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AH CONTAINXENT

Rcom 1046
1717 H Street., N. 4.
Washiangtosan, D. C. 20555

Thursday, August 14, 1980

The Subcoamitta? aet, pursuass to notice, at

10:05a.ma.

BEFORE:

JOSEPE ¥. HENDRI:, C mmissioner (Presiding)
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COMMISSIONER HENDBIE: If ve could come to order,
Commissioner Bradfsrd will Join us directly. The Chairman
is off taking scme vall-deserved rest.

The Coamissicn meets this afternocon to hear a
briefing from the staff on the progress of their
consideration of hydrogen contrcl matters £or the Sequoyah
nuclear plant. We have in hand a draft staff pesition.
This is the £irst neeting at which we have gathered on this
subject.

There are other meetings scheduled down the line.
I ragard this first set of discussions cn the subject of the
draft as an appropriacte getting started poiant on a subject
vhizh will undoudtadly take a number of discussions by the
Coamission with the staff, and indeed on down the line,
because there are 2 number 2f staff reviev efifcrts still to
be complted.

"e have the executive director, 4r. Case, Xr.
Boss, ¥c. Budeagtain, ¥r. %utlaz, CPE, and the genercz2l
counsel a2t the table. Let me start ¢ff and throw i: *o Yyou,
Bill, and y2u can fagzm out the task as appropgriate.

¥R. DIRCXS: I can

"

arm it out right away to the

e -
- -

en.

o
(8]

man on ny laft, Cenny Ross, tc pick up that
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"
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¥R, ROSS: I£ I could have the

ALDERSON XIPORTING COMPANY. INC.
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¥R. PCSS: As DPr. Hendrie said, vwe are here to
talk abocut hrvdregen csn}:al measures £>3r Saquoyah. As ve
continue on to the cext slide =--

(Slide.)

MR. 80SS: ~-- we will be discussing scurces of
hydrogen, “hat aight happen if it burns, some possidle
couatermeasures, so2e possible contraindications to some of
these countaraeasucres, and then scme conclusions.

Next slidle.

(Slide.)

¥%. ROSS: If you look == reverzy it, glease.

COMMISSIONER HENDRIE I kRind ~f took a fancy to

it the other way. It a2lloved Zfreer intergretation.
(3eneral laughter.)

CONMNMISSIOKER HENDRIEZ: OCut of the containment,

]
“
o
Q
s
(8]
2

11t2 the vassel. Now what are you gci
(Seneral laughter.)

COMNISSIONER HEND have been there defcre.

-
-

-
-

"

I can give you a lang lecture on what to d0 apout that.
(Saneral laughter.)
“R. 2CSS: ¥Yaybe you can cut it ianto three pieces,

: . i -
aceardiag ta how auch hydrecen, how auch ccre reactione. 1§ 4

ALDERASCN IEPCATING COMPANY NC.

400 VIRGINIA AVE, S.W  'WASHINGTON, 2.C. 20024 1202) 354-2348
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Regulation 50.44, vhich does not produce much hydrogen in
the containaent. We don't believe there would De any
structural problenm.

The bottam trail is the mocre 2dvacse side, vhere
you assume that you have a complete reaction there.

COMNISSIONER GILINSKY: Are you assuming a larcge
containaent up there?

¥9., 20SS: No, no. That number is for Sequoyah.

COMMISSIONER GILINSXY: GCh, I see.

¥R, RCSS: Even less for the larye dry =-- the
bottem trail with 1C0 percent core astal-vater reaction
could produce temperatures unifocamly and slovwly relative to
a detonatisn cculd produce a 200-pound pressure, which again
vould lead to containment failure, and that path ve 4did not
pursue further either.

Aztually, the containment would fail from other
mechanisms as well if the ccre melted, From the hydrogen
vievpoint, though, the Sequcyan contaiament wogld not
vithstand 100 percent core metal-water reaction. The middle
trail s the one that ve ace péepatad to discuss today where
you would nave ratas and aeounts of hydirogen analcjous to
vhat hapgpenad at T¥I II, not exactly, but analogous, perhaps
up to tvwo=thirds core metal-vatar reaction.

IR . & o neTas s
iadatically, iiis ceould preduce 2

U ]
"
o
‘
n

3
.o.
D
“
w
2
'

containment failure, and thare nay Je sSoMe cluntermeasures,

ALDERSON SEPORTING COMPANY. INC.

300 VIRGINIA AVE, 3.W., WASHINGTON, O0.C. 20024 1202) 584-2245
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and ve will be discussing these.

Okay, next slide.

(Slide.)

MR. R0SS: This is a siamplistic adiabatic
calculation. This has been done several different vays Dy
sevaral 4iffera2nt paople. You : t pratty auch the sanme
ansver. This shows about a 3S5-percent core metal-vater
ceaction, 300 kilograms of hydrogen prsduced, and following
the initial state column, where wve ceduced the hydrogen,
burn it, and then lock at the tamperature incrsase and the
attendant pressure incre2ase, it comas ibcut £8.6 psia. You
get different numbers, some 57, some 70. This gressure is
above tha predicta2d failures pressure, 1s calculatad in
several different nanners. So this would establish the need
to go furthar.

Had this number come out within the containment
capadbilities, and had the amount of hydrcgan been considered
a ceasonable amount analogous =2 TMI II, then vae might vell
have stoppei, but it didn't, so wa prass 2on.

Next sliis;

(31ide.)

¥R. ROSS: The structural analyses tha*t vere done

L ]
Ww
O

- 15 4
that Dc. Hendrie

and that vere discussed in ths

”
o

£2

-

Ww
Q

ne. 2

‘0
'_.4

referred to ars sevaeral. TVA Rha

u

sSupg

-

cansultans o the 3=aff, Anes Laboratscy, has grovided one.

T3

ALDERSON IEPOARTING COMPANY NC
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! RED Asssciatas froa Los Anzales have dane 3ne.

2 Next slide.
3 (Slide.)
B ¥8. 20SS: The r2sults == the calculation wvas

5 approached i1ifferently, and ve have different ansvers, but

8 42 suamary, the 4iffarence is not significant. The TVA

7 ecalculation produced 33 ~-- I will go down the yield

8 pressur2 nuadecs. The 33 psig yield pressure, the Anes

9 Llaboratocy csnsultant at 36, and the RELD Asscciates at 37,
0 the nominal containazent design pressure being 12.

n These represent numbers =vo and a half to three

2 and a half the nominal design basis. We don't thiak it is
13 particularly significant whethar it is 27 or 36, considering
4 the difference in assumpticns. The reseacch numbder shown at

'S ethe bottom is 34, Failure sressur?2 is about 4C or so psig.

'8 Ckay, next slide.
17 (Slide.)
'8 Y2, R0SS: I nenticned countecmeasucas. 7TVA has

19 made a proposal for three phases of hydrogen csatcol

20 seasures f£3c Segusvah.

2 Let's go to the next slide.
= (Slide.)
) ¥3, 305S: The Phase I, zhe short-ters affort is a

24 proposed distributad igaition systea. They would iastall and
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glov plugs <ithin the containment. That is distributed as

shown on the charct here, and wvith the specified capabilities
on pover and seismic Zdesign and remote control.

Tests are under way 2oth on endurance of the
isgniters as vell a1s the onset and completicn of ignition of
hydrogen amixtures that they would praovide.

Next slide.

(Slide.)

¥R R0SS: This is a schematic of the
containment. Thera is a rough division of the containment
in the horizontal direction, the upper comparctaent being
about two-thiris or sc of the volume; the lover compartment,
vhere the raactor system is, bdeing abcut cne=-third o
one-fourth, and thay are aainly connaected :hrough the ice
condenser.

¥ost of the glow plugs are propoesed to De
installed ia the lover compactaent, vhacre 19st of the
hydrogen should be released, a few in the ice condenser
plenum themselves, and three in the upper volune.

| Okay, next slide.
(Slide.)

MR, RO0SS: Endurance tests I mentioned are in

pLogress. lhay arce 1lso 1o0ing tasts tc det2gaine how
efficient the igniter is in 2 steam ajc-hydrogen-mixture.

These t2s8%ts arce on3oing, 224 ve do not have the conclusions

ALDERSON REPORTING COMPANY. NC

400 VIRGINIA AVE, 3. V., WASKHINGTON, D.C. 20024 '202) 554-2345
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from them yet. There exists what is known as turnery

diasrams, wher?2 th?2 triangle has siiaes Deing perccantage by

sixture volumne of air, hydrgogcen, and steaas.

A locus of datonation or £lammable lialt would

exist on the turnery diagram. This should explore a portion

of the turnecy diagras €or the pacticular {gniter being

proposed.

As you will see later, the staff is supporting

similar confirmatocy ¥ork at Lawrence Livermoraz Laborzatory.

Next slide.
(Slide.)

¥R . R0SS: Going beyond the gresent zhase, a

aumbar of iaprovemants in the igniters are groposed, so they

can be activated individually instead of collectively. More
and detter hydrogen and oxygen aonitors and the varicus
upgrades arc2 shown here.

COMMISSIONER GILINSKXYs What is the use 92f the

igniter? Suppose ¥2 30 back to the short-tera. They can de
turned on zanually fcea the auxiliary buildiag. W#hat
iadication -~

¥2. 80SS: The ocaly words ve have sco far would be
following 3 LOCA. Now, thae safetey analysis that TV =-
actually, I gsuess it filed it today -- would discuss that,
We have reached agreement with thea on that, °on the
necessary a1a2d sufficient csnditions o turn it on. It could

ALDERSON REPORTING COMPANY, INC,

200 VIRGINIA AVE, 3. W , WASHINGTON 3.C. 20024 1202) 584-2348
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be, for exaaple, an indicaction of inadaguat2 cocre cooling,
o it could be high hydrogen concentratiocn, or it could be,
if 7%u have symptoms that put you into a LCCA procedure,
then one of the £oillowup actions csosuld be, tura on the
ignitecs. We have not gotten that far yet.

COMMISSIONER GILINSKY: Are there any instcusents
to0 detect hydrogan?

¥R. RCSSs There are tvo aonitors.

YR. RUBENSTEZIIN: One in the uppec comzartagnt, one
in the lover compartment. They are double sensers.

COMMISSIONER GILINSXY: They arce in now?

¥R. RUBENSTEIN: Yes.

¥R. ROSS: Okay. Cther than that this upgrade
program w“ould take cne or tWwe y2ars, ve do 10t have a
specific time in which these features would De provided., If
ve reach agreement 2n the prograa as a whole, I would
suspect that impgrovesents like this would 30 in at some
schaduled outage, like the first refueling, Sut again, ve
hava not negotiated agreement <ith thea on that.

Next sliia.

(31lide.)

¥2. 20S35: Now, there ars subse3guant natters in

-- -

Phase 1II 5f the lsng~-tery program that mores Or leSS

ALDERSON REPQRTING COMPANY 'NC.
200 VIRGINIA AVE, 3.W., WASHINGTON, O.C. 20024 1202) 554-2345
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the next slide, t5 illustrate what TVA has in amind.

Naxt slile, plaasa.

(Slide.)

¥R. 20SS: They have a task force that is looking
into alternatives other than distributed igniters such as
halon suppressants. The nature of the rulemaking will
probably cegquire locking intc the filter vented containaent
and other aspe~ts of degraded core, perhaps core satention
devices.

There are other vays to inect the contaiament,
lik? vere iiscussed for Zion and Indian ?cine, like
exhausting a1 gas turbine or something like that. This is
part of a tvo-year program.

Okay, that is the TVA or licensee effort on
aitigative measures. Let's go to the next slide now.

(51lide.)

¥8., R0SS: The guestion on igniters can te divided
into tvo parts, safaty and efficiency. We will go into the
efficlency, that is, to what extent wculd the igniters
result in 31 containment prassure that would not be able %o
contain it. .Some ccmputer methods developed in contaxt of
the ocff-shore gover systems.

Plants waich involve the ice coadenssr nave
prodyced a conmputer code known as CLASIX, which is regarded

by the Javalopers 13 still bdeias uniasr 4evalognent.

ALDERSON 3EPQRTING CCMPANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTON, 0.C 20024 202! 354-2345
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not verifisal yet., However, the code was applied to the

Sequoyah case with the proposed distributed igniters, w'th
the results that ve will see in the next fevw slides.

Let's go to the next slila nav.

(Slide.)

MR. 30SS: There are two codes that feed CLASIX.
The regular containment code for ice condensers is called
LOTIC, L~0~T~-I-C, which would proviac :he containment
conditions, pressure and temperature and moistuyre conditions
yp until th2 point you stacted jetting hydsogen, and for the
applicaticn down here, you wculd also need the computer code
MARCH, which is an NRC code, or developed under NRC
sponsorship by 3atelle Coluabus, that is used tc get the
exit conditions from the reacter, hydrogen and other mnass
and enecsy.

CLASTIX then takes the ice condenser and divides it
gp Lnto compartments where you can calculate the local gas
aixtures, and as user iaput you can decide when t2 starce
burniag hyirogen, when to stop burning it. The hoatod 3as
would de transport2d then Lif it is in the lower compartaent
through the ice if there Is any ice, where you wculd nelt
the ice and go to the o2tharc comgacrtment.

If you Rave flow thraugh the ice condenser fron
the lower t2 the upper, and there is hydzegan in the lcover

campartaent, 75u wvill traasport it %O the upger.,

ALDERSON REPORTING COMPANY, * °
200 VIRGINIA AVE, 3. V., WASHINCTON, D.C. 20024 202) 554.2348




10
n
12
13
4
18
16
17

8

24

‘0. . 13

conpactaent has its own indiviiual set point as to when to
stop and starct ignition.

Ckay, next slide.

(31ide.)

¥YR. 20S3: The othe:- codes that I sentioned, the
MARCH and the LOTIC code, the ¥ARCH code uses the sequence
$2D, which neans a small Jreax LOCA with no ECC iajection.
This vould allov the core to dcain down, doil off, and then
after akout an hour heat up and starct interacting with the
vater vagpor and praduciag hydzogen.,

fhe ase case ia CLASIX assumed 10 jpercent, but as
I said befors, that is user input.

ALl zighe, let's go =0 the n2xt slide.

(31ide.)

¥2. R0SS: The other initial conditisns ap to the
point where hydrogan is produced frzom LOTIC vere covered Dy
Point Yumbac 1, which would give you the volumes,
temperatyces, pressures, and so on. The urn garsameters are
variabla, 32d ve shov sOme casas where othar than 10 percent
£or the onsat ignitisn is covered. The air return fans --
it can vary.

COMNISSIONER SILINSXY: Can you te2ll 2ae where the
fans are? GWhere are they locatad?

vI. R2SSs W@ 2sould 3o dack to cne of che slides.

vuSt a milaute.

ALDEASON REPOATING CCMPANY, INC.

400 VIRGINIA AVE, 3.W., WASHINGTON, 2.C. 20024 1202) 5£4-2348
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(dhecwupon, 2 discussicn vas held off the record.)

MR, BCSS: Charclaes Tinkler with the Containaent
Systeas Branch can describe it. ©We don't have a vu=graph
cizht now.

MR. TINXLER: The fans are l>catad in separate
rooms in the lover region of the containment, coughly in the
same secticn that the ice condenser is in, although they are
located ben2ath tha ics condeaser in tie anaular compactaent
in the lowver rcagion.

CONMMISSICNER GILINSKY: They are zoing up past the
ice condensarc?

¥R. TINKLZR: They discharge into the active lover
containment volume., The fans drawv suction from various
points in the contaiarant, ilacluding the upper compactment
and d4ischar3s intd> the active lover compactaent volunme,
which then flovs into the ice cordenser.

CONNISSIONER HENDRIZ: 3Sut tie general flow path,
as I recall it, is that you discharge out of the £ans into
the lover compartment. The excass prassure then drives the
principal stzeaa up through th2 ice condensar, banks into

the upper compactaent.

CONMNISSISNER HENDERIE: And =hen you have a fev
mych smallec dead-ended cegions. Acze those 21l set up fc.

cecirculatisn? I Just don't ==

ALDERSON REPORTING CCOMPANY, NC.
400 VIRGINIA AVE, 5.W., WASHINGTON, D.C. 20024 202) 354-2248%
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which serves to tucn

« TINKLER:

Part o

cver

£

the

the atacsphere in

re. ..

15

nydrogen skimamer syste:m

those dead-ended

cegions and feeds it to fans -~ they essentially --
COMMISSIONZR HEND2IZ: So that the dead-ended
volames 3ls> have 2 circulation that g2es around that?
¥2. TINKLER: Yes.
MR. R0SS: Okay. Let's loock at somea nuserical
results on the next slide.
. (31ide.)
¥8. 2CSS: These will all be eithar pressures oC

temperaturas or ic2 masses remaining for what «ill Gbe

referred to as the b

ase cCase,

and

are printed in rather small print at

tvo fans and one spr

snsat of burn at 10

€ach burn

abscissa is time in

Zeco. That is the ©

All

a‘v.

seccentc, a

burns the hvdrogen comgzletely.

seconds, a
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starts vhen

XAZCH
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o
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origin
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Ae have

Zero.
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7cu s=2e

s
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Tepresent an

2nough to produce

hydrogen, which was almost an hour isus.

-

So, if you added 3,43C seconds to each time 2on the

"
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the lover comparta2nt, you get a burn 20d you see a spike
temperatuyrs up to about 2,000.

In this dase case, there were nine separate
burns. Each burn involved 1C0 pounds of hydrogen in the
lover compactment. There are several cucves, once again,
for the bas2 case. Let's look at the next slide.

(Slide.)

¥R. R0SS: There is one bura Zcor this base case in
the ice condeanser itself, and that is shown by this peak
here.

Naxt slide.

(Slide.)

MR. ROSS: ZReverse it.

(Slide.)

¥R. E0SS: This is the pressure that accsmpanied
the base case, the pre~hydrogen pressure ~-- the ordinate now
is pounds par sguace iach absolute, and the time scale on
the adbscissa is the same. The pressur2 has Deen rising as

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

o

small break, and then the hydrogen burn gives 2 delta of U6
pounds, depgendins on which bura == burn gases going through

the ice ani meltins socme ice.

. 1
Yydrogen t0o a certain concentration 1is also
s _ .
aigrating ia the upper comgactaent. 1 during this
a N
predicted accident seguenc?2 you jot tha .U percent at the

ALDERSON REPORTING COMPANY INC.

400 VIRGINIA AVE, S.W., WASHINGTON, O0.C. 20024 202! $54-2345
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gpper compartaent, it would durn there ilso.

¥ext slide.

(S1ida2.)

CONMISSIONER GILINSKY: Are these burns all taking
place in th2 lower compactaent?

M3. ROSS: Yes. Well, if you look at the upper
compartaent temperature, and if you got a spika there, that
vould represent an ugper compartment burn, and there are
som2 cases in the paraaeters that tave teen rmn so far where
you do get upper coapartaent durase.

In this base case, the hydrogen coacenteration in
the upper zoapartment exceeds 2ight but not ten, so the
model that was put into it, it 4id not burn. If you believe
that it burned at 2ight, it weculd have buzned. Sc¢, there is
a lot about the cade that is user input. The physics of ‘
when it sheculd burn are certainly not put ia. It is these
pariseters that would flow either £from the TVA tests or the
lavrence Livermore tests or oth.

CIONNMISSIONER GILINSKY: Let me understand. If you
have the faans running presumably you have the sane

concentcation.

- . T — """ AN - % &a
comgartaent vc.lume 1S atound GU U000 CUuliC T eete.

takes tine.

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE, 5.W , WASHINGTON, 0.C. 20024 1202) 354-2348
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COMMISSTIONES GILINSKY: 3efore you get it ==

¥8. ROSS: 1Right, but for that this probably would
not be worth anything. This shows the pressure spikes due
to the flov from the lover compartaent to the upger
compartaent. I think the first spike there which is tallest
is the fact that it burned in the ice ccndenser itself.

Naxt slide.

(31lide.)

¥R. R0

= This is the residual ice uass

(O]

resaining. The calculacion was terminated on all these at
about 30 percent nstal-water r2action, because at that point
I thiak you would have proceeded to a core melt situation
anyvay.

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

’ -
7]

(S1lide.)

MR. RCSS: We have been locking at Line 1 base
case, again, where you started burn at 10 percent and >durned
to completion. In Case 2, the paramet2ar was -- £3r onse% of
ignition was lowered to 8 percent, and you 30t mcre burn,
and notice the upper compartment temperature wvent to 2€0,

because you did get a burn in the upzec compactrent.

We 40 not have any detailed slides here on

. v - -~ - ™ e - - - &
anything other than tiha base case. Cagse 3 with the one fan,
b i - - s - - - - 4
the results ara not auch differant than the Dase case which
4 . i - 3 - - -
had two fans. A liattad amount of ice. You notice that the

ALDERSON REPOATING ZOMPANY 'NC
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peak pressuce 4id o0 up toc 4l psia.

The prassure suppression would bte then for the
upper containmant spray.

COMMISSIONER GILINSXY: Let 2@ just ask you
something. £ you have 10 percent hydrogen buraning in a
closed vessal, I juass I exgectad highar temperatures --

pressures. Is the thiang that keeps you £from that --

MR. RCSS: The venting.

<

COMNISSIONER GILINSKY: The venting. I see. Ckay.

R. R0SS: And then the incre2ased temgerature in

the upper coampartaant, like for Case 4 especially, would bde

absorbed to a degr2e by the spray wvater, which is about

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

would be tha case where you did not =-=- vYou see the peak

temperature going up in the upper comgpartment. You wvould

not de getting the beneficial effect cf preferential Ddurning.
The lowest pressure predicted was 27 pgsig, and

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

psia. S0, with the no ice situation, that is right on the

borderline or a little bit below.

Now, the precaugtion that wa have to sbserve on all

of this is, these are very preliminary results. %e have not

ALDERASON REPORTING COMPANY NC.
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be done on this code.
Next slide.
(31ide.)

MR. ROSS:

Looking at what we have done-at NBR,

there have been tWwo efforts, the experianental affort al
Livarmcre and the analysis work done at Battelle-Columbus.

Naxt slide.

(Slide.)
MR. 30SS: We are sponsoring 2 small-scale test at’
Livermore on the ijzniters that are prcposed to be used at

TYA to try t> dstecmine the onset and completion of the burn

of hydrogen-air-stean mixtures. We have akbout a ten cubic

feet vessel that is being instrumentaed with prassurs

transducers and gas analyzers and igniters furnished by TVA

are being aounted on a2 trailer out in California at the

Livermore tz3st sita.

Construction is under way now. Testing should

start ia absut a manth, and should be finished by the middle

or and of Jztober.

Next slide.
(Slide.)

¥YR. 2CSS: A schematic of ths arrangement is a

1 1 - o : . 3 4 N
cylindrical teost vassel shown on the l2f£t with varlious
b | - - -~ n - -~ - - irn - .. \-‘ .- -~ a~A = - - -
savn Dbé ..O.tso anas eans o= - B kb D liamiay !----EA St Samw ans
-
then the sta2anm ganaratdr to adi tha stean.

ALDERSCON IEPORTING COMPANY NC.
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Ckay, next slide.

(31ide.)

MR. ROSS: On the analysis side, Wve have had a
liaited number of -uns done with the MARCH code itself.
Now, MARCH, in addition to doing a core calculation, has
relative to CLASIX a zslatively siaple containment zodel.
It does have an upper and lover ~ompartment. It has ice,
but it has soam2 lianitations also.

far example, it does not modal the heat femoval by
the containment spray as loang as it has ice, sc there are
some featuras abcocut it that if ve were going tc use it
exclusively for this pucpose, it would need impcovement.

For the limited pucpose of comparing it with CLASIX, we have
had some runs. Let's go to the next slide.

(31lide.)

¥2, 30SS: We used rcoughly the same hydrecgea
source term as was used in CLASIX. In fact, it vae
furnished by that. Xove the slide up just a little DdDit, and
you will se2 the time in seconds is the abscissa, and pounds
in hydrogen released is the ordinate. This is rtwo-Zourths
oar three=-£fourths of the tctal core aetal-water rceaction.

Okay, next slide.

1+ 4
\:-‘.-e.)

o & - % . a
¥R. FOSSs Some 9f the results =-- and the
- - - - . -
righthand anstcy containaent Peak pressure 1as two numoers,

ALOERSON REPOATING COMPANY. INC.
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1 actual and adiadatic, and the adiabatic is the number if you

2 had no heat removal 3y the ice or sprays, whichevar happened
3 to be working it the tinme.

4 The actual coluan actually runs lower than the

§ CLASIX numbecs. This shows the principal seasitivity study
8 wvas the onset of iynition, and you see here eight, ten, and
7 twelve, the extent to which you burn t> completion. You see
8 Case 5 it burned only docwn to 4 percent, and the burn tinme,
3 and the pea< pressures, tha actual peak Stassutes. 2C or 130
10 pounds, couzhly inalogous to the Westinghouse stuff.

n The same admonishment applies to MARCH. It has

12 not been developed for this detailed purpose, and woulc

13 require more development if it wers to e used Zor that

'4 purpose. We have 219t yet sponsored or workad 2ut an

1S arrangement where the code would te mcdified, and I am not
18 sure whethar we will or not, there being competing

17 priocities.

18 Next slide.
19 (S1lide.)
20 MR. ROSS: 0Okay, #we discussed than the f£2atures

21 that are being propcesed by TVA to mitigate larcge anounts of
2 hydrogen both in rates and amounts. We have discussed sonme

23 of the analyses tha: have heen done, the conficmatory werk

- e &8 g T 3 e 3 ~ 3
24 by the statf. cifice the Zina. decision oOn The seguoyal
. - 4 .
25 operating licens?2a aAlcve S tercant 1§ nNear, LI Not tcday ==

ALDERSON IEPQATING CCOMPANY. NC.
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since not taday, it seems like there are several options
available tc the IRC.

The plant currently is atc 5 percent or lowver, and
one option uatil igniters are installed and found to be both
safe and efficient, the license could just be kept at S
percent. On the other hand, Cgtion 3, shown here, and which
ve £find accaptable, the NRC could authorize operation up to
100 percesnt, up until the igniters got ia and put the
igniters in at some suitable :ime.

Ian betwean QOpticns 3 and C are also -- they are
graded between A and 2. We could -- the NRC cculd perait
opecation up to some powver, such as 50 percent, uatil the
igniters were osperational. Or it could go ahead and
authorize 100 percant for some limited period of tiae, with
soge kind 2¢f license condition to say, you aust have had
zither igniters or some equivalent mitigative measure
opecatisnal by then.

So, we are throwing these out for discussion. The
staff raport said ve did ceccmmend Option 2.

This concludes our direct presentaticsa.

COMNMISSIONER GILINSXY: what is the recommendation
now, the SO0 percent? We tock this up, a similar guestion,

vhen we were %talkiag about =--

ALCERSCN REPCRTING COMPANY, INC.
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considerations, although one can argue there is a benefit in
operating at SO percent versus 100 percent, because it does
provide mnore tine £cor operator actions in the case of things
going wrong.

The basic reason for our belief that one ought to
place a 50 percent limit is the prudency of the situation.
TYA has proposed some relatively new features for this
plant. They have recently at least completed an initial
evaluation and got i; in to us today, I guess. We are in
the midst of our evaluation, and given that situation, it
seems prudant to us to limit the power to 30 percent, while
that evaluation is ongoing.

Moreover, that does provide a vehicle for
converting IVA's plans for continuing svaluatisn into an
enforceable licensing commitment, and it does it in a wvay
that it encouragas them to work hard on this subject, and
pcovides an incentive for thai':c work with us in ceming up
to a final avaluation of these igniters as distinguished
from Cr-  .on C, which would be more or less of a stick
approach t> the juestion: if you dsa't <do the jeb, you will
suffer a horridble penalty.

We think the incentive approach 2f COgtion 3 is a
preferable approach.
cIoNNIs

v PN

)
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ceasonable interpgratation cf the viawv.

Saquoyah is getting == I guess they have about
completed, or ace jetting closa2 to completiag the test wverk
vhich they have to 49 at the 5 percent permitted operation
-= gperating lesvel. We all recognize that their ongoing
efforts are of substantial mnagnitude in connecticn with the
subjects of accidents more sevare than the dasign basis,
hydrogen in particular.

de have before us a groposed advance notice f£or
rulamaking 20 the iagrided cora matter, and ve are also, I
trust, if the staff proceeds as it plans, wve will pretty
quickly have a gsroposed interia rule t> provide some interia
measures in that ca2gard, and we all recognize that the ==
that Sequoyah is an ice condenser containment. It falls
somavhere in the middle between the guite small volume
containments and the big dry containments which appear to be
considerably less sensitive to these things.

Now, it 1ppears t2 me that TVA has taken a faircly
aggressive and focthcoming sort of view on this. Rather
than standing back and saying, well, t2l1ll us what 7ou wvant
us to do, why, they have slammed ahead and studied the

problem, ani locked at things that seemed to them reasonable.

- - . —
they hava proposed and are, 1 giess;,Tmeving -
forward to iapleament this ighiter system on the C-asis that
A 2 - <
foar at least a fair raage of core danage accideats in which

ALDERSON REPCRTING COMPANY. INC.
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some hydrogan would be avelved, perhaps up to T¥I levels,
and that for which a full core melt and all that great line
of catastrophe would not follow, that for this fairly broad
range of intecrmediats class accident beyond the design
basis, it appears that if you acre able to burn such hyirogen
as has evolved -- as it is emittad from the primary systenm
and sort of burn it in chunks, and hava time Letween buczns
for the con*tainment heat removal operation t¢ act, that
the:o voull be substantial mitigative Lbenefits from such a
systenm.

4R. CASE: TVA's view and our viaw, although
neither of us have completed an evaluation =--

COMMISSIONER HENDRIE: You are maving ahead. I
think that is a good thing for them to 4o, to be thinking
and acting on, but we find ourselves now, or you fiand
yourselves not having bean abla to collect as auch
information as you would like to complete ysur sort ¢f -~ I
don't knowv whether to call it Phase I °r come to a
satisfactory level of understanding, and understand some of
the details of the proposition

The 3zuestisn nov is, well, okay, should Seguoyah
sort of stay where it is in its start-up saguence until ve

- - . ' o— -
sat this straizhtensd out in a couples SLwmconths OF

ALDERSCN SEPCRTING COMPANY, INC.
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that would be compatible with keeping future cptions open,
compatible +ith safety ragquiremants, acd so on.

I judge what you are saying is that it would e
teasonable to allov them to continue the powver escalation
and testing up ta, vou say, 50 percent.

¥R. CASE: And if there were brief short-period
tests that they vanted to undertake above 50 percent for a
gooi reason, we would consider those oan an individual case
basis.

COMMISSIONER HENDEIZE: Yas. Presumably if they
were of short duration and if they had appreciably the
fision product burien andi so cn -- but hopefully, as I read
it, you are -- your situation is mora cne 2f needing a
couple of nore adaths to receive and digest information on
the igniter system and its benefits to hydrogen contzol, to
allov some 0f these test results to come through, and ve
have always been in a situation lixe that ~-- in a situation
like that, ve have always been rceluctant to stampg anything
final.

I guess I read you as saviag, well, vcu Xnowvw, sonme
progression along the power escalation, that wculd be guite
safa, and you arce not prepared to sign off on this

proposition. That is sort

ALDERSON REPORTING COMPANY. INC.
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improvements made since THI, it is cur view that for ice
condensers in general and £for Sequoyah ia particular, our
cucrrent view that those iaprovaments have reduced the
likelihood 5f a TMI type hydrogen release to such an extent
that wa can allow them continued opsration or starting of
operation, and let it continue pending completion o0f the
rulamaking proceading.

And this position that we are now taking --

COMMISSIONER GILINSXY:s I don't want to tie you up
in sort of regulatary logic, but ~- and it is a complicated
subject =-- but givan that position, and I dan't think I
agree with it, but given your position, you are putting TVA
in an awkvard situation.

I mean, here they are. They havae done more than
comply with your reguirements. They have been extremely
focthecoming, as Joe@ said, in taking the ianitiative and
studyiag this problem, and they have been very rigorous
about it. Unfortunately, the solution they propose is not
one that immediately, clearcly might be effective, and
therefore they cannot operate at full pover.

I suppose if the thing could be proved to either
work or not work, they could go back t3 £ull scwver.

MR. CRSE:—Tt 4oesn't, unfortunataly, vork out

ALDERSON REPORTING COMPANY. NC.
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and then thare is 1 two~weak doWn pariocd, as I remember,
Denny, starting in September ~-- is surely coasistent with
our schedule 0f getting new information, absorbiag and
evaluating that new information.

So, I would hope by the time that they are ready
for any sustained operaticn above 30 percent, we woculd bde in
a position to have revieved it encugh tc take an affirmative
position on their proposal.

CIOMMISSIONER HENDRIE: In some ways --

¥R. CASE: Provided a2veryone continues to work
hard, and tiis is the incentive :-hat I think is there.

COMMISSIONER HENDRIZ: In scme ways, Dave
Freeman's forward drive down thare results ia an
eabarrassment of criches here, 2aad ve ace strug3iling hard %o

t.

’4.

get a review handle 2on

CONEISSICNER

wl
(]

LINSKY: At leas: if you take the
position that E4d laid out on whether or not you are going to
require further control measures -- Let me ask you, sugpose
things 4o not work 2ut as everyone hopes they will. What
then? W%her2 does that leave 7y2u? 20 7o2u then siamply ¢° back
to the srigzinal position, and say it was not regquired ir the

first place?

~ g *r 6 | - - - -
IR, CRASt: T woull expact by that tine the interin
1 i 3.1y ™ 4 - -
rula, whateaver it nay say, #i.l De 1lh place. Currently, the
. % T4 - - - - - -
staff's proposal on that 2ould reqQuire studles bY iCe

ALDERSON REPCRTING COMPANY. NC.
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condenser applicaants as TVA is

different kXinds of measures o
hypothetical hydcogen problam.
So, they would de in

hava been workiang on those,

time. It will de consistent w

Comaission takes a different position 2n

thea it is hrard foc me to say

CONMISSIONZR HENDRIZ

progosi:ion aizht bde that

treated as part 3f -- you know

condenser dasigns which would

8R. 2CSS: I think t

COMMISSIONER HENDRIZ

hava this 3reat jaans where the

it to Problea 1, and

reduciag

Problea 1, vhy, that is tha so

Problem 1.

So, in stcme wvays, th

(3eneral laughtarc.)
BOSS: 1 thiak ¢

solution. part woul
Seliave,
gsince TMNI ®5

the other

Segqucyah

conducting of neasuces.,

aitigate at least the

their studies they will

and perhaps £inish by that

ith the interim rule. If the

the interim czule,

what the situation might be.

s I guess the general

at that point would Dle

, Wwould ba one of several ice

e treatad together.

ha
: The mathematicians alwvays
Problem 2 by

y would deal with

then say, since they had done

t is nov rteduced tc

lution.

is is analagous.

he =-- there <can be a tvo-part
i be the hariest one, I
ing to gquantify the benefits,
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deasnstrate the us2fulness of tne h

de know it is being looked at.
Work needs to be 4one. But I think if you
igniters just would aot work, then I think
next stap.

e had a fev pages of discussion
cons of halon. Due to a press of tize, e
into our draft, and if it seems useful in
Commission arrive at a decision, we can prC

separataly.

COMMISSIONER KENDRI

saparately, Just t> see what the current thinking is.

I wvas going to say was, it appears to ae ¢t

-+ 31

lcn systenm.

It takes tine.
concluded that

that wvould be the

an the pros and
did not get it
helping the

ovide that

s I would like to have it

What

hat the -- you

Xnow, ve have talkad a little bit about this business of

igniting as hydrogen avolves as a prafarab
having a substantial hydrogen buildup in a
then some a-cidsantal igoiticn sourca kays
certainly going to happen.

I think it would be very hard ¢t2
that a containment with all of the jear in
electrical circuitry and so on, that you ¢

accident and get flaamabla hydcogen conten

l2 circcumstance to
containment and
it, as is alaost
mak2 an acgument
there at the
culd have an

- im -
- -k :‘Ae
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but I doan‘t think you could Jjust make that as a ge

argument for ragulatory purposes. It

izniter systeom, aithsr as TYA proposes it, or with

igniters, or different model hct wires, or glow pl

the tests may indizate,

least a usa2fuyl range of accident circumstances, in

class of sever2 core accidents beyond the

¥Now, how bhroad that range sort of the

usefulness, is it the sreat panacea that cures all

probleas? Well, you know, lifs generally does

great panaceas, but is it that, or is it a

range?

That cemains to be seen, and I

through the recurring cycles of analysis, each mor

sophisticated than (n1e last, before ve know the £i

nal

32

neral

seems to me that the

more

ugs, as

this

design basis.

will turn out to be beneficial in at

cange of

the

2xpect we will go

dork

word

that

on that, but I think we ought to have a pretty good hack at
it and get sur hanis pretty well arouni it in the
is forthcoming ian the next couple o9 months

and TVYA, and others.

So, it strikes ze that the igniter

to be a useful adiition to the ara=ment, particula

this interm2diace volume,

ALDERSCN S[EPORTING COMPANY. 'NC.
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armament thit ona wvants to cover =-- reasonalkly cover these
possihilities.

I would not f£f-r ayself think in teramas that this is
it, and that is joianag to be all ~-- what ve are going to have
to worcy about. T think it is possibls wve might find wve
vant some Sther measures, but as I look at it, 7 do not see
that the igniters are not going to Dde useful

S92 I think it is a step in the riszht direction,
but. it certaialy dces not cule out cther measures. NWe have
this classi: containment, and the M¥ARX III's have about the
same so.* of hydrogen problem, about the same volume. The
first ¥YARK III will come along, I guess --

¥R. R0SS: October, 1l981L. Grand Gulf.

CONMISSIONER HENDRIE: But presumably we will have
an opportunity t3> look at the proposition defore then. I
believe that is when they would hope =2 crank the machine.

¥R. ROSS: Yes.

COMMISSIONER HENDRIZ: So thara vwas a little nmore
time there. Well --

CIMMISSIONER GILINSXY: Let ae rceturn to what I
vas going %2 say bhefore yosu started. When ve wveraes taking up
the case of Indian 2o0iant, there was scme suggestion that

pechaps the reactor oSught to run at half zovwer duriag the

period of the hesaring or whatever, and these, as I ranamber.,

vera pretty auch dismissed as not really offezing very nmuch

ALDERSCN REPORTING COMPANY. INC.
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in the way 2f increased safety.

Y2. CASE: It is hard to gquantify the safety
benefits, although everybody knows it is in the rcight
dizection.

COMMISSIONER GILINSKY: Obviocusly, if you get to
zZero --

COMMISSIONER HENDEIE: As I cacall, the task force
advanced arjumants in favor of power at S50 percent, and that
there was a3t a commensurace reduction in risk, and then
after all ~¢ that, I think you ended up saying, well, in
effeact, by the time ve get through throwing it all ia the
air and watzsh it fall dovn and see how it stacks up, vhile
ve juess there aignt b2 somethiang coughly zreoportional.
Wasa't that the way ycu ended up?

¥R. BE3INER0: Basically wnat w#e said was that the
risk contcribution related to power comes in twe pieces, the
long-lived activity and the short-lived activity, and the
pover reduction affects the shoct-lived but not the
long-lived. In this pacticular instance, at the beginning
of core lifa, 2ll you have to play with ara the short-lived

activities.

ALCERASCN REPCATING CCOMPANY. INC.
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S92, what ve said in the task force report was that
the long-lived activity was less than propnrtional to the
pover reduction, the risk raduction associated vith
lang=-lived activity, and wvith the short-lived, it vas
propor*icnal, S0 that on balance it was very hard to be
quantitative, but Lt is not a big factor.

Fifty percont povwer is a factor of two reduction

at best, and that is nst a very big factor.

(8]
-

COMMISSION

R HENDRI In £ision products, but it
is also a factor =-- a substantial factor reduction in the
after heat rat2, and hencs the adiabatic heating rcates of
undaccooled fuel, 2nd hence the whole likelihood that you
are going to> end up letting go.

YR. BEBNERC: A lot nore time to figure out what
the plant is 4o0inz ani direct the sitvation. 3ut at the
beginning of core life in a situation like this, you are
g2tting far more benefit per percent cf power raduction, but

you are already down there at a fairly low power == low

level of risk anyvay, because of the small inventory.

e

EXDS

L0
e
1

CIMMISSIONER I# you coansider the SO

percent at Sequoyah progositicn solely in the context 2£f, it
i necessary for safety, I 4don't 3uite read it that way.

That leads ne to s3ne, as you say, logical 4i:=

- - B4 -~ : 1 . - - - K
R+ CASL: The 1ogic by which 1t was pLoposesl =~

el & ocTAgYrS - ABTPTe - 4 e & & =
CONYISSIONER HENDERIZ: I read it msre as, you

ALDERSON [EPORTING COMPANY. INC.
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know, ve have this proposition nade to us, and TVA ¢thinks it

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

and details and staff have not been able to complete that

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

of conclusions. Staff needs =ore time to work on it.

¥R. HANRAHAN: YNc other ice condenser plant is

going to de affected, and TVA, as you correctly point out,

is forthcoming in 39in3 bsyond what is regquired, s0 it seens

appropriate to further stick it to them.

COMMISSIONER HENDRIE: 1t is a hard safety

argument to make from the standpoint of regulatory
consistency.

¥RB. HANRAHAN: But then to use it as a carrot, it
seems that they have already come Zorward saying, you know,
they are praduciag their own carrot. “hat would you have
done if TVA had not come forth with tha propesal for tha
igniters? What would we be proposiang in this case?

¥R. CASE: That is a hypothetical guestion.

(General laughterc.)

MR. HANRAHAN: You probably would have done the

ice condenser plants.

same thing you did with other

COMNISSICNER

GILINSKY: YNy

b} -~ - - -
have reasonalble assurance that the conta.nrent can function
. - 4 -
and protact the putlic against 2 spectrtunm 2f accidants ve

ALDERSON 2EPCRTING COMPANY NC

400 VIRGINIA AVE, S.W., WASHINGTON, 2.C. 20024 (202) 554-227 ,
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think reas>nable, then fine, the thing ocught to tun. If it
cannot, then it ought not to run.

fau know, no matter how early in the plant's life
or how few fision gproducts there are, we would not let it
run without a containment. Well, here we have a containment
which canaoct cope with accidents of th2 soct we axperianced
last year. We are not talking about something that somelody
dreamed up, you xno¥, one hypothetical on top ¢f another.
It is last year's problea, and whatever credible neans I
thiak happening last year gqualifies you for credible.

MR. CASE: Well =~

¥8. 3CSS:¢ I need to gualify the results that ve
have shcown here. Due to design differences, the results
that vere 2a th2 slides today in terms of failure pressurces,
yield pressures, or containment loads such as ugper and
lover compartment pressures, 43 not apply to D. C. Cook or
MacGuires or any other ice condenser that we ara2 awvare of.

These plants are unigue, and you cannot generalize.

CONMISSIONER GILINSKXY: The precise numbers doan't,

L ]

but the fact that the containments are a facter of two
diffecent --
COMMISSIONER HEND2IZ: Ia volume,

CONXISSIONER GILINSKY:

T e .~

ALDERSON REPORTING COMPANY, 'NC.

400 VIRGINIA AVE, SV, WASHINGTON, 0.C. 20024 1202) 554-2348
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percent thizker. Ia other instances, it is not even a
free-standing steel shell. It is reinforced concrete. One
plan% has a lowver compartaent ==

COMMISSIONER GILINSKY: You are right. We cannot
transfer the conclusioas. L

MR. RCSS: You may still conclude it cannot stand

the hydrogea bucne.

COMMISSIONER GILINSKY: It calls fo

n

analysis.

¥R. 30SS: It indicates it should be lcoked at.
The conclusions Jjust don't =--

COMMISSIONER GILINSKY: Not necessarily at any
rata.

MR. CASZ: I wvant to make one point. I agree with
you, if nothing hai deen done sinca last year, the transfer
of credidble --

COMMISSIONER GILINSKY: I understand what you are
saying. We have taken a lct of steps. We have given you a
1ot of iastcuctions. We have proposed a lot cf fixes ia one
way or another, both procedural and hardwvare, but it comes
dova to wvhat you regardi the lesson is frecm last yeac's
experience, whether it is that specific things hapgened

which we have ncw cesponded to.

o
b
L2 )
w
L
o
1+ 2
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w
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o
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n
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» _ .
I am inclined ¢
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MR. CASE:¢ I don't disagree with ycu. You have a
perfectly cational argument, but the morCe yd5u can put the
umbrella on, the bigger the umdrella, the better I feel, and
it is just a1 guestion, Commissicner Cilinsky, 9% vhere your
judgment lies and where you draw the line.

COMMISSICONER GILINSXY It is a question of

judgment.

COMMISSIONER H

")

NORIZ: 3But, Vic, what you said is
soct of, you kncw, the basic way that you coae at the
question. It dces not seem tO 1e o nscessasily lsave you
sayiang that it would not be a resasonable proposition to
allowvw limitad opacation for a =-ouple of months. It is clear
that ve are -- that we do need to do something about the
hydrogen proposition. We have it in process, and in a sense
-=- in a sease Sequoyah arrives at this stage iz its progress
at an inconvenient tiame £or us, and you kaow, wWwe are trying
t2 deal with vhat is a reascnable and grudant way =o deal
vith the application, which is consistent both for the
ovecall safaty rajuirements, the diracticn we think ve are
going to end up 359iag there, and with not unnecessarily

constraining or penalizing the particular prolect.

CONNMISSIONER GILINSKY: Well, let me --

CONNMISSIONER HERNDRIZ: I d3on't knov that ve need
to he, yoUu know, gatting our feet set in announcing tiis.
It is more 1n 2xchange of views with the staff, and we will

ALCERSON REPORTING ZOMPANY. 'NC

400 VIRGINIA AVE, S.W., WASHINGTON, 0.C. 2002¢ 202 354-2345



10
"
12
13
14
15
16
17
8

19

21

24

' e o 40

get back to it in subsequent 23e2tings.

COMMISSIONER GILINSKY: I thiank there ace a couple
of features about this problem that make it a little
differeat than soa? of the other situations that ve have
faced in which we have made exceptions, and ve do allow
somathing to go on for a fairly good time that you would not
othercvise.

Foar ona thing, we are not talking here about a fix
vhich we know to be available, and a satisfactory one, but
it simply takes a little while to get the hardware in.

There are instances of this sort wvhere we have agproved it,
but we know it is just going to take a certain amount of
time, and = say, 3ll cight, ve kncw it is 3 good fix.

YR. CASE: We are more at the £freontier here.

COMMISSIONER GILINSXY: Here we are open to a1 gocd
£ix, but we are noc sucre. I think that is the Ceason we are
holding up, becausa ia fact tha actual fix is pretty easy to
carcy out. That is Number Cne. Number Twe, vwe arce talking
about something which is pretty fundanental, the containment.

Take th2 safety injection system. The other
systems ar? just considered pretty fundamental, and you

would not 30 to Pob Bernero and say, what is the probability

of somethingy hapgening if ve unhook tha ECCS systea for a
while. e just don't do things like that, except wWwhere ve

that for
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oOne reassn 5rC andther Jur extlfefe tough requirements don't
necessarily have t> be applied because it is a small reactor
or somethins like that, but we would not uahook one of the
basic systeas and say, vell, you know, it is oanly for a
little vhile, a month. ‘what is the chance of having a LCCA
during that period? That kind of thinking -- I mean, oOne
could do it that way, but over the years, I think ve come to
regard that as beiag a little too chancy.

As you say, this is just an 2xchange. Ae are
looking at the pgroblem in different ways and turning it
around. Thare is not any need to adopt £irm positions here,
but I think thoss ispects of it are worth pointing out.

CONMISSICNER HENDRIE: Are there saoae cther things
that occur to you at the moament to Xick around?

CONNISSIONE XY: Yo.

S
COMMISSIONER HENDRIE: All cight. Very

"

f{nteresting. We will look forward to our next session and
further discussions.

8y the wiy, you say vou 3ot the package fIrom down
south today?

¥YR. ROSS: We were tald it is either in the
airplane or it is landing. It is the safetry anpalysis.
Right.

COMNISSIONER GILINSXKY: It is worth repeacting what

you said. TIVA 40es seem tc e apprsaching this problenm

ALDERSON REPORATING COMPANY. INC.

00 VIR AVE, .., WASHINGTCON, O.C. 20024 1202) 554.2345
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pretty vigocrously. That is all to the 3cod. In fact, they
have taken the initiative on it. I am glad to see that
happen.

¥R. BOSS: Along that line, they did agree to give
us the saze data ve were looking for from Livermore on a
more expedited basis : their own test facility. If they
did that, in our opinion it would advance the project a
aoath or tws.

COMMIS. IONZR GILINSKY:s Along those lines -- Y¥ay 1
ask one mor2?

COMMISSIONER HENDRIE: By all means.

COMMISSIONER GILINSKY: What are you locoking for
from the Livermor2 data in this sense? Are you looking to
convince yourself that the igniters will not make things
vorse, or that they are in fact going to be effectivae?

MR. 30SS: We are looking overall £for safety and
efficiency. I think ve get the safety thing just £ -oa pure
theoreticzal calculations, for example, postulating a
stoichiometric fireball, if you would, 2s biy as the
iistance between the two furthast igniters, and seseing what
that does on containment.

I think all the safety aspects can se done that
4ays The afficisanzy arjument is what you would get from
Livecrmore, and it may be that through sensitivity studies

plus whatevar 3ata

ALDERSON REPOARTING COMPANY, NC

400 VIRGINIA AVE, S.W., WASHINGTON, 2.C. 20024 (202) 554-2248
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for the finish of cthat experiment. We Just have to see how
it comes out.

COMMISSIONER EENDRIZ: And I think there are scne
useful things that you would like %2 have an experiaental
handle on.

COMYISSICONER GILINSKY: Cne has to> go through that
triangular chart and sketch it out again.

COMMISSIONER HENCRIE: Things like, will the glow
plugs stand up in 3 damp atmosghere £ ¢ a Ce2ascnalle Wnme?
And vhat the efficiency nf ignition is. I3 there a gap
operating at 1,700, or can you sack dovwn 100 degrees?

MR. RUBENSTEIN: I myself would look £fo

n

information as an ingut, say, to a code like ¥ARCH, which
vould say zhis is the hvdrogen ignition point, and if ve
reproduce this test many times we would know what kind of an
input we want t2 put into it, and we wWwould jet perhaps some
burn limits from that, and pechaps even durn tinmes, and the
raliabilicy that the plug would work, and it would work at
these given percentages of mixtures of hydrogen, air, and
steanm.

COMMISSIONZR HENDRIEZ: The rc2ascon I asked about
vhether the TVA submissicns were ia fact in hacd today, they
ire practically ia hand. W2 have scheduled =~ There is 2
neeting schaduled naxt week on this suzject, 30 ycu «will atc

a4 - - 1y o- s -y "
least have had a =3anc? to read tuice chrcugsh the TVA stuff,

ALDERSON REPCRTING COMPANY NC.

400 VIRGINIA AVE. S.W., WASHINGTON, D.C. 20024 1202) 354-2345
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$9 we 2y have 3 little aore -- a-little nore information
discuss.

COMNISSIONER GILINSKY: Yes. Fine.

¥8. R03S: That is rcight.

COMMISSIONER HENDRIZ: As wvell as coantinue the
soce policy ~riuntad part of the discussica.

Ckay. I thank you very amuch.

(dhereup>n, at 3:12 p.m., th2 meeting was

dd3z3zxzd.) .

ALDERSON 3IEPORTING CCMPANY. NC.

400 VIRGINIA AVE, S.W. WASHINGTON, D.C. 20024 202! 384.2348
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PDIABATIC CONTAINMENT Eina. STATE

Hyprocen CompusTion Ve = 1,192 x 100 BTY
CaLcuLATION 1§ = 2000 F

P4 = NRT/V = 68,6 PSIA
MoLes Op = 450

MoLes Np = 2324

MoLes Hy0 = 331

sl
e

REACTION PRODUCTS
HEATED BY COMBUSTION
e DLV, 1 (Tp = Tp)
InjTIAL STATE '
Vou = 1,193 X 10P ¢13
To=77F

Py =16.3 PSIA

Mores (2 = 615

MoLes Np = 2524

MoLes Hp = 331 = 0066

ALL HYDROGEN

REACTS WITH OXYGEN

o = %3] Mores (1,04 X 105 BTtW/More)
Af = 344 ¥ 106 BIU
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VA
- NEGLECTED STIFFENERS

- USED ACTUAL STRENGTH INSTEAD OF MINIMUM CODE YIELD STRENGTH
OF STEEL

- 33 PSIG YIELD PRESSURE
- 13,5 PSIG ULTIMATE STRENGTH

A'ES LABORATORY

- QUASI-STATIC RIALYSIS

- INCUDED "SEARED" STIFFENERS
- 36 PSIG YIELD PRESSURE

RED) ASSOCIATES |
- ASSUFED STIFFENERS RELATIVELY INEFFECTIVE
- USED MINIPLM CODE YIELD STRENGTH OF STEEL
i - 27 PSIG YIELD PRESSURE

RS
- 34 PSIG YIELD PRESSURE
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SHORT TERY
PROPCSED DISTRIBUTED IGHITICH SYSTEN
PHASE T (INTERIM

. SySTEM INSTALLATION AND TESTING COMPLETE BY SEPTEMBER 15, 1880
. Prior ComaisSION APPROVAL BEFORE SYSTEM IS MADE OPERABLE (TVA susMITTAL

sy Auwsust 15, 1320)
. System Desion

. 30 GLOW PLUGS
18 1N LOWER COPARTMENT

S IN LOWER PLENUM OF ICE CONDENSER

f} 1N UPPER PLENUM OF ICE CONDENSER

3 IN UPPER COMPARTMENT

. GYAC 7-G DieseL ENGINE GLOW PLUG PRESENTLY BEING TESTED

. UTILIZING BACKUP LIGHTING CIRCUITS
. SEISMIC DESIGN
, POWERED FROM EMERCENCY Buses (EMERGENCY DIESEL GENERATORS)
, REMOTE | JAL CONTROL FROM AUXILIARY BUILDING

R T —

e R e
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v Buow Puus TesTing (sTATUS)

- DeTERMINING GLOW PLUG TEMPERATURE AS A FUNCTION OF ¢

VOLTAGE (lwous-AaerUJ"F;Evous-Aaun]

- TETERMINING DURABILITY 0F GLow PLUG (SPECIMEN HAS CO
OPERATE SUCCESSFULLY AFTER 6 DAYs AT 1700%)

- &TERMINXNG RELIABILITY OF GLow PLUG AS AN IGNITION £

(AcHIEVED 16M1TION IN DRY AIR MIXTURES Co
PERCENT AD 7 VOLME PRECENT HYDROGEN)

TAINING 12

- &TER‘HNING THE PERCENT COMPLETION OF HYDR

20GEN BURNS |
100% comusTion oF DRY AIR MIXTURE CONTAINING 12 voLL
HYDROGEN)

= FURTHER TESTING WILL VARY HYDROGEN CONCENTRATION AD T
STEAM ENVIRONMENT



PHASE 11 CimerovErENTS)

[MPROVEMENTS TO BE IMPELMENTED IN PARALLEL WITH TVA'S LONG-TERM DEGRADED
CORE TASK FORCE PROGRAM

IMPROVEMENTS

. EACH IGNITOR WILL HAVE INDIVIDUAL CONTROL FROM THE MAIN CONTROL ROOM

. 'ORE 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 SYSTEM COMPONENTS
WILL BE DETERMINED,

. EFFECTS OF THE HYDROGEN BURN ENVIRONMENT ON COMPONENTS WILL BE ANALYZED,

. PLTERNATE AND/OR ADDITIONAL IGNITOR LOCATIONS WILL BE SELECTED
BASED ON A BETTER UNDERSTANDING OF THE CHARACTERISTICS OF HYDROGEN
COMBUSTICH

. INSTALLATION OF HYDRIDE CONVERTERS NEAR THE REACTOR VESSEL VENT,
PORV DISCHARGE, AD AIR RETURN FANS WILL BE CONSIDERED.

. ADDITIONAL CONTAINVENT PENETRATIONS WILL BE CONSIDERED 70 FACILITATE
AN EXPANDED HYDROGEN MONITORING CAPABILITY,



PHASE 111 (FINAD)

«  FINAL MODIFICATIONS TO BE IMPLEMENTED AT COMPLETION
OF TVA'S LONG-TER'! DEGRADED CORE TASK FORCE PROGRAM.
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DEGRADED CORE TASK FORCE PROGRAM
- LONG-TERY (2 YEAR) EFFORT

- MAJOR TASKS

CONTROLLED iGHITION

HALOH SUPPRESSAITS

RISK ASSESS'ENT

CORE BEHAVICR, HYDROGEN GENERATION AD TRAWSPORT

HYDROGE! BURNING AID CONTAINYENT RESPORSES







« BIALYTICAL EFFORT

- WesTingHouse/OrFsHoRE PoweR SysTemMs

- ABOUT/YEAR STUDY OF CRITICAL PARAMETERS FOR VARIOUS ACCIDENT
SCENARIOS TO DETERMINE CONTAINVENT RESPONSE

- Using CLASIX cope (UNDER DEVELOPMENT)
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CLASIX CAPASILITIES

1. VENT FROM UPPER CONPARTMENT

2. ICE CONDENSER

3. RECIRCULAT IO FAM

4, DOORS - LOKER INLET AiD INTERMEDIATE
5. INDIVIDUAL REPRESENTATION OF Oy, Ho,
6. SATURMIED AiD SUPER-HEATED STEA

7. SPRAYS

8. Hy, Ny AND HEAT ADDITIONS

9. BREAK FLOA

10. BURN CONTROL

My AID E50



B T T W ——— R — - —

e e T e e I e e e B B T N TR L Py P TG T e e —

. PRELIMINARY ANALYTICAL RESULTS
- SELECTED SMALL BREAK LOCA RESULTING IN DESRADED CORE
COOLING (SZD seQuence oF WASH- 1400)

- PATE OF HYDROGEN RELEASE E 2D N MARCH cope caLcutaTION (omseT
OF HYDROGEN RELEASE 3500 SEC AFTER ACCIDENT INITIATION AND
ASSUMED TO CONTINUE UNIMPEDED FOR 3000 SEC, RESULTING IN REACTION
oF ABouT 807 OF TOTAL ZIRCONIUM IN CORE)

- HYDROGEN COMBUSTION ASSUMED wHEN 10 VOLUME PERCENT HYDROGEN
REACHED

= VARIED ASSUMPTIONS REGARDING AIR RETURN FAN AND UPPER
COMPARTMENT SPR&Y.PER?OR"V»NCE; AMD ICE AVAILABILITY.




1. [INITIAL CORDITIONS:

}
|
|
I
| 2. BIRY PARAETERS:
|
|
' 3, AIR RETUR FAIS:

4, SPRAY SYSTE:

6. BREAX RELEASE DATA

BASE CASE PARN'CTERS

VOLUES

TUPERATURES

PPESSURES

ICE MASS

ICE HEAT TRANSFER AREA

Hy FOR IGHITICH
H, FOR PROPAGAT 0K
0, FOR IGHITION

HITER OF FANS
CAPACITY OF EACH FA

FLOW PATE
TEPERATURE

HEAT TRANSFER QOeFFICIENT

5. 1CE COMDENSER DRAIN TE'PERATURE

oric

10V
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15 F
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MARCH COE
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1.1

1.2

HYDROGEN CONTROL

for

SEQUOYAH NUCLEAR PLANT, UNITS 1 & 2

INTRODUCTION

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 " '~y" containment
would probably not lead to containment failure. It is therefore
necessary t, 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.

Backgroun
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) 4¢:1L w.*h 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. [tem
11.8.7 of the Action Plan states that the staff is preparing interim

hydrogen control requirements for small containment structures.



On February 22, 1980, the staff issued SECY-80-107, "Proposed Interim
Hydrogen Control Requirements for Small Containments," in response to
Item [1.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 reiactors and will be imple-
mented at all plants under construction before operating 1i-
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 Il 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-80-1078

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.



1.3

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 5% 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.

Summar

The present status of hydrogen control measures for the Sequoyah Nu-
clear Plant as of August 13, 1980 is discussed in this secticn. 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 us2 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).



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 hy others

are reported in Section 2.4.1.4,

The staff has contracted with the Lawrence Livermore Naticnal 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 "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.



We believe that there is good iikelihood 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 inducirg 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

Rulemak ing
As part of Item [1.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



2.1.2

nuclear power plants should be designed for a broad range of re-
actor accidents which involve damage to fuel and rele;se of ra-
dioactivity, including design for reactor accidents beyond those
considared 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
coo’ing events with resulting core damage and the need for design

improvements to cope with such events.

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 performed 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.

Wwe expect to request Commission approval for publication of the
proposed rule during August 1580, and allow 30 days for public

comment.



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 1imit 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 ! is an interim effort consisting of system installation
and testing, and is expected to be completed by September 13,
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



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 elevatior 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 lTocated
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 oper-
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 1ntroductiﬁ§ 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 Svotems (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 beneficiai 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 cocoling), and assuming
partial containment safeguards ca ability, 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/OPS Results. The results are
preliminary. TVA is working with Westinghouse and OPS to re-
fine and complete the anaiysis. 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 system installation

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 environment on components
will be analysed.

- Alternate and/or additional igniter locations will be
selected based on a better understanding of the char-
acteristics of hydrogen combustion.

- 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 progran.

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

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 formal 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
2.3.1.1

NRR Short-Term

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 confiquration or mounting ar-
rangement identical to those proposed by TVA for installation.
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 stzam
concentration will decrease slowly as a result of condensation
on the cooler test vessel wall. Ac 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 Batte!le-Columbus Laboratory

2.3.2

The staff has also obtained technical assistance from Battelle-
Columbus Laboratory (BCL) to study through analysis the effects
of igniter performance in tre degraded core post-accident en-

vironment. The purpose of the analytical effort is to¢ estimate
the role and relative worth of igniters in reducing the contain-
ment pressure and maintaining containment 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 oressure and temperature
response. The MARCH code, wh‘ch was developed by Battelle, has
the capability of modeling a multi-velume 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.

NRR Long-Term

At 2 result of the accident at Three Mile Island, the Tl Action
Plan (NUREG-0660), at item [I1.8.8 calls for a rulemaking proceed-
ing on consideration of degraded or melted cores in safety re-

views. To support the staff's participation in the rulemaking we
have ~equestod a safety research program that is to provide a ba-
sis for evaluating safety systems ‘ntended to mitigate the conse-

quences of degraded/melted core accidents for the generic classes



2'3.3

é 1T »

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 implemnentation feasibility, economics, reli-
ability and consideration of potential adverse impact. As a mat-
ter of priority, the staff has identified the ice condenser and
B8WR Mark III containment designs as those to be first investigated

with regard to mitigation systems.

RES Long-Term

RES is developing 1 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 [I.B.8,
[I.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.

As noted above, the RES research program will incorporate the NRR

Tong-term needs.
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Relationship to Zion/Indian Point Studies

A study has been undertaken of the containment response associ-
ated with the combustion or datonation of hydrogen for the Zion
and Indian Point (Z/IP) plants under degraded core or core melt

conditions.

The Z/1P effort involves the estimation of the threat to con-
tainment from hydrogen combustion or detonations, and the es-
tahlis .. performance requirements for systems (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),
radiolytic decomposition and reactions of molten cire mateiials
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.
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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.
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 progression 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.

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 separate 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/OPS. The CLASIX code is a
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multi-volume containment code which calculates the con-
tainment pressure and temperature response in the 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.

Mass and energy released to the containment atmosphere in
the form of steam, hydrogen and nitrogen is input to the
rode. 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 520 in WASH-1400, which is a small break loss
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gency core cooling injection. The S2D sequence leads to

|
\
of coolant accident accompanied by the failure of emer-

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 I,
which presents the parameters used in the base case CLASIX
analysis, shows that hydrcgen 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.

Fiaure 4 presents the integrated hydrogen release input to
CLASIX that was calculated for the S2D transient u<ing che
MARCH code. The hydrogen release to containment was termi-
nated, for the containment analysis, after approximately

1550 1bs of hydrogen were released. This mass of hydrogen
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BASE CASE PARAETERS

INITIAL CONDITIONS:  VOLLMES

. BREAK PELEASE DATA

TE'PERATURES

PPESSURES LoTIC
ICE MASS CODE
ICE HEAT TRANSFER AREA

. RURN PARMYETERS: Hy FOR IGITION 10 V/0
H, FOR PROPAGAT QN 10 V/0
0, FOR IGNITION 5./

. AIR RETURN FAS: ILMBER OF FANS 2
CAPACITY OF EACH FAN 40000 CFM

. SPRAY SYSTEN: FLOW RATE 6000 GPM
TEYPERATURE 15 F
HEAT TRUNSFER COEFFICIENT 20 BTUAR FTF

. ICE CONDENSER DRAIN TEMPERATURE R F

MARCH CODE

TABLE 1
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HYDROGEN PRODUCTION
DURING SZD

CORE MELT SEQUENCE

MARCH CODE RESULTS
1600 4 (MARCH CODE RESULTS)

1500 4 /

1400 { /

1300 ////
1200 //

1100 4 /

1000 4 /

900 { /

800 /
700
600 - /
500 4
400 - '

300 1

ol i T 1
3000 4000 5000 6000 7000 8000

TIME (SEC)

FIGURE 4
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corresponds to the reaction of approximately 30% 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 scenaric 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 CLASIY base case analysis are shown i:
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 conaenser 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. “2ak 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



FRAME 01 '

|
—4- -
i
(-44 »«r- 4+ - F»{Jaq
+ 1 44
el IR BN = B <>—-<>1.-—4r1-- 4 4
-4 -
44 444
4+ 44
444+ 44 4 4 = + 4
w e
4 4 il
[ 3
- B

TIPERRTURE F)
LS

4 b 4 -+ '
e rno
~
160 :
- e -
. It [
L4 -
=8
e
4 -4
e
(X R0 e .0 a0

TIME (SECONDS)
TUA S2D CASEL 2 FAN | SPRAY BURN 100 PCT AT 10 U @ 6FPS Te3480 RaSEL

Figure 5. Base Case Lower Compartment Temp. (°F)




FNARE 02 '

0.8
4+
p- 4>-<r1»-u-<
ke . {L—«»d
o
- -
1
» L
-4-4-
§
‘
U
4»1 o
'
-4 =
H— —4 4
:ﬁ# - M~
LY}
(X ] 1000 0.0 D0 “ae.e

TIME (SECONDS)
TUR S2D CASEL 2 FAd | SPRAY BURN 100 PCT AT 10 U @ 6FPS Te3480  BaSEL

Figure 6. Base Case Ice Condenser Temp. (°F)



(4,) "dwaj awnjop papuj peaq ase) aseg °/ aanbiy

1350 QErE+L S99 0 N O1 UY 10Jd A1 NG AWNIS | MY 2 135U (25 Wl
(SGN0D3S) WL

(LR 4 O aw o0l L

- — +4 - 4
" 4 -4 2 - - - R 144+t 4441484044
. - 4 - W - - —4-4 - e 44411+ 4++ 1 - -4
" - - » O o= - 4- 4 -4 — - - - -
111 . e
- b4 -3-3-8 4444 -1+114+t1tt+1-¢t ¢ = o A W 4" - - -
- -4 4 .TJTV;ﬁvI X == B b+ 44 44 4~
- .= - - - 444414444+ 44454
- . - SN T Wy W W " p 4+ -4 .Tle-.tivA -

- - EEWmE NN EN S e Sl - .
- “+ 4+ttt 44 = = 44441 ¥+ 4+ 1+ 4
e = = - +- -4 4 4 4
4 44 4+ + - N -4 4 4+ 1 B o }--4- 4
- v W L g - . o
¢ 4 4 §--4 + 4+ + 14+ 44+ 4 b4+ rA1Lmv -4
- B - 44 4 23 - - 441
' - -4 + 4444 - - 4 4+ +4 - .-
o |3 - +4 ¢ 44 - ol 4444 4
o~ - N 4 4+ b4 4- 4 4 414 o
ot ” + 4 4+ 4+ 4444 4-8-+4+4-4-4+4 - -
' 1Y+ 44 > 8 4+ + 1+ = -4 44—
- == ool 4-4-—444 4 - . - —4 — —~9
== - <4 ¢ - +-1 =
- 4+ 4§ f‘fl - 4 4 4 b4 $ -4—4 “+ 11 oan w
- = O 44 44 4+ 1-+1 ¢ ~ &
-+ + 4+ -4 - R - -~ *
- ~ - . - . 44+ 4 =
SHH R T THHH s
1 ; S+t o an
=
3

- 4+ 4444 vaf —— 44 - -4
- -4 R E R = - 4 4 = 44+
- - —8-44 44 - - - - 44 ¢
4 - -4 - - = = B = SR ES S B R = B IR
e 1t oo
- -4 = = 2 < ~ - —4 + 414 B = n
. = -4 - - 4 4444 44
-4 - 2 -4 2 2 2 IR e N — - 3 4y
. wawE 3 2 W . ) i
4 - 4 . - L 434 44 44 - - o
s AIL - - = U W - -+ 4+ 4+ 4 44
= 44 —4 - 4 — oapes - -
: v TR U .
== == - b4 —-g -+ - - 44
—4 44 - - +111+11 oan
2 - -4 — - - - - -4 4444
ﬁ 44 -4 4+ 4-4+44+4¢ 449444194
. . 1
- - 4 *v - el il - -
= = LI - b - e - .- . - -+ @
= - R 2= SR B R = -
= = =441 -4 = = -+ 1111 -
- R N e L -4 — lr L R - 2 -
AH 4+ 44 = _— R = - - -
d.A 2 3 L A2 L oW




24NSSaA4 Juaujaedwo) 43mM0 ase) aseg g auanbiy

13Svd @BrE+L SJ9 0 N 01 1Y L10d 001 N AWNIS | WY 2 1350 (25 Wl
(5aN0035) MIL

% 1"

3 - s = = = ogl
4 ¢ n A eu
+-41-4 -4 -4 - s
- 4 -
9 - -+ 4+ 4 1
- 4 4 4 444 4
-4 | - -4
b + 4+ 4+ 4+ 14+ . .- i O o o -
- - 444 4 —+—4$-4+-4+1
o6t
- $—¢ -4+t -+t ¢
e o
- b4 44
= + 4 -4
- - B
4 +—4
b - -
44 4-¢ <+ - = =y
- - = = o s o®
= = Jl 4 b - 4+ -4 ¢
- 4 4 - +4-t -
— § - 4 4+ 1 4 -
44— = 4 4 -
S I - - R 2 -~ - —1 -~
- 4
- -4+ 44 b+ 4 4 4
-9 v -4 4+ 44 4 4
= = et e,
3 -+ % 4+ - b §— R S - o
- -4 -$-4 -4 — p-r 4
== 5 g F)
== 3
S S = -
= R
o ok S = = 44
- 1 1 0®
- RS 4
- 4
- Ll R
e p E e 3
. .- - =R B
- . 4+ +4 w
4 4-4 44 E = o 2 o
-
—
= - - ] o= 3
-+ & - -
b1 B R IERE 2 -
- - + + - + 4 - = = = =
b - 4 b+ 4+
44 - b
-4 44
=R R -4 4
- & = 4+ 8 4 8 ”
= e
4 +—4 4
e +4 ¥4
4-4- -4 4 = -
- - &5 ou ; -4 W
- —_EEE - - -4 4+ -4 4
44 4+ 4
= - e el - - e G -
9 - S ﬂn L 4 44 . - - -
- 4 2 1 55 = -
= - (3
. e - s q - b 4 -+
- 44 44 3
4+ -+
- R N = 4+ 49+ ¢ b
— - b +-4 + 4+ -4 41
b4 - - » G o e -4
— 4 . - -
- - -4 = = I R -4 4 4
- e 444 4+ & 44 4 > o
4 -+ 4+ ++ —_—s L
a 44 4
- -
- 2 R = 4 4 4 -4+ b
- e % — B ik S
> + - 4
B SR = i =
= = + 4 -4




IR

e
P
4 41
ol 4
o -1
.
- - 44—

u
!
1
A
'
Pl
=
_——
et
'
e
:
-
S—

g 4
@ 74> ,\ E N
£ / : \
g‘ - a '4"17 *{ \ - \ R
|4
*o o
- AT
v 2 —4-
i /] T ;
a
g - . = “++ 1+ . & = 41 (_d.
E_’ } -4 — = L}
114 -4 4+ i = o - - -
am am -
. " - -
" " -+
1?—-
- I
0.0 1400.0 A9 K LI UK\ 400
TIME (SECONDS)
TUAR SCED CASEL 2 Fart | SPRAY BURNM 100 PCT AT 10 U @ &FPS T340 BasSEL

Figure 9. Base Case Upper Compartment Pressure



32 -

SSel ad] ase) aseq ‘(g a4nbiy

135G OBrCeL SA49 0 N OF LY 104 OD1 NN AUMAS | W9 2 135%) 025 wL

(SaN0D35)

oy

NI

L]

4

=

-

-

.

WE SSEW 32!

$
s

-+

L |

" Nves

~AY 'y



e 3

spray, the pressure and temperature spikes were rapidly
attenuated between burns. The pressure was decreased 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
condenser section (representing at least 40x.106 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
of hydrogen, or roughly 6x106 Btu's of energy addition. By
burning at a given concentration in the lower compartment
(where one wight 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 ' eff.c-
tive in reducing pressure; and 4) without any fan operation
to assure mixing, the containment pressures due to burning
rise dramatically to the point shere 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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4.

Base Case

H2 Ignition and
Propagation @

1 Air Fan
No Ice*

5. No Air Fans

TABLE 2 PRELIMINARY CONTAINMEN! ANALYSIS SENSITIVITY STUDIES

Total H?
Burned (1b)

900

81 1050

900

850

1200

Peak Temp. (°F)
Lower Ice
Compartment Bed
2200 1200
1200 700
2200 1350
2400 2000
2370 2580

* Jce exists only for the first two of 7 burning cycles.

Upper
Comp.

150

260

160

270.

1090.

Peak Press (Psia)

Lower
Comp.

26.5

28.5

26.5

41

Upper
Comp.

28.5

29.5

41

92.4

-Sc-
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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 thermal 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,



air = 63 v/o, nitrogen - 14 v/o (from the accumulators).
This mixture is detonable since the hydrogen concentra-

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 2 dry containment) to the case

of an ice condenser containmment, on the basis that the hydro-
gen concentration is similar and assuming that the nitrygen
from the accumulators plays a similar role in the detonatiun
process as the post-accident water vapor present in a dry
containment. Following a procedure of WASH-1400, containrent
failure is predicted to occur if lat 20.32 PnTs where [ is

the time of detonation (sec), Py 1s the load that produces

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 PDT is equal to 0.38

psia-sec. Based on the impulse loads from WASH-1400, Iat

values more than an order of magnitude lower are obtained.




TVA concludes, therefore, that containment failure due to

a detonation shock wave is not expected to occur.

The analysis performed to date by TVA is preliminary in na-
ture. TVA plans to refine the analytical modeis 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 previocusly discussed in section 2.3.1, under NRR Short
Term Efforts, the staff 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 (S2D). The calculations were performed using the
MARCH code with a 2-volume model of the Sequoyah contain-
ment. The MARCH coue 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 ruaioval, 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 heat removal capacity only

after the ice is completely melted.



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 S20 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

.alue given is that pressure calculated assuming heat re-
moval mechanisms (e.q., 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-

sura prior to burning was approximately 20 psia.

As can be seen from the table, the oressurce rise following
a hydrogen burn is approximately 3 .si when ice remains
in the containment. As noted i Tabla 3, case 6 was per-

formed using the non-mechanis*ic assumption that the ice



Table 3.  BATTELLE ANALYSIS OF H
Case H2 Ignition H2 Burn
Setpoint limit
(%) (%)
1 10 0
2 10 e
3 12 0
4 8 0
5 8 3
6 10 0

Case 6 -

2

Ice Bed Melted Before Burning 9ccurs.

BURNING IN SEQUOYAH CONTAINMENT

Containment Peak Pressure(Psia)

Burn Time
(sec) Actual Adiabatic
1 23 58.
25 22 58.
L
1 - 24 64. &
25 ot - 51.
1 ol - 36.
- 31 79.
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bed was meited before the onset of hydrogen burning. For
this case the containment peak pressure was seen to in-
crease to 31 psia, demonstrating that the unper 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 RA&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 Asscciates on hydrogen combustion in the Sequoyah cortain-

ment. The R&D Associates report is included as Attachment 1.



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 distiibuted 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) ‘he
comp lete adiabatic combustion of 300 Kg (660 pounds) of
hydrogen uniformly mixed in the containment would result

in containment failure; (b) a non-uriform distribution of
the hydrogen could lead to detonable mixtures which would
also result ‘n containment failure; and (c) the use of ig-
niters constituts an uncertain means of pressure control
when considering the uncertainties in the rate of hydrogen
generation and the rate and extent of mixing in the contain-

ment.

TVA has responded to the R&0 Associates report. TVA agrees
with the analysis of the adiabatic burning of 300 Kg (640
pounds) of hydrogen, and points out that they have previously
reported that &n ice condenser containment can accommodate

the adiabatic burning of approximately 450 pounds of hydragen.
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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 accoun{; for the
rate of hydrogen release from the reactor coolant system,
the transport of constituents (hydrogen, oxygen, nitrogen,
steam) throughout the containmert, 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 i the ice condenser containment and the

injection of nhalon as a post-accident inerting agent.

TVA has also analyzed the consequences of detonation loads
on the containment structure. A 100 percent zirconiume-
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 Ké 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 tarm 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 analyctical assessment of hydrogen ignitior systems.

The TVA results using CLASIX are based on an unverified,
unreviewed code, which is still under developrent. 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
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hydrogen combustion within containment. The MARCH code,

which has not been formally released and documeﬁ;ed. does

not appear to have the capability of the CLASIX code with
regard to containment calculations. This is understardable
since containment calculations are only one aspect of this
code, which also models the reactor coolant system. Never-
theless, the node represents a substantial improvement over
hand calculations which conservatively assume the burning of
hydrogen and containment pressurization to be an instantaneous

adiabatic process.

With regard to the R&D Associates report included as

Attacrrent 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 Ir 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 zreas 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 but 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
capacity, which provides for a change of air in the lower
compartment every five minutes. Hydrogen evolvec 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. [t 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



2.4.2

- 48 -

concentration in the lower compartment would then revert
to a lower level and the buildup would start again, re-

sulting in a series of small burns.

The fact that the hydrogen wouid be free of oxygen at its
point of introduction and then become diluted with oxygen
as it is distributed throughout the lower compartment sug-
gests that relalively 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.

Structural Response

Three independent analyses of the Sequoyah containment were
performed by the licesnee (TVA), Ames Laboratory and "4D 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
1n 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) Bf the
steel material instead of the minimum code specified yield
strength. TVA concluded that the vessel capacities at yield
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-
Timinary 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 c2'-
culations. In effect, this amounts to assuming that the rings
and stringers are equally effective as the shell membrane at
the yield lcad. 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 agetonation is not axisymmetric, circumferential bend-
ing is assumed to occur and the behavior of the stiffened shell
will mos: probably be dominated by the rings adjacent to the
compartment. A typical ring is analyzed with material and geo-
metric nenlinearities 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
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.

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 aynamic strength analysis
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

localized hyarogen detonation.



N

After reviewing the Ames Laboratory's quasi-static analysis

of the Sequoyah containment and performing its own adé]yses.
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 1inch

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 were not cun-
sidered to be meaningful with respect to the evai.ation 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 --ss.1 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 f:r preclud-
ing such leakage, it is our considered opinion that as 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 ¢ unconfirmed as-
sumptions, it oes 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 summary, 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 wa:c 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).
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2.4.3 Role of Distributed Ignition System

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-tyre igniters distributed
throughout the upper and lower compartments of the containment.
They will be activated (and remain activated in the event of 3
LOCA). It is TVA's intention that the system will serve to in-
initiate controlled burning of lean hydrogen mixtures in the

cortainment.

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 accommodated 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 containment respons2 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 systems as part of their overall longer term effort.
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Additional Views

We have received additional views from Charles N. Kelb;r,
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.

Consideration of Hydrogen Izniters at Sequoyah

“In the context of considering accidents involving only partial
degradation of the core, as at TM[-2, with intermittent opera-
tion of safety systems, it is my view that the deployment of
hydrcgen igniters should be carefully reviewed by a containment
systems analysis to make sure that their use will be effective
and that there will be nc 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 strateqy of operation of the
system should assure that heat removal sources such as the Ice
and the Containment Sprays are active, effectrive, and available
at the time of burning.

"As I see it, the requirements are that the operator know the
concentration of hydrogen is below 2%, that burning should not,
however, strt until the concentration is somewhat above 4%, that
if the intention i3 to burn in the lower compartment, means be
nrovided to assure dood 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 modify8ing & 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

filtered venting system. While it may be premature at this time
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to enter into such cunsiderations 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."

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 c<%~ws 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 Commission 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-
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-30-1078
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 sequences. [t appears thet 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
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 o» the Brookhaven National
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.



2.5

ACRS Views

The ACRS has considered the general question of the need for improved
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 cortainments should be inerted while further studies are
made of other possible containment modifications in accordarce
with the general recommendations in this category. The ACkS
also recomnends 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 igniticn system pro-
posed by TVA during the July 1980 meeting. The ACRS concluded that
"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 implementaticn 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 capadility 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

helow.

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 ig3-
nition system (or other mitigative measures, should the igniters prove

to be unacceptable).
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Option B: Nominal 5C% Limit

The maximum power lev21 of the reactor should be limited to 50% of full
power until questions concerning the net safety benefit of the distri-
buted ignition system proposed by TVA are resolved to the satisfaction

of the NRL.

[f the license2 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
proceed to 100% power, with a license condition that, if %he 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 tnese 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
assurance of no undue iisk for this mode of operation, on the basis that:

l. 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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s Qs Box 9522

") Manage Rey,
Cotormie 92281

4 August 1980

Nuclear Regulatory Commissicn
1717 H Street, N.W.
washington, D. C. 20555

Attention: Commissioner Victor Gilinsky

Dear Victor:

Encloseé is the seconé part of our report on ice condenser
plant containment response to hyérogen procuction and
burninc and mitigation by icniters. If you have any ques-
ticns or comments, please call. We expect to see vou and
John Austin on Friday.

Best recards

Harmon W. Hubbard

HWE/El

Enclesure: "Hydrogcen Problems in Segucyah Cecntainment,
August 1980.

ATTACHMENT !
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EYDROGEN PROBLEMS IN SEQUOYAH CONTAINMENT

INTRODUCTION
This letter report completes the RDA response to a reguest
£rom the Nuclear Regulatory Commission to critigue the ultimate

strencth analysis of the Secgucyah containment. This second
report deals with the last two tasks of the work statement.

1. Hew would the analyses and results be altered
if the stresses are caused by igniticn/detonatic:n
of 300-600 Kg of hyérogen édistributed uniformly
ané neonuniformly in the centainment?

2. To what extent can distributeé 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.
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RESULTS

l. a) 300 kg of Hz gas mixed uniformly with the air and
steam (if less than 40 percent steam) in the Seguoyah
containment volume fcollowing 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
processes, and could produce a pressure 2s hich as
5.5 atmespheres, thus rupturing the containment (see
Table 2). The combustion of 600 kg of Hz would of
cocurse have more severe conseguences.

b) A ncnuniform distribution of 300 kg of 52 present in
the containment wculd consist of parcels cf gas
richer in Hz thaa the unifcerm distribution. If these
separated parcels formed while the blowers were
operating, they would probably be mixed, combustilble
and perhaps detonable. 1If they were 2ll detcnable
and all ignited, the damage to the containment would
be worse than that due tc ignition of a uniform
mixture. If the gas parcels were not detcnable, the
pressure upon combustion would prokably be at least
as higch as the uniform distribution. Under scme
circumstances, it would be possible tc ccllect pockets
cf gas too rich in H2 to burn. As the outer edges

. of such pockets mix with air, partially ccmbustible
mixtures would form. The results ¢f igniting such
a distribution would clearly depend on the sizes of
the parcels and the timing.

It should be noted that harmless mixtures of Hz, air and
steam may become highly combustible or detcnable as steam
is condensed out (see Appendix B). Thus one mechanism
employed £o£ removing heat from the contain-ant also removes
the combustion inhibitor from the containment.
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2. 1f the rate <f hydrogen £ormaticn'is sufficiently low,
and the mixing of Hz is complete and rapidé so that all
the gas in the containment gradually increases in 82
concentration, then the presence of enough igniters could
prevent overpressurizing the containment. This would be
accomplished by releasing the heat of combusticn at low
concentrations over a long enough period of time toO be
hariled by the heat removal equipment. However, if the

2+ reaction rate is high relative to heat remcoval processes,

then icniters might only delay containment failure.

.

atle 3 shows that a 1 percent per minute 2r reaction rate,

'

accompanied by the burning of hyérogen at its rate of
formation, would match the steady-state hea- remcval
capacity of the RER eguipment.

I£ the H2 is not thoroughly mixed, then there is a
possibility of igniting a detonable pocket of gas with an
ieniter. 1If left to its natural end, such an Hz-rich pocket
cculéd éisperse below the detonation limit (~20 percent Hz)
ts icnition would cause less ¢f a problem.

cince the pessible rates of generaticn of 32 following
an accicent ané the rate, place, and degree of mixing with

re highly uncertain, the use cf igniters can only be an

fv
)
H
m

urcertzin means of pressure control. Improper use might be
de-rimental rather than helpful. On the other hand, if it is
assumed that there are many unaveidable ignition sources in
the containment, it is certainly true that contrel of the
+ime and place of ignition is preferable to chance. In this

sense the use of igniters seems beneficial.

COMMENT

N - —

1+ is our opinion that the uncertainties in Hy generation

anéd mixing are so dependent on hardware details and scenarios
nat they are unlikely to be greatly reduced by further werk.
For this reason we believe it may be a better use of resources
to explore thoroughly the feasibility of using an inert atmos-
ghere in the containment, so as to avoid the hydrogen burning

roblem.

b
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300 kg Hp N 17U¥F saturated steam
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A
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Limits of flammability and detonation based on Shapiro and
MoHette WAPD-SC-545, as reproduced in WASH 1400.

Figure 1. Unifcrm mixtures in the Segucoyah containment vessel.
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TABLE 1. INPUT DATA FOR SEQUOYAE PLANT

1. Free volume of containment vesseI(‘} 3.2 x 104 m3
Weight of contained air at 27°C, 1 atm. 3.7 x 'IO4 AR
Gram moles of air 1.3 x 106
Gram moles of oxygen A 2.7 x 105

2. Weight of zirconium in core(b) 1.8 x 104 kg
Gram moles of zirconium 2.1 x 105

3. Yield of 100% Zirconium-water reaction
Weight of hydrogen 83€ kg
Gram moles of hydrogen 4.2 x 105
Heat of reaction(c), Ir + H,0 1.1 % 10n joules
Heat of H, burn(d) (to form liquid HZO) 1.2 x 10:: joules
Total heat of reactiun + burn .3 x 10" joules

4. Molar quantities and partial air pressure
of saturated steam in containment

At 100°F (38°C) vapor = 8.1 x 10° moles = 0.06 atm.
150°F (66°C) < 5.9 x 10° moles = 0.25 atm.
200°F (93°C) « 8.4 x 10° moles = 0.78 atm.

NOTES:
(a) Seguoyah Nuclear Plant, Preliminary safety Analysis Report (PSAR), 3
Table 5.2-1 gives the total containment active volume as 1,142,000 ft~,

compris.4 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 1b.

(¢) G. W. Keilholtz, ORNL-NS1C-120, Annotated Bibliography of Hydro?en
Considerations in Light-Water Power Reactors, Feb. 1976, Table 1,
Heat of Reaction = 122 to 137 kcal/mcle Zr.

(d) Lewis and Von Elbe,
p. 685, 68.3 kcal/mole HZO.



H2 Quantity

300 kg 600 kg 83¢ «xg
1. Percent Ir Reaction 36% 72% 1002
2. Moles H, 1.5x10°  3.10° 4.2x10°
3. Partial Pressure @ 300° (atmospheres) 0.12 0.23 0.32
H
4. Moler Ratio.ﬂzp Uniform Distribution 0.1 0.23 0.32
5. Detonatable (D) or Combustible (C)a
Mixture, no steam present g D 0
€. Hy Concentration Multiplier Required
relative to uniform mixture?
a) to reach detonation regime 2.0 1.0 1.0
b) to reach stoichiometric ratic of
0.42:1 fer Hp:air 3.8 1.8 1.3
7. Steam Vapor Pressure Required:b
2) to prevent detonation of uniform
mixture 0 0.1 atm 0.4 atm
®) to prevent combustion of uniform
mixture 0.9 atm 2.0 atm 2.3 atm
€. Energy Release in 100% Combustion, Joules 10 10 1
(liquid water product) 4.3x10 8.€x10 1.2x10
$. Final Absolute Pressure in Adiabatic
Cembustion
(Initial Air Partial Pressure "
1 atm, Initial Temperature 300°k)
a) No steam, 100% combustion §.5 atm 10.0 13.3 atm
b) No steam, 50% combustion 3.3 5.8 7.3
c) Steam @ 190°F, 50% combustion 4.1 6.5 8.3
NOTES:
(a) Approximate, based on regimes 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.
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m:22F 3. EEATING AND COCLING RATES IN SEQUOYAE CONTAINMENT

Tire when Fission Product Heat (Cumulative) Equals Total

Kezt of Reaction 3000 sec
pate of Heating at the 1% per min Ir Reaction Rate

Ir Reaction 18.0 M«

Ky Burning 20.0

Total 38.0 Ma

pate of Fission Product Heating &t 2 hours (when ice
has been melted in DBA) 27 Ma

Steedy-sta:eaCooling Capacity of the 2 RHR Heat
Exchangers 67 Mw

Net Margin of Cooling Capacity (Beyond Chemical
Reactions @ 1%/min and Fission Product Heating) 2 Md

(a) Sequoyah PSAR, Table g.3-2 cites 2 heat exchanyers, each having a
capacity of 1.15 x 10° BTU/h at specified conditions.
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APPENDIX A

LITEFATURE SEARCHE ON EXTENT OF HYDROGEN
BURNING AND FLAMMABILITY LIMITS FOR MIXTURES
oF Hz, AIR, AND STEAM

In considering the effects of 300 kg to 600 kg Hz in the
Seguoyah containment vessel, questions of lean mixture £lamm-
ability limits and the extent of combustion are important.

The 1576 litérature survey by Keilholtz (1) provided citations
for most of the sources used in this brief study, and provided
much of the available data on f£lammability and extent of
coembustion.

EXTENT OF COMBUSTION

Keilholtz states that combustion cf 100 pezcent of the
hyérogen will not occur until the hydrogen comprises about
10 vel percent of the Hz-ai: mixture. A partial combustion
data point of 50 percent combustion is gquoted for a 5.6 vol
percent H, mixture in air. This point is attributed to
Shapiro ané Mcffette (2), 2 reference that we were unable to

ain in the available time. However, Furno, et al. (8)
indicate about 90 percent combusticn for an initial mixture
of 8.5 percent Hz as compared with 5-10 percent combusticn
for mixtures of 6.9-7.4 percent Ez. If£ 300 k¢ Hz were
uniformly distributed throughout the active volume of the
Sew:oyah Unit 1 containment vessel, it would constitute a
10 vol percent mixture with air (neglecting steam), and hence
could burn completely.

FLAMMABILITY LIMIT

The lear mix+ture threshold of £lammability is given by
Keilholtz as 4.1 vol percent Hz in air but at this concentra-
tion, Egertcn (3) as well as Keilholtz point out that the flame
front is not coherent, and flame propagation is upward cnly.
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Downwaré propagaticn begins witn a hyérogen concentration of
about 9 vol percent (1), (3)- Drell and Belles (4) state

that a 9 percent mixture will burn completely (a peint to be
compared with the Keilholtz 10 percent mixture for 100 percent
combustion). Even the lean mixture non-ccherent flames are
postulated to burn a mixture that is richer than the criginal
mixture, because the high diffusion rate of H, permits access
of additiona} H, to the flame (4). The diffusion rate of 82
is also important to the dispersal of segregated pockets of
hyérogcen, and will be discussed later.

STEAM DILUTION

The effects of dilution by steam are potentially important.
pDrell and Belles (4) state that inert diluents have scarcely
any effect on the lean-mixture limit of flammability, where
300-600 kg of Hz in Sequoyah would be, if uniformly distri-
buted. They claim water vapcr has effects similar to coz,

né they show data of Coward ané Jones (5) (which we were
unable to cbtain) such that only after more than half the
mixture is CO, does the fraction of H, required for flamm-
ability begin to increase. These findings are consistent
with the ternary mixture chart of Shapiro and Mocffette for
E., air, and steam, wherein the lean mixture €lammability
+ a nearly constant Hz £raction as the steam content
increases from zero to about 50 vol percent.

DETONATION

Shapiro anéd Moffette indicate « triangular shaped detona-
ticn recgime in their ternary mixture chart, a regime bounded
approximately by a 19 vol percent 32 line at the lean mixture
boundary and a 45 vol percent air line at the rich mixture ’
boundary. Although the original reference was not available
to us, it appears that the authors constructed the detonaticn
regime by extrapclating from data on dry mixtures cf Hz and
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air. We note that Drell and Belles show the range of deten-
ability of Hz in air from 18.3 vol percent to 50 vol percent
Hz. We could find nc information on the effects of iner:
diluents cn the detonability of hyGrogen-air mixtures, ang
we note the caption on the Shapiro-Moffette ternary mixture
chart: "Assumed Detonation Limits." We conclude that the
effects of steam con detcnability of Hz-air mixtures are
essentially unknown. The nearest information we could £find
was cited by Keilhcltz, and this pertains to detonations in
Knallcas-team mixtures (6). Knallgas is a stoichiometric
mixture of Hz and 02. In reference (6), experiments indicated
that a minimum cf about 65 vol percent Knallgas in saturated
steam at 100°C was reguired for detcnaticn. This would

cecrrespond to about 44 percent H?.

The occurrence ¢f detonation is also influenceé by the
size and configuraticn of the vessel, and the naturc of the
walls (4,7), which further complicates efforts to predict
detcnation precisely.
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APPENDIX B

HYDROGEN-AIR MIXING BY FAN

A.r recirculation fans are provided in the Segquoyah 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 purpcse of the
fan-induced cecirculation 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
gituation that could permit a zirconium-water reaction and
hyérogen 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 paraueters 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 a2ir velocities in the ice condenser and upper plenum
are low. Nevertheless, the flow would be turbulent in the
upper plenum cof the ice cumpartment, so the flow entering the
upper compartment should be well mixed. 1If hydrogen were
being cenerated by a 1% per minute reacticn of zirconium (as
an example), the rate of hydrogen flow would be about 1l0% of
the air flow, giving a mixture containing about 9% Hz. Thi
would be combustible, according to the literature cited else-
where in this report.

A reference calculation is illustrated in Figure 2, where
mix-ures of 40,000 cfm air and the hydrogen yields cf various
rates of zirconium 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
tc the heat }elease rate of the z:-azo reaction and the latent
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heat of vaporization of water. It can be seen in Figure 2
that the yield of z:-xzo reaction rates in excess of 2% per
minute can produce detonable mixtures with 40,000 cfm of ajr
if the steam content is sufficiently low. Rates of several
percent per minute were calculated for some accicent scen-
arios in WASE 1400.

B-2
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Table 4. Air Circulation Parameters

Design Data From Segquoyah PSAR

Number cf Blowers 2
Capacity of Each Blower 40,000 cfm
Ice Condenser: Flow Area (net) 1,326 ftz
Height 48 £t
Annular Thickness il st
Effective Circumferential
Length 267 £+
Lowes Cor partment Active Volume 2.B7x105 £t3
Total Containment Active Volume 1.24x106 ft3
Derived Parameters, for One Blower Operating
Air “elocity: a) In Ice Bed 30 £t/min
b) In Upper Plenum cf
Ice Compartment 14 £t/min
Air Reynolds Number in Upper Plenum 2.6?104

(kinematic viscosity of air
@ 50°C = 1.15x10~2 £t¢/min)

Air Residence Time in: Ice Compartment 1.6 min
: Lower Compartment 7.2 min
. : Total Active Volume 3l min

of Containment
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Limits of flammability and detonation basec on Shapiro and
Mofferte WAPD-SC-545, as reproduced in WASH 1400.

Figure 2. Locus of state points for mixtures of 40,000
cfm air with the hydérogen yield of various
Zr reaction rates.



BROOKHAVEN NATIONAL LABORATORY
ASSOCIATED UNIVEFRSITIES, INC.

Upton, New York
(516)345-2629

Department of Nuclear Energy

August 8, 1980

Mr. Denwood F. Ross, Director
Division of Systems Integration
0ffice of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Denhy:

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 intended strategy is
to burn hydrogen in the lower compartment with the aid of the glow plugs and
to remove neat 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 *o develop a firm 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
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.

THIS IS A TRUE COPY ATTACHMENT 2
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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 oressure rises than expected
on the basis of stoichiometries which exist in the neighborhood of
the few diagnostic probes.

The potential for focusing effects related to detonations in geomet-
rically converging regions in the containment building should be as-

sessed.

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.

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?

Several concerns arise in connection with the ice chest performance
in the presence of hydrogen combustion.

(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 lTower 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
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
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 tne igniters.
Their ability to "perform" can only be measured against thair in-
tendec ~esign function(s).

7. With ~egard 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.

8. The secondary purpose (stated in the Sequoyah FSAR) of the Air Return
Fan System is to 1imit 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 Tower
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

Robert A. Bari, Group Leader
Safety Evaluation Group

RAB/mm

cc: W. Y. Kato (IA)

. J. Cerbone
P. Speis
F

EC.C.~4



