scale is to

25 3,000. When you finally get enough h yd r o ge r. , 10 percent in

,

ALOERSON REPORTING COMPANY, INC.
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1 the lower compartment, you get a burn and you see a spike

2 temperature up to about 2,000.

3 In this base case, there were nine separate(~
4 burns. Each burn involved 100 pounds of hydrogen in the

-

5 lower compartment. There are several curves, once again,

6 for the base case. Let's look at the next slide.

7 (Slide.)

8 MR. ROSS: There is one burn for this base case in

9 the ice condenser itself, and that is shown by this peak

10 here.

11 Next slide.

12 (Slide.)
*

13 MR. ROSS: Reverse it.

14 (Slide.)

| 15 MR. ROSS: This is the pressure that accompanied

16 the base case, the pre-hydrogen pressure -- the ordinate nov

l'7 is pounds per square inch absolute, and the time scale on

18 the abscissa is the same. The pressure has been rising as

19 predicted by the LOTIC code, due to the fact that you have a

20 small break, and then the hydrogen burn gives a delta of 46

21 pounds, depending on which burn -- burn gases going through

22 the ice and meltin; some ice.

i

23 Hydrogen to a certain concentration is also

24 migrating is the u;;er con;a rtmen t. !f during this

| 25 predicted accident sequence you got the 10 percent at th e

ALOERSON AE?CRTING COMP ANY, INC,

400 VIRGINIA AVE. S.W., WASMNGTON O.C. 20024 (202) 5 % 2345
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1 upper compartment, it would burn there also.

'

2 ffext slide.

. 3 (Slida.)

4 003EISSIONER GILINSKY: Are these burns all taking

5 place in the lower compartment?

6 MR. ROSSs Yes. ' Jell, if you look at the upper

7 compartment temperature, and if you got a spike there, that

8 would represent an upper compartment burn, and there are

9 some cases-in th.e parameters that have been run so far where

10 you do get upper compartment burns.

11 In this base case, the hydrogen concenteration in

12 the upper compartment exceeds eight but not ten, so the

13 model that was put in to it , it did not burn. If you believe

14 that it burned at eight, it would have burned. So, there is

'
15 a lot about the code that is user input. Ihe physics of

16 when it should burn are certainly not put in. It is these

l'7 parameters that would flow either from the TVA tests or the

18 Lawrence Livermore tests or both.
,

19 C35MISSI3NER GILINSKY: Let me understand. If you

20 have the fans running presumably you have the same

21 concentration.

Z2 MR. 3055: No, it is time dependent. The flow

23 rate of the fans is 40,000 cubic feet per minute. The upper

24 compartment volume is around 700,000 cubic feet. So it just

3 takes time. It is burning faster than it can move out.

ALCERSCN REPCRTING COMP ANY. INC.
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I1 00MMISSIONS3 GIIINSKY: 3efore you get it --

l

2 ER. ROSS: 31;ht, but for that this probably would
,

i

7-- 3 not be worth anything. This shows the pressure spikes due |
t

4 to the flow f rom the lower compartment to the upper

5 com p artment . I think the first spike there which is tallest

6 is the fact that it burned in the ice condenser itself.

7 Next slide.

8 (Slide.)

9 MR. ROSS: This is the residual ice mass

10 remaining. The calculation was terminated on all these at

11 about 80 percent netal-water reaction , because at that point

12 I think you would have proceeded to a core melt situation

13 anyway.

14 Now let's look at the next slide, which is a table.

15 (Slide.)

16 MR. RCSS . We have been looking at Line 1 base

17 case, again, where you started burn at 10 percent and burned

18 to completion. In Case 2, the paraneter was -- for onset of

19 i;nition was lowered to 8 percent, and you got ore burn,

20 and notice the upper compartment temperature went to 260,
-

21 because you did pet a burn in the upper compartment.

ZZ We do not have any detailed slides here on

23 anything other than tha base case. Case 3 with the one fan,

24 the results are not such different than the base case which

25 had two fans. A limited amount of ice. You no tice that the

.
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1 peak pressure did ;o up to 41 psia.

2 The pressure suppression would be then for the

3 upper containment spray..,s

4 COMMISSIONER GILINSKY: Let ne just ask you

5 something. If you have 10 percent hydrogen burning in a

6 closed vessel, I guess I expected highe r tem pera tures --

7 pressures. Is the thing that keeps you from that ---

8 MR. ROSS: The venting.

9 COEMISSIONER GILINSKY: The venting. I see. Okay.

10 NR. ROSS: And then the increased temperature in

11 the upper compartment, like for Case 4 especially, would be

12 absorbed to a degree by the spray water, which is about

13 6,000 gallons a minute, I believe. Then no fans at all

14 would be the case where you did not -- you see the peak

15 temperature going up in the, upper compartnent. You would

16 not be getting the beneficial effect of preferential burning.

17 The lowest pressure predicted was 27 psig, and

18 adding in 15, the yield pressure, as you recall, is about 42

19 psia. So, with the no ice situation, that is right on the

20 borderline or a little bit below.

21 Now, the precaution that we have to observe on all
i

|

Z2 of this is, these are very preliminary results. We have not

'

23 reviewed the code at all. This is saterial that had been

24 furnished to us. Ihe licensee was very careful to point out

25 they have not verified it either. Ihere is a lot of work to

(
>

w
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I be done on this code.

2 Next slide.

3 (slide.)gs

4 MR. ROSS: Looking at what we have done at NRR,

5 there have been two efforts, the experimental eff ort a't

6 Livermore and the analysis work done at Battelle-Columbus.

7 Next slide. -

8 (Slide.)

9 MR. ROSS: We are sponsoring e small-scale test a t'

10 Livermore on the igniters that are proposed to be used at

11 TVA to try to determine the onset and completion of the burn

12 of hydrogen-air-steam mixtures. We have about a ten cubic

13 feet vessel that is being instrumented with pressure

14 transducers and gas analyzers and igniters furnished by TVA

15 are being sounted on a trailer out in California at the

16 Livermore test site.

17 Construction is under way now. Testing should

18 start in about a month, and should be finished by the middle

19 or and of October,

20 Next slide.

21 (Slide.)
.

ZZ MR. ROSS: A schematic of the arrangenent is a

23 cylindrical test vessel shown on the left with various

24 sample ports, and means of furnishing hydrogen and air, and

3 then the steam ;enerator to add the steam.

AL:ERSCN RE?CRTING COMPANY, |NC.
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1 Okay, next slide.

2 (Slide.)

3 MR. ROSS: On the analysis side, we have had ag~

4 limited number of runs done with the EARCH code itself.

5 Now, MARCH, in addition to doing a core calculati'on , has

6 relative to CLASIX a relatively simple containment zodel.

7 It does have an upper and lower compartment.* It has ice,

8 but it has some limitations also.

9 For example, it does not model the heat bemoval by

10 the containment spray as long as it has ice, so there are

11 some featuras about it that if we were going to use it

12 exclusively for this purpose, it would need improvement.

13 For the limited purpose of comparing it with CLASIX, we have

14 had some runs. Let's go to the next slide.

15 (Slide.)

16 MR. ROSS. 'de used roughly the same hydrogea

l'7 source term as was used in CLASIX. In fact, it war
*

i

| 18 furnished by that. Move the slide up just a little bit, and

|
19 rou will see the time in seconds is the abscissa, and pounds

20 in hydrogen released is the ordinate. This is evo-fourths

21 or three-fourths of the total core metal-water reaction .

22 Okay, next slide.

23 (Slide.)

24 MR. RCSS: Some of the results -- and the

25 righthand entry containment peak pressure has two numbers,

!

i

!
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1 actual and idiabatic, and the adiabati: is the number if you

2 had no heat removal by the ice or sprays, whichever happened

. 3 to be working at the time.

4 The actual column actually runs lower than the

5 CLASIX numbers. This shows the principal sensitivity study

6 was the onset of ignition, and you see here eight, ten, and

7 twelve, the extent to which you bu'rn to com pletion . You see

8 Case 5 it burned only down to 4 percent, and the burn time,

9 and the peak pressures, the actual peak hressures, 20 or 30

10 pounds, roughly analogous to the Westinghouse stuff.

11 The same admonishment applies to MARCH. It has

12 not been developed for this detailed purpose, and woulc

13 require more development if it were to be used for that
.

14 purpose. We have not yet sponsored or worked out an

15 arrsagement where the code would be modified, and I am not

16 sure whether we vill or not, there being competing

17 priorities.

18 Next slide.

19 (Slide.)

20 MR. ROSS: Okay, we discussed then the features

21 that are being proposed by TVA to mitigate large amounts of

22 hydrogen both in estes and amounts. We have discussed some

23 of the analyses tnat have been done, the confirmatory work

24 by the staff. Since the final decision on the Sequoyah
,

25 operating license a b o ve 5 pe rcen t is near, if not today --

i

I
i
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I since not today, it seems like there are several options

2 available to the NRC.

3 The plant currently is at 5 percent or lower, andr,

4 one option until igniters are installed and found to be both

5 safe and efficient, the license could just be kept at 5

6 percent. On the other hand, Option 3, shown here, and which

7 we find acceptable, the 3RC could authorize operation up to

8 100 percent, up until the igniters got in and put the

9 igniters in at some suitable tim e .

10 In between Options 3 and C are also -- they are

11 graded between A and B. We could -- the NRC could permit

12 operation up to some power, such as 50 percent, un til th e

13 igniters were operational. 0: it could go ahead and

14 authorize 100 percent for some limited period of tim e , with

15 some kind of license condition to say, you must have had

16 <;ither igniters or some equivalent ritigative measure

l'7 operational by then.

18 So , we are throwing these out for discussion. The

19 staff report said we did recommend Option 2.

20 Ihis concludes our direct presentation.

21 COMMISSIONER GIIINSKY. What is the recommendation
.

22 nov, the 50 percent? We took this up, a similar question,

23 when we were talking about --

24 53. CASES Let me try to explain, Mr. Gilinsky.

3 Fifty percent is not directly related to safety

AL::ERSCN c1E?CRT:NG COMP ANY, INC.
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I considerations, although one can argue there is a benefit in

2 operating at 50 percent versus 100 percent, because it does

3 provide more time for operator acttons in the case of thingss

4 going wrong.

5 The basic reeson for our belief that one ought to

6 place a 50 percent limit is the prudency of the situa tion.

7 TVA has propos'ed some relatively new features for this

8 plant. They have recently a t least completed an initial

9 evaluation and got it in to us today, I guess. We are in

10 the midst of our evaluation, and given that situation, it

11 seems prudent to us to limit the power to 50 percent, while

12 that evaluation is ongoing.

13 Moreover, that does provide a vehicle for

14 converting IVA's plans for continuing evaluation into an

15 enf o rceable licensing commitment, and it does it in a var

16 that it encourages them to work hard on this subject, and
'

17 provides an incentive for them to v'ork with us in coming up

18 to a final avaluation of these tqniters as distinguished

19 from 01.+ ion C, which would be more or less of a stick

20 approach to the question. if you don 't do the job, you vill
i

21 suffer.a horrible penalty.

Z2 We think the incen tive approach of Option 3 is a

23 preferable approach. -

:

24
'

COM.1ISSI2NER HEND3II4 let's see if I can phrase
1

25 it for myself, and then you can tell se if I have a

I

!

|
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''
I reasonable Laterpretation of the view.

2 Sequoyah is getting -- I guess they have about

3 completed, or are 2etting close to completing the test worke.
i

4 which they have to do at the 5 percent permitted operation

5 -- operating level. We all recognize that their ongoing

6 efforts are of substantial magnitude in connection with the

7 subjects of accidents more severe than the design basis,

8 hydrogen in particular.

9 'le have before us a proposed advance notice for

10 rulemaking on the degraded core matter, and we are also, I

11 trust, if the staff proceeds as it plans, we will pretty

12 quickly have a groposed interim rule to provide some interim

13 measures in that cegard, and we all recognire that the --

|'
14 that Sequoyah is an ice condenser containment. It falls

15 somewhere in the middle between the quite small volume

16 containments and the big dry containments which appear to be

17 considerably less sensitive to these things.

18 Now, it appears to me tha t IV A has taken a fairly

19 aggressive and forthcoming sort of view on this. Rather

20 than standing back and saying, well, tell us what you want

21 us to do, why, they have slammed ahead and studied the

2 problem, and looked at things that seemed to them teasor.able.

23 Ihey have proposed and are, I gassa, cVing- -

24 forward to implement this igniter system on the basis that

25 for at least a fair ran;e of core damage accidents in which

ALOERSCN REPORTING COMPANY, INC.
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1 some hydrogen would be evolved, perhaps up to TMI levels,

2 and that for which a f ull core melt and all that great line

3 of catastrophe would not follow, that for this fairly broad('
4 range of intermediate class accident beyond the design

5 basis, it appears that if you are able to burn such hydrogen

6 ar. has evolved -- as it is emittad from the primary system

*

7 and so rt of burn it in chunks, and have tine between burns

8 for the con +ainment heat removal operation to act, that

9 there vould be substantial aitigative benefits f rom such a

10 system.

11 3R. CASES TVA's view and our view, although

12 neither of us have completed an evaluation --

13 C3HMISSIONER HENDRIE: You are moving ahead. I

14 think that is a good thing for them to do, to be thinking

15 and acting on, but we find ourselves now, or you find

16 yourselves not having been able to collect as much
,

17 information as you would like to complete your sort of -- I

18 don't know whether to call it Phase I or come to a

19 satisfactory level of understanding, and understand some of

20 the details of the proposition

21 The question now is, well, okay, should Sequoyah

22 sort of stay where it is in its start-up sequence until we

23 get this strai;htened out in a coupIh rf :entts or

24 understand it better in a couple of aonths, or is there scae

3 reasonable intermediate progress th a t could be allowed here

ALrERSCN AE?CRT'NG COMPANY, INC.
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1 th a t would be compatible with keeping future options open,

2 compatible eith safety requirements, and so on.

3 I judge what you are saying is that it would be-

4 reasonable to a llo w them to continue the power escala tion

5 and testing up to, you say, 50 percent.

6 3R. CASE 4 And if there were brief short-period

7 tests that ther wanted to undertake above 50 percent for a*

8 good reason, we would consider those on an individual case

.

9 basis.

10 COMMISSIONE3 HENDEIE4 Yes. Dresumably if they

11 were of short duration and if they had appreciably the

12 fision product burden and so on -- but hopefully, as I read

13 it, you are -- your situation is sore one of needing a
i

14 couple of sore sonths to receive and digest infornation on

15 the igniter system and its benefits to hydrogen control, to

16 allow some of these test results to come through, and we

in a situationl'7 have always been in a situation lik e th a t --

18 like that, we have always been reluctant to stamp anything

19 final.

20 I guess I read you as saying, well, you know, some

21 progression along the power escalation, that would be quite

22 safe, and you are act prepared to sign off on this

23 proposition. Ihat is sort ci the basis.

24 MR. CASI: In ge n e ral , our safety position on this

25 sachine is expressed in the re po rt , tha t given the

.
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1 improvements made since T3I, it is our view that for ice

1 condensers in general and for Sequoyah in particular, our

3 current view that those inprovements have reduced thegm.

4 likelihood of a TMI type hydrogen release to such an extent
O

|3 that we can allow them continued operation or starting of

6 operation, and let it continue pending completion of the

7 rulemaking proceeding.

*

8 And this position that we are now taking --

O
9 COMMISSIONIR GIIINSKYs I don't want to tie you up

10 in sort of requiatory logic, but -- and it is a complicated

11 subject -- but given th a t position , and I don't think I

12 agree with it, but given your position, you are putting TVA

13 in an awkward situation.

'

14 I mean, here they are. They have done more than

15 comply with your requirements. They have been extremely

16 forthcoming, as Joe said, in taking the initiative and

l'7 studying this problem, and they have been very rigorous

18 about it. Unfortunately, the solution th ey propose is not

19 one that immediately, clearly night be effective, and

20 therefore they cannot operate at full power.

21 I suppose if the thing could be proved to either

Z2 work or not work, they could go back to full power.

23 MR. C A?r:---It hesn't, unfortunately, work out

24 that way either. It appears that their schedule for

3 conducting these power escalation tests up to 50 percent --

ALCERSON REPCRENG COM8' ANY. INC.
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1 and then there is a two-week down period, as I remember,

2 Denny, starting in September -- is surely consistent with

3 our schedule of getting new information, absorbing and

4 evaluating that new information.

5 So, I would hope by the time that they are ready

6 for any sustained operation above 50 percent, we would be in

7 a position to have reviewed it enough to take an affirmative

8 position on their proposal.

9 COMMISSIONER HENDRIEs In some ways --

10 3R. CASE: Provided everyone continues to work

11 hard, and this is the incentive that I think is there.

12 COMMISSIONER HENDRIE: In some ways, Dave

13 Freeman's forward drive down there results in an
i

14 embarrassment of riches here, and de are strugpling hard to

15 get a review handle on it.

16 COMMISSIONER GILINSKY: At least if you take the

117 po si tion th a t Ed laid out on whether or not you are going to

18 require further control measures -- Let me ask you, suppose

19 things do not work out as everyone hopes they vill. What

20 then? Where does that leave you? Do you then singly go back

21 to the original position, and say it was not required L' the

22 first place?

Z3 ~3?. C-AS E : I would expect by that time the interia

24 rule, whatever it tay say, vill be in place. Currently, th e

25 staff's proposal on that would require studies by ice

At.0ERSCN REPCRTING COMPANY, INC. , . , ,
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1 condenser applicants as TVA is conducting of seasures,

2 different kinds of seasures to sitigate at least the

e' 3 hypothetical hydrogen problem.

4 So, they would be in their studies -- they will

5 have been working on those, and perhaps finish by tha t

6 time. It will be consistent with the interin rule. If the

7 Commission takes a diff erent position on the interim rule,

8 then it is hard for se to say what the situation might be ,

9 COMMISSIONER HENDRII: I quess the general

10 proposition sight be th a t Sequoyah at that point would be

11 treated as part of -- you know, would be one of several ice

12 condenser designs which would be treated together.

13 3R. ROSS: I think the --

14 COMMISSIONER HENDRIE: The mathematicians always

15 have this great game where they would deal with Problem.2 by

16 reducing it to Problem 1, and then say, since they had done

17 Problem 1, why, th a t is the solution. It is now reduced to

18 Problem 1.

19 So, in some ways, this is analagous.

20 (~eneral laughter.)

21 MR. ROSS: I think the -- there can be a two-part

22 solution. The first part would be the hardest one, I

~~ZT telieve; and that would be trying to quantify the benefits,

24 since IMI to demonstrate that there is time to wait while

25 the other portion would be to design, install, and

ALOERSON RE?oRTING COMPANY. INC.
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1 demonstrate the usefulness of tne halon system.

2 7e know it is being lacked at. It takes time.

3 Work needs to be done. But I think if you concluded tha t

4 igniters just would not work, then I think that would be the*

5 next step.

6 We had a few pages of discussion on the pros and

7 cons of halon. Due to a press of time, we did not get 'it

8 into our. draft, and if it seems useful in helping the

9 Commission arrive at a decision, we can provide that

10 separately.

11 COMMISSIONER HENDRIE: I would like to have it

12 s e p a ra tely , just to see what the current thinking is. What

13 I was going to say was, it appears to me that the -- you

14 know, we have talked a little bit about this business of

15 igniting as hydrogen evolves as a prefarable circumstance to

16 having a substantial hydrogen buildup in a containment and

17 then some arcidental ignition source keys it, as is almost

18 certainly going to happen.

19 I think it would be very hard to make an argument

20 that a containment with all of the gear in there at the

|
21 electrical circuitry and so on, that you could have an

' Z2 accident and get flammable hydrogen content in the
,

.

-- 23 containment and expect to just ride it on out without an----

t

24 ignition source occurrin;.

I 3 It seems to Le it could happen in a civen case,

,

!
|
,
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1 but I don't think you could just maxe that as a general-

2 argument for regulatory purposes. It seems to me that the

(+ 3 i; niter systee, either as TVA proposes it, or with more

4 igniters, or different model hot wires, or glow plugs, as

G the tests may'indi:ste, will turn out to be beneficial in at

6 least a useful range of accident circumstances, in this

7 class of severe core accidents beyond the de sign basis.

8 Now, how broad that range -- sort of the range of

9 usefulness, is it the great panacea that cures all the

10 problees? Well, you know, life generally does not turn up

11 great panaceas, but is it that, or is it a fairly limited

12 range?

13 Ihat remains to be seen, and I expect we vill go

(
14 th ro ugh th e recurring cycles of analysis, each more

15 sophisticated than t ae last, before we know the final word

16 on that, but I think we ought to have a pretty good hack at

l'7 it and get our hands pretty well around it in the work that

18 is forthcoming in the next couple of months from th e staf.# ,

19 and TVA, and others. -

20 So, it strikes se that the igniter system is going

21 to be a useful addition to the armament, particularly for

! 22 this intermediate volume, lower design pressure containment

f

23 system. It is entirely possible that as we think further on'

--

24 it and think about other aspects of de;raded core action and
(
' 25 so on, that it will not be the only additional piece of

i
,

i
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1 armament.that one wants to cover -- reasonably cover these

2 po ssibilitie s .

- 3 I would not for myself think in terms that this is

4 it, and that is going to be all -- what we are going to have

5 to worry about. I think it is possibis we might find we

6 vant some other seasures, but as I look at it, '. do not see

7 that the igniters are not going to ce useful

8 So I think it is a step in th e ' rig ht direction,

9 but.it certainly does not rule out other neasures. We have

10 this classir containment, a.nd the MARK III's have about the

11 same sor*. of hydrogen problem, about the same volume. The

12 first 3 ARK III will come along, I guess --

13 ER 3055: October, 1981. Grand Gulf.

k 14 COMMISSIONER HENDRIE: But presumably we will have

15 an opportunity to look at the proposition before th en . I

16 believe that is when they would hope to crank the machine.

17 3R. HOSS. Yes.

| 18 COMMISSIONER HENDRIE: So there was a little more
r

i 19 time there. Well --
!

20 COMMISSIONER GILINSKY Let se return to what I

21 was going to say before you started. '4 hen we were taking up

Z2 the case of Indian Point, there was sose suggestion that

23 perhaps the reactor ought to run at half power during the
,

,

l 24 period of tne hearing or whatever, and these, as I resember,

25 were pretty such dismissed as not really offering very much
|

l
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1 in the way of increased safety.

2 3R. CASE: It is hard to quantify the saf e ty

3 benefits, although everybody knows it is in the right

4 direction.

5 COMMISSIONE2 GIIINSKY: O bv io usly , if you get to

6 reto --

7 COEMISSIONER HENDEIE: As I recall, the task force

8 advanced arguments in favor of power at 50 percent, and that

9 there was not a commensurate reduction in risk, and then

10 af te r all c# that, I think you ended up saying, well, in

11 effect, by the time we get through throwing it all in the

12 air and watch it f all down and see how it stacks up, while

13 ve ;uess there sign t be something roughly proportional. ~

1-4 Wasn't that the way you ended up?

15 3R. BER N ERO : Basically what we said was that the

16 risk contribution related to power comes in two pieces, the

17 long-lived activity and th e short-lived activity, and the

18 power reduction affects the shott-lived but not the

19 long-lived. In this particular instance, at the beginning

20 of core life, all you have to play with are the short-lived

'

21 activities.

22 So, first o f all the risk a t any pcVer level is

23 substantially lover at the beginning of core life, and here
1

24 it is far more proportional to power level than it is on the
!

! 25 avetage throughout the plant history.

i
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1 So, what we said in the task force report was that

2 the long-lived activity was less than proportional to the

- 3 power reduction, the risk reduction associated with

4 long-lived activity, and with the sho rt-lived, it was

5 proportional, ao that on balance it was very hard to be

6 q ua n tita tive , but it is not a big factor.

7 Fifty percont power is a factor of two reduction

8 at best, and that is not a very big f acto r.

5 COMMISSIONE3 HENDRIE: In fision products, but it

10 is also a f actor -- a substantial f actor reduction in the

11 after heat rate, and hence the adiabatic heating rates of

12 undercooled fuel, and hence the whole likelihood that you

13 are going to end up letting go.

14 33. BEENEHC: A lot more tine to figure out what

15 the plant is doing anf direct the sitcation. But at the
.

16 beginning of core life in a situation like this, you are

l'7 72tting far more benefit per percent of powe r reduction , but

' 18 you are already down there at a fairly low power -- low

19 level of risk anyway, becaus,e of the small inventory.
|

| 20 COMMISSIONER HENDRIE: If you consider the 50

21 percent at Sequoyah proposition solely in th e context of , it

22 is necessary for safety, I don't quite read it that way.

23 That leads ne to some, as you say, logical difficulties.
.

24 MR. CASE: The logic by whic: it was ; reposed --

25 COMY!SSIONER HINDEII: I read it more as, you

ALOERSON REPORTING OCMP ANY, INC.

400 VIRGINIA AVE. $.W., WASHINGTCN. 0.C. 20024 (20:1554-2345
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1 know, we have this proposition made to us, and TVA thinks it

2 is a good one, but they are still working on the analysis

3 and details and staff have not been able to complete tha t

4 part of it, and it is an open area in the SER and final set

5 of conclusions. Staff needs more time to work on it.

6 MR. HANRAHAN: No other ice condenser plant is

7 going to be affected, and TVA, as you correctly point out,

8 is forthcomin7 in going beyond what is required, so it seems

9 appropriate to further stick it to them.

10 COMMISSIONER HENDRIE: It is a hard safety

11 argument to make from the standpoint of regulatory

12 consistency.

13 3R. HANRAHAN: But then to use it as a carrot, it

58 seems that they have already come forward saying, you know,

15 they are producing their own carrot. What would you have

16 done if IVA had not come forth with the proposal for the

17 igniters? What would we be proposin; in this case?

18 3R. CASE: That is a hypothetical question.

19 (General laughter.)

20 MR. HANRAHAN: You probably would have done the

21 same thing you did with other ice condenser plants.

Z1 COMMISSIONER GILINSKY: Yy own riev of this is

23 that there is i problem with this contaisi.ent, and when we

24 have reasonable assurance that the containment can function

25 and protect the pu lic against a spectrum Of acridents we

ALOERSON RE?CATING COMP ANY, INC.

400 VIRG;NIA AVE. S.W., WASHINGTCN. 0.C. 200:4 (202) $54 23Q
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1 think reasonable, then fine, the thing ought to run. If it

2 cannot, tnen it ought not to run.

" ' 3 You know, no matter how early in the plant''s life

4 or how few fision products there are, we would not let it

5 run without a containment. Well, here we have a containment

6 which cannot cope with accidents of the sort we experienced

7 last year. We are not talking about something that sometody

8 dreamed up, you know, one hypothetical on top of another.

9 It is last year's problem, and whatever credible means I

10 think happening last year qualifies you for credible.

11 MR. CASES Well --

12 MR. 305S4 I need to qualify the results that we

13 have shown here. Due to design differences, the results

14 that were on tus slides toda y in terms of f ailure pressures,

15 yield pressures, or containment loads such as upper and

16 lower compartment pressures, do not apply to D. C. Cook or

17 MacGuire or any other ice condenser that we are aware of.
[

| 18 These plants are unique, and you cannot generalire.

19 COMMISSIONER GILINSKY: The precise numbers don't,

'
i 20 but the fact that the containments are a factor of two

21 different --
!

Z1 COMMISSIONER HENDEII: In volume.*

i

i 23 COMMISSIONER GILINSKIs !n volume, their design

'

24 pressures --

25 MR. ROSS: In some instances, the material is 50
,

.

ALOEASCN RE?cRTING COMPANY, !NC.
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1 percent thicker. In other instances, it is not even a

2 free-standing steel shell. It is reinforced concrete. One

3 plant has a lower compartment --

4 COMNISSIONER GILINSKY: You are right. We cannot
.

5 t.ransfer the conclusions.

6 MR. ROSS: You may still conclude it cannot stand
.

7 the hydrogen burn.

8 COMMISSIONER GILINSKY: It calls for analysis.

9 1R. 3055s It indicates it should be looked at.

10 The conclusions just don't --

11 COMMISSIONER GIIINSKY: Not necessarily at any

. 12 rate.

13 3R. CASE: I want to make one point. I agree with

14 You, if nothing had been done since last year, the transfee

15 of credible --

16 COMMISSIONER GILINSKY: I understand what you are

17 saying. We have taken a lot of steps. We have given you a

18 lot of instructions. We have proposed a lot of fixes in one

19 way or another, both procedural and hardware, but it comes

20 down to what you regard the lesson is from last year's

21 experience, whether it is that specific things happened

ZI which we have now responded to.

Z3 I am inclined to draw the lesson that things we

24 did not expect to happen happened, and can we he really

Z5 co n f ide n t that comparable things, not necessarily --

ALoERSCN REPCRTING COMP ANY. !NC.
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1 32. CASE: I don't disagree with you. You have a

2 perfectly rational argunent, but the more you can put the

3 umbrella on, the bigger the umbrella, the better I feel, and

4 it is just a question, Commissioner Gilinsky, of where your

5 judgment lies and where you draw the line.

6 COMMISSIONER GILINSKY: It is a question of
.

7 judgment.

8 C033ISSIONER HINDRII: But, Vic, what you said is

9 sort of, you kncv, the basic way that you cose at the

10 question. It does not seem to me to necessarily leave you

11 saying that it vould not be a reasonable proposition to

12 allow lisitad operation for a rouple of months. It is clear

13 that we are -- that we do need to do something about the

14 hydrogen proposition. We have it in process, and in a sense

15 -- in a sense Sequoyah arrives at this stage in its progress

16 at an inconvenient time for us, and you know, we are trying

17 to deal vita what is a reasonable and prud?nt way to deal

18 with the application, which is consistent both for the

19 ovecall safaty requirements, the direction we think we are

20 going to end up going there, and with not unnecessarily

21 constraining or penaliring the particular project.

22 CO33IssIONIE GILINSKY: Well, let me --

Z3 CO33ISSIONIE HENORII: I don't kncv that we need
,

24 to be, you know, getting our feet set in announcing this.

I5 It is more in excnanga of views with the staff, and we vill

ALOERSON RE?CRT;NG CCMPANY. !NC. ,
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1 get back to it in subsequent m e e ting s .

2 COMMISSIONER CILINSKY: I think there are a couple

e' 3 of features about this problem that make it a little

4 different than some of the other situations that we have

5 faced in which we have made exceptions, and we do allov
-.

6 so se thing to go on for a fairly good time that you would not

T otherwise.

8 For one thing, we are not talking here about a fix

9 which we know to be available, and a satisfactory one, but

10 it simply takes a little while to get the hardware in.

11 There are instances of this sort where we have approved it,

12 but we know it is just going to take a certain amount of

13 time, and va say, 111 right, we know it is a good fix.
,

14 MR. CASE: We are more at the f rontier here.

15 COMMISSIONE3 GILINSKYs Here we tre open to a good

16 fix, but we are not succ. I think that is the reason we are

l'7 holding up, because in fact the actual fix is pretty easy to

18 carry out. That is Number One. Number Two, we are talking

19 about sometning which is pretty fundamental, the containment.

20 Take the safety injection system. The other

!
'

21 systems are just considered pretty f undament al, and you

22 would not go to Bob 3ernero and say, what is the probability

23 of somethin; happening if we unhook the ECCS system for a

24 while. "e just don't do thinos lik e tnat, except where ve

25 have ccavinced ourseites by analyrin; the system that for

ALDERSCN REPORTING CCMPANY, iNC.

400 VIRGINIA AVE. S.W., WASHINGTON, D.C. 20024 (202) 554 2345
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1 one reason or another our extreme touch requirements don't

2 necessarily have t's be applied because it is a small reactor

(' 3 or somethin; like that, but we would not unhook one of the

4 basic systess and say, well, you know, it is only for a

5 little while, a acnth. What is the chance of having a LCCA
,

6 during that period? That kind of thinking I mean, one--

7 could do it that way, but over the years, I think we come to

8 regard that as being a little too chancy.

9 As you say, tnis is just an exchange. We are

10 looking at the problem in different ways and turning it

11 around. !here is not any need to adopt firm po sitions h ere ,

12 but I think those aspects of it are worth pointing out.

13 COMMISSIONER HENDRIE: Are there some o ther things
,

14 that occur to you at the moment to kick around?
-

15 COMMISSIONER GIIINSK!: No.

16 COMMISSIONER HENDEII: All right. Very

17 interesting. We will look forward to our next session and

18 further discussions.

19 By the way, you say you got the package from down

20 south today?

21 MR. ROSS: We were told it is ,either in the

Z2 airplane or it is Landing. It is the safety analysis.

Z3 High t.

24 C3%MISSIONER GILINSK!: It is worth repeating what

25 you said. IVA does seem to be approachin; this problem

ALOE 8t$0N REPORTING COMPANY, INC.
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1 pretty vigorously. Ihat is all to the ;ood. In fact, they

2 have taken the initiat17e on it. I am glad to see that

- - 3 happen.
~

4 MR. ROSS: Along that line, they did agree to give

5 us the same data ve were looking for from Livermore on a

6 acre expedited basis t their own test facility. If ther

7 did tha t, in our opinion it would advance the project a

8 month or two.

*~
9 C0pHII' IONda GILINSKY : Along those lines -- May IJ

10 ask one mora?.

11 COMMISSIONE2 HENDRIE: By all means.

12 COMMISSIONER GIL.INSKY: What are you looking for

13 from the Livermore data in this sense ? Are you looking to
.

14 convince yourself that the igniters will not make things

15 vorse, or that they are in fact going to be effective?

16 MR. ROSS: We are looking overall for safety and

l'7 efficiency. I think we get the safety thing just from pure

18 theoretical calculations, for example, postulating a

19 stoichiometric fireball, if you would, as big as the

20 distance between the two furthest igniters, and seeing what

21 that does on containment.

22 I think all the safety aspects can be done that

23 vay. The efficiency argument is what you would get from

24 Live rmo re , and it may be that through sensitivity studies

3 plus whatever data TVA can provide, ve don't need to wait;

!

l
i

l

|
,

!
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1 for the finish of that experiment. '4e just have to see how

2 it comes out.

,3 COMMISSIONER HENDRIE And I think there are somes

4 useful things that you would like to have an experimental
,

5 handle on.

6 C3MMISSI3NEH GILINSKY: Cne has to go through that

7 triangular chart and sketch it out again.

8 COMMISSIONER HENCEIE: Things like, vill the glov

9 plugs stand up in a damp atmosphere fnr a reasonable utme?

10 And what the efficiency of ignition is. Is there a gap

11 operating at 1,700, or can you pack down 100 decrees?

12 MR. RUBENSTEIN: I myself would look for

13 information as an input, say, to a code like MARCH, which
.

14 would say this is the hydrogen ignition point, and if we

15 reproduce this test many times we vould know what kind of an
I

16 input we want to put into it, and we would ;et perhaps some

17 burn limits f rom that, and perhaps even burn times, and the

18 reliability that the plug would work, and it would work at

19 these given percentages of mixtures of hydrogen, air, and

20 steam.

21 C3MMIS5!3NER HENDRIE: The reason I asked about

22 vnether the TVA submissions were in fact in hand today, they

22 are practically in hand. We have scheduled -- There is a

24 meeting scheduled next week on this schfect, so you will at

25 least have had a ::anca to read twice through the TVA stuff,

ALOERSCN RE?CRTING COMPANY, INC.
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'~
1 so we any have a little more -- a little sore information to

2 discuss.

3 C3HMISSIONE2 GILINSKY Yes. Fine.,.
/

~

4 .5 2 . ROSS: That is right.

5 COMMISSIONER HENDRII: As well as continue the

6 aore policy criented part of the discussion.
,

7 03ay. I thank you very much.

S (Whereupon, at 3:12 p.m., the meeting was'

9 adjo:r sd.) *

'
10

11

12

13

14

15

16

17 ,

18

19

20

21

22

23

24

25

.
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ADIABATIC C0flTAlmEllT Eit n S w E -

6flYDROGEfl[mBUSTIOf1 VOL = 1.193 X 10 BTU

CALCLtATIOri Tf=2000F

P-p=NRT/V=68.6 PSIA

IbLES 0 = 4502

IbLES N = 23242

gf FOLES f(0 = 331
/> ,

REACTI0t1 PRODUCTS

HEATED BY C0fGUSTIOtt

!! =3v, I (T - T )C 7 o

huIMLSIATE
'

VOL = 1.193 X 10 p736

To = 77 F
'

Po=16.3 PSIA

FOLES T = 615

POLES N = 23242

IbLES Il2 = 331 = 300KG 4( >
ALLllYDROGEN

REACTSWITilOXYG(Ett1.04 X 10 BTU / POLE)511') = 351 FOLES
t!! = 34.4 X 106 B]U

___ _______ _________ - _ ____ -.
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- fEGLECTED STIFFBE%

- USED ACTUAL STPBiGIH It1 STEAD CF filtilfUi CCE YIELD STFSiGTH

OF STEL

- 33 PSIG YIELD PESSURE

- 43.5 PSIG ULTIt' ATE STFB;GTH

KES_1A30 PAT 0fX

- CUASI-STATIC AYLYSIS

- If;CLUDED "SEAPED" STIFFSERS

- 36 PSIG YIELD PPESSUPE

ETAASS%IAIES

- /SStfED STIFFEliERS ELATIVELY IiEFFECTIVE

- USED filt1IIU4 CCCE YIELD STFSTJPrf CF Sitt.L

- 27 PSIG YIELD PESSURE

fES

- 34 PSIG YIELD FESSUPE

.
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PKPGED DISTRIBtED IGIITIGl SYSIB1

PHASE I (IfERIiG
'

. SYST&i INSTALLATIGi rid TESTING CG'PL'.'TE BY SEPTEGER 15,198

. PRIcR CavilSSlat tePRaVAL BEFCRE SYSTEM IS f%DE OPERABLE (IVA SUB'41TTAL

BY AttuST 15, 19 8)

SYSTEM DISIGN,

30 GLCW PLUGS.

- 18 IN LGER CUPARTIEi.T

- 5 IN LGER PLETU4 0F IG COtZENSER

- 4 Ifi UPPER PLS UI 0F ICE CGiDENSER

- 3 Ifl UPPER Ca?A:iTtEtIT

CY'AC 7-G DIESEL ENGINE GLCW PLUG PRESEliTLY SEllis TESED.

UTILIZING BACKLP LIGHTING CIRCUITS.

SEISMIC ESIGN,

POERED FROM EMERGENCY BUSES (EERGENCY DIESEL GENE?ATORS).

! REMOTE ! JAL CONTRCL FRCM IUXILIAPY BUILDING,
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GLO4 PLUG IESTIfiG (STATUS).

.

- DETEPJ11NING GLO1 PLUG TE?'PEPATUPE AS A PJiCTION OF /
VOLTAGE (14 v0LTS - Asour 170@F; 12 v0LTS - ABOUT 1

- DiTEPlilNING DUPMILITY OF GLOk! PLUG (SPECIt'EJ1 HAS CQ
OPERATE SUCCESSFULLY AFTER 6 DAYS AT 1700 F)U

DiTEFli!NING RELIABILITY OF GLOW PLUG AS #1 IG:4ITIGl 5
, -

(ACHIEVED IGNITICfl IN DRY AIR MIXT'JPES CONTAINItiG 12
PERCENT R;D 7 VOLLYiE PRECENT HYDROGEN)

- DETEFti!NING THE PERCENT Ca'?LETION OF HYDROGEN BURf|S
1007. CcteuSTION '0F DRY AIR MIXTU?E CONTAlt1ING 12 WLL
HYDRCGEf0

FURTHER TESTING WILL VARY HYDROGEN CCNCENTRATION #!D I:
-

STFJN E!NIRCf0'EliT

.
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RESE II (it'rRmenS)

IMPRCEl'S4TS TO BE IMPELFSiTED IN PAPALLEL WITH T/tVS LCt1G-TER4 DEGPAEED-

CORE TASK FORCE PROGPA'1

ITPRO/EMElUS:
-

-

EACH IGtITOR WILL HAVE ItOIVIDJAL CGiTROL FR34 THE MAIN CO.'RROL R004.

[bRE HYDROGBt /nD OXYGSI MCtlITORS WILL BE INSTA!!F7 TO GUIDE CPEPATORS.

A PLNiT CGPLRER TO WAR 10F HYDROGEtt COiCalTPATIONS REACHING THE.

DET0fiATION LIMIT WILL BE PROVIMD.

3ACKUP DIESEL PCWER SUPPLY TO THE SYSTEM WILL CCrtTINUE TO EE PR7/IDED..

ENVIRCtFSITAL OUALIFICATICN OF DISTRIELHED IGrilTIQi SYSTEi CCt'PONEtiTS.

WILL BE DETEPJilNED.

EFFECTS OF THE HYDROGEN EUPJi ENVIRCtFEtiT CN CCePCUSES VIILL EE #1ALYZED..

ALTERNATE R1D/OR ADDITIOPML IG11 TOR LOCATIGIS WILL BE SELECTED.

BASED CN A EclitR UERSTR; DING OF THE CHARACTERISTICS 0? HYDROGEN

CCt'3USTION

INSTALU,TICfi 0F HYCRICE CO:'/ERTERS t' EAR THE REACTOR VESSEL VEliT,.

POR/ DISCHARGE, RO AIR RETUPfi F#is WILL BE CO*1SIDERED.

ADDITIGIAL COTEAltFEt.T pet 4ETPATICtis WILL BE CCriSIDERED TO FACILITATE.

N1 EX?NiDED HYDROGat ICi!TORING CAPA3ILIT(.

.

O

_ _ . _ _ _
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PPASE Ill (Fl!MD

FIWL IDDIFICATIONS TO E IfPSElTED AT CWETICU.

OF TVA'S LCliC-TERi EGPMD CCE TASK FORE PPJPE
'

.

9

.

9
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..

EGP/CED COE TASK FORI PFCGP/M.

- LG;G-TEFM (2 YEAR) EFFJRi

- PAJOR TASMS

4

1. CGfiPDLED IGilTIC(1

2. PALui SUPPESSNITS

3. RISK ASSESSET

4. CORE EB!AVICR, HYDROEi! GEfEPATIQi #D TP/dSFORT

5. HYDRD3Cl EUM11 ;G KD CCtfiAlfsli ESPaiSES

.

e

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

[IlALYTICAL EFFORT.

- WESTINGiOUSE/0FFSHORE POF_R SYSTFJ'.S

- [E0llT/ YEAR STUDY OF CRITICAL PAR / METERS FOR VARIOUS ACCIT11T

SCENARIOS TO DETERMINE COrlTAlt EIT RESPCUSE

- USING CIASIX CODE (UNDER DEVELCP|EIT)

|
|

O

e

-%.. - - - . - . -e .
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.

.

.

CLASIX CAPA3ILITIES

1. VEllT FR0ft UPPER COMPAP.TMEllT
-

'

2' ICE CollBEilSEP: .

-

3. RECIRCUUiTI0is Ffd
.

.

4. , DOORS - LO'.,'ER IllLET A;iD IllTEPJiEDIATE

5. IllDIV] DUAL REPRESEi; TAT 10ll 0F 0 ' H ' II AtiD }! 0
2 2 2 2

6. SATUPATED AliD SUPER-liEATED STEEi

.

7. SPRAYS

m
,

8. 11 ' II AtiD f! EAT ADDIT 10:JS2 2

.

9. BREAK FLO'.4
.

10. BUR!lC0iTROL.

:

.

b

4

.

.

.- -.



PRELIMIilAPl/ N'ALYTICAL RESULTS -.

SELECTED SMAU_ BREAK LOCA RESutTIr:G IN rEGPanED CO:tt-

COOLING (hD SECUE!!CE OF W/83-llT)t

- PATE OF HYDROGEN RELEASE E '.iED ON I'ARGi CODE CALCULATION (G; SET

OF HYDROGE!! RELEASE 3500 SEC AFTER ACCIDENT INITIATIQ1 rid

ASSU'2D TO CGiTINUE lt1 IMPEDED FOR 3000 SEC, ResuLTING IN REACTIcN

OF ABOUT 835 0F TOTAL ZIRCCUIUM IN COPZ)

- H(DROGEN CGEUSTION ASSU'2D hMEN 10 WLUME PERCE'iT HYDP.0 GEN

REACH D

.

- VARIED ASSU'PTI0t!S REGARDING AIR RETURI FA*1 A'iD U?PER

CC'?ARTMENT SPPAY PER?CRWiCE, KO ICE AVAILAEILITY.

.

O

e

, , - - -



EASE CASE PAP #EEPS

1. lillTIAL C[tDITI0flS: V0UJES

TSPEPATUES .

PPESSUES LOTIC

IE f? ASS CODE

IE HEAT TPREFER APEA

4 FOR ICillTIGl 10V/02. BURI PARRETEPS: 2

H FOR PEPAGATI0il 10V/0
2

0 FOR ICiilTI0il 5V/0
2

3. AIR PETUR; FR;S: iff2ER CF FRiS 2

CAPACITY CF EACH FR1 437JOCRi

.

II. SPPAYSYSTEi: FLOJ P1TE EC00 GFM

TBPEPATUPE 125 F

2EAT TPR;SFER GEFICIGli 20 EiU/HR Fi p

5. ICE CCIEEER DPAlti TD7EPATUPE 32 F

6. BEAK PELEASE BifA mRCH COI

O

e
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TABE 1. PPELIMIflARY CCtITAlimlT N!ALYSIS SBISITIVIP/ STUDIES
-

MAL S PEfK TB P. ( F) FF1K PESS (PSIA)
BUmED (B)

LDER ICE UPER LUER UPPER

GIPARllE1T BED Cm?. CUP. CGP.

1. PASE CASE 900 22W }200 150 26.5 28.5 |

2. gIGlITIW 1050 2200 700 260 28.5 30.5

#1DPROPAGA-

TIONa8%

3. 1 air FN1 900 2200 1350 160 26.5 29.5

'

4. [10 I E * 850 2400 2000 270 41 41

5. [10 AIR F#lS 1200 2370 2580 1090 46.4 92.4

* IE EXISTS GILY FOR TIE FIRST ED OF 7 I1]MililG CYCLES.
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LLf!L WRK

OBJECTI\E: EXRRIENTALLY EVALUATE IGt1 ITER.

EFFECTIVEfESS R!D ELIABILIH

FACILIH: 700 PSIG PESSUE VESSEL.

I4 FEET DINEER X 8 FEET LQ"iG

INSTRffffIS: PESSUE.

TE?FERATUE

GAS SNFLI'!G

S0!EDULE:.

N sIm 8 Eu1LD: JULY - SEPT. 19 3
TESTS : SEPT - OcT,, 1930
PEPoar : CcT., 1980

.

O

.
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| Schematic View of igniter Test Apparatus
!
!

team GeneratorSample Bottles
Wall and Gas
Thermocouples

Ni

${
'

.

Solenoid
ff Peal < and"

. Operated //
- Equilibrium|

'

Valves ' . , N Pressure;

Transducers' i . ,

-
f

'

| ('

- b Distilled Water .

: o+ o A.

|' O" TC !
,

o
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| ilydrogen'
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OBJECTIVE: EVALUATE EFFICACY OF PaoeoSED IallrtR SYSTEM.

[ilALYSIS I''OEL: L'AIDI Com.

.

fEATURESOFCOI.

1" OILS PRIMAr ( SYSTE14T

IDELS CONTAI! E1T SYSTEli

ftLTI-CCrPARTIGli.

TRACKS ATIDSPHEFE CONSTITUENTS.

MOTLS HEAT SINKS, IE BED, FANS, SPPAYS.

SCssoue.

PRELIfilNARY VCRK: ECfiE
B;uam oF work: CcTcEER1933

9

! :
e

- - _



HYDROGEt! PR000CTI0:1
DURItiG S 0'

2

CORE MELT SEQUEtiCE
(MARCH CODE RESULTS)

1600-

1500 -

1400 -

1300 -

1200 -

1100 -

1000-

900-

800- |

700 -

600
.

500 -

400 -- ,

300 -

200 -

100-

^

, s s. ,

3000 4000 5000 6000 7000 3000

TIME (SEC)
*

:
O

,- ,. . .. .. . - - . . _ . . . . . . _ . . . . . . . . . .. .._ --._ -
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| TABLE ,
PATTELIE HlALYSIS OF ih EURilf!G Ill SE0tDYAH CUTTAlffM

.

|

CASE H IGilTI0il 11 EUR1 BUR 1 TIE C0fffAltfM
2 2

SETPoltlT LIMIT (SEC) PEAK PESSUE (PSIA)(D (D,

ACTUAL ADIffATIC

1 10 0 1 : 23 58,

2 10 0 25 : 22 58.

3 12 0 1 : 21! 6tl.

11 8 0 25 : 22 51,

5 8 I1 i : 22 36,
.

6 10 0 1 : 31 79.

CASE 6 - IE ED ELTED BEFORE BURlIllG OCCURS.
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HYDROGEN CONTROL

for

~
SEQUOYAH NUCLEAR PLANT, UNITS 1 & 2

1. INTRODUCTION

1.1 Statement of Problem

In the case of a severely degraded core, the generation and release

of substantial amounts of hydrogen to the Sequoyah containment (e.g. ,

from a zirconium-water reaction like that which occurred at TMI-2)

could under certain assumptions lead to containment failure. By con-

trast, a similar event in a conventional, large " Sy" containment

would probably not lead to containment failure. It is therefore

necessary to consider whether scenarios leading to containment fail-

ure in ice condenser plants such as the Sequoyah Nuclear Plant are

sufficiently likely as to pose undue risk.

1.2 Backgrounc

Prior to the TMI-2 accident, Commission regulations regarding hydro-

gen control (10 CFR Section 50.44); GDC 50 in Appendix A to 10 CFR

Part 50) drilt with the' hydrogen generated from certain design basis

accidents, such as tne LOCA. These relatively small amounts of hy-

drogen generated by a LOCA have been accommodated by the use of small

capacity hydrogen recombiners or by delayed purging of the containment.

Following the TMI-2 accident, the staff prepared the "NRC Action

Plan Developed as a Result of the TMI-2 Accident," NUREG-0660. Item

11.8.7 of the Action Plan states that the staff is preparing interim

hydrogen control requirements for small containment structures.

- - - _ . - - . - ,-. - .- .. --
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On February 22, 1980, the staff issued SECY-80-107, " Proposed Interim

Hydrogen Control Requirements for Small Containments," in response to

Item II.B.7 of the Action Plan. In SECY-80-107, the staff concluded

that:

"The 'Short Term Lessons Learned' from the TMI-2 accident have
been implemented at all operating reactors and will be imple-
mented at all plants under construction before operating li-
censes for them are issued. This action makes the likelihood
of accidents involving substantial amounts of metal-water re-
action smaller than was the case before the TMI-2 accident.

A rulemaking proceeding on design features to mitigate the con-
sequences of degraded core and core melt accidents is under
consideration. Pending this rulemaking proceeding, we conclude
that: 1) all Mark I containments that are not now inerted and
all Mark II containments should be required to be inerted; 2)
no interim requirements are required at this time for improve-
ment in hydrogen management capability at nuclear power plants
with other types of containment designs; and 3) subject to im-
plementation of item 1, above, continued operation and licens-
ing of nuclear power plants is jus'ified."

A Commission briefing on SECY-80-107 was held on March 19, 1980. Fol-

lowing this briefing, the Commission requested that certain additional

information be provided. At its response to this request for addi-

tional information, the staff issued SECY-80-107A and SECY-80-107B

on April 22, 1980 and June 20, 1980, respectively.

A second briefing of the Commission was held on June 26, 1980. The

Commission was advised during this briefing that the staff was prepar-

ing an advance notice of rulemaking and a proposed Interim Rule for

Commission review and approval. The matters dealing with rulemaking

are discussed in Section II, below.

|
;

!

!

_ _
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There are a total of 10 licensed nuclear power units with ice con-
,

denser containments in the United States. Two of these, D. C. Cook,

Units 1 and 2, are licensed for operation at full power. Sequoyah,

Unit 1 is licensed to operate up to 57. of full power. The other

seven units are under various stages of construction. Construction

is scheduled to be complete at the rext unit, McGuire, Unit 1, by

about October 1980, and at the other six units in 1981 and later.

1.3 Summary

The present status of hydrogen control measures for the Sequoyah Nu-

clear Plant as of August 13, 1980 is discussed in this section. In

summary, the significant new events subsequent to the background dis-

cussed above are reported and preliminary assessments are provided.

The staff's view has been that, because of the safety improvements,

associated with implementation of the TMI-2 Lessons Learned items,

hydrogen control mearures beyond those satisfying 10 CFR Section 50.44

(i.e. , redundant hydrogen recombiners) are not required for full power

licensing of the Sequoyah Plant pending the upcoming rulemaking proceed-

ing. As part of an effort to improve the safety margins at Sequoyah,

TVA has proposed the use of an interim distributed ignition system pend-

ing completion of its broader studies of alternative systems for hydro-

gen control.

The ACRS has reviewed the interim system proposed by TVA and has re-

ported its views on the matter (Section 2.5).

. .- . _ - . -- - - . ,. .-. -
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In a letter dated July 25, 1980, R&D Associates documented the. results

of its independent study of the ultimate strength analyses of the Se-

quoyah containment. We have reviewed and compared this work with simi-

lar work done by TVA and by the Ames Laboratory (Section 2.4.2). In a

subsequent letter, dated August 4, 1980, R&D Associates reported the

results of its analyses on hydrogen production and burning and mitiga-

tion by igniters. Our views on this work and on related work by others

are reported in Section 2.4.1.4.

The staff has contracted with the Lawrence Livermore National Laboratory

(LLNL) for certain experimental studies designed to evaluate the effi-

cacy of the proposed igniter in initiating combustion of various lean

mixtures of hydrogen in the presence of varying amounts of steam. We

are targetting completion of this work in about three months. The

staff has also issued a " Users Request," which is designed i.o have the

NRC's Office of Nuclear Regulatory Research undertake a program of ex-

periments and analyses to obtain information for use in the upcoming

rulemaking proceeding. It calls for certain early studies of the ice

condenser plants so that any additional safety requirements can be

identified and implemented in a timely manner.

TVA has described a three-phase program dealing with hydrogen control
,

and degraded core matters in general. We intend to impose, as a con-

dition of the operating license for Sequoyah, Unit 1, the completion of

a substantial study program by TVA.
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We believe that there is good likelihood that the distributed igniter

system will be established as a worthwhile safety measure. The dis--

tributed igniter system will serve to mitigate the consequences of a

hydrogen release to the containment under degraded core accident con-

ditions by inducing a series of controlled burns in the lower compart-

ment of the containment to permit the active and passive heat removal

mechanisms to dissipate the combustion energy and thereby maintain

the pressure response within the containment structural design capa-

bility. We will expedite our review, which includes a review of the

TVA assessment (to be filed by August 15,1980) so that a regulatory

decision may be made in the fall of 1980.

2. Discussion

2.1 Rulemaking

As part of Item II.B.8 of the NRC Action Plan Developed as a Result of

the TMI-2 Accident, NUREG-0660, the NRC will conduct a rulemaking on

consideration of degraded or melted cores in safety reviews. The first

step in the rulemaking proceeding will be the issuance of an advance

notice of rulemaking and an Interim Rule.

2.1.1 Advance Notice of Rulemaking

In SECY-80-357, dated July 29, 1980, the staff seeks Commission

approval to publish an advance notice of proposed rulemaking.

This advance notice states that the NRC is considering amending

its regulations to determine to what extent, if any, commercial

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



. ,

.

.

-6-

nuclear power plants should be designed for a broad range of re-

actor accidents which involve damage to fuel and release of ra-

dioactivity, including design for reactor accidents beyond those

considered in the current " design basis accident" approach. In

particular, this rulemaking would consider the need for nuclear

power plant designs to be evaluated over a range of degraded core

cooling events with resulting core damage and the need for design

improvements to cope with such events.

2.1.2 Interim Rule

Pending the rulemaking proceeding referred to above, an in-

terim rule is being prepared (and should be to the Commission

in August 1980) which contains additional requirements relative

to hydrogen control. Specifically, the proposed rule would re-

quire that: 1) all Mark I and Mark II containments for BWR

plants be operated with an inerted atmosphere inside containment

by January 1,1981; and 2) design analyses be perforced for all

other plants to evaluate measures that can be taken to mitigate

the consequences of large amounts of hydrogen generated within

8 hours after onset of an accident. The design analyses and a

proposed design would be filed some six months after the effec-

tive date of the rule or by the date of docketing of the appli-

cation for the operating license, whichever is later.

We expect to request Commission approval for publication of the

proposed rule during August 1980, and allow 30 days for public

comment.

-- . - -- _ -
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2.2 Licensee Efforts ,

2.2.1 Short Term

Although TVA considers the existing Sequoyah capability relative

to hydrogen control to be adequate pending the rulemaking pro-

ceeding, it has taken steps to improve this capability in the

near term. Specifically, TVA has proposed to install and imple-

ment an interim system of distributed igniters for controlling

hydrogen combustion which should limit the effects of large

amounts of hydrogen such as that generated during the Three

Mile Island accident. On or before August 15, 1980, TVA will

submit to the staff for review and approval the safety analy-

sis, system design description and drawings, Final Safety Analy-

sis Report revisions, system test requirements and igniter test

results, and proposed revisions to the emergency operating in-

structions. The distributed ignition system will not be made

operable until TVA has received staff approval.

The system will be installed and upgraded in three phases.

Phase 1 is an interim effort consisting of system installation

and testing, and is expected to be completed by September 15,'

1980. The system will use off-the-shelf components, and the

igniters will be thermal resistors (GMAC 7-G diesel engine glow
,

,

plugs are currently being tested). The igniters will be powered

from the emergency buses through backup lighting circuits, which

.

~ w ,.- -- -w - - , . - r



. .

.

-8-

are seismically qualified. The emergency diesel generators will

also provide power to the backup lighting circuits in the event

of a loss of offsite power. The system would be remote manually

controlled from the auxiliary building.

Figure 1 is an elevation view of the Sequoyah containment and

indicates the number of glow plugs TVA proposes to locate at

various elevations in the containment. TVA proposes to provide

a total of 30 glow plugs. Eighteen glow plugs will be located

in the lower compartment; 8 at the 689.0' elevation, 6 at the

700.0' elevation and 4 at the 731.0' elevation (in the opec-

ings to the steam generator compartments). Five glow plugs

will be located in the lower plenum of the ice condenser at

the 731.0' elevation, and 4 glow plugs will be located in

the upper plenum of the ice condenser at the 792.0' elevation.

Three glow plugs will be located in the upper compartment at

the 818.0' elevation.

TVA is presently testing the GMAC 7-G diesel engine glow plug

to determine the appropriate operating conditions, its dur-

ability and its reliability as an ignition source in lean hy-

drogen mixtures. The glow plug temperature as a function of

applied voltage is being determined, and TVA has informed us

that glow plug temperatures of about 1700*F and 1500*F occur

at 14 volts and 12 volts, respectively. TVA also stated that

a glow plug specimen has continued to operate successfully after

6 days at 1700 F. At an applied voltage of 14 volts, ignition

__ _
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was achieved in hydrogen mixtures of 12 volume percent and 7

volume percent hydrogen. TVA plans to conduct further tests

by varying the hydrogen concentration and introducting a steam

environment to determine the reliability of the glow plugs as

an ignition source and the percent completion of hydrogen burns.

TVA, Westinghouse, and Offshore Power Svstems (OPS) have per-

formed a preliminary containment analysis using the CLASIX com-

puter code (currently under development), which indicates that a

distributed ignition system would be beneficial in mitigating

the potential effects of large amounts of hydrogen. Using

an accident sequence similar to the TMI-2 accident (small-

break LOCA resulting in degraded core cooling), and assuming

partial containment safeguards canability, the analysis indi-

cates that the Sequoyah containment could withstand, based

on ultimate strength estimates, the pressure spikes resulting

from a series of initiated burns in the containment. The ac-

cident sequence assumed a hydrogen release from the reactor

coolant system corresponding to about an 80% core metal-water

reaction.

The analysis briefly discussed above is discussed in greater

detail in Section 2.4.1.1, TVA/0PS Results. The results are

prelimi nary. TVA is working with Westinghouse and OPS to re-

fine and complete the analysis. The status of the staff's

evaluation effort and independent analytical effort are dis-

cussed in Section 2.4.1.4. , Comparison of Results.

- - . -. .
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2.2.2 Long Term

Phases 2 and 3 of the distributed ignition syste.n ins,tallation

are long term efforts.

Phase 2 improvements to the distributed ignition system will be

implemented in parallel with the rest of TVA's long term (2-year)

Degraded Core Task Force Program. Phase 2 will include the fol-

lowing improvements:

- Each igniter will have individual control from the main

control room.

- More hydrogen and oxygen monitors will be installed to

guide operators.

A plant computer to warn of hydrogen concentrations-

reaching the detonation limit will be provided.

Backup diesel power supply to the system will continue-

to be provided.

- Environmental qualification of distributed ignition sys-

tem components will be determined.

Effects of the hydrogen burn environnant on components-

will be analysed.

Alternate and/or additional igniter locations will be
j

-

selected based on a better understanding of the char-

acteristics of hydrogen combustion.
i Installation of hydride converters near the reactor-

vessel vent, PORV discharge, and air return fans will be

considered.

_ . _ . _ _ _ _ _ _ ,
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Additional containment penetrations will be considered to-

facilitate an expanded hydrogen monitoring capability.

Phase 3 will consist of final modifications to the Phase 2 sys-

tem and will be implemented upon completion, and based on e-'

sults, of TVA's long-term program.

TVA has initiated a long-term Degraded Core Task Force Program.

The Program's major tasks will involve extensive work in the

following areas:

1. Controlled Ignition

2. Halon Suppressants

3. Risk Assessment

4. Core Behavior, Hydrogen Generation and Transport

5. Hydrogen Burning and Containment Responses

6. Containment Integrity

7. Equipment Environmental Qualifications

8. Radiation Dose Code

9. Hydride Converter, Fogging and Other Mitigation Schemes

10. Rulemaking and State of the Art
i

This effort is to be performed over a two-year period.

|
The foregoing discussion of TVA's proposed distributed ignition

system and companion efforts is based on discussions with TVA

and a review of preliminary information concerning their ongoing

design, test and analysis activities, and longer term efforts.!

. . .-- . - . . - - .
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Staff conclusions on the overall efficacy of the proposed dis-

tributed ignition system in limiting the effects of Targe amounts

of hydrogen resulting from a degraded core accident will be de-

veloped following fornal submittal by TVA and completion of the

staff review of the system design, supporting test results and

analyses, and detailed discussions of subsequent phases of TVA's

efforts.

2.3 NRC Efforts

2.3.1 NRR Short-Term

2.3.1.1 Igniter Tests at Lawrence Livermore National Laboratory (LLNL)

In order to evaluate the efficacy of the distributed ignition

system to be installed by TVA in the Sequoyah plant the staff

has obtained technical assistance to gather information through

both experimental and analytical efforts.

The staff, through LLNL, will test hydrogen igniters, . identical

to those to be installed at Sequoyah. An effort will'also be

made to test the igniters in the configuration or mounting ar-

rangement identical to those proposed by TVA for installation.

i The experimental test program will determine the efficiency of

the TVA igniters by examining their performance under a spectrum

of test conditions. The test matrix will serve to gather data

on igniter performance in atmospheres with varying hydrogen and

steam concentrations since the effect of large steam concentra-

tions on hydrogen combustion in these situations is not well

understood.

_ _ _ - ._ -
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A schematic of the test assembly is shown in Figure 2. The

general procedure will be to start with dry air at ambient

conditions inside the test vessel and then add hydrogen until

the pre-selected concentration is reached. Steam will then

be injected into the vessel at a given temperature. The steam

concentration will decrease sinwly as a result of condensation

on the cooler test vessel wall. Ar condensation occurs the

volume fraction of hydrogen and air will increase slightly

until the conditions of interest are achieved. Intermittent

or continuous testing of igniters can proceed with appropri-

ate gas sampling continuing up to and just after ignition.

By gas sampling we can determine the degree of combustion,

i.e., how much of the hydrogen initially present burned after

ignition. Instrumentation in the test vessel will also allow

for measurement of pressure and temperature conditions.

Another objective cf the program at LLNL is to study current

hydrogen analyzers utilized in nuclear power plants, includ-

ing the analyzer type used to measure hydrogen concentrations

within the Sequoyah containment. The program at LLNL is ex-
;

pected to be completed within approximately 3 months. Fur-'

ther testing of ignition devices is expected to continue with

investigation into the effects of containment spray operation

on igniter performance.

__ _ _.- _ _.
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2.3.1.2 Analyses at Battelle-Columbus Laboratory
.

The staff has also obtained technical assistance from Battelle-

Columbus Laboratory (BCL) to study through analysis the effects

of igniter performance in tr,e degraded core post-accident en-

vi ronment. The purpose of the analytical effort is to estimate

the role and relative worth of igniters in reducing the contain-

ment pressure and maintaining containnent integrity for accident

scenarios where a large amount of core degradation and concomit-

tant hydrogen generation is expected.

Battelle will use the MARCH code to perform the analysis of hy-

drogen generation and the containment pressure and temperature

response. The MARCH code, wb'ch was developed by Battelle, has

the capability of modeling a multi-volume containment including

both active and passive heat removal mechanisms including the

ice condenser. Details of preliminary BCL analyses are discussed

in Section 2.4.1, Assessment.

2.3.2 NRR Long-Term

As a result of the accident at Three Mile Island, the THI Action

Plan (NUREG-0660), at item II.B.8 calls for a rulemaking proceed-

ing on consideration of degraded or melted cores in safety re-
4

views. To support the staff's participation in the rulemaking we

have requested a safety research program that is to provide a ba-

sis for evaluating safety systems ntended to mitigate the conse-i

quences of degraded / melted core accidents for the generic classes

. . . _
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of LWR containment designs. The containment types to be

studied are the BWR pressure suppression containments', and ice

condenser, subatmospheric and dry containments. A significant

portion of this progarm will be devoted to assessing various

hydrogen control systems for the different containment designs.

Among the hydrogen control measures to be studied are: halon

systems, gas turbines, inerting, large capacity recombiners, wa-

ter fog system and distributed ignition systems. The evaluation

of hydrogen control techniques will be based on criteria which

include large scale implementation feasibility, economics, reli-

ability and consideration of potential adverse impact. As a mat-

ter of priority, the staff has identified the ice condenser and

BWR Mark III containment designs as those to be first investigated

with regard to mitigation systems.

2.3.3 RES Long-Term

RES is developing a research program plan for Severe Accident

Phenomenology and Mitigation to support rulemaking proceedings

on Degraded Core Cooling, Siting and Emergency Planning, which are
'

called for in the TMI Action Plan (NUREG-0660) at Items II.B.8,

[ II.A.1, and III.A and III.D. respectively. The objective of the

research program is to develop the technical bases for Commission

decisions during the rulemaking activities. It is the goal to

have major aspects of the work completed in 4 years.
1.

As noted above, the RES research program will incorporate the NRR

long-term needs.

|
t
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2.3.4 Relationship to Zion / Indian Point Studies

A study has been undertaken of the containment response associ-

ated with the combustion or detonation of hydrogen for the Zion

and Indian Point (Z/IP) plants under degraded core or core melt

conditions.

The Z/IP effort involves the estimation of the threat to con-

tainment from hydrogen combustion or detonations, and the es-

tabli' .. performance requirements for systens (other than

inerting) to mitigate or eliminate the threat. The hydrogen

can develop from metal-water reactions (e.g. , Zr/H 0, Cr/H 0),
2 2

radiolytic decomposition and reactions of molten core materials

with concrete in degraded core / core melt accidents. The inves-

tigation has been underway since January 1980, and has comprised

three principal areas:

1) Estimate of the amount and possible behavior of hydrogen

in applicable accident sequences, including the possibili-

ties and types of non-uniform distributions, the rise and

fall time of pressure pulses from the combustion and/or

detonation, and how these might add to existing pressure

stresses. from other sources.

2) Estimate of the response of structures, vessels and vital

equipment to the pressure-temperature pulses associated

with hydrogen burning / detonations. The in-house effort

in this area has been augmented by LASL.

r

- - - ,, , . _ - , _ . . . . .
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The Z/IP structures studies are not directly applicable to

ice condenser plants, except insofar as the same codes and

methodologies can be used.

3) Sandia Laboratories has investigated, for RES, the possible

problems that the presence of hydrogen might contribute to

features of a filtered venting system. Sandia has prepared

a compendium on hydrogen burning, detonation and control

methodology. The scenarios of accidents leading to the pro-

duction of hydrogen have also been reviewed.

Some of the results of this program which have applicability to

ice condenser plants and other plants include:

1) Codes for the analysis of dynamic loading of containments

from hydrogen burning or explosion pressures.

2) A survey and collection of information on combustibility

of hydrogen-air-steam mixtures; information on methods of

suppression or prevention of hydrogen fires; and ignition

information.
4

3) A summary of the technology for detection of hydrogen.

4) Descriptions of presently used hydrogen recombiners and the

problems encountered in their development.

5) Descriptions of other hydrogen control devices and procedures.

_ , _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ ___ _ __. .- __. _ ._. _ -- _ . .
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As a result of studying accidents more severe than degraded

cooling, i.e., accidents involving core melt progressi~on ex-

vessel, the Z/IP studies have tended to reiterate previous

conclusions on the generation of hydrogen from concrete. Ex-

perimental and analytical studies on this interaction of molten

core materials with concrete are continuing at Sandia Labora-

tories.

2.4 Assessment

2.4.1 Containment Loading

2.4.1.1 TVA Results

In order to evaluate the role of igniters in accident miti-

gation, TVA and the staff have initiated s'eparate programs

to analytically and experimentally determine the effective-

ness of distributed ignition systems in reducing the threat

to containment irtegrity due to the combustion of hydrogen

|
generated following postulated degraded core accidents.

TVA is currently engaged in an analytical program designed

to invertigate the consequences of igniter operation in the

Sequoyah plant in an accident environment. It is expected

that thorough analyses including sensitivity studies on

critical parameters for a range of accident scenarios will

continue for approximately one year. The analytical work

( will be performed using the CLASIX computer code which is

|
being developed by Westinghouse /0PS. The CLASIX code is a

i

|
|

- - - -
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multi-volume containment code which calculates the con-

tainment pressure and temperature response in th'e separ-

ate compartments. CLASIX has the capability to model

features unique to an ice condenser plant, including the

ice bed, recirculation fans and ice condenser doors,

while tracking the distribution of the atmopshere con-

stituents oxygen, nitrogen, hydrogen and steam. Figure 3

shows an example of an ice condenser model for the CLASIX

code. The code also has the capability of modeling con-

tainment sprays but presently does not include a model

for structural heat sinks.,

i

Mass and energy released to the containment atmosphere in

the form of steam, hydrogen and nitrogen is input to the

code. The burning of hydrogen is calculated in the code

with provisions to vary the conditions under which hydro-

gen is assumed to burn and conditions at which the burn

will propagate to other compartments.

As previously stated, TVA is at the beginning of its pro--

gram to analytically evaluate the effectiveness of their

hydrogen ignition system. However, TVA has provided the

results of interim calculations performed with the CLASIX
%

code to analyze the response of an ice condenser contain-

ment with an operating ignition system. These interim

calculations were performed for the accident scenario

designated S2D in WASH-1400, which is a small break loss

_ _ . - -. _- _. ---
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FAN
UPPER COMPARTMEtiT

_ ,

I

ICE CONDENSER

.s

LOWER COMPARTMENT d--

2\
IJ

.

DEAD ENDED VOLUME <-
1

FIGURE 3. CLASIX MODEL OF ICE CONDENSER CONTAINMENT

l
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of coolant accident accompanied by the failura of emer-

gency core cooling injection. The S2D sequence leads to

the production of hydrogen from the zirconium-water reac-

tion as a result of the degraded core conditions, i.e.,

lack of core cooling. The rate of hydrogen production

and release to the containment for the interim calcula-

tions was based on calculatons by BCL using the MARCH

code. The conditions inside the containment prior to the

onset of hydrogen generation were determined from LOTIC

analyses; LOTIC being the Westinghouse long term ice con-

denser analysis code previously reviewed and approved by

the staff. The CLASIX calculations then begin at the on-

set of hydrogen production, which occurs at approximately

3500 seconds following onset of the accident. Table 1,

which presents the parameters used in the base case CLASIX

analysis, shows that hydrogen ignition was assumed to be

initiated at a 10% hydrogen concentration and that burning

is assumed to propagate to other compartments with a 10%

hydrogen concentration. Hydrogen burning was assumed to

occur with a flame speed of 6 ft/sec.

Figure 4 presents the integrated hydrogen release input to

CLASIX that was calculated for the S2D transient using the

MARCH code. The hydrogen release to containment was termi-

nated, for the containment analysis, after approximately

1550 lbs of hydrogen were released. This mass of hydrogen

. _. . .- _. -____ __ __ _ ,.
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BASE CASE PARNEERS
.

1. IfilTIALCONDITIQE: VDUMS

TBPERATUES

PESSUES LOTIC

IE t' ASS COI

IE HEAT TRNEFER AREA

2. MRN PAR #EERS: $ FOR IGNITION 10V/0

H FOR PROPAGATION 10 WO
2

0 FOR IGNITION 5V/0
2

3. AIR ETURN F#6: fDEER OF FANS 2

CAPACITYOFEACHF#1 40000CFM

4. SPRAY SYSTEM: FLOWRATE 6TO GPM

TE?PERATUE 125 F

2EAT TR#EFER COEFFICIBE 20 BTU /HR FT p

5. IE CONDENSER DRAIN TEPFERATURE 32 F

6. BRAK RLEASE DATA tiMCH COEi

TABLE 1

.._ -_. - _ _ - _ _ _ __ . _ _ _ _ _ _ - . _ . . _ _ . . - . . _ _ _ ___ - _ - _ _
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HYDROGEN PRODUCTION
DURING S D

2
CORE MELT SEQUENCE

H DE RESUUS)
1600 -

-

1500 -

1400 -

1300 -

1200 -

1100 -

1000 -
;

!
) 900 -
.

!

800 -;
t

i
! 700 -

| 600

I
500 -'

!
.

i 400 -
i
f

( . 300 -

i

200 -

100

' i . . 4 i

j 3000 4000 5000 -6000 7000 8000

t

TIME (SEC);

FIGURE 4
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corresponds to the reaction of approximately 80% of the

total zirconium mass in the core. At this point in the

scenario the core is dry, thus there is no steam to pro-

duce a further zirconium-steam reaction. Extending the

accident scenario to the point of reactor vessel melt

through will be the subject of future analyses in conjunc-

tion with TMI Action Plan Item II.B.8.

Results of the CLASIX base case analysis are shown in

Figures 5 through 10. The results of the base case

analysis indicate that the hydrogen will be ignited in

a serie; of nine burns in the lower compartment. One of

the burns propagates upward into the ice concenser as can

be seen by the temperature transient shown in Figure 6.

The total interval over which the series of burns occurs is

approximately 3300 seconds. For the first burn a peak pres-

sure of 26.5 psia was calculated in the lower compartment,

and 28.5 psia for the ice condenser and upper compartment.

The pressure in the containment before the first burn was

approximately 22.5 psia. Subseauent burns resulted in suc-

cessively lower pressure spikes. ?eak temperatures of 2200*F,

1200*F and 150*F were calculated in the lower compartment,

ice condenser and upper compartment. respectively.

As a result of the action of engineered safety features, such

as the ice condenser, air returr. fans and upper compartment

._. .. . . .-_.
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spray, the pressure and temperature spikes were rapidly

attenuated between burns. The pressure was decr' eased to

its pre-burn value roughly 2 minutes after the burn oc-

curred. After the last ignition of hydrogen, which occurs

approximately 6800 seconds after the accident is initiated,

there was roughly 300,000 pounds of ice left in the ice
6

condenser section (representing at least 40x10 Btu's in

remaining heat removal capacity).

In summary, the results of the TVA base case analysis show

only a modest increase in containmment pressure, on the

order of.4-6 psi, with the containment remaining well below

the estimated failure pressures. The burning criterion used

in the analysis caused virtually all of the burning to occur

in the lower compartment, thereby gaining the advantage of

heat removal by the ice bed. It should also be noted that
,

each burning cycle involved the combustion of only 100 pounds
6

of hydrogen, or roughly 6x10 Btu's of energy addition. By'

burning at a given concentration in the lower compartment

(where one taight naturally assume hydrogen concentrations to

be higher since this is the area of hydrogen release) there

is also the advantage of burning less total hydrogen at a

time since the lower compartment volume is only around 1/4 of

the total containment volume which allows for expansion of

the hot gases to the rest of the containment free volume.#

- . . .. ., - - . - , . . - . . _ - . . , , . , .- - . .- _ -- -
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TVA has also performed preliminary sensitivity studies

to determine the effects of ignition criteria and safe-

guards performance on the containment response. Results

of several of these studies are shown in Table 2.

The sensitivity analysis performed to date demonstrates

that 1) the ignition criterion, at least within the bounds

chosen, has little effect on the containment pressure;

2) partial vs full operation of the air return fans makes

little difference; 3) ice condenser heat removal is effec-

tive in reducing pressure; and 4) without any fan operation

to assure mixing, the containment pressures due to burning

rise dramatically to the point where containment loses

structural integrity. It should be noted that the case

which considered only enough ice exists to reduce the pres-

sure spike for two burns (out of seven) is non-mechanistic;

i.e., it is not representative of the actual S2D scenario.

However, it does importantly demonstrate that even without

ice, the containment pressure, with the assumed igniter

operation, remains below the estimated failure pressure.

This serves to indicate some insensitivity to whatever ac-

cident scenario is chosen.

TVA has also provided an estimate of the containment shell

temperature rise for two of the cases analyzed, the base

case and the case where no ice remains in the ice bed after

- - .- - - - .- . ... _ . - . - _ _ - . -- . ,
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TABLE 2 PRELIMINARY CONTAINMENI ANALYSIS SENSITIVITY STUDIES

Total 11 -Peak Temp. ( F) Peak Press (Psia)2
Burned (lb) Lower Ice Upper Lower Upper

Compartment Bed Comp. Comp. Comp.

1. Base Case 900 2200 1200 150 26.5 28.5

2. 11 Ignition and
2
Propagation 0 8% 1050 1200 700 260 28.5 30.5

.

3. 1 Air Fan 900 2200 1350 160 26.5 29.5 3;
i

4. No Ice * 850 2400 2000 270. 41 41

5. No Air Fans 1200 2370 2580 1090. 46.4 92.4

* Ice exists only for the first two of 7 burning cycles.
.

%
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the first two burns. The calculation assumed that the at-

mosphere loses heat to the containment shell by radiation

and convection and to the ice condenser when ice exists.

Due to the relatively low temperature of the atmosphere

in the dead ended compartment, it was assumed that only

the water vapor emitted and absorbed radiation. Simple

finite difference equations were used to represent the heat

balances for the containment shell and atmopshere for a time

increment,at.. The gas and shell temperatures were updated

at the end of each time step and the calculation repeated

until therral equilibrium was reached. For the base case

analysis the mean temperature of the shell was estimated to

increase by approximately 72*F. For the transient with lim-

ited initial ice mass the total temperature rise in the con-

tainment shell was estimated to be 101*F. An estimate of

the temperature distribution through the shell was made us-

ing the TAP-A computer program to model transient heat con-

duction. The temperature difference' calculated across the

wall for the base case and limited ice mass case was ap-

proximately 21'F and 32'F, respectively.

TVA has also provided information regarding the conse-

quences of a detonation occurring in the upper compartment

of the containment.- For the assumption of a 100% zircon-

ium-water reaction in the core, the upper compartment

would have the following composition: hydrogen - 23 v/o,

_. .. _ -,
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air - 63 v/o, nitrogen - 14 v/o (from the accumulators).

This mixture is detonable since the hydrogen con' centra-

tion is greater than 19 v/o.

A detonation will produce two coupled effects on the con-

tainment structure. First the detonation shock wave will

deliver an impulse loading to the containment wall. This

dynamic loading will quickly decay to a somewhat sustained

pressure pulse from the expanding gas that has undergone

adiabatic heating. Further heat transfer from the gas to

the wall and to internal structures will eventually cause

decay of this secondary pressure pulse.

TVA has extrapolated the results of detonation calculations

appearing in WASH-1400 (for a dry containment) to the case

of an ice condenser containmment, on the basis that the hydro-

gen concentration is similar and assuming that the nitrogen

from the accumulators plays a similar role in the detonatic,

process as the post-accident water vapor present in a dry

containment. Following a procedure of WASH-1400, containnent

failure is predicted to occur if Iat 20.32 P T, where I is
D

the time of detonation (sec), P is the load that produces
D

the maximum elastic deflection for the structure (psia) and

T is the natural period of the ice condenser containment.

For the ice condenser containment, 0.32 P T is equal to 0.38
D

psia-sec. Based on the impulse loads from WASH-1400, 1st

values more than an order of magnitude lower are obtained.
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TVA concludes, therefore, that containment failure due to

a detonation shock wave is not expected to occur.

The analysis performed to date by T'/A is preliminary in na-

ture. TVA plans to refine the analytical models in the

CLASIX code, do other parametric analyses and evaluate

other accident sequences, in assessing the effectiveness

of a hydrogen ignition system. These additional analyses

will be discussed in a future report.

2.4.1.2 NRR/Battelle-Columbus Results

As previously discussed in section 2.3.1, under NRR Short

Term Efforts, the staf f has obtained technical assistance

from BCL to analyze the containment response to the combus-

tion of hydrogen for the small loss of coolant accident

scenarios (S20). The calculations were performed using the

MARCH code with a 2-volume model of the Sequoyah contain-

ment. The MARCH code model consisted of a lower and upper

compartment, with the ice bed modeled as a junction and not

as a separate volume due to code constraints. Code features

| include models for ice bed heat reaoval, structural heat

.

sinks, return air fans and containment sprays. The sprays
:

in the ice condenser model, however, are presently assumed,

due to code constraints, to have he'at removal capacity only

after the ice is completely melted.

. . . - .- - - ~ _.
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The results of analyses performed by Battelle using the
'

MARCH code are summarized in Table 3. The calculations are

preliminary and do not represent final confirmatory analyses

of hydrogen igniter performance. All of the results pre-

sented were from analyses based on the S2D transient, the

same accident sequence as that assumed in the TVA analysis.

The containment peak pressure values shown in Table 3 are

the pressures calculated due to hydrogen burning up until

the time reactor vessel head failure occurs. Results beyond

this time are the purview of studies into core melt acci-

dent transients and are not relevant to degraded core ac-

cident analysis. The actual containment peak pressure

value given is that pressure calculated assuming heat re-

moval mechanisms (e.g., ice bed, sprays) function to re-

duce the energy addition and subsequent pressure rise.

The adiabatic pressure given for each case is the pres-

sure calculated to exist assuming no heat removal occurs

during the hydrogen burn. By comparing the values for

each case one can identify the relative effectiveness of

the heat sinks, knowing that the initial containment pres-

sure prior to burning was approximately 20 psia.

As can be seen from the table, the pressure rise following

a hydrogen burn is approximately 3 psf when ice remains

in the containment. As noted i-i Table 3, case 6 was per-

formed using the non-mechanistic assumption that the ice

_ -- - __ _ _ _ . - _ __ _ ,
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Table 3. BATTELLE ANALYSIS OF 11 BURNING IN SEQUOYAll CONTAIMENT2

Case 11 Ignition I1 Burn Burn Time Containment Peak Pressure (Psia)2 2
! Setpoint limit (sec) Actual Adiabatic

(%) (%)

1 10 0 1 : 23 58.'

i,

2 10 0 25 : 22 58.

.

3 12 0 1 : 24 64. g
i .

4

4 8 0 25 : 22 51.
1

!

i 5 8 4 1 : 22 36.
.

i

) 6 10 0 1 : 31 79.
I

i

'Case 6 - Ice Bed Melted Before Burning Occurs.

1

4
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bed was melted before the onset of hydrogen burning. For

this case the containment peak pressure was seen, to in-

crease to 31 psia, demonstrating that the upper compart-

ment sprays are also effective in removing the combustion

energy addition.

The shape of the pressure transient calculated using MARCH

was similar to that calculated by TVA using CLASIX in that

hydrogen combustion was calculated to occur in the lower

compartment in a series of burns. Following each burn

and concomitant pressure spike, the containment pressure

was rapidly reduced until the next burn was calculated to

occur.

Although the analyses performed at Battelle are prelimi-

nary, they provide further support that given certain con-

ditions igniters will function to limit the containment

pressure increase due to hydrogen combustion such that the

containment structural integrity will be maintained. What

remains to be investigated by further analysis is how wide

a range of accident conditions tne igniter system will serve

to mitigate.

2.4.1.3 R&D Associates Results

In addition to the analyses provided by TVA and BCL, we have

received a letter report (dated August 4,1980) prepared by

R&D Associates on hydrogen combustion in the Sequoyah contain-

ment. The R&D Associates report is included as Attachment 1.

_ _ _ _ . _ _ ._ . _ _ _ .
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The R&D Associates report addresses two concerns (stated

below) that were part of their overall assessment of the

ultimate strength analysis of the Sequoyah containment.

The two concerns are:

1, How would the analyses and results be altered if the

stresses are caused by ignition / detonation of 300-600

Kg of hydrogen distributed uniformly and nonuniformly

in the containment.

2. To what extent can distributed ignition sources miti-

gate the effects of hydrogen?

In their discussion, R&D Associates contends that (a) the

complete adiabatic combustion of 300 Kg (660 pounds) of

hydrogen uniformly mixed in the containment would result

in containment failure; (b) a non-uniform distribution of

the hydrogen could lead to detonable mixtures which would

also result in containment failure; and (c) the use of ig-

niters constitute an uncertain means of pressure control
;

| when considering the uncertaintles in the rate of hydrogen

generation and the rate and extent of mixing in the contain-

ment.

TVA has responded to the R&D Associates report. TVA agrees

with the analysis of the adiabatic burning of 300 Kg (660,

pounds) of hydrogen, and points out that they have previously

reported that an ice condenser containment can accommodate

the adiabatic burning of approximately 450 pounds of hydrogen.
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TVA further states that calculational techniques have pro-
'

gressed beyond the overly conservative assumption of adia-

batic burning and that more mechanistic analyses are being

performed. For example, the CLASIX code accounts for the

rate of hydrogen release from the reactor coolant system,

the transport of constituents (hydrogen, oxygen, nitrogen,

steam) throughout the containment, the effects of heat

removal mechanisms and the performance of a distributed ig-

nition system, to arrive at a more realistic assessment

of the containment response.

TVA's developmental program includes igniter tests and

containment analysis to overcome technical difficulties

and determine the efficacy of the proposed distributed

ignition system as a viable means for hydrogen control.

Furthermore, TVA has studied, and is activel, iying,

alternative hydrogen mitigation schemes, incluaing con-

tinuous inerting of the ice condenser containment and the

injection of halon as a post-accident inerting agent.

TVA has also analyzed the consequences of detonation loads

on the containment structure. A 100 percent zirconium-

water reaction was assumed which gives a hydrogen concen-

tration of about 25 percent by volume. Based on the re-

sults of their analysis, TVA concluded that failure of the

containment due to a detonation shock wave is not expected

to occur. However, TVA states that the resulting relatively
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long term pressure due to the oxidation of a large amount

of hydrogen would exceed the ultimate capability of the

containment. This same conclusion would also obtain from

a calculation of the adiabatic burning of 600 Kg of uni-

formly mixed (18 v/o) hydrogen.

TVA however did conclude that the containment can with-

stand, within the ultimate capability of the containment,

both the detonation load and the long term pressure from

the adiabatic burning of 18 volume percent hydrogen dis- '

tributed uniformly in the lower compartment.

2.4.1.4 Comparison of Results

In evaluating the results of the various analyses, the

point to remember is that the calculations performed to

date are preliminary in nature and do not represent the

final analycical assessment of hydrogen ignition systems.

The TVA results using CLASIX are based on an unverified,

unreviewed code, which is still under development. This

calculational technique, in the staff's opinion does hold

considerable promise for estimating the containment tran-

sient reponse due to hydrogen combustion since it already

contains many basic features necessary to perform the cal-

culation. Furthermore, the results from CLASIX tends to be

confirmed by the results from the MARCH code.

The MARCH code is also largely unverified but does provide

tne capability to estimate the transient response due to
,

-- -,- . . , - , -- y ,
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hydrogen combustion within containment. The MARCH code,
.

which has not been formally released and documented, does

not appear to have the capability of the CLASIX code with

regard to containment calculations. This is understandable

since containment calculations are only one aspect of this

code, which also models the reactor coolant system. Never-

theless, the code represents a substantial improvement over

hand calculations which conservatively assume the burning of

hydrogen and centainment pressurization to be an instantaneous

adiabatic process.

With regard to the R&D Associates report included as

Attactient 1, our comments are presented below.

Part (a) of the report indicates that containment failure

is likely if 300 kg of hydrogen were assumed to burn in-

stantaneously (or adiabatically) inside the containment.
,

This corresponds to approximately a 35% (based on Zr mass

of 43,000 pounds) of core-cladding reaction.
;

The assumed burning of 600 Kg with twice the energy addi-

tion to containment is also shown to result in containment

failure.

The staff generally concurs with these conclus!ons, consider-

ing the basis of the calculations, and cites that similar
;

|
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conclusions were reached in the staff's Commission paper,

SECY-80-107 (February 22,1980). Specifically, 'the staff

concluded that calculations based on the instantaneous,

adiabatic burning of hydrogen would demonstrate that an ice

condenser could only tolerate a cladding reaction of 25%.

At this time the staff feels that the simplified analysis

contained in the R&D Associates report does not lend itself

to assessment of the mitigation potential of TVA's distri-

buted ignition system. Although there are areas where in-

formation is lacking, the staff and TVA are pursuing these

concerns both experimentally and analytically.

- _ _ _ . - . _ , - . __ . ..
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Part (b) of the report is technically correct bu,t it may

be overly conservative to evaluate the effects of such

large pockets of concentrated hydrogen without examin-

ing the likelihood and timing of their formation.

The postulated 300 Kg of hydrogen (118,000 cu/ft at stand-

ard conditions) represents a pocket of 247,000 cu/ft when

diluted with air to its detonation limit. This represents

half of the volume of the lower compartment. It is diffi-

cult to conceive how such a large volume could form without

contacting some of the igniters to be distributed in this

region of the containment.

The mixing of air in the lower compartment can be expected

to take place on a time scale governed by recirculation fan

l,

capacity, which provides for a change of air in the lower

compartment every five minutes. Hydrogen evolved on a time

scale longer than this can be expected to be reasonably

well mixed by the time it leaves the lower compartment.

In the illustrations given in the R&D Associates report, the

rate of introduction of the hydrogen (1% reaction per minute)

leads to concentrations in the lower compartment below 10% at
|

equilibrium. It takes over ten minutes to approach equilib-

| rium and with effective igniters present, ignition would be
|

| likely before a 10% concentration was reached. The hydrogen

|

|

r - ~ ,- -- . . , . -
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concentration in the lower compartment would then revert

to a lower level and the buildup would start aga'in, re-

sulting in a series of small burns.

The fact that the hydrogen would be free of oxygen at its

point of introduction and then become diluted with oxygen

as it is distributed throughout the lower compartrent sug-

gests that relatively small masses of hydrogen may be ig-

nited near the upper flammability composition limit if

constant sources of_ ignition are present. These ignitions

would take place before there is much buildup of hydrogen

throughout the lower compartment. When the staff takes
~

these additional aspects of heterogeneity into consider-

ation, we feel that igniters are a promising hydrogen

control feature.

2.4.2 Structural Response

Three independent analyses of the Sequoyah containment were

performed by the licesnee (TVA), Ames Laboratory and R&D Asso-

ciates to determine the containment capacity to withstand a

postulated hydrogen burn / detonation. All three analyses were

based on use of the elementary thin shell theory with variations

in assumptions to account for the stiffeners and use of material

strength data.

. . .- ., -, . _ . --_ .
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The TVA analysis neglected the presence of the stiffeners and

adopted the actual strength (lowest tested strength) of the

steel material instead of the minimum code specified yield

strength. TVA concluded that the vessel capacities at yield
i

| and ultimate strength of the material were 33 psig and 43.5

psig, respectively. The TVA study also concluded that based

on the 43.5 psig ultimate strength, it could withstand the

consequences of a postulated hydrogen combustion equivalent

to 25% metal-water reaction. This analysis is simple and

conservative in not accounting for the strength contribution

of stiffeners. However, use of the actual mill-test strength

data rather than the code specified minimum gives a greater

containment structural capacity.

At the request of NRC staff, Ames Laboratory conducted a pre-

liminary quasi-static analysis of the ultimate strength of the

Sequoyah containment. The analysis concluded that gross yield-

ing of the shell, including stiffeners, would occur at a static

pressure of 36 psig. The total ring and stringer stiffener

areas were smeared to form an equilvaent shell for stress ca!-
,

culations. In effect, this amounts to assuming that the rings

and stringers are equally effective as the shell membrane at

the yield load. An ultimate burst analysis was also performed,

however, the result of such an analysis is not considered ap-
|

! propriate because of the uncertainty about the limiting ductil-

ity of the shell.

|

- - - .- - - . - - . - - - . - . - . -.
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Ames Laboratory also concluded a preliminary analysis with sim-

plifying assumptions of the ultimate dynamic strength' of the

Sequoyah containment subject to a postulated hydrogen deton-

ation in a lower compartment. Since the loading due to such a

localized detonation is not axisymmetric, circumferential bend-

ing is assumed to occur and the behavior of the stiffened shell

will most probably be dominated by the rings adjacent to the

compartment. A typical ring is analyzed with material and geo-

metric nonlinearities included. The dynamic loads are idealized

as (1) an initial impulse which approximates the detonation phase

and (2) a venting dynamic pressure which decays linearly from a

maximum to zero in 0.030 seconds. The ANSYS computer code was
i

used to obtain onlinear transient solutions. By conservatively

assuming that the ductility capacity of the vessel (maximum

strain divided by yield strain) is two, the maximum value of

the venting pressure is found as 31 psig.

i
'

Ames Laboratory's quasi-static analysis gives a capacity value

| similar to that of TVA (36 psig versus 33 psig). Because of

its use of the smearing assumption, the 36 psig value is more

optimistic than the 27 psig obtained in the R&D Associates'

analysis discussed below. The ultimate dynamic strength analysisi_

|

| referred to above is based on several unconfirmed assumptions.

The result of such an analysis (i.e., 31 psig) is best viewed as

| a reasonable estimate of the likely containment capacity due to a
|

j localized hyarogen detonation.

._ _ _ _ . - _ . _ _



i

O *

I

?, *

l

- 51 - j

After reviewing the Ames Laboratory's quasi-static analysis

of the Sequoyah containment and performing its own an'alyses,

R&D Associates concluded in its report that gross yielding of

the shell would occur at about 27 psig. The rationale employed

by R&D Associates was that the stringers are only partially

effective and the rings are totally ineffective in resisting

internal pressure in the linearly elastic range. Locally high

bending stresses were calculated to exist near the rings and

stringers but were not considered to affect the vessel capacity

for one-time loading. In essence, therefore, the 27 psig

(based on Von Mises Failure criterion) represents the theoreti-

cal strength of an unstiffened 690 inch radius by 1/2 inch

thickness cylinder of infinite length.

Of the three analyses, the work performed by R&D Associates gives

the most conservative result because code specified minimum ma-

terial yield value were used and only partial effectiveness of

the stringer stiffeners was assumed. Simplified individual panel

analyses were also performed by R&D Associates but wsre not con-

sidered to be meaningful with respect to the evalsation of over-

all containment capacity. A refined finite element analysis

modeling the entire structure is presesntly underway as a part

of the ongoing Ames Laboratory effort.

With regard to potential gross ?sssi leakage at stresses above

the design stress and up to yield stress, while no experimental

__ __
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data are available at this time to provide a basis for preclud-

ing such leakage, it is our considered opinion that a's long as

stresses are kept below or at the yield range, the above men-

tioned gross leakage should not occur up to the lower-bound ves-

sel capacity (i.e., in the range of the 27, 33 and 36 psig) es-

timated by the three independent analyses.

Another simplified Sequoyah containment analysis was performed

by the staff of the Office of Nuclear Regulatory Research. The

study predicted a capacity of 34 psig at gross yield of the ves-

sel. Since the study is also based on a set of unconfirmed as-

sumptions, it ices not significantly add credence to the overall

capacity estimates provided by the three previously discussed

analyses. Having reviewed the R&D Associates' analysis, TVA'

concurred with the results of the analysis except for the use of

material minimum yield strength. TVA also noted that the flat

plate analysis and testing programs proposed by R&D Associates

might not be useful. This is consistent with our view on the

same subject discussed above.

In suamary, the Sequoyah containment has been calculated to have

a lower-bound internal pressure capacity ranging from 27 psig to

36 psig, compared to its design pressure of 10.8 psig (equivalent

safety factors of 2.5 to 3.3). For the case of localized hydrogen

detonation considered, a 31 psig vessel capacity was estimated

based on several unconfirmed assumptions (an equivalent safety fac-

tor of 2.8). The vessel was qualified by actual test to 13.5 psig

(1.25 design pressure).
,

c- . . - - - , , -- --, y - - - ,
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2.4.3 Role of Distributed Ignition Systen

TVA proposes to install a distributed ignition system in the

Sequoyah containment for additional hyrogen control, in ad-

vance of any rulemaking decision on degraded core accidents.

The system will consist of glow-type igniters distributed

throughout the upper and lower compartments of the containment.

They will be activated (and remain activated in the event of a

LOCA). It is TVA's intention that the system will serve to in-

initiate controlled burning of lean hydrogen mixtures in the

containment.

It is also considered desirable to initiate combustion in the

lower compartment since the affected containment volume is

only a small fraction of the total containment volume and the

concommitant energy release from a hydrogen burn may be more

readily acconnodated by heat removal in the ice bed and by the

containment spray. As discused above, TVA will test the ig-

niters to determine their behavior and effectiveness in post-

accident environments, and analyze the containnent response to

quanity benefits and identify any risks associated with the in-

stallation of a distributed ignition system.

TVA has also committed to evaluate the effectiveness of the hy-

drogen monitoring system, and expand the system to provide in-

formation on the concentration of hydrogen throughout the con-

tainment for the accident duration. As discussed previously

in Section 2.2.2, TVA has committed to study alternative hydrogen

control systens as part of their overall longer term effort.

. - ,- . - - - -



. .

, .

- 54 -

2.4.4 Additional Views

We have received additional views from Charles N. Kelber,

Assistant Director, Advanced Reactor Safety Research (DRSR)

(Section 2.4.4.1), and Robert M. Bernero, Chief, Probabilis-

tic Analysis Staff (RES)(Section 2.4.4.2). The viewpoints

of these individuals are quoted below.

2.4.4.1 Consideration of Hydrocen I; niters at Sequoyah

"In the context of considering accidents involving only partial
degradation of the core, as at TMI-2, with intermittent opera-
tion of safety systems, it is my view that the deployment of
hydrogen igniters should be carefully reviewed by a containment
systems analysis to make sure that their use will be effective
and that there will be no negative effect on safety. The chief
considerations are that the burning be controllable with suffi-
cxient accuracy to assure that undesirable flame propagation,
e.g. , downward propagation, does not occur, and that the atmos-
phere be well enough mixed that unstable burns, such as turbu-
lent deflagration, that can lead to high overpressures, are
highly unlikely. In addition, the strategy of operation of the
system should assure that heat removal sources sych as the Ice
and the Containment Sprays are active, effectrive, and available
at the time of burning.

i "As I see it, the requirements are that the operator know the
' concentration of hydrogen is below 9%, that burning should not,

however, strt until the concentration is somewhat above 4%, that
if the intention is to burn in the lower compartment, means be
provided to assure good mixing in that compartment, and that ap-
propriate interlocks be provided to assure heat removal.

| "Such a containment systems analysis should also compare the util-
ity of alternative control methods, such as Halon injection, or a'

water fog generated by modify 8ing a spray header to produce very
find droplets (of the order of a few to ten microns in diameter)
which will then remain suspended in the lower and upper compart-
ments and effectively quench a hdyrogen fire.

"In the wider context of core melt accidents, such as may be re-
quired by a degraded core cooling rulemaking, consideration may
have to be given to means of presure relief, most likely via a

i filtered venting system. While it may be premature at this time

>

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



* .

n

e

- 55 -

4

to enter into such considerations in any detail,-the igniter
system, or its equivalent, should be such as not to preclude
or adversely affect the proper functioning of such a system
if it is decided in the future to employ one."

2.4.4.2 Overall Risks and Hydrogen Control in the Sequoyah Plant

"The Sequoyah Plant has undergone a unique form of analysis
in parallel with the OL review. Sequoyah was one of four
plants selected for probabilistic risk analysis (PRA) in the
Reactor Safety Study Methodology Applications Program (RSSMAP).
The Sequoyah Plant was the first of the four to be analyzed
and a draft report on this analysis was prepared in late 1978.
Work on the other three plants shows areas where the Sequoyah
work might be refined but the other work did not develop any
knowledge that would invalidate the Sequoyah RSSMAP results.
Reports on all four of the RSSMAP studies are not in final
preparation for publication in September 1980.

" A comparison of the overall risk of the Sequoyah design was
presented to the Comission in SECY-90-283, dated June 12,
1980, as part of the Indian Point TsK Force report. Figure 7
from SECY-80-283, attached, presents the early fatality risk
profiles for several designs including Sequoyah if one com-
pares them all at the same site (Indian Point). That analysis,
based on the Reactor Safety Study (WASH-1400) and RSSMAP shows
the overall risk of the Sequoyah design to be about the same
as the Surry PWR design.

,

"The Sequoyah RSSMAP study identified interfacing systems LOCA
and emergency cooling and containment recirculation failure sce-

j narios as the dominant risk sequences. Steps have already been
taken by the owner to suppress these dominant accident seauences'

by reducing the probability of the occurrence. An analysis of
the RSSMAP results which was discussed in Enclosure, SECY-80-107B
dated June 20, 1980, showed that a risk reduction of about a fac-
ator of four could be achieved by inerting the continment. This
would esliminate the rapid combustion of hydrogen as a substantial
contribution to containment failure from overpressure in the domi-
nant accident sequances. It appears that approximately the same

,

| level of risk reduction could be achieved if measures were taken
to assure combustion of hydrogen as it was released to the con-
tainment. Slow combustion of the hydrogen would provide more
time for available heat sinks to absorbe the heat of combustion.,

Removal of the hydrogen and oxygen by combustion would reduce!

their partial pressures somewhat cancelling the effect of the heat
of combustion in raising containment pressure. There is nothing
in the RSSMAP analysis to suggest that controlled ignition of the

|- hydrogen in containment could substantially increase risk in the
! Sequoyah design, although a specific analysis would be needed to
L assess the matter. This presumes, of course, that the installation

and control of igniters does not somehow compromise the operation'

of some other safety system."

|
:
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2.4.4.3 Preliminary Assessment of the Use of Igniters as a
Method of Hydrogen Control in the Sequoyah Nuclear Plant

The staff has had certain members of the Brookhaven flational

Laboratory (BNL) working for several months on assessments

of hydrogen control measures for the Zion and Indian Point

plants. To benefit from expertise developed in conjunction

with that work, we requested their review of the proposed

use of igniters at the Sequoyah Nuclear Plant.

Because of the short duration of the BNL review, they were

not able to arrive at our definitive conclusions. Their

future involvement in this effort is expected to be more

useful. A copy of the BNL report, dated August 8,1980

is provided in /.ttachment 2.

.
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2.5 ACRS Views

The ACRS has considered the general question of the need for jmproved

hydrogen management capability at nuclear power plants and the speci-

fic question regarding acceptability of the interim distributed igni-

tion system proposed by TVA.

In its " Report on TMI-2 Lessons Learned Task Force Final Report," dated

December 13,197, tne ACRS stated that:

"The ACRS suppots this recommendation. However, the Committee
believes tht the recommendation should be augmented to require
concurrent design studies by each licensee of possible hydrogen
control and filtered venting systems which have the potential
for mitigation of accidents involving large scale core damage
or core melting, including an estimate of the cost, the possi-
ble schedule, and the potential for reduction in risk.

The ACRS agrees with the recommendation made by the Lessons
Learned Task Force in NUREG-0578 that the Mark I and Mark II
BWR cor.tainments should be inerted while further studies are
made of other possible containment modifications in accordar.ce
with the general recommendations in this category. The ACR5
also recommends that special attention be given to making a
timely decision on possible interim measures for ice-con-
denser containments."

| The ACRS also considered the interim distributed ignition system pro-

posed by TVA during the July 1980 meeting. The ACRS concluded that
i

i "Though the work accomplished to date is limited in scope, these

studies are definitely responsive to the Committee's recommendations

on these points." The Committee further stated in its letter of
,

July 15, 1980, that in its opinion, "...their present incomplete sta-

tus need not delay the issuance of a full power operating license."

|
| .

!
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3. CONCLUSION

The NRR conclusions relative to hydrogen control measures for the Sequoyah

Nuclear Plant are detailed below.

The implementation of the short term Lessons Learned items at the Sequoyah

Nuclear Plant and other operating nuclear plants has significantly reduced

the likelihood of a degraded core accident which results in large releases

of hydrogen.

TVA has proposed to further improve safety margins relative to hydrogen con-
,

trol by designing and installing an interim distributed ignition system. We

believe the proposed system has the potential for improving the hydrogen

control capability in ice condenser plants and plan an accelerated review of

the proposed system. We expect to complete our review of the system by

November 1980.

In view of the potential for safety improvements associated with the pro-

posed distributed ignition system, there are several options available at

this time. These options and the option recommended by NRR are detailed

below.

Option A: Hold at 5%

Under Option A, TVA would be restricted to its present 5% power limit

until such time as the NRC review and approval of the distributed ig-

nition system (or other mitigative measures, should the igniters prove

to be unacceptable).

._-- . .. ._, - - _ .
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Ootion B: NominalSbf. Limit

The maximum power letel of the reactor should be limited to 50%'of full

power until questions concerning the net safety benefit of the distri-

buted igni, tion s) stem proposed by TVA are resolved to the satisfaction

of the NRC.

If the licensea requests authorization for short periods of power oper-

ation above 50% to meet testing requirements or for other reasons, such

requests would be considered on an individual case basis.

Option C: Limited 100%

Under this option, TVA would be authorized (in terms of H control) to
2

proceed to 100% power, with a license condition that, if the NRC has

not concluded by 1/1/81 (date is exemplar) that distributed igniters

are sufficient (or that some alternative is), then the full-power

operation would cease.

Option D: Unlimited 100%

Under Option D,100% power would be authorized without a time limit.

|

| Of these four options, we recommend Option B. In our opinion, short-term

operation at 50% power poses no undue risk and has a considerable benefit

to TVA in checking our various phases of its steam cycle. TVA plans a two-

week outage after the initial 50% test. We expect to have completed the

major portion of our review of TVA's safety analysis by that time. The

only remaining aspect would be completion of the confirmatory ignition

studies at LLNL. At present, we believe that a complete safety evaluation

by the staff will not be available until November 1980. This allows one

_ _ _ . .
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month to evaluate the LLNL work. Thus, under Option B, Sequoyah could possi-

bly operate about two to three months at 50% power, without a final staff po-

sition on additional H control systems. We believe that there is reasonable
2

assurance of no undue risk for this mode of operation, on the basis that:

1. application of remedial measures since TMI-2 have lessened the likeli-

hood of a degraded core;

2. long-term operations above 50% power would not be considered until we

had reached a firm conclusion whether the distributed ignition system

had a high likelihood of NRC approval; and,

3. any limited operations above 50% power would be authorized on a very

limited time basis.

<
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4 August 1980
.

Nuclear Regulatory Commission
1717 H Street, N.W.
Washington, D. C. 20555

Attention: Commissioner Victor Gilinsky

Dear Victor:

Enclosed is the second part of our report on ice condenser
plant containment response to hydrogen production and
burning and mitigation by igniters. If you have any ques-
tiens or comments, please call. We expect to see you and
John Austin on Friday.

Best regards

$N*

Harmon W. Hubbard

HWE/dl

Enclosure: " Hydrogen Problems in Sequoyah Containment,"
August 1980.
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HYDROGEN PROBLEMS IN SEQUOYAH CONTAINMENT

INTRODUCTION

This letter report completes the RDA response to a reqdest

from the Nuclear Regul'atory Commission to critique the ultimate

strength analysis of the'Sequoyah containment. This second

report deals with the last two tasks of the work statement.

1. How would the analyses and results be altered
.

if the stresses are caused by ignition /detonatien

of 300-600 Kg of hydrogen distributed uniformly

and nonuniformly in the centainment?

2. To what extent can distributed ignition sources

mitigate the effects of hydrogen?

A preliminary discussion of these topics was attended by

Commissioner Gilinsky and Dr. John Austin at RDA on 18 July

1980.

-

.
-

O

i

1
,

|
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RESULTS

1. a) 300 kg of E2 gas ndxed uniformly with the air and
steam (if less than 40 percent steam) in the Sequoyah

containment volume following an accident would be -

completely combustible if ignited (see Figure 1).

This complete combustion could occur so rapidly as

to exceed the capacity of the available heat removal

procpsses, and could produce a pressure as high as

5.5 atmospheres, thus rupturing the containment (see

Table 2). The combustion of 600 kg of E w uld of
2

course have more severe consequences.

b) A nenuniform distribution of 300 kg of E present in
2

the containment would consist of parcels of gas

richer in E than the uniform distribution. If these
2

separated parcels formed while the blowers were

operating, they would probably be mixed, combustible

and perhaps detonable. If they were all detenable

and all ignited, the damage to the containment would

be worse than that due to ignition of a uniform

; mixture. If the gas parcels were not detonable, the

pressure upon combustion would probably be at least

as high as the uniform distribution. Under some

circumstances, it would be possible to collect pockets

of gas too rich in H to burn. As the outer edges
2

of such pockets mix with air, partially combustible-

mixtures would form. The.results of igniting such

a distribution would clearly depend on the sizes of

| the parcels and the timing.
1 -

It should be noted that harmless mixtures of E , air and
2

! steam may become highly combustible or detonable as steam

is condensed out (see Appendix B) . Thus one mechanism
"

employed for removing heat from the containrant also removes

the combustion inhibitor from the containment.
1
i

!

2

-
.

4
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If the rate of hydrogen formation'is sufficiently low,2.
is complete and rapid so that all -and the mixing of H2

the gas in the containment gradually increases in H2

concentration, then the presence of enough igniters could,
prevent overpressurizing the containment. This would be
acccmplished by releasing the heat of combustion at low
concentrations over a long enough period of time to be
handled by the heat removal equipment. However, if the

"r reaction rate is high relative to heat removal processes,
failure.then igniters might only delay containment

Table 3 shows that a 1 percent per minute 2r reaction rate,
accompanied by the burning of hydrogen at its rate of
formation, would match the steady-state hea. removal
capacity of the RHR equipment.

is not thoroughly mixed, then there is aIf the H2
possibility of igniting a detonable pocket of gas with an

If left to its natural end, such an H -rich pocket2igniter.

cculd disperse below the detonation limit (s20 percent H )2

when its ignition would cause less of a problem.
followingSince the possible rates of generation of H2

an accident and the rate, place, and degree of mixing with
air are highly uncertain, the use of igniters can only be an
uncertain means of pressure control. Improper use might be

detrimental rather than helpful. On the other hand, if it is

assumed that there are many unavoidable ignition sources in
| it is certainly true that control of thethe containment,

In thistime and place of ignition is preferable to chance.
sense the use of igniters seems beneficial.

i

1

j C O.'O G N T
| is our opinion that the uncertainties in H generation

2It

and mixing a,re so dependent on hardware details and scenarios
! that they are unlikely to be greatly reduced by further work.,

For this reason we believe it may be a better use of resources
to explore thoroughly the feasibility of using an inert atmos-!

.phere in the containment, so as to avoid the hydrogen burning
I problem. ,

3'
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100% air
.

1MF saturated steam300 kg H2

600 kg H2 N i
\ - s N h

836 kg H2
0s 150 F steam-

\ t
\ 0200 F steam7

Assumed
detonation
limit

D^ x z.

Flammability

KNN%%
20% air \

! s /
t *

100% H 100%
2 steam

j

Limits of flammability and detonation based on Shapiro and
Moffette WAPD-SC-545, as reproduced in WASH 1400.

.

l

Figure 1. Uniform mixtures in the Sequcyah containment vessel.

.

.
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TABLE 1. INPUT DATA FOR SEQUOYAH PIANT

f 4 3
Free volume of containment vessel ") 3.2 x 10 m1. 43.7 x 10 kgWeight of contained air at 27'C, 1 atm. '

61.3 x 10Gram moles of air 52.7 x 10Gram moles of oxygen

Weight of zirconium in core (b) 1.9 x 10 kg
2. 52.1 x 10Gram moles of zirconium

3. Yield of 100% Zirconium-water reaction
Weight of hydrogen 836 kg.

54.2 x 10Gram moles of hydrogen
ll

Heat of reaction (c) Zr + H O 1.1 x 10 joules
2 ll

,

Heat of H burn (d) (to fonn liquid H O) 1.2 x 10 joules
2 2 Il2.3 x 10 joulesTotal heat of reaction + burn

4. Nolar quantities and partial air pressure
of saturated steam in containment

4
At 100*F (38*C) vapor = 8.1 x 10 moles = 0.06 atm.

5
150*F(66*C) = 5.9 x 10 moles = 0.25 atm.

5
200*F(93*C) = 8.4 x 10 moles = 0.78 atm.

NOTES:

(a) Sequoyah Nuclear Plant, Preliminary Safety Analysis Report (PSAR), 3
Table 4.2-1 gives the total containment active volume as 1,142,000 ft ,
compri n d of 730,000 in the upper compartment, 125,000 in the ice
compartment, and 287,000 in the lower compartment.

(b) * Sequoyah PSAR, Tabel 1.3-1, gives the clad weight as 41,993 lb.

G. W. Keilholtz, ORNL-NSIC-120, Annotated Bibliography of Hydrogen(c) Considerations in Light-Water Power Reactors, Feb.1976, Table 1,
Heat of Reaction = 122 to 137 kcal/ mole Zr.

(d) Lewis and Von Elbe,
p. 685, 68.3 kcal/ mole H 0.2

.

5

*

.
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TABLE 2
H2 Quantity

300 kg 600 kg 835 kg
1. Percent Zr Reaction 36% 72% 100

'

5 6 52. Moles H 1.5x10 3.10 4,2x102

3. Partial Pressure 0 300*k (atmospheres) 0.12 0.23 0.32
H

24. Molar Ratio gj ., Uniform Distribution 0.11 0.23 0.32
5. Detonatable (D) or Combustible (C)"

Mixture, no steam present C D D

6. H2 Concentration Multiplier Required
relative to unifonn mixturea
a) to reach detonation regime 2.0 1.0 1.0
b) to reach stoichiometric ratio of

0.42:1 for H : air 3.8 1.8 1.32

7. Steam Vapor Pressure Required:b

a) to prevent detonation of uniform
mixture 0 0.1 atm 0.4 atm

b) to prevent combustion of uniform
mixture 0.9 atm 2.0 atm 2.3 atm

8. Energy Release in 100% Combustion, Joules
10 10 11(liquid water product) 4.3x10 B.Ex10 1.2x10

9. Final Absolute Pressure in Adiabatic
Ccmbustion
(Initial Air Partial Pressure
1 atm, Initial Temperature 300*k)c
*) No steam, 100% combustion 5.5 atm 10.0 13.3 atm
a

b) No steam, 50% combustion 3.3 5.8 7.3
| c) Steam 0 190*F, 50% combustion 4.1 6.5 8.3

NOTES:

(a) Approximate, based on reg mes outlined in Figure 1.
.

(b) Approximate, based on regimes outlined in Figure 1, plus molar concen-
trations of saturated steam as a function of pressure.

'

(c) Assuming products of combustion behave as ideal gases, and assuming
a constant-volume reaction: '

.

| 6 :
,

.
-

'

, .
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TAS~I 3. HEATING AND COOLING RATES IN SEQUOYAH CONTAINMENT

Tine when Fission Product Heat (Cumulative) Equals Total
3000 secHeat of Reaction .

Rate of Heating at the 1% per min Zr Reaction Rate
18.0 MWIr Reaction
20.0H Burning

2
38.0 MWTotal4

'

Rate of Fission Product Heating at 2 hours (when ice
has been melted in DBA) 27 MW

Steady-state, Cooling Capacity of the 2 RHR Heat 67 MWExchangers

Net Margin of Cooling Capacity (Beyond Chemical
Reactions 01%/ min and Fission Product Heating) 2 MW

NOTES:

(a) Sequoyah PSAR, Table g.3-2 cites 2 heat exchangers, each having a
capacity of 1.15 x 10 BTU /h at specified conditions.

|

!
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APPENDIX A

LITERATURE SEARCH ON EXTENT OF HYDROGEN
BURNING AND FLAMMABILITY LIMITS FOR MIXTURES

OF H , AIR, AND STEAM ,

2

in theIn considering the effects of 300 kg to 600 kg H2
Sequoyah containment vessel, questions of lean mixture flamm-

! ability limits and the extent of combustion are important.
The 1976 litdrature survey by Keilholtz (1) provided citations
for most of the sources used in this brief study, and provided
much of the available data on flammability and extent of

~

combustion.

EXTENT OF COMSUSTION

Keilholtz states that combustion of 100 percent of the
hydrogen will not occur until the hydrogen comprises about
10 vol percent of the H -air mixture. A partial combustion

2
data point of 50 percent combustion is quoted for a 5.6 vol

mixture in air. This point is attributed topercent H2
Shapiro and M ffette (2), a reference that we were unable to
obtain in the available time. However, Furno, et al. (8)
indicate about 90 percent combustion for an initial mixture
of 8.5 percent H as compared with 5-10 percent combustion

2
for mixtures of 6.9-7.4 percent H . If 300 kg H2 **#8

2

uniformly distributed throughout the active volume of the
it would constitute aSeguoyah Unit I containment vessel,

10 vol percent mixture with air (neglecting steam) , and hence
could burn completely.

FLAMMASILITY LIMIT

The lean mixture threshold of fla== ability is given by
Keilholt as 4.1 vol percent H in air but at this concentra-

2
~

tien, Egerte,n (3) as well as Keilholtz point out that the flame
front is not ccherent, and flame propagation is upward cnly.

.

f
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Downward propagation begins with a hydrogen concentration of
about 9 vol percent (1) , (3). Drell and Belles (4) state
that a 9 percent mixture will burn completely (a point'to be
compared with the Keilholtz 10 percent mixture for 100 percent
combustion). Even the lean mixture non-coherent flames are
postulated to burn a mixture that is richer than the original

permits accessmixture, because the high diffusion rate of H2
! of additional H to the flame (4). The diffusion rate of H2,

2
is also important to the dispersal of segregated pockets of
hydrogen, and will be discussed later.

STEAM DILUTION

The effects of dilution by steam are potentially important.
Drell and Belles (4) state that inert diluents have scarcely
any effect on the lean-mixture limit of flammability, where
300-600 kg of H in Sequ yah would be, if uniformly distri-

2

buted. They claim water vapor has effects similar to CO2'
and they show data of Coward and Jones (5) (which we were

|
unable to obtain) such that only af ter more than half the
mixture is CO does the fraction of H #*E"i#*0 f # f1***-

f 2 2

ability begin to increase. These findings are consistent
'

|
with the ternary mixture chart of Shapiro and Moffette for
H , air, and steam, wherein the lean mixture flammability!

'

2 fracti n as the steam content,

limit is at a nearly constant H2
increases frem zero to about 50 vol percent.

DETONATICN

Shapiro and Mof fette indicate a triangular shaped detona-
tion regime in their ternary mixture chart, a regime bounded

line at the lean mixtureapproximately by a 19 vol percent H2
boundary and a 45 vol percent air line at the rich mixture

Although the original reference was not availableboundary.

to us, it appears that the authors constructed the detonation
andregime by extrapolating from data on dry mixtures of H2

A-2
'
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air. We note that Drell and Belles show the range of deton-

ability of H in air fr m 18.3 vol percent to 50 vol percent2
H. We could find no information on the effects of inerc2
diluents on the detonability of hydrogen-air mixtures, and

we note the caption on the Shapiro-Moffette ternary nixture

chart: " Assumed Detonation Limits." We conclude that the

effects of steam on detonability of H -air mixtures are
2

essentially unknown. The nearest information we could find

was cited by'Keilholtz, and this pertains to detonations in
Knallgas-team mixtures (6) . Knallgas is a stoichiometric

mixture of H and 0 . In reference (6), experiment's indicated
2 2

that a minimum of about 65 vol percent Knallgas in saturated

steam at 100*C was required for detonation. This would

correspond to about 44 percent H *
2

The occurrence of detonation is also influenced by the

size and configuration of the vessel, and the naturc of the

walls (4,7), which further complicates efforts to predict

detonation precisely.

.
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APPENDIX B

HYDROGEN-AIR MIXING SY FAN

Air recirculation fans are provided in the sequoyah con-

tainment for returning air to the lower compartment after a

postulated blowdown. Two such fans are provided, each having

a rated capacity of about 40,000 cfm. The purpose of the

fan-induced eecirculation is to convey steam produced by

residual heating to the ice condenser, if the emergency core

cooling system should fail (failure of the ECCS is -also a
situation that could permit a zirconium-water reaction and

hydrogen generation). The design basis for the recirculation

system is an air flow rate of 40,000 cfm, corresponding to the
cperatici. of one fan. Some parameters related to mixing and
burning of hydrogen in an air flow of 40,000 cfm have been'

calculated, and are presented in Table 4.

The air velocities in the ice condenser and upper plenum

are low. Nevertheless, the flow would be turbulent in the

upper plenum of the ice ccmpartment, so the flow entering the
upper compartment should be well mixed. If hydrogen were

being generated by a 1% per minute reaction of =irconium (as
an example), the rate of hydrogen flow would be about 10% of

Thisthe air flow, giving a mixture conraining about 9% H2
would be combustible, according to the literature cited else-

where in this report.

A reference calculation is illustrated in Figure 2, where

mixtures of 40,000 cfm air and the hydrogen yields of various

rates of rirconium reaction are plotted on the ternary mixture

chart. Each reaction rate corresponds to a straight-line locus,

with steam rate determining the position on any line. The one

point plotted on each line is for a steam rate that corresponds
,

to the heat release rate o.f the Zr-H O reaction and the latent2
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heat of vaporization of water. It can be seen in Figure 2

that the yield of Zr-E 0 reaction rates in excess of 24 per2
minute can produce detonable mixtures with 40,000 cfm of air
if the steam content-is sufficiently low. Rates of several

percent per minute were calculated for some accident scen-
arios in WASH 1400.
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Table 4. Air Circulation Paramet.ers

.

Design Data From Sequoyah PSAR

Number of Blowers -2 .

Capacity of Each Blower 40,000 cfm

2
Ice Condenser: Flow Area (net) 1,326 ft

Height 48 ft
,

.

Annular Thickness 11 ft

Effective Circumferential
Length 267 f t.

5 3
Lower Co*partment Active Volume 2.87x10 ft

6 3
Total Containment Active Volume 1.24x10 ft

Derived Parameters, for One Blower Operating

Adr ',elocity: a) In Ice Bed 30 ft/ min
b) In Upper Plenum of

Ice Compartment 14 ft/ min
4

Air Reynolds Number in Upper Plenum 2.6x10

air(kinematicviscosityog/ min)@ 50*C = 1.15x10-2 ft
Air Residence Time in: Ice Compartment 1.6 min

,

,

: Lower Compartment 7.2 min
1

: Total Active Volume 31 min
.

of Containment

.
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100% air
' .

\
\ - Zirconium reaction
\

.
h rates, percent / min

'\ 0.5
%

N N\ 1.0

Assumed \ '

detonation \- \limit N
\ h, 2.0

N
N

Flammability N

Sh \
g

20% air N 4%
%

Q $
-t- $ x3 p

100%| 100i4 H2 steam
1

Limits of flammability and detonation based on Shapiro and
Moffene WAPD-SC-545, as reproduced in WASH 1400.

.

Figure 2. Locus of state points for mixtures of 40,000
cfm air with the hydrogen yield of various
Zr reaction rates.
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BROOKHAVEN NATIONAL LABORATORY

ASSOCIATED UNIVER3ITIES, INC.
Department of Nuclear Energy Upton, New York

(516)345-2629
August 8, 1980

.

Mr. Denwood F. Ross, Director
Division of Systems Integration
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission

|
Washington, D. C. 20555

Dear Den'ny:

As per your request, the BNL " hydrogen team" has performed a preliminary
assessment of the use of igniters (glow plugs) as a method of hydrogen control
in the Sequoyah Nuclear Plant. This assessment is based on our present under-
standing of the igniter scheme proposed by TVA. This understanding, in turn,
is based only on conversations held with NRC personnel during the past week.

It is our understanding that TVA proposes to use approximately thirty
glow plugs which will be distributed uniformly around the containment building
(upper and lower compartments) and that they will be used to mitigate the con-
sequences of a hydrogen release to containment which derives from a degraded
core accident (but not necessarily a full core meltdown). TVA will initially
include one or two hydrogen detectors as part of this scheme, but the specific
locations of both the detectors and the igniters are unknown to us. They will
rely on the return air fans, which are intended for design basis accident ac-
commodations, between the upper compartment and the lower compartment to ensure
a distributed mixture of hydrogen, air, and steam. Their intenddd strategy:is
to burn hydrogen in the lower compartment with the aid of the glow plugs and
to remove heat and reduce pressure with the available containment heat sinks.
It is our understanding that TVA has performed an analysis which supports this
scheme for a selected accident scenario (small pipe break with failure of emer-
gency coolant injection) and that they have used their newly developed code
CLAS-IX to compute inter-compartment flows and pressure and temperature his-
tories in both compartments.

Although it is difficult for us to develop a finn position on the use of
igniters as proposed by TVA without the benefit of a fuller description of
their overall plan, we can say, based largely on our own studies of possible
hydrogen control approaches for Zion and Indian Point, that the exclusive use

I of igniters as a means of controlling hydrogen for a wide spectrum of accident
scenarios (insofar as hydrogen release as a function of time, space, and acci-
dent environment is concerned) may not be prudent. As far as the use of glow
plugs or any similar form of igniters in Sequoyah is concerned, we have sever-
al concerns and reservations, as is noted below.

!
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1. With regard to the use of igniters in the lower compartments, it may
be possible that some igniters will be in the noncombustible regime,
while other igniters may be in the deflagratable or detonable regime.
Activation of igniters may thus initiate combustion phenomena (explo-
sions/ detonations) which entail larger pressure rises than expected
on the basis of stoichiometries which exist in the neighborhood of
the few diagnostic probes.

2. The potential for focusing effects related to detonations in geomet-
rically converging regions in the containment building should be as-
sessed.

3. It would be important to know the combustion-associated pressure and
temperature histories of the lower compartment / These prescribe the
flow rates through the ice chest. In turn, this determines heat loss
to ice and flow rates and modes of melted ice. Further, the amount

of uncondensed combustion products reaching the upper chamber is also
so determined. Finally, this determines the pressure rise of con-
cern.

4. With regard to hydrogen ignition in the lower compartment vs the up-
per compartment, it is not clear to us that lower compartment igni-
tion and hydrogen consumption will always be obtained without con-
cern for upper compartment ignition. If upper compartment ignition
does occur, can the resulting pressure and temperature be tolerated?

5. Several concerns arise in connection with the ice chest performance
in the presence of hydrogen combustion.

,

1

(a) For a given scenario it would be important to know how much ice
is lost to steam and how much ice then remains to cool the com-
bustion products that are generated in the lower compartment.

(b) Is the ice chest susceptible to combustion-generated effects
which can challenge its structural integrity?

(c) We have a particular concern for the ice chest's foam insula-
tion and its surrounding cover. We have not been able to iden-
tify (from the Sequoyah FSAR) the material compositions of the
foam and cover, but it may be that these materials are flam-
mable. There appears to be on the order of twenty tons of foam
surrounding the ice chests. Combustion of this material could
engender serious pressure and temperature conditions within the

l containment structure. It is apparent that an ignition of hy-,

drogen could serve as an initiator of the foam cumbustion. It

is important to identify the compositions of the foam cover in,

I

order to assess their roles in relation to the course of events!

during a degraded core accident in the ice condenser plant.

!
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6. In order to perform a detailed evaluation of the igniters, it would
be important to know the precise design function (s) of the igniters.
Their ability to " perform" can only be measured against their in-
tendet' <esign function (s).

7. With regard to NRR-sponsored experiments at Livermore Laboratory, it
would be important to have a more precise and complete characteriza-
tion of the conditions of the experiments in order to judge whether
useful, pertinent and complete ignition information will be obtained
for a range of expected accident conditions. In particular, it will
be important to know whether or not flow effects and possible droplet
quenching will be accounted for.

The secondary purpose (stated in the Sequoyah FSAR) of the kir Return8.
Fan System is to limit hydrogen concentration in potantially stag-
nant regions in the lower compartment by ensuring a flow of air from
these regions. Without onsite electrical power, a flow of air from
these stagnant regions could not be ensured. We are concerned that a
local detonation or explosion could cause a failure of the non-return
valves which normally isolate the air return paths between the lower
compartments. A failure of these valves would produce a direct path
between the compartments which bypasses the ice chest.

I hope that this inforamtion will be useful to you. If you have any ques-
tions on the foregoing, please do not hesitate to contact me.

Warm regards,

/s/ Bob;

i Robert A. Bari, Group Leader
Safety Evaluation Group

RAB/m
cc: W. Y. Kato (IA);

| R. J. Cerbone
| T. P. Speis
' J. F. Meyer
j J. Long
I W. Butler

|
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