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- T R N =% " . i
¥2. PLESSET: we will go into open sessicn.
<~ would like to ask you to 1lzcok at Tad 142 We
are qgoing to discuss the =W: hyvdraulic scran systen.

Ais ycu know, we haéd cne brief édiscussicn o0f thi
already to the full comnittee which was not very
informative, slthouoh it is 2 rather corplicated probler.

It is not clear ye:t just wha2t 2ll went wrong on Erown's

o

There was a subcomnittee meeting on Aucust 1° an

20 on this gquecstion, and ve had a rather lencthy di

v
-

o]

[N
e J

-
cuEge

'
7]

cf the whele problen. It is guite remarkadle, the asynmetcy

in the scram systewns, ag ycu will recall.
¥R2. TIESS: Rt Brewn's Ferry?
YR« PLESSET: All of then.
W2e SIESS thought some ©f ther had separate =--
IRs PLESSET 00 they? Some of the very new ones?
¥R, STIESS: FPeach Sottonm.
NPs FLEE3ETs T thought they all == aren’'t they
2l -=- *hey have serarate =-- zsore of ther have lons lines,

N
th
"
O
= |
O
o J

n

dan’'t they? ome 5¢ them have very long lines

14

point to the cother in the reactcrs There is 2 leot of

variability. This is sometring that is an exarmple of the
complications you zet into when it is a balance ¢of plant
guesticn, even though this is &an extrerely imr~-tant safety
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systenm.

The sc-called hockey stick has been menzioned.

i

There are problems with ths vent valves and the drain valves

yst
hammer could be experienced as 2 result of the behavior of

the drain valves. Ané you will hear zbout that, &2 let ne,

unlass there are scome general guestions, to gO0 the agenda

I should s2y that cur presentation that Gary Young

mace and ¥s. Zukor made were excellent. Ycu will get an

begins. see. Okaye. Gentlemen €first.
“Be YCUNG: I woulé like to descrile rriefly, with

tn
n
ot
w
th
L]

the help ¢f Jorothy Zukor, the report that the AC

L]

ellovws prepared on the recent malfunctions of the IWE scran
gystenms. Jhat we tried t¢ do0 in this report was rresent
briefly a descripticon cf the scram systems ané kinéd cf in a

generic way how they orerate, and then go throuch each one

rey

of the events that cccurred at Erown's Ferry, 2+ EFat=h and

e vell as scnme of the other occurrences that

"
(ad
'S
"
[+
o3
n
-
b
O
3
-~
w

vere found 3during the tes: program folloving the EBrown's
rerry event.

We also had a discuseior of the NEC Cffice of

-
-
-

Analysis ani Evaluation ¢f cperztional

-
-
-

Brown's Ferry event. They went through and visited the

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W.. WASHINGTON, D.C. 20024 (202) 554-2345
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control rodes in each of the plants, and this is 2.2 gallons
capacity for easch cne of the rodse.

So at Browns Ferry they had a total of adcaus 758C
gallons capacity, which was in excess of this numler. This
nemper comes from the veolume on tne back silde of the piston
vhen it goes from its £fully withdrawn to its €fully inserted
position. It displaces abcut 3/L cof a gallon of water.
Then in addition to that, there is an allovance fcr seal
leakage from this side cver tc the back side ¢f the piston

of 10 gal minute, lasting for 10 seccnis, and that

’ .
o
bo
n
o
]
"

is where they come upr with this number.

There is 2lsc scne conservatism in there because

3

those two nunmbers add up to less than 3.3 galloe

1S

.

WliSe¢ I am sure I am the only one whe does
not understand the plumbing, but just to be guite sure, this
plcture is a little bit different from the previous one in
that in the previous one the discharze vater comes dowr the
center of the piston tube and exits frcm the bottom, whereas

this shows it exiting from zbove the piston.

YR, YOUNS: This is tc show schematically hew it
vorks. 2lthough ¢the cther cne is alsc schematic, it has 2
little »it better view of the £flow pattern.

YR. LEIWIS:s Eetter schenmatic.

¥2., PLESSET: BRBefcre you take the slide avay, do

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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o

regarding <he lcss of air and what it would doc £¢c the scranm

inlet and scutlet valve? D¢ ycu want ¢o make a comment on
that?
Mke YOUNG: Ckay. This is the air supply that

0
b
-

m
o
fu
ot
= 4
™

holds these valves shut during normal cperati

D
ot
t
4]
r

A

L&)

N
v

v

GTroup Wwrote2 a letter, Yr. Michaelson wvrote a 1l

Q
't
w
(85
o
m
[ =
[
-
0
©
(a4
(o}
LR )
(2
-

that said that i1f this air supgly wvere

‘0
|
e
0
O

your normal mechanism is tc rapidly vent this air sup

ir suprly was gradually lost

due to scme failure in the air system which is non safety

grade, that this valves would drift open very slowly, and

-~ a L o] ”-
happened zt Brownes ferry just recently where they haZd an air
4 % 3 . - 4 - -
compresesor Zaill and it was 2 catastreophic failure, s¢ the

air supply rled off rather gsuickly and the operator noted
that some ¢ his rods wese £ ifting into the core.

The reasor ¢ Y5at is that this valve was

ALDERSON REPORTING COMPANY, ..
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inserted, and they had stopped moving. A
picture of the rod pattern =--

MR. MOELLER: Excuse me a moment. You were at 30

(W
t

percent pcwer when he started this. Wwhen had he brought
from presumably 100 percent down to 3C percent, and haéd

everything worked all right then?

shutdown.

MR. YCUNG: It vwas not a scram. It was a manual
decrease in powver using the rods.
¥R. MCELLER: Okay. Then heow much pricr to the

problem had this been done?

v .

Il,
.

(24
O
3
1~ 4
(%]
.

It was a consecutive thing. He was
Jjust bringing the plant gradually down, and when he reached
the 30 percent power level he initiated =--

¥R. SHEWMON: Over a period of minutes, hours, or

days?

MR. YOUNGCs Okay. This was at 1330 in the

ALDERSON REPORTING COMPANY, INC
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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position indicate the rods were fully withdrawn from the
core, and this is a view of the west side of the core.

There are 92 rods on the west side, and on the e:st side
there are 93 rods.

This was the pattern that they recorded. 2n the
wvest side there was one rod that did not fully insert, but
it was at tie C2 positicn, which from a “eutron abscrption
viewpcocint is essentially full in. But ore of those 76 rods
was on the west side. R1ll c¢f the cthers were on the east
side. And there was one rod up here that was at the u§
position.

As I menticned before, the 4E pesition is fully
vithdrawn, so it barely went in at all. The ones I have
marked here in blue can be counted as being essentially in
because they were far encugh in that they had all of their
neutron absorption capabilities. So if ycu count the rods
that wvere effectively nct inserted, there vere only about 7C
rods that 4id not go ine.

You will notice here the strange rod pattern on
the east side. The reds started to insert and then suddenly
stopped, and they stopped at different positions. GE and
TV2 have done scme analys.s ana have been atle t¢ confirnm
that the amount of position change that occurred durine this
first scram is directly related to the scram speed that they

got durirg tests.

ALDERSON REPORTING COMPANY, INC.
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And what that means is that, for example, this rod
up here had a very slow scram speed when they ran the test,
indicating that it had some seal leakage in excess of some
of the other rods or a little more friction, and therefore,
it had a slow scram time relative to the others. So it
moved for a little while and then stopped in this position,
whereas other rods moved ccnsiderably further; and that was
based on rods that had very quick scram times during their
test program prior to this event.

MR. LEWIS: So the inference is they all stopped
at the same time.

MR. YCUNC: They all started at the same time or
they all stopped at the same time. The difference in
movement was based on friction and other losses.

¥R. EBERSOLE: Something that happened here is
vhere they are pointing out that is the cperator's
response. He was doing two things. One, he was faced with
2 half-ATWS, or he thought he was, S0 he was going to try to
get the rods in, which he did, but he did another thine, but
not intenticnally or obviously intentionally but by instince
or prior training. Fe did not intercept the steam flecw path.

Had he done that then the ccurse of events would
have been somevhat 2ifferent. He would have collapsed the
voids. We would have had a spike in power toc some

magnitude. PBut from prior experience he thoughtfully

ALDERSON REPORTING COMPANY, INC.
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10
n
12
13
14
15
16
17
18
19

21

24

19
allcwved steam tc continue tc flow. Therefore, he did not
have any real pover spiking protlem, but he could have had
if he had r2acted erronedusly and closed the turbine valves,
but he did not do it.

MR. PLESSET: Yes, Max.

ME. CAEBON: Gary, what was the -ower levzl of tne
reactor after this much rod insertion? Was the left side
still critical?

MR. YOUNG: The indication that the operator had,
he had a pover range monitor still watching the core, and it
indicated less than tvo percent power. That monitor, the
down-scale is twvo percent power, so he only knew he was less
than tvo percent power. He did not have the instruments
inserted to measure the low power levels, so he cnly knew
that he had gone from 30 percent power to less than two
percent power. And at this point all of the reports simply
say that. They do not say that he was subcritical, but they
imply that he probably was.

¥R. KERRs vecay heat would be one cr two percent
power at this poiut, wouldn‘'t it?

¥R. YOUNG: The twe percent was neutron power.

ME. PLESSET: This would le above =--

MR. EENDER: Gary, I cuess I was not clear on the
decision process that occurred. Fe had reduced the power to

3C percent, and then the decision was made to shut Zdown

ALDERSON REPORTING COMPANY, INC.
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10

1"

13
14
15
16
17
18

19

21

24

comrletely.
BRe« YOUNG: Yes. That is the routine.

MBR. KERR¢ That was probably achieved by asserting

¥R. EZNDERs At 30 percent the normal procedure is
just to scram the rszactor by pressing the scram button?
ME. YOUNGs Focr TVA at Browns Ferry that was their

normal procedure.

t
33}
=
©
™
m
.
O
Fol
[+
<
.

¥R. And at that point all the rods
on one side went in, and they observed evidently the rods

weren't going in on the other side.

MR. YCUNGS: Right.
¥B. BENDER: Did you look a2t the procedures enough

‘o knew what instructions the coperator has during this rpart

ty

b

0f the cperation? What is he supposed to be doing? Is he
supposed to be locking at the rod action or what?

¥E. YOUNG: Yes, yes. He verifies that all cf the

scram valves operate and thzt the rods are fully inserted.,
¥%. PENDER: WwWhat do the procedures tell him to do
if the rods ars not ¢oing fully in? Were ycu able to find

<
w
B
v
Q
[ =
=

NGs: I think the NFC staff has that

information. I do not airectly know.

~
A

tm
m

NDER

& -
(3 -

L2V

think it would be interesting to
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know whether there is some kind of procedures.
. YOUNG: There are prccedures, but I could not
tell you exactly what they are.

v E

"

ND

"3

R: Jesse's point, whether the stean
valves should have been closed or not closed anéd whetlier
that wvas done bty intuitive judgment or not is an interesting
part of the whole operationa . planning guestion.

¥R. YOUNG: TVA menticned at an earlier meeting

that it was intentiopnally -- it was the operator's intention

=

0

to continue steam flow simply because he has to make sure he
has a heat sink.

Now, if anything had gone wrong, any other events
had occurred, he could very easily have lost that stean
£low, tut he does routinely maintain steam flow just because

he needs that heat sinke.

ER. B

tn

NDER: I guess I was interested in knowing
just what his training instincts would tell him tc do.

R. YOUNS:s Right.

4
o

A

{e LEWIS: One of the other guesticns thzt

L
(=
0
ot

¥R. PLESSET: Could ycu use the mike, Hal?
MP, TERIS: One of the other guestions to which I

(87

never knew the answer was what 40 the calculations showv the

I
-

pover level would have been if ids had happened frem £ull

0n

powsr instead of 30 percent?
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MR. PLESSET: e are going to get to that.
B. LEWIS: Focrgive nme.

¥2. YCUNSs This was the configuration after the
£irst manual scram, and in addition, the operator noted that
the instrumentation on the instrument volume, the scram
discharge instrument volume, gave him an alarm or gave him
an automatic scram signal at 19 seconds into the event.

The normal £ill time for that scram discharge
volume takes betwean U5 to £0 seconds tc £fill up and give
him this alarm. It took only 15 seconds, so that was an
indication that there was water already in the scranm
discharge volume that he did not know about prior te the
scram event.

¥R. BENDER: 1Is he conscious of that incremental

time? It seems to me trat is expecting an operator to kno

=

S

b ]
(8%

a lot, to be able toc Jjudge the difference between 1% seccon
and 45 seconds or whatever.

MR. YOUNG: I don't know if that was a later
finding or if the operator knew it right 2t the instant. It
was recorded that wave.

¥R. BENXDER: Thank ycu.

ER. CKEENT: I would guess he does not normally
look at tnat. Were these rod positions on the computer?

R. YOUNG: Yes.

the next action taken dy the operator waes t0 clear

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S W., WASHINGTON. D.C. 20024 (202) 554-2345%
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the scram signal to put the mode switch in shutdown which
allows him to bypass the automatic scranm signal he has fron
the instrumsnt vclume. By doing that he can reset the scran
signal, allowv the scram volume to start to drain, and then
six minutes aftnr the first scram he initiated a second
manual scrame.

(Slide.)

This was the rod configuratiosn after the second
manual scram. Again, the rods moved in slightly. Each rod
moved in a little bit more than it was before, but it did
not go all the way. It moved and stopped.

All of the rods on the west side were now in. The
ones circled in blue were effectively pulled in.

Ckay. Again, he reset the scram signal. He
allowed a little bit of time for the scram volume to drain,
and two minutes later he initieated the third manuzl scranm.

(Slide.)

And this was the rod configuration after -he third
cne. There vere 36 rods out anéd of those 36 several of thenm
vere effectively £full in. e at this peint again reset the
scram signal, allowed scme drain time on the scram velunme,
and at this point he tock the bypass switch on the automatic
scram signal coming from the level instrumentation, took it
back to the sutcmatic position whirh is, as I understand it,

is 2 routins thing to do.

ALDERSON REPORTING  .APANY, INC.
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When he did that there was still water in the
instrument volume, and that initiatasd the f£inal automati
scram; and this vas six minutes after the third scram. At
that point all the rods went completely into the ccre, and
basead on some looks back at the situation, it did not really
matter whether it was an acvtomatic or a manual scram at this
point.

There was enough space available in the scranm
discharge volume to al. uw the full scram, so it is really
incidental that it was an automatic scram rather than a
manual scranm.

MR. EB

18

RSCLE: That sounds as though he knew what
was happening, and he was draining as he knew that that was
what the problem was.

MR. YOUNGs He had indication that that was a
problem. H2 had indication that each time he allowed it to
drain, he got the rods a little further in. So the final
complete scram occurred 14 minutes after the first scranm.

(Slide.)

Based on the studies that wvere done later, they
determined that the scram discharge volume did have water in
it on the east side, and that is what prevented the rods
£rom £fully inserting on the east side.

(Slide.)

To understand why that occurred a little better,

ALDERSON REPORTING COMPANY, INC.
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you need to look at the layout, and I have
Peach Botteom, but it is very, very similar for Zrowns

Ferry. This is a plan view locking down £from adbove the
reactor vessel, and off to the side here are the hydraulic
control units for erh one of the rodse.

Thuey basically split it up so that S2 ¢f the
hydraulic systems are¢ serviced by a hydraulic cecntrol unit
on the west side, and then S3 are serviced by control units
on the east side.

This is the scram discharge volume. It is a
six=-inch pipe headisr arrangement. It has in the
neighborhcod of 300 gallons capacity, somewhat more than 3.2
gallons times $2 rods. A similar arrangement on the east
side, and then each one has a two-inch drain line connected
to the instrument volume which has all +the instrumentation
to tell the operator he has wvater in the scram volume.

¥R. PLESSET: About how leng is that line?

MR. YOUNG: Alout 150 feet on the east ané on the
west side about 20 feet long. So there was a consideratle
difference in the drain line.

I have an isometric view of the 2rowns Ferry

layout.

o

scram discharge

"
n
h
O
"
(ad
= o
D

These are the heade

volume cn the west side and the east side, and these are the

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



10
n
12
13
14
15
16
17
18

19

21

24

26
tvo-inch drain lines that connect tc the instrument volume
here. And you will notice that this one is 150 feet long,
this is only 20 fe2t long, z2nd this is the expansion locp.

MR. SIESS: This is Browns Ferry?

¥R. YOUNG: Yes. Frowns Ferry Unit 3. This is
the expansion loop that a lot of people thought was the
problem originally. It turned ocut probably it was not. It
is a2 horizontal expansion. Earlier it was reported it might
have acted as 2 trap and prevented water from draining, >ut
it is horizontal, and it would not act as a trap.

(Slide.)

Another view of Browns Ferry design is this one.
It shows an elevation view, and these are the volumes, the
header arrangement here anéd here. This is the instrument
volume, and these are the hydraulic contrel urnits that have
the accumulator, and all the scrar valves, and everything
associated with the scram systenm.

It is interesting to note here that G is a desian
membel for the slope of the drain lines in the syster of an
eighth of an inch per focot. And you can see here that on
the vest side they had approximately 2 one inch per foot
slope down to the instrument volume, but on the east side

they had about a .13 inch per foct, so they just met the

(4

one-eighth inch per foot slope on this side. It is 15C

versus 20.
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You will notice hesre that the vent lines off of
the scram discharge volume tie intoc a <Zrain header right
here, and they rely on air being in this vent header for
their vent capability. The drain line off the instrumen
volume also ties into a common drain header, and this feeds
into a sump, and the pipe is under water at this point.

This is a very large header system, and there are
a lot of open drains in this system, sc you would expect air
to be in that header system, but not necessarily sc.

Another point is that from this valve on and €from
this valve on down is a non-safety grade part of the
system. That piping is not seismically gualified, and
necessarily it does not need all ¢f the specifications of a

safety-grade system. And of course this drain header =--

ot

¥R. KEER: Beginning where does it not meet safety

MR. YOUNG: From this drain valve down and from
this vent valve down. BA1ll of the instrument voclume and the
header arrangement up here are safety grade up to the first
valve, which is here.

¥R« KERR: But if you did -- let's see. If you
had an incident that would open it, it would not prevent
functions but if you had an incident that blocked it, it
would be serious.

MR. YOUNS:s That is true, because the safety

ALDERSON REPORTING COMPANY, INC.
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function of these valves is to close, so if you =--
¥E. XEREs The safety function is to close, but if
b d

you have them open it dces not prevent scram, does it? It

just prevents containing the wvater.

¥R. E

(4%

ERSOLE: Safety function in the context of
stopping radiation leakage. If they were open and delaved
in closing, then the rods wcoculd have drifted in without
closing, not at the desired rate, but they would have gone
in.

¥R. YOUNG: Right. If it vas caused by the air
supply which connected that with the scram valves.

¥R+ EBERSOLE: If ycu left them cpen until you
ascertained scram, they would have gone in dut not very fast

ME. ZENDER: What is it that is non-safety grade
about it?

.| YOUNG: The piping is not analyzed

m

-
seismically, supported seismically not necessarily. That
does not exclude them from doing that, dut they do not have

on

[ =2

to do that. And the only other thing is the certificat
of the pipe material, vhich ic really not that relevant. It
is usvally the same pipe, but it has a little more
documentation on it.

MR, PENDER: 1If cne lockeC at it in terms of pipe
break, that would not prevent the scram system from werking.

MR. YOUNG: The pipe would not have any effect on

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S W., WASHINGTON, D C. 20024 (202) 554-2345
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this. The problem is that =simply prior to a scram you
assume that this syster is draining completely because thi
valve is open and this valve is orern; but since this is
non-safety grade or even if it were safety-grade, it dces
not matter.

If this were plugged bty water, trash, whatever, it
can prevent this from drainin¢g into the instrument velume,
and therefore defeat a safety function.

MR. KERR:s What is the pressure bduildup in that
system if you do not have drainage? Can the pressure build
up to 1500 psi?

¥R. YOUNG: Prior to a scranm?

¥R, KERRs During an efifort tc scram.

« YOUNS: During a scram these valves close.
The water comes into the system, and it does pressurize to
full primary system pressure. That is its design.

MEB., XZRR: It will only ¢o to primary system
pressure, or will it go to the 1500 psi that is indicated?
¥YR. YOUNG: The 1500 psi is the accumulator
pressure. If you let the scram valves completely open, that
water, that 150C p»si water would bypass the sezls and ¢go
into the reactor vessel, sc that pressure would have to
pressurize the vessel as well as this to get the 15C0.

¥R. KEPR: But ycu can go to vessel pressure.

R. YOUNG: Yes,

ALDERSON REPORTING COMPANY. INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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30
¥R. BENDEF: Gary, would defcrmation of the header
have the indication of perhaps preventing the system frem
draining properly and be a way of --
YR« YOUNG: Yes, sir. If this pipe vere crimped
or bent or whatever, or this pip., you could prevent
drainage.

ME. BENDER: Thank you.

v
e

s ]
™
84
(8]

BSOLE: Successive scrams after a €first

attempt are done by non-safety grade evolutions, bhecause if

2N

there has been some sort of stoppage ¢f if these ron-safety
grade valves have stopped so they cannot be opened, then you
do not have the privilege or a safety-grade second or third
Oor any other shct at the scram. It is designed fcr a
one-shot scram, not for successive scrams in the context of
having safety evecluticns to permit secondary scrams after
the first attempt.

So this whole shutdown wa2s accomplished on
non-safety grade evclutions, evolutions of non-safety grade
equipment which was cyclically opening these valves which
have no part.cular pedigree. You were not entitled to that
second drain.

0f course, you would not be if you crimped ite.
You would never get it, even if the valves would not work.

¥R. SH

()

WMCN: You have to bend the pipe a fair

ways to completely shut it off.

ALDERSON REPORTING COMPANY, INC.
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MR. BENDER: I guess what I had in mind, it would

have to be pretty substantial displacement cof the header
system. It is going to put its force right on that small
line. Just by bending it a little it you can restrict it,
so the flow would be scmewhat limited; and I can see that as
a way of eliminating the effectiveness of the whecle drain
system.

¥YR. YOUNG: The way the system is set up, it vas
intended to be set up if anything occurrec that prevented
draining, the instrumentation in this would catch the vater

buildup and cause a scram before that situatiocn was a

.

protblem.

m
n
(a4
e
w
t

si

3
L8]
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L
0
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"
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But what happened at Erowns

© th

an in

b |
(ad

D

this header filled with water, and as it

"

instrument veoclume it was not picked up by the instruments
because ~- wvell, I will show you. I have another drawing

that shows that a little better.
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(Slide)

The design was there to prevent that preblem, but
it did not work at EBrowns Ferry. This was a test after the
event to find out what could have caused the problem. They
filled the east header with water to simulate a blocked vent
line condition, and then they closed the drain valve here so
they could measure the water accumulation toc measure flow
rate.,

Based on that test, they found that this header
drained at the rate of .8 gallon per minute into the
instrumrent volume, which was good because that indicated
this thing is self-venting. If you close the vent, it still
will drain but it is & very slow drain.

(Slide)

They ran another test on the west side, and got
again a self-venting condition. But it drained at 3.2
gallons per minute with this vent valve closed, which was

much better but still nect very good.

MP. SHEWMON: If I have a bottle cf Coca-Cola and
pour it out, is that self-venting?

M2. YOUNGs Yes.

« YCUNG: This is a test tc simulate hoth vent

valves closed or plugged, and both headers will £ill) with

ALDERSON REPORTING COMPANY, INC.
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water, and they ¢got a combined flcow rate this time of about
«6 gallons per minute. Then a £inal test was done to
simulate ths normal condition.

(Slide)

This is the condition that wculd exist after a
scram normally. Everything is £illed with wvater, and you
open the vents and the drain, and usirg some ultrasonic
indicators on these headers, they measure the amount of time
it took to empty them. They tock 9.5 minutes to empty the
vest side, 25 minutes to empty the east side, and the
instrument volume was completely clear.

The level alarm was cleared in 11.5 minutes, so
this indicated the protlem, which is that at Browns Ferry
when this header empties it is draining at about 34 gallons
per minute. This level just cortinues <2 drep in the
instrument vclume because it has a flow rate c¢f 36 gallcns
per minute.

Therefore, the water coming in from the east

wn

header comes in at 11 gallons per minute normally. o it
just runs right through the instrument volume and the
instruments dc not pick up anything, and yet there is still
water up here in this header.

Now, if you blocked this at all, this drain line

or the vent line, yov will not get 11.€; you will get

something apprcaching .6 gal .»ons per minute. S¢ that
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explains how the water was held ug in this volume sinmply by
the fact that scme -- they don't know how it got there.
There are several possible mechanisms for getting the wvater
in there.

The ncormal leakage from the scram discharge
valves, they leak a little bit. It is very small. They
measure a .03 gallcn per minute leakage from all 185 valves
after the Browns Ferry event. It is 2 small leakage rate,
but if this vere not draining properly, that would
eventually fill up this header and the operator would get no
indication over here.

ER. LEWIS: I did not understand one thing. When
they did the simulated test with both the east and west
header vents blocked, the flowv rate was .6 gallons per
minute. Pu* that was much less than the west alone was.
Why did tlockage nf the east one slow down the burktling of
the west one?

¥E. YOUNG: I wondered that, too.

MR. LEWIS: I see. Thank you.

MR. YCUNGs:s When they £illed bdcth headers, it
alloved ther to drain into the instrument volume. It
settled down to about a .6 gallon per minute drain rate.

MR. LEWIS: 1Is ther2 any common section of pipe
between those %wo 2-inch lines dbefore they go into the

instrument vclume?
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e YCUNG: No, there was not. They separately go
into the =--

¥R. LEWIS: They obvicusly interact somehow.

¥R. EEERSOLE: 1Isn't there some =-- the air flow
path =--

¥YR. YOUNG: That may be. That may be.

MR. MOELLER: In the test you say they :locked the
vents from sach side. Why did they do that? Did they have a
reason to believe the vents had been blocked?

¥YR. YOUNG: They suspected there was inadeguate
venting that caused the problem, so they closed the vent
valves to simulate that condition. They had attached a
vacuum pump Jjust after the event to the vent headers, and at
one point they were able to pull a slight vacuum with that
pump on the east side. 7They were never able tc repeat that
expariment, but it implied there may have been some type of
blockage.

So that is the description of the Browns Ferry
event.

¥E. LAWECSKI: JMre the other Browns Ferry units
different from this?

¥R. YOUNG:s They are similar to this. There is
just minor piping variations.

M. FEALEYs:s Maybe you ought tc recap what the

staff has told the utility to do as a result of this.
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¥E. YOUNGs Okay. Eight after the event, some
other problems occurred and they came up with a
recommendation cn how tec allow continued operation, and that

these

:
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was to install some ultrasonic leve

headers directly rather than rel on this instrument

..
P
=}
O

volume tc tell the operator thu.t he has water in the header.

In additior to that, they had they open this vent
line here to the atmosphere in the'huil:inq so that when
this valve is opened, it is directly open tc the building
atmosphere rather than relying cn the string header
arrangement. So those were the two things that they
primarily did to allow continued operation.

¥E. EENDZFEs There has not lbeen any proposzl o
subdivide those string headers further.

¥R, YOUNGs Yes. The final solution that is teing
recommended by G.E., and the utility is basically going
along, is to eliminate that drain line. I think Dot will

¢n doe

n

mw
[os

runswick de

n

shov in her presentation that the

elipminate that drain line and it is a better arrangcemen+t.

1
=

hev o

MR+ BENDER: I had in mind to have more separate
drain lines. This thing is divided into twec halves, ané one
might want to divide it into guarters or even a grezter
subdivision than that.

MR, YOUNG: I see. I don't =-

MR, BENDER: Commonality continues ¢tc te a matter

L8
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of concern. and as long as G.E. is going tc make the
argument that they have independence within their scranm
units, T think they ought to make damn sure they are really
independent.

¥R. PLESSET: Well, does that finish ycur
presentation?

¥R. CAEBON: I have a guestion. It was mny
impression from what you said that the protlem perhaps
stemmed in parct £rom plugged vents. From what you say, the
staff had those vents opened to the atmosphere to bypass
part cf the line.

DPid they dc anything in terms of the valves, the
vents themselves?

MR. YOUNC: They have done some testing tc make
sure the valves are coperating properly, and they have done
some tests to meke sure the syster is venting prcoperly when
the valves ¢o open. The valves themselves have not been
changed. They are the same valves.

¥R. PLESSETs Thank you, Gary.

Is there another guestion?

¥MR. LEWIS: A trivial guesticn. In the real
world, the header pipes each have 20-o0dd T's .in them, each

for the separate rod discharges, or do the rod discharges

come together before they go to the header or what?

(8 4]
in

MR« YOUNSs They are separate. They have 1
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separate hydraulic lines that go from the rod drive
mechanirm all the way and tie intc the header.

MR. LEWIS: There are 95 T's in these pipes.

MP. YCUNS: Yes. These are small pipes and they
come up here into the header. This shows one of the 18%

hydraulic control units. You have two bznks on each side.

.
e
142 )
-]

iISs Okay, thank you.
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ET: Thank you, CGarye.
I think Dorothy is next.
MR. YOUNCs VYes. She will talk about the

BErunsvick and Hatch events.

(

%)

lide)

"

L5}

o ZUKOR: What I am going tc cover are the Hatch
and Srunswvick events. I will go through the EBrunswick avent
first, mainly because I have more informaticn.

I would like to preface this with the fact that wve
are still gathering information and that any conclusions are
n.t necessarily final. There is information coming in, and
our conjectures and judgments on what has happened and what
may have to be done will prodably change as more information
becomes availiable.

On October 19, 1579, the EBrunswick unit underwent
a scram from full power. Following that scram, they noticed
damaged pipe supports along the drain line below the scram

discharge and instrument volume,
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Now, chis is a portion of the scrarm discharge
volure. This is the instrurent volume at Brunswick. Notice
that there (s no small two-inch line connecting the two.
Erunsvick is one of the new BWPs and that line has been
eliminated in the BWF~6 design.

The pipe vas damaged primarily on the scuth side,
although the north side did undergo some damage and some of
the svitches. Essentially, the rod block and the high level
alarm switch were damaged on Prunswick. This darmage is
believed to have been the result of a water hammer.

Now, this wvater hammer is not your classic stean
Oor steam collapse water hammer. It is mainly a hydraulic
event which we believe occurred when the syster went solid
and the vent valve and drain valve failed to close in a
reasonable amount of time. These valves were normally
closing tetveen 25 and 35 seconds, and at this particular
time the solenoid which controls bdeth cf those valves --
there is only one sclenocid -- failed to close these valves
in a reasonable amount ¢f time. So it was taking about 5
minutes for these valves to close.

At this point this entire system could have cene
solid and been that way when those vent ané drain valves
failed to close. After the event, the licensee sent an LER
te FRC, and the NRC suggested that the licensee examine the

svtiches because the damage to the drain line was of such an
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extent that it pulled some of the piping right out of the
vall.

So they suspected that maybe the switches had
undergone some damage. Now, the licensee had inspected the
switches, but from a visual inspection, not an inspection
vhere these swvitches vere disassembled and radiographed. So
while a nev valve or new solenoid was ordered, the plant
resumed cperation with th2 vent and 4drain valve closed.

The idea lehind this was that if it took tco long
for the vent and drain valve to close and that was an unsa‘fe
condition, then a very safe conditicn would be tc have thenm
close from the Peginning so you would noct have to worry
about that problem. The idea was tc open the drain and
drain the system every hour.

Well, the drain valve happens tc be in an
extremely inaccessible place, so the operators decided +that
they would wait £for the high level zlarm switch, and when
this switch came on, then they woulZ drain the system. This
proceeded until November 14th, where a scram was obtained on
the high level scram switches, and none ¢f the lover level
switches had alarmed.

Neither the high level alarm switch had sent any
in4ication nor the rod block switch. Upon investigation it
vas found that both of those switches were damaged to such

an extent that they were inoperable.
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(S1lide)

Now, at this peoint since you still have fresh in
your mind what EBrowns Ferry looks like, I would like to go
throuch and shov you the difference between the instrument
volume on these two plants. HNotice that the scram level
svitches come o0ff, the scram level and the rod block level,
come cff the instrument volume itself. The alarm level is
connected to the drain line.

This differs slightly from Erowns Ferry where 2ll
cf the svitches are in line and all are connected toc the
drain line. #We are not sure whether this is really a
significant point or not, but it is something to watch out
for. It is possible that the ccnnection to the drain line
may be a source of some cf these problems.

1

( de)

[9]
[

This is a partial isometric 2¢ the Erunswick
system. Notice that this is the alarm switch, this is the
rod block withdrawal switch, and these are the scran
switches. Again, this is the portion that is significantly
different from Erowns Ferry.

¥B. LAWROSKIs Dc you know when those swvitches
were damaged?

¥S. ZUKORs We think it was October 19th. I don't
think anyone would wvant to swear to that because they had

not been disassembled and inspected to verify that they vere
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undamaged previcus to that.
(Slide)
Notice the difference letween EBrowns Ferry and

e is completely

3

SBrunsvwick. This is the long line. This 1li

missing in Brunswick. Also, Browns Ferry only has one
instrument veclume. Brunswick has one on each header.
(Slide)
This slide simply shows the initial configuration
before scram so that your vent and drain valves are open,

your system is empty, assuming it is draining properly.

At scram your vent and drain valves will close.
The system will fill with water. Now, this is the portion
that ve believe caused the problem for Brunswick. In cther
vords, thes2 valves shculd have clcseéd much more rapidly
than they did.

In closing, on the order of £ minutes it alloved
this entire system to £ill uvp. Now, this water in here is
now at reactor pressure, so these valves when they finally
do close are clcsing against full reactor pressure, which
can cCreate a transient that could g¢ »ack and damage these

switches.

u

v
e

™
0

EESOLEZs I am under the impression that the

»

..

8rowns Ferry valves closed instantaneously, more or less.

Is that correct?
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MS. Z2UKOR: They closed, I believe, in abcut 15
seconds.
¥R, EPERSOLE: They are deliberately tinme
delayed. 1Is that correct?
¥S. ZUXOEe I don't think sc.

MR. EBERSCLE: They are accidently time delayed.

ot

he &l

"

MS. ZUXOR: Yes. It takes that long for
to bleed cff the valves.

MR, EBERSOLE: That is a variable you can control
any wvay you want,

¥S. ZUKCR: And in scme cases you cannot control
it.

(Slide)

These are the switches that vere damaged, and this
is Jjust a slight schematic that indicates roughly how they
vere damagei. These switches are hydraulically tested before
they bleed the plant or their place of manufacture to 1525
psi. Eut this is a static test, basicazlly. It is not done
under dynamic conditions.

Again, notice that although there were nc damaged
svwitches on the south side, the reod bdlock switch and the
high level switch are not present on the south side. That
is not to say that if they had been there, they would not
have been damaged.

(Slide)
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Upon investigation it was found that neither the
drain piping nor the vent piping had been snalyzed for any
types of loai. As a result cf that, the systems had to be
strengthened,

What I would like to show you now are some slides
that indicate how those systems really look and how they are
oriented and what are some cf the adjustments that have been
made in light of this event. What vyou see here is the
header that comes down from the scram discharge veclume into
the instrument volume. Notice that the scram discharge
volume and the instrument volume are basically cne pipe
which is simply increased in diameter as it goes into the
instrument volume.

There is no clearcut cutcff between the scrar

ischarge volume and the instrument volume. What you see
off to the right here is one ¢f the two scram switches.

(Slide)

This is the other scram switch. Some of this
instrumentation is the instrumentation ¢hat was cn the
switches tc do the NRC test to make sure that they were
operating properly. This is the rod block withdrawal
switch. This line will go into the scram discharge
instrument volune.

(Slide)

Again, this is the rod block withdrawal swvwitch
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going into the instrument volume and alsc connected to the
alarm switch which is off the drain line.

(Slide)

This is the drain line coming out of the scranm
discharge instrument volume. Nc, this is the line which
undervent some of the damage and which had pipe supports

pulled off the valls.

This is what the floats looked like that had been
taken out of the rod block withdrawal and the alarm switch,
I cannot tell you which one, but they wvere ecgually
destroyed. So I don't believe it makes a whole lot of
difference.

(Slide)

As you can see, there is a rod that goes ints the
ball and it is wvelded at the bdall. These balls are 34
stainless steel. There is no damace on the bottomr or on the
sides to indicate that there was any other event other than
pushing the rod into the ball that damaged thece floats.

(Slide)

Ajain, you can see that the float was damaged, and
in some cases it was damaged enough to rip the float itselrs.

(Slide)

Now, I have seen some pictures of floats from

Hatch, and they lcok very similar to ¢this. They wvere

ALDERSON REPORTING COMPANY, INC.
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damaged in essentially the came wav.

(

(8}

lide)

This is a picture cf a vent valve. Now, this line
goes back intoc the vent header, which is one of the lines
that Gary spoke about, which is a vent ard a drain line.

You can expect water to be in the line. You would not expect

it to be £full. This is where it ties in.

This goes toc the reactor eqguipment drain tanke.

This is a picture of pipe supports. This ig where
one of the previcus pipe supports came ocut of the wall.
This is a picture of the new pipe support. It is difficult
to see because it is the same cclor, but I have anotner
picture which will make it more clear.

(Slide)

Here is a picture of them side by side. YNotire
that the base plate is the primary change between the pipe
supports. The licensee has sent the NREC a memc and
indicated that should additional strengthening be reguired
because of further analysis, they will perform that
additional strengthening.

(Slide)

What I would like to do is gec through the Hatch

event a little bit. There is much less information. It is

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




10
1
12
13

14

8 ® B R

u7

mostly data,

¥R. EENDER; PRefore ycu gc on, could you recap a
couple cf things? I guess I was not too clear or hew the
vater hammer wvas initiated in the first place. Could you
Clear that up?

ES. ZUKOR: This is not cast in stone. This is how
we believe it was initiated. The vent and the drain valve
delayed open, so that normally vyou would expect to have in
this system when this vent and drain valve closed. 32y
delaying the opening of these two valves, it allowed this
entire system to £ill with water before this vent and drain
valve slammed shut.

wWhen it finally did shut, they were closing
against not air but wvater that was at reactor pressure. So
it is possitle that by closing against that force, it
created an impulse back into the systen.

¥R. BENDEP: Hew many times has the opporturity

™M

for that event to occur occurred? Is there any feelinec for
that?
¥S. ZUKCE: I cannot give you a number, but it has

occurred more frequently than we coriginally suspected

Ly

because upon looking back into the computer printouts and
some of the LEEs, we found that these vent and drain valves
had failed on different occasions te fail in their expected

time, and there have been damaced floats found.
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MR. BENDERE: Is it several times a year or several
times a month or what?

ES. ZUKCR: Not even that. It is on the order cf
four events in the LERs that we have managed to look at so
far.

Are there any other guestions on Erunswick?

MR. EBERSCLE: Concerning the closing mode, what
You suggest 1is these things approach closure and then they
rather suddenly snap shut; they dc not progressively close
and thus diminish or break the acceleration of the wvater; i
that correct?

HS. 2

= -

JKOR: We hzve not been able to get the
complete characteristics of the valve yet, but ve delieve
that is what it does.

MR. EBERSOLE: Thank you.

e

MR. LENIS: Is there obviocus raticnale for n

O

having a high level switch on the south instruments?

¥S. ZUKOR: Not that I can find, no.

KPR. LEWIS: I see.

¥R. FEALEY: I think that is considered an alarm
and not a safety function, so they don't duplicate ite.

MR. LEWIS: From the north but not from the socuthe.

ER. FRALEY: That is correct.

¥S. ZUKOR: The alarms are £for the convenience of

the operator rather than fcr safety.

ALDERSON REPORTING COMPANY, INC
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(Slide)

In Hatch=-2 =-=- I am sorry, Hatch=-1, on June 13th
the Katch-1 plant was shut down for refueling. At that
time, tvo cut of four scram switches vere found tc te
inoperadle, and this inoperability was believed to be due to
an adjustment and maintenance wnich was done on the swvitches
earlier.

Up uatil this time the switches had been operating
properly and they had passed all their surveillance
testing. However, when the LERs were examined and the
events that involved the vent and drain valves, it had been
found that on the Sth of May in 1980, the vent and drain
valves had failed to close on trip and the damage was found
on the vent line in May. So there are events -- these are
not related because the shutdown was mainly for refueling,
and Brunswick, as you know, underwent a scram anéd that is
why they noted they effects.

But there are more events than originally thought
of cccurring on this particular system.

Now, I am prot going tc make any conjectures about
Unit 1 having a drain system that looks like this because I
found out that every one is different and the lbest thing you
cen do is not assume anything about them until you see the

dravings.
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up for Jjust a minute?
LESSET: Use your mike, Jesse.

MR. EBERSOLE: The one that shows the signal

(Slide)

The cuestion was asked about having only on ore
ley the annunciator. I think there is a generic thing here
that ought to be called oute This is 2 classic example of
the fact that coperatecr information feé tc the operator is
single track and non safety grade, and a lowv grade in
general, not in a class with automatic safety functions,
which you notice in the scram cystems z2re 2uplicated.

There is the one shct pitch to the operator that

*

this level exists. The other case is duplicated, and tha

is typical of most 2ll information fed to operators on which

fety acticns, which is one cof the generic

they base their s

w
»

problems we have.
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Heretofore, we have always considered operator
information non-safety grade in character. This is 3Just

example of that.

¥S. ZUKORs Now, Hatch-2 has undergone similar
damage to Brunswick. I have seern pictures of the floats
they are partially collapsed. In fact, they look ver
similar to the Brunswick floats that wvere damaged.

However, the damace that occurred sort c¢f

51

an

and

precludes the assumption that it is all connected with the

drain line, because one of the flcocats that was damaged was

on the north bank and one was on the scuth bank; and threse

vere the scram svwitches, as oppocsed to the rod dlock
vithdrawal or the alarm switches. So as of yet, we are
still not sure exactly what the mechanism is that is
damaging these plates.

¥P. SHEWMOK: Normally, one of the twe should
the same pressure there.

ES. ZUKOR: Correct.

ME. EENDERs This was learned by physical

inspection as opposed tec symptomatic indications?

m

« LUXOR:s The £float damacge?
MR. PENDER: VYes.

¥S. ZUKOR: Yes, because the floats are irn a

sSee

housing. As you sawv, ycu cannhot see any of the floats fron
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the outside. You have to either disasserble the system or
radiograph it, and I get th' impression that even
radiography does not show it. You almost have to
disassemble them t2 see that they are okavy.

¥R. EENDEF: And this vas learned as a result of
the NRC all points bulletin or whatever it was?

MS. ZUKOF:s Correct.

¥R. BENDE2: Correct.

MR. FRALEY: Which scrar switch wvas damaged?

MS. ZUKOR: I don't know precisely which one. One

on .his side and one on this side.

¥R. FRALEY: One on each side.

»

(=
fad
b=
™

KS. ZUKOE: And right now that is al
information we have available to us on Hatch, and mcre
information is expected to come in.

.

SIESS

"
-~

w
o

"

. 3 ot, nhea he beginning you said

something about the design, with the two scram discharge

instrument volumes, that Gt had had 2 new design for

EWR-€'s, and I think that was the term you used.

¥MS. ZUKOR: Gary is geing toc go through that.
MR. SIESS: I got the impression earlier that

these systeazs really vere not designed by GE; that they just
specified volume and it was up to the AL or subcontractor.
Does that mean that GE is tel’'.ing people what they want?

¥MS. ZUXOR: Yes. They have a suggested designe.
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They cannot require their licensees tc use the suggested
design.

MR, SIESS: Did they have one before?

« ZUKOR: I do not believe soc. As a resul:,
they had a subcontractor =--

MR. SIESS: It would be interesting to know why
they have nov suggested something that is good, where before
they did not suggest anything, including what was not good.

MB. PLESSET: There was one outfit which designed
these.

MR. SIESS: I know that. But Dot says GE nov has
a suggested decsign, and I got the impression that previously
they did not even have a suggecsted design. They just said,
you want 3.2 gallons, they said, that is right. I wondered
vhat they l2arned or what happened tc cause them tc change
their policy and suggest a design which is a good design, it
looks like, in terms of the volumes and the hydraulics.

¥S. ZUKOR: I do not think they had a suggested
design. Th2 scram discharge volumes themselves are very
similar. @Where they tend toc differentiate is below the

scram discharge volume into the instrument volume.

e

YR. EBERSCLE: I think they found that ceneral
criteria and sprecifications were insufficient.

ER. SIES

(9]

I£f that were true, this would bde

reportable, because it would be a safety deficiency on 2ll
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the previous plants, wouldn't it? I am not a lavyer. Is
there cne present? They se2m to decide those things.

MR. EENDEER: I recall a generic item that referred
to interfacial relationships betvween lbalance of plant and
the primary =-- the nuclear system. And we toOk it out
because the regulatory staff said they had novw established a
requirement for checking those interfaces.

¥R. SIESS: We only got concerned about interfaces
with standard plants, and I don't think any of these are
standard designs. These are all 3ust so-called "custonm
designs." Custom designs are made >y different people. We
never talked about interfaces on custor designs.

¥R. FRALEY:s Apparently, somehowvw GE did get the
vord, as histcry moved forward, tc put in the hockey stick
versus the drain line and to put in DF cells versus the
£loats, whizh vere evolutions in this system design, which
did get passed on to the AE's, but we are not guite sure
how. Pecause you can see this evolution over the years.

MR. SIESS: What I am interested in is what =-- did
something happen that made them realize this was an
improvement or did somebody Jjust sit down and think of it
and say, gee, this is an improvement? I don't think anybody
has found any previcus incidents of flow blockage.

¥S. ZUKQR: No, noe.

¥R. SIESS: And did they cccur z2nd not be =-=-
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MS5. ZUKORs I believe that guestion was asked of
GE and there was no real response that said why they changed.

ME. SIESS: Here we have some bad systems and some
good systems. There wvas a reazson for the good systerms.
Apparently they vere not completely accidental. And I would
sort of like to know why ve get gooéd things sometimes, as
well as wvhy ve get bad ones.

¥R. PLESSETs Thank you, Dot.

Let's _o back to Gery

FR. YOUNCs: Okay. I would like to briefly gc to
the recommendations that were made by the NRC Office of
Analysis and Evaluation of Operating Data. They reviewed
the Browns Ferry 3 event specifically and came to some =--
had some findings and some recommencdations. The findincs
are listed in the handcut. I will not go through those.

But the final recommendations are shown here.

(Slide).

And the first recommendation is that the
operability cf the instrument volume high-level trip or
scram system should be independent of venting and draining
requirements. 2Ané this goes back to the fact that at Erowns
Ferry the drain problem presented in the instrurent volume
from seeing the wvater and initiating a scram when they have
water there,

€o he is recommencding that the operability of this
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syster be independent of venting and draining. I will show
later how that can be accomplished.

They recommend that the instrument volume
instruments be redundant and diverse. And the reason for
that is obviously that there are problems with the
instrumentation, such as wvas found at Brunswick and Hatch,
and that ycu cannot alvays rely on this instrumentation, on
these floats, to work properly. So they are recermending
that they be =-- they already are redundant, but they are not

diverse.

e
w

le BENDER: Gary, if you satisfy one, is two
important?

¥R. YOUNG: Yes.

MR. BENDER: &hy?

E. YOUNG: CEecause the instruments -- if you Just
satisfy cne, if you made a system where the instruments will
see the water if there is wvater there, but if they are
unreliadble they may noet cause 2 scrar and, number two, mzke
sure that they are reliable, diverse, and reduyndant, they
will initiate a scram if water is present. Sc they really

are directly ccnnected.

v
bed

(8 )

« B

L ]

NCEE: Thank you.
YR. YOUNG: The third itemz is that all the vent
and drain paths from the scram discharge volume should bde

redundant automatic lisolation valves. Right n~ow there is
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one vent valve on 2ach of the headers and one drair valve on
the instrument vclunme.

The concern there was the single failure of any
one ¢f thcse valves would result in a leakage of primary
systen water following 3 scram. Sc they are recommending
that they become redundant valves instead of just a single
valve that they have now. And this is to assure that the
system is bottled up folloving a scranm.

The fourth item concerns cperating procedures to
be followed during the complete or partial scram failure.
Apparently, at Erowns Ferry 3 there was concern that the
operator did not initiate the standby liquid contreol systenm
or the boron injection system, and he would have needed some
upper management approval to dc so, when in fact the
decision probably should have been made much gquicker.

SO this is not true at all plants, but apparently
at Browns Ferry that was a problem.

And then the £ifth item is a recommendation =-- it
is not really safety-related. It sayss Consider medifving
the vent drain arrangement to improve drain reliability. It
goes back to the problem of having a vent drain tied into a
drain syster that might not be atle to adeguately vent,

So this vwas more, as I said -- as I say, consider
it. It is not a necessity if ycu do all the other +hings.

GE nas macde a recommendation, preliminary
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recompendation, on a configuration that would meet all of
the items that I Just discussed.

(Slide).

This is the hockey stick arrangement that exists
on the never plants. This is the scram volume, anéd then the
instrument volum i3 an integral part. It has no drain line
between the two. Therefore, any wvater that gets in the
system, because it is slowvw, will drain into the instrument
veclume and therefore you cannot have the situation where
there is wvater up here and not down here.

And that weoculd be independent of a vent or a drain
on the system. It would not matter if the vent drain
worked; wvater would still fz11 to the lowest point, and then
the instrumentation they showed here has been slightly
mcdified to not connect with the dreain line any more. It
connects directly with the instrument volume.

And this was, I think, an attempt tc correct the
vater hammer problems at Erunswvwick and Hatch. It is not a
definite solution because no one really knows what caused

the problem at this peocint.

h &)

MR. EENDER: Was this possibility considered in
regard to =-

¥R. YOUNG: I believe the NRC staff is locking
into =~ this is just a recommendation that they =-- that GE

has made. And T believe cduring their presentation the cs+taf?f
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vill discuss some of that, the other possibilities.

ME. BENDER: Thank you.

MR PLESSET: I have to make a remark. We let
Gary pass over pretty easily the remark about the operater
needing upper management approval for boron injection. It
depends on what kind of situation you are in as tc wvhether
one can do it or not without management intercession.

¥R. SHEWMON: 1Is management the SEC on duty or dc
they have to call up the frcnt office or something?

MP. YCING: It is the on-plant management, the
shift superviscor.

MR. SHEWMON: But that person is not necessarily
in the control room. He is available someplace, hcpefully,
in the plant.

MP. YCUNG: Yes, he is definitely ip the plant.
And I think normally he would be very close to the control
room.

¥B. ZEERSCLEs It reguires twice as many
instruments to accomplish the same function as the old
design did. Therefore, it is half as reliable.

ME. YOUNG: It reguires twice as many instruments,
but I believe -- for example, if water got intc this header,
it would scram the plant. So it is really kind of
redundant.

MP., EBERSOLE: Wait a minute. These hav e *c be
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coincident on both sides.

MB. YOUNSs No, sir. Any vater in either header
vould scram the plant.

¥F. EPERSOLE:s They have rigged it for A and 2
channels?

ME, YOUNGs It is similar to the design that
already exists at Brunswvick. It is really the same type of
configuration.

ME. EBERSOLE: You will still get scranm?

¥R, YCUNGs I don't believe that is true. I
believe you've got water in just one of these headers; then
you would scram the plant.

¥®. KERR: Can't we find out that -=- den't you get
scram, supposedly, vhile you still have enocugh volume left
to produce scram?

¥R. ZBERSCLE: 1If you have scram and you f£fill it
up, then you don't have a second optione.

MR. YOUNGs The half-scram does not cause a rod =--
the rods don't move at all on a helé-scranm.

MR. FBERSOLE: I mean a half-stroke.

¥R. YOUNGs R half-stroke, I see, ockay.

If there are not any more questions, Dot Zukor
will talk a little bit about the WASKE-1400 comparisons of
these events.

(Slide).
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¥S. ZUKORs Rs a result of analyzing the scrarm
systems, we have more or less generzlly concluded that the
EWR scram systems are not as reliable as originally expected
and thought.

(Laughter).

And as a result, scme of the calculati!>»ns done in
WASH-1400 are a little bit overly conservative that _.he
system vwill work. MNow, what I have here is a fault tree for
the analysis done for a failure to complete a successful
scram for Peach Eottom. This is similar to the Erowns Ferry
plant in that it has that two-inch drain line. At least now
it dces. 5Soon it will be changed. 3ut it still has the
two-inch drain line.

Now, previously this was the cnly mechanisnm
thought of that would bleck the systerm, and you usually have
vater entering the header, as Gary mentiocned, because vcu
have some l2akage into the system. Once that satisfies that
end gate, it can continue tc ¢go up to the top, where you
have a falilure to successfully scrar.

This number hevre is or the 2rder of 10-7, which
is extremely small, which you wculd usually expect for a
dead leg pipe that is basically a passive component.

(Slide).

Now, what I have done with this system is to

include the fact that if this header fails to drain -- and
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it can fail to drain for more than one reascn, rot
necessarily that particular two-inch line. It can fail te
drain for a numder of reasons:

One is if the scram discharge instrument volurme
fa.ls to drain, and that can be because the drain valve
fails to operate or the lsavel instruments fail to furction,
which has been found to be not an UNCCEMMON OCCUNTenCE.

(S1lide).

fhe trip header vent line can £ail to vent, again
for a similar reason. You have your vent valve failing to
operate.

Now, what this would do for a plant like Browns
Ferry is siaply slov the rate of drainage down. Put i+ may
be signifir- . enough tc prevent the systerm from draining
prope . ly, or your vent line itself is plugged. PRcain, you
have the original vent which vas on the original W2SH=-1400
fault tree, which says, okay, the drain line is blocked.

Now, what reduces this prcbability of fazilure =--
and you have it on your handouts; I did not write it on the
transparency == 1s that the vent valve and the drain valve,
because o0f their active compatidility, have a much higher
probability of failing than, say, this class of ceomponent
here.

So your trip header failing to drain becomes

-3 -4
something on the order c¢f 10 or 10 rather than
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10 . Notice, however, that at Browns Ferry there is the

possibility that that wvas precisely what happened, even
though it is a very lecv probability event. It could have
been that that system was drained.

Now, after the event, the whole scranm discharge
instrument volume at Browns Ferry vas cleaned very .
completely. So it is possilble that vwe will not £ind out
vhere that plug vas, or if in fact there was one.

¥R. SHEW®ONs; Did they analyze what came out of it
besicder water?

PS. ZUKOR: Yes. They found some crud, but
nothing that was significant to make them think it would
have blocked the system. And at places where there vere
bends and turns, they cut the turns out and checked the
system to make sure that there were no plugs in there. And
they were not atle to find any.

MR. FRALEY: There vas one other thing. Dot did
not include in heres the probadility of 2 design deficiency
which would increase the prolability of such 2 failure, and
that in effect is what they have concluded hagppened at
Browns Ferry. This long run of pipe that would not drain,
you know, that let the SDIV drain faster than the scrar
édischarge volume, which vas re2lly a dezsign deficiency.,
vhich would have been another leg to this fault tree.

MR. LEWIS: I don't entirely understand the
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definition o2f "probability"” here, Dot, because 10 to the
minus -- normally, the probability is that when you call on
something it will not perform, whereas here a blockage or a
£illing cf a header can be a long-term affair. So the
probability is that when you lock for a scram, you will £ind
that it actually was blocked. That depends on how often you
look for a scran.

MS. ZUKOR: Yes.

If there are no more gqguestions, I have completed

my presentacion.

ER. PLESSET: Any other guestions?
MR. LENIS: I would like the record to show that

the Chairman promised me the ansver to a question earlier.

MR. PLESSET: We will still get that answer for
you. Don't worry. Just stick around.

¥E. LENIS:s 1Is that the price I have to pay?

MR. PLESSET: That is the price.

Well, I want tc thank both Gary and Dot for their
presentations, which I think wvere rather models of clarity.
And the Committee rarely hzs that kind of an opportunity to
be exposed to clarity. Let me put it that way.

Well, let's take a ten-minute recess.

(Recess.)
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MR. PLESSET: let's reconvene.

It would be mcderately appropri.ate since Garcy is
an ex-ACRS fellow and Dot is still an ACRS fellow, to
iniroduce new ones toc the committee, and mavybe I can ask
them to appear.

Stu Biehl, would you stané up? The new ACRS
fellow. Thank yov. And Bill Baldowitz up there. Thank you.

SO now the committee members will be getting onto
you pretty guick for all kinds of interesting tasks.

Well, let's go on -- we are running a little late
== the staff presentation. And I think that Mr. Speis is
going to take over. Would you go ahead?

¥R. SPEIS: Thank you, Mr. Chairman.

I am Thomas Speis of the Office of Nuclear Reactor
Regulation. Before I make some opening remarks I would like
to congratulate the fellows for doing such an outstanding
job, and our people will attempt to be as clear as possibdle.

We have a number of items to go over today, but we
also have in mind to go thrcocugh the description of the event
and the descripticn of the design, but that part of the
presentation will be abbreviated since it has been ¢given
alieady Py the -- by your fellowvs.

We will concentrate basically on the actions that

the MRC has taken since the events, of both short-ternm

actions taken and short-term actions underway, as wvwell as
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longer term actions. Rlso, we will ccver analyses covering

th

"vhat if" type of questions, assuming =-- superimposed =-- i
you had some limiting transients. And alsc we will say a
fev things about the implications for the ATNS position.

I would like to ask you if you think == >y the
way, our presentation is probably ar hour and a half with a
moderate amount of guestions. ¥r. Thadani will be making
the presentation on the implications of ATKS, but he has to
leave here abcut ten after 12:00 to go to a Commission
meeting. So> if you think our presentations will go beyond a
quarter after 12:00, we would like tc get him after Mr.
Mills makes his initial presentation.

MR. PLESSET: That is fine. let's dc that.,

(54

Now, you remember we rromised Mr. lewis scme --

ME. SPEIS: 1Is this the analysis of the event?

MR. PLESSET: Yes.

YR. SPEIS: This will be presented today also. We
have a number of staff members, and they will be introducing
themselves as they make their presentations. In addition to

myself, there is

19}

d Jordan f£rom the Office of Inspecticn.

He will help orchestrate the staff's presentation.

[
0
-
[
'_J
(=]
0
ot
o
la)
ot

So> with no fuc-ther remarks, ¥Yr. Mil
the presentations.

MR. PLESSET: Thank you.

3

LLS: My nzme is Bill Mills. I am a member
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(Slide.)

Since Gary and Corothy have discussed the partial
scram at EBrowns Ferry-3 and the Hatch and Erunswick events.
I will briefly summarize those and primarily discuss the
concerns c¢f the Browns Ferry-3 event as reised within the
staff, the short-term actions we have taken through Bulletin
80-17 and related ongocing short-term actions, and cur
conclusions on the Browns Ferry-3 event.

(Slide.)

This slide shcws a simplified diagram of the scranm
discharge volume at EBrowns Ferrv, and as previously stated
this morning, the function of the =-- the function of the
scram discharge volure is tc receive exhaust water from the
cortrol rod drives during reactor scran.

During normal operation prior tec scram, scranm
discharge volume is empty, the vent ani drain valves are
open, and leakage intc the system drains intoc the instrument
volume of the drain line. Level switches are provided on
the instrument volume to detect an accumulation of water.

In the Browns Ferry-3 partial scram event, an
accumulation of water in the east scram discharge volunme
caused a2 failure of the rods to scram. ZEven though the
exact cause for that accumulation cf water is not known, the

basic problem with the system is the poor communication
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betwveen the scram discharge volume and the instrument vclume.

These tw2 volumes are ccnnected, as previously

tated, by approximately 150 feet of two-inch pipine. This
makes it possible under certain conditions to accumulate
water in the scram discharge volume without detecticn in the
instrument volume.

As I will discuss later, we have taken corrective
actions to ensure that this does not happen again. I will
discuss them in more detail later. But briefly, we have
reguired that the vent and drain valves be operable, and
that has to be verified, and verification that the vent
lines are free of obstruction, that this system is free to
drain. And 2lsc we require direct monitoring ¢f the scranm
discharge volume, besides the normal instrumentation
provided here.

Wwe have also reguired that fcllowing each scranm,
all of these level switches le functionally tested with the
injection of water to make sure that they are operable.

This is the result of the Hatch and the Brunswick concerns
with the damaged lines.

MR. BENDER: Why are you insisting on the
operability of the vents?

ME. ¥ILLS:¢ If you have an ineffective vent, then
the draining of the scram discharge volume will be degradec.

MR, EENDER: Will it de ineffective?

ALDERSON REPORTING COMPANY, INC.
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MR. MILLS: It can be, ves. It depends on the
leak rate into the scram discharge volume, 2nd there are two
cases. One would be following a scram in which you started
with the system £full, and you would get a slow draining
rate. E2ut during normal operation with the system empty you
would get a better draining rate even if the vent wvere
plugged.
¥R, CARBON: How sensitive are your devices on the
cram discharge volume? Will they pick up the thing half
full, ten percent full?
¥R. MILLS: Wwithin about one inch.
¥R. CARBON: Fow big is the volume?

-

ER. MILLS: Tie pipe size varies fror plant to

wm

plant, and they can take measurements on variocus places.
Usually they take it right near the reducer :i:rom the
six-inch pipe to the two-inch pipe.

At Erowns Ferry currently they have a UT monitoer
there. They believe that the accuracy of that g within. it
is either a guarter or a half inch, so that would be out of

inch, so it is less

L8]
w
-
w
-
th

a six-inch pipe, a guarter o
than an inch.

MR. JORDAN: We can add to that that that volume
is alsc sloped, so we are locking at the accumulation in the
sloped end of it.

(Slide.)
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MR, CRREON: Cne more guestion. Are those devices
required before the plants can return tc operaticn, or what
is the schedule?

¥Re MILLS: VYes, it is required following scram
before return to operation that each of those switches be
operable and functicnally tested.

The Browns Ferry-3 event caused the staff to
question the reliability of the scram function, anéd our
understanding of the as-built scram discharge vclume
configuration.

We determined that short-term corrective actions
vere needed to justify continued operation, and that
long-term corrective actions vere needed toc provide a new
scram discharge volume design, improved reliability, and
that implementation of RTWS~-related procedures and not
applications were necessary.

¥R. EBERSOLE: 11} events related to BWRs, isn'

ot

there alsc an implication here that there are subtleties in
design detail that may well be present at the EFWR design
analogous to this one intoc which we have never locked, such
as undervoltage relay functicns which may present a probdlenm?
MR. MILLS: That is correct, and I think that is a
good point; anéd that is part c¢f what the NER task force will
consider in their longterm actions.
R

« MOELLEE: In terms of the first item, the
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reliability of the scram functicn, I am looking at this
memorandum of August 22 from Denwood 3oss te Harolé Denton
with an attachment, and it says that "The PAS group concluge
that the Browns Ferry experience does not negate the
validity of prior probabilistic estimates set forth in
WASH-1400."

And then the next paragraph says that "It is clear
that the occurrence has created considerable concerd
regarding the reliability cf the GE scram system, and that
the failure rate or failure estimate has been revised.”

Are those twe statements compatible, and could you
explain them in relation to what =-- to this aspect of the
problem?

« PLESSET: I think Speis vants tc make a

response.

0

PEIS: What are you reading from?

¥R, MOELLEF: I am reading from the attachment to
I can show it to ycu.
¥R. PLESSET: That is a memo from Denny Foss.
MR. MCELLER: Page 3, item S5 and 6.

¥R. SPEIS: We will address it later on.

¥R. PLESSET: Okay, fine. &hy don't you go on

then?

MR, MILLS: The staff tock immediate corrective
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action following the Ercwns Ferry-3 event to ensure that an
event of that type did not reoccur. Actions wvere taken both
through an 80-17 -- the requirerments of that bulletin are
listed here.

For all BWPs it was required that within three
days they verify that the scram discharge volume is empty
and operable. By "“operable"™ we mean that the vent and drain
valves are operable, that the vent line is free fronm
obstruction, and that the system is empty and draining --
and will drain.

We also r~equired scram tests to be performed to
confirm that no significant problems existed and to provide
-ata on the operaticn of the scram discharge volume anéd its
draining characteristics.

We required that the scram discharge vclume be
verified empty after the scram tests and after all other
scrams that occurred. We also required procedures for
moenitoring the scram discharge volume daily for an
accumulation of water.

They were required tc have emergency cperatine
procedures to ensure that operator actions were adegquate for
an event of the Browns Ferry-3 type.

In addition, actions vere specified in the
bulletin to be taken to mitigate the conseguences of an ATWS

event.
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(Slide.)

After issuance of the criginal tulletin 80-17,
“upplement 1 was issued. This supplement was issued
folleowing further staff review, and the information that was
received on as-built configurations.

Supplement 1 required continuous monitoring of the
scram discharge volume to be installed by September 1 or
additional acticns had to be taken. 2 desig¢n review of the
vent system to find ways tc improve the venting of the scram
discharge volume. Procedural controls for the use of
standby liguid control, we required that the key be
maintained in the control room, and the operator be provided
with procedures and criteria such that he could make the
decision without management approval, that he could initiate
standby liguid control if it were deemed necessary.

We also required a verification of as-built
dravings for the scram discharge volume, and in particular,
interties with the vents and drains to identify any
deficiencies.

¥o

“a .

™

BERSOLE: We asked TVA in the L.A. meeting
about the continuous menitoring. Subsequently we focund out
there was a control that ran by every thirty minutes that
looked at a continously mcnitored signal but was viewed by
operators only once every half hour, so this left a vast

exposure.

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



w N

10
n
12
13
14
15
16
17
18

19

21

24

74

If an accidental fill takes place in the 29
minutes that the operator was not looking at it =-- was that
not subseguently corrected?

MR. MILLS: I will Pe discussing that.

¥R. E3ERSOLE: Okay.

MR. MILLS: You are correct. They have a
continous monitcr there, and they have one individual who is
assigned to go from one unit to the other and look at those;
but I will get into that a little later.

¥R. BENDE

(40
T

¢ I heard some words like requiring the
key, I think you said key to the standby liguid control
system, the actuator, I guess, be in the contrecl roon.

HR., MILLSs Correct.

ER. BENDER: That tells me something that I guess
I was not awvare of. Is there the possibility that some guy
could take the key and walk cut ané there would te 75 way to

actuate the liguid control system because it is locked up?

mn

¥R. MILLSs I dc not think that that is a

realistic possibility for cuple cf reasons. They also

w
0

reguire it be in a designated location.
¥R. BENDERs I don't care adbout the key. If the
key is not there, can you actuate the liguid control system?
MR. MILLS: No. You need a key in the switch in
order to actuate. It has to be a delitberate action.

¥E. EBERSOLE: This will bring up a fundamental
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issue.

¥R. BENDER: Well, we can think about that some.

MR+ EBERSOLE: I think it is a good time to bring
up 2 fundamantal issue, and that is whether one should use
keys or frangible seals like lead-sealed wires. And in my
own view, a key is infinitely worse than a frangible seal,
which is clearly indicative of havinq been pre =-- is a clear
preventitive for any inadvertent action.

I vish ve would get rid o2f the keys and

o1
[ #4
ot
[
o J

frangible seals.

MR. MILLS: BAs you are aware, we have positions
for installation of eguipment to mitigate ATWS, and in there
we are looking for automatic initiation of a standby liguid
control. So there are actions going on that would eliminate

that problem in the future.

MP. PLESSET: That might be a long time coming.
HR. EILLSs That is true.
(Slide.)

Supplement 2 tc Eulletin 80-17 was issued after
testing at Browns Ferry-l and Dresden-2. It highlighted the
importance of the event on a@ scram discharge volume. This
supplenent required that for each BWR, the vent for the
scram discharge volume rely on no component other than the
scram -- excuse me, cther than the vent valve, and that the

vent must be positive in its function at all times, directly
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connected to reactor building atmosphere.

If the vent configuration did not conform with
that requirement, chey were to make modifications within 48
hours. As 2 result, approximately 15 cvlants modified their
vent systen.

(Slide.)

MR, LEWIS: What does the terr "positive in its
function at all times™ mean?

ER. MILLS: That it be open.

MR. LEWIS: It means that there is ns valve in =--
MR. MILLS: There is no closed valve, anéd no

component has to operate to provide the functica, and that
the line be free and clear toc the atmosphere.

MR. LEWIS: 1If there iz a valve that can fail, of
course -- I'm trying to understand the “at all times"™ --
that means there is literally nothing in the line.

4

« MILLS:

o)

r

tighte. t is open. 1t is free to

- 4

communicate with the atmosphere.

L&)

MR. LEWIS: Okaye.

ER. NILL

o)
.-

Supplement 3 was issued fcllowing a
concern that was raised by Yr. Michaelson of AE0OD that loss

of air pressure in the scram discnarge volume could result

in

(3]

il1ling the scram discharge volume prior tc reactor scram.
The rulletin required procedures to ensure that

operator action took place sc an event of this type would
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not occur, and it reguired immediate manual scram of the
reactor on low air pressure or other signals that would be
indicative of a loss of air pressure in the CRD systek.

And T would point out that there are alarms
directly on the CRD syster downstream ¢of the pressure
regulater for the CRD system, sc that that pressure is
monitored directly to the scram valves.

MR. KERR: What does "low"™ mean?

MR. MILLS: In this case it means 1C pounds.
There is a margin of 10 pounds above the pressure at wvhich
the valves would start toc open.

We also reguired that the functicnal tests of all
level swvitches be performec following each scram anéd prior
to reactor startup because c¢f the prcblems we have observed
with those swvitches.

YR. PLESSET: FKave ycu made any suggestions
regarding the kXinds of switches they might use?

¥R. JOEDAN: In terms of the level indicating
switches?

BR. PLESSET: Yes.

MR. JORDAN: The next £fix or the measurerment on
the volume after September 1 is generally geocing to be =z
UT-type level £ix.

MR. PLESSET: That is general now. I knew TVA was

going to do that. Kow you are making that a general.
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. JORDAN: We did not specify. We were not

prescriptive as to what type switch. We were looking for
diversity between these ball-type float swvitches and the
Trm™m

utilities in general, and through GE selected the UT level

measurement.

g4

ME. PLESSET: Okay. Thank ycue.

.

ER. EILLS: OCOur status so far, all plants have
responded to both 80-17 thrcough Supplement 2. Scram tests
have been completed on all plants except Brunswick=-2 which
is currently shut down for an outage.

Cur reviev of the responses is ongoing. FHowever,
our screening and information so far has identified some
scram deficiencies which I will discuss in a minute.

~

Respcnses to 80-17 through Supplement 2 have been
satisfactory for all plants. They have implemented
procedure changes, modification to the vent as necessary,
and in general the reguirements in the bdulletin.

There is cne exception and as we have discussed,

1

[

2d

tr

wve reguired continuous monitoring be inst y September

+Y

-
1

1l on the scram discharge volume for an accumula

ot

ion of water
or that additicnal actions had to be taken.

In the responses ve found out that most plants
will not have the continous monitering installed by
September 1. Ry "continuous”™ wve mean ccntinuously recorded

in the control room and alarmed in the control roon.
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So getting back to your point, the current Brouns
Ferry configuration would not satisfy this requirement.
MR. EBERSCLE: How long will that be allowed to

persist?

0

MR, MILLS: I will cover that in just a minute.

that were reguired in the

O
o}
m

The adiditional acti
bulletin were that if they could not have it in by September
l, sive us a detailed explanation as to why it could not be
in, provide a firm schedule for installation of the
continuous monitoring, and increase the freguency at which
it is monitored.

Right now it is on 2 daily fregquency, and we were

looking for something shorter tetween the tests.

This slide shows the scram system deficiencies
vhich have turned up so far. You notice the first twe and
the last one are concerned with the f£1-at damage that has
been observed at Brunswick and Hatch.

I would like to point out that our invelvement
with the £float damage at Hatch and Prunswick and prior to
the Browns Ferry-3 event, the Operational Events Evaluation
Branch was established in ILE after the Three ¥ile Island
event. Howvwever, it was established after the Brunswick and

the Hatch events haé occurred.

But 4uring our review of operating experience,
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"

went back into past problems as time permitted. That i

n

when we uncovered these events, recognized the significance
£ the events, had discussions with NBE that resulted in the

issuance of Bulletin 80-14 prior to the Browns Ferry-3 event

The other scram deficiencies identified here, I 4o
not plan on gecing through each one. These have been
discussed briefly in the bulletin or one of the surplements
previously, except for the Fitzpatrick problem which was
£ound most recently when they returned from a refueling
outage and did their 80-17 scram tests. They found they had
a small loop seal in the drain piping from the discharge
volume tc the instrument volumee.

The system did drain properly except a small
amount of water was retained in that loop seal.

MR . YOELLER: You were not going to discuss ther,
but can you give us a rough date for the Hatch-2 event?

ER. YILLS: I can give you an exact date.

¥R. ZUKOR: I think it was June the 26th.

MR. MCELLEF: I wanted to mention that hecause the

erphasis Iin the presentaticn has been on Bulletin 80-17. ©On
June the 12th they issued Eulletin EC-14, and you had had
failure in Hatch-1l, and this was issued then on June the
12¢h. And if on June the 26th, then twec weeks later,

Hatch-2 has a problem, I am surprised somewhat.
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What cdid Bulletin 8C-1l4 accomplish? EHere we have

not only the same utility but the same staticn in presumably

a duplicate unit having a problem that had occurreéd in the
-

other unit and

discovered by

Six weeks.

¥R.
testing from B

MR.
then? What wa

¥R.
the only unit
flocat chamber
doing their fu
the electrical
responded t> B
that is how th

their failures

B0~-17 testing

wvhich was the subject c¢f a bulletin.

MILLS: And they vere found as a result of
ulletin 80-17, not Bulletin E0-lu,

MOELLER: What did Bulletin 8C=-l4 accomplish

S its intent?

KILLS: This particular unit right here was

that was not injecting water directly into the
tc test the operation of the float. They were
nctional testing just by manually actuating
pecrtion of the switch, and when they

tlletinu B80~-1l4, they did not recognize that

:

8
b
«*

ey vere doing their tests. Sc

)
0n
o

res
went undetected, and it was subseguent in the

that they realized the problem that they had.
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E: That helps some. Thank you.

th
th

LE: Did they just take the panel o

<
Lo
.
"
o
m
O

RS
and move the panel up and down?

%R. MEILLSs I think all they did was actuate the
contacts on the switch, close them, and saw that they gct
the proper response in the protective systenm.

YR. ETHERTNGTON: Was that a reasonable
misunderstanding or should they have understoocd what was
intended?

MR. MILLS: The reason that they 4i2d that is that
they have the standard tech spec, versus other plants which
have the clier form of tech spsc. And it was the new tech
spec that led them to do this type c¢f test the way the
functional test is described in the standard tech spec. The
frequency of the functional test was increased at Hatch-2 by
the standard tech spec. It vas moved fron gquarterly t+o
monthly, sc they did it more often. But they did not do it
with the injection of water.

KR. JORDAN: I will answver that. It was a very

ot

unreasonabls response on their part, based on the intent of
the bdulletin.

¥R. KERR: I cannot understand the response o0f the

2

presenter, because he seemed tc imply that they did a test
specified by tech specs, and you are saying =--

¥“P. JOEDAN: T would like to separate the bulletin
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from the tech specs, and say that the Pullet wvas identifying
a problem to them and they clearly should have responded to
that particular probler, that there was damage occurring to
the floats, and they should test them in a direct manner,
not an indirect.

¥R. KERRs I don't understand the tech spec
comment. What was it mesant tc be?

MR. JORDANs That was the licensee's excuse, not
the staff's position at all.

MR. KEERs I guess I do not understand the
comment. What was his commnent meant to tell us?

¥E. MILLSs The plant definitely made a mistake,
and thev did respond when they found their mistake and
reported that they had made an errcr in their response to
Bulletin 8C-14.,

ME. KEERs What did the standard tech spec versus
a non-standard tech spec have to do with it? I am curious.
I still do not understand.

MB., THATCHER: The standard tech specs have
defined channel functicnal tests, and they defined it for
bcth an analogue channel, where you are using some device,
like the transmitter, that puts out an analogue signal and
from that you get an actuaticon signal; and they alsc define
a channel function test for what they call a bistable

channel.
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But there is potential for someorne reading those
anc misinterpreting exactly what is being said. The words
in those definitions are to the effect that cne shcould
inject a2 signal as clcse to the mornitored parameter as
possible. So if somecone chose to, they could misinterpret
those words and change the tests, which as I understood,

they did start out with a channel test, channel functional

~

at right, at

test, that included adding water. Is ¢t

w
(2l
.

»

Hatch~-2? At Hatch-1 they were docing t

BR. ¥ILLS: I am not sure on Hatch-2.
ME. ETHERINGTON: I think they checse to

misunderstand. I think that is what ycu are saying.

¥E. THATCHERs I think if you read documents like
IEEE 279 and so forth, I don't think you could misinterpret
those statements., Fowever, the words in the tech specs are
not =--

MR. KEER: Has any thought been given to the
possibility that maybe the wording in the tech specs cortld
be changed so they could not be misinterpreted?

¥P. TEATCHER: I personally den't know if they .re
thinking about doing that.

¥R. MILLS: The tech specs --

ERs K

(43 ]

RE: Since these are standardé tech specs =--
YR, MILLS: There were previously deficiencies in

the tech specs, and we reguired that the tech szecs be
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modified to have functional tests that directly inject water
into those float chambers.

MR. KERR: Okay. So the tech specs now could not
be misunderstocd, even deliberately.

(Laughter).

MR. THATCHER: Nc, I would not say that.

MR. CXRENT: Llet's see --

MR. MILLS: The requirements ==

8. OKRENT: Are you suggesting they be
prescriptive?

(Laughter).

MR. KERR: I don't see how one avoids being
prescriptive in tech specs. That is wvhat they are meant to
do.

¥R. CKRENT: Well, but I think it would still
follow the same ideaz, that what you are trying to have the
licensee do is test the things in an adeguate fashion, at a

certain freguencye. And that would in principle say, we are

'.‘

(=S

nov not being prescriptive; we are telling the licensee that
there is a certain period in which he shoulé test and =--

MR. KFERR: I am suggesting they be as unambigucus
as possible, then.

k. CKRERT: I would say unambiguocus, but not
prescriptive.

¥E. XFRR:¢ It prescrides =-- well, I agree with
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you.

¥FR. SIESS: Would you buy that standardized tech

specs have to be prescriptive?

¥R. OKRENT: We freguently pick on the staff

because they are too prescriptive, and

MR. KEER: Tech specs by definition tell one

specifically the operating conditions. They give things

like power level, terperatures, and they use numbers. And

they in that sense have to be prescriptive.

MR. MILLS: I would like to point out that our

btlletin was very non-ambiguous as to what they had to do

with those swvitches; that they had to inject water anu test

them with the use of water; and also that the tech specs had

to reflect that. And sample tech specs were sent out and

new tech spacs will be coming in to reflect the bulletioc.

(Slide).

Car short-term actions are ongoing. We are

revieving responses to 80-17. We have an ongoing review to

identify the need for improvement in other areas of the

control rod drive systenm. And we are considering further

actions to regquire installation of continuous monitoring of

the scram discharge volume by December of 1580, monitoring

once per shift in the interirm.

MR. EPERSCOLE: How dc you arrive at the adeguacy

of a once per shift, rather than once every three days or
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once every five minutes or once every ten seconds? What is
the basis of your decision?

MR. MILLS: I percsonally feel that once per day,
as currently required, would detect the accumulation of
water in the scram discharge volunme.

ME. EBERSOLE: At what rate of introduction, and
what is the basis for that?

ER. MILLS:s The basis is that if it vere to come
in -~ if it vere to come in at a rate faster, such that it
would £ill up in less than 24 hours, we would get
indications either from rod drift, rod temperature alarm, or
low air pressure, and that action weculd be taken from those
other considerations.

¥R, EEERSCLE: Has that relationship been
established by calculation?

MR, ¥ILLS: I am not sure what kind of
calculations you are referring to.

YR. EBERSOLE: The degree cf leakage per unit
time, according to the concdition of valves or the condition
of the air pressure or whatever. I mean, it seems to be a2
gquantitative problenm.

¥E. MILLS: It is, and I think all the mechanisms
that we have identified sc far for getting water into th
scram discharge valve we feel are -- we feel that it is

appropriate for those leak rates that could exist into the
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volume and out of the discharge vol 3e, as well as not being

able to cetect it in the instrument volume.

m

MR. EBERSOLE: That would include a stuck rod
valve, rod 3ump valve?

MR. ¥ILLS: VYes, because if it were partially
stuck open, if the value were low enough that it d4id no
give an indication on the temperature alarm or a rod drift,
and it was just one of them, then that would be a2 low enough

volume that the scram discharges volume would not fill up

within the 24 hours.

v
o

‘o

o« ETHERINGTON: Couldn't ycu get leakage frzom

the cooling water without actuating the temperature alarm?

th

¥R. EBERSOLEs The water coming in is from tLhe
cool water side. There is no mixing. It progresses ur fronm
the kottem to the tope.

ER. NILLS: There is a low enough value at which
you could get, let's say, less than .1 gpm; you cotld ~et
leakage out of that drive such that you did not actuate the
temperature alarm. 2ut £for the drive the way it is

constructed, if the leakage gets tc appreoximately .1 gprm you

will get a2 temperature alarnm.

ot
=
o
n
LY
O
(o]
o |
o

Kk. EENDEERs WwWho is responsidle fcr
item up there?
¥R. ¥IL1S: This is independert of the long=-term

effort that is coing on in NKER. This is part cf an ICE
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reviev that we do of operational events and EWR operating
experience.

MR. BENDER: I am no* really clear on what was
meant by that. I would presume that scmebody is lcoking at
the need for alterations in the design of some sort. Is
anything intended more than an LER review?

MR. JORDAN: Not for that item. That was on the
short-term actions, and sc we were talking about, you know,
immediately related to this event. We are still looking at
this event and the facets of it that could contribute
further. We are still talking short-term. So the design
changes you are talking about a.e long-term and they will ke
discussed separately.

MR. BENDEE: Ckay: How many LERs exist that
relate to this item right ncw?

MR. JCRDAN: I don't know off the top ©of my head.

MR. BENDER: Is there any group lookinc at the
LERs?

MR. PLESSET¢ Dorothy conficded in me that she
thinks there are something like 12.

MR. BENDER:¢ 1 understand Dorothy's review.
Dorothy is on the ACRS staff. I want tc know what the XRC
regulatory staff is dcing.

MR. JORDAN: There are two groups that are doing

it, both AEOD and NBPR, vou know, that are doing systematic
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reviews of that data now.

I will say that the IEE review group is more on
real time, the events of today, and vwe are only loocking back
a very short time. So we are not dcing a constant reviev of
all LERs in a systematic way. we are looking at the current
events, their relationship to recollected events, and then
the short-term actions. So that's how our office is
interacting.

MR. BENDEE:s I heard what you said. 3But why
aren't the LEERs being looked at in a systematic vay?

ME. JORDAN: They are, but not by IELE.

MR. BENDER: Who is doing it?

¥R. JORDAN: AEOD and NRR. That wvas my first

answver.
¥R. BPENDER: Is there a name?
¥R SPEIS: It is the NBR responsibility to review
LERs.
MR. BENPER: If I wanted the guy's tzlephone

number, what would it be?

¥R. SPEIS: Excuse me?

¥R. BENDER: What man would I call?

¥R. LEWIS: looking at LEPs means locoking at all
LERs that reslate to scram systems, to the entire reactor
protective system. Is that what the jecb is?

MR. SPEIS: The job is to review all the LERs for
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all reactors.

ER. LEWIS: All LZIRs, everything?

MR, SPEIS: Yes.

PR. LEWIS: Oh. Thank you.

¥R. EBERSOLEs May I have a clarification on some
relacionships? There was an instruction to provide
continuous monitoring, which was refused by the applicants
and has been set aside until December, I bdelieve.

¥R. MILLSs It will be installed on a schedule =--
some plants wil] have it in earlier because of availability
of equipment. We are locking for the last one to be in in
December.

e
SXoe

in

BERSCLE: So four months from now we are
going to ke depencdent upon two parameters that determine we
are not filling the scram volume, that is, rod drift and
temperature; is that correct?

MR. MILLS: Those alarms, the daily monitoring.
We still would have that. The daily =--

¥E. EBERSCLE: I am noct counting that as beingc
worth anything, because of the pcssible flow rates. If the
rod drift and the temperature meonitoring are unreliable --

-

if I declare they are unrelialblel arbitrarily, then I can

"

easily £fill up in far less than a day with some leakage.
Now, then I am going to get back to my credibility of red

drift and temperature.
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Following Mr. Etherington’s guesticn, I don't yet
see hcow you cannot have cool water emerging from the reod
drive system and flowving up inte the rod and thence through
a leaky valve to £ill the volume in a time far shorter than
the periodic interval of inspection. I don't think
temperature will show, I am not sure about drift.

In any case, both drift and temperature are
non-~safety grade systems.

MR. FILLS: They are non-safety grade systems, and
I don't think I said that we would not have relatively cool
vater. I think what I said, tc the best of my
understanding. it is correct that, for the drive, the way it
is constructed and operated, if the valve does leak when you
do get to around .1 gpm, the temperature alarm will come in
if it wvorks.

And if you guestion the operation ¢f the
temperature alarms and the drift alarms, yes, I have to
agree then that you could get water in the discharge volume
without alerting the operator. I think the likelihcod of
that is quite low, that you are going tc have a significant
sudden degradation of those scram valves without getting
some annunciation to the operator.

MR. TBERSOLE: This .1 gpm %o the valve, is that
nnt made up from wvater from the drive system, not water fronm

the reactor?
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ME. MIL1LS: I see it has been a combination,
because it goes into -- it is a very small amount, on the
order of .1 to .2 gpm per rod; and it goes into the drive
and it mixes with reactor water that is already in the drive.

¥E. ETHERINGTON: It should not mix; it should
drive the reactor wvater out. The pressure is 25 psi above
the reactor pressure.

¥R. KILLS:s Right. But I think it has to mix in
the drive as it flovs up along =--

BR. ZTHRERINGTON:s It will mix if it is full of
reactor wvater to begin with.

MR. EBERSOLE:s The credibility of temperature is
worth a re-examination. Evidently, that is all wve are
riding on, since you do not seem to mention drift.

KBR. EILLS: We can look at it in more det2il and
ve will in response to your comment. Eut my understanding
is it cannot get directly from the cocling wvater intc the
drive -- to the scram outlet, without a £low path through
the drive.

MR. PLESSET: I think GE told us in los 2ngeles
that the leakage was not the cocolant water, but the reacter
vater.

MR. FBERSOLE: That waszs due to a peculiarit.

MR. PLESSET: Right.
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¥R. EBEBSOLE: How reliable that peculiarity is I
don't have a feel for.

MR. JORDAN: Dr. Ebersole, when the scranm
discharge valve begins to leak, then the 25 psi differential
you have is decreased ir that drive. The drives wvere
manifolded separately, so that when you do get an increasing
amount of rs2actor water that is ming through the seals and
going back osut =--

¥R. EBERSCLE: What you are riding orn, in addition
to this, is a full control mechanism that pinches cff the
cold vater flovw.

2. JORDAN: 1If ycu have the scram discharge valve
open, you nd longer have the 2f psi on that particular drive
as being a differential. You are drcpping the pressure.

ER. EBERSOLE: I see. Ckay. Thank you.

MB. OKRENT: I wonder if the staff has a response
to this question, the one Dr. Mceller raised earlier alout
the seenming discrepancy betvween the analysis of the PAS
staff and then the succeeding statement. And alsc, is there
something in vwriting which documents the znalysis of the PAS
staff?

YR. SPEIS: Yes, there is something in writing.
There is an internal mermo.

¥R. OKRENT: I would like to regquest that I

obtain a copy of it; if I can do it this way, unless you are
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going to make me use the Freedom of Information Act.

ME. SPEISs:s No.

¥R. CKRENT: Thank you. But could you tell us a
little bit about that seeming discrepancy? Do you have any
comments?

¥R, SPEIS: Donnie will discuss it.

¥P. OKRENT: VYesterday in a Subcommittee meeting
on a range of guestions, ve were talking to Mr. Stello and
Mr. Denton, and wve were trying to ascertain how the staff
decided that after the partial failure to scram had
cccurred, it was or was not okay for all the BWEs or scme cf
the BWRs to continue to operate. And I would say we got a
sort of judgmental answver.

Now, T think one thing we did here was that there
vas as estimate made by Mr. Thadani or scmebody that you
tak~ the BWES as a class and they just put this piece of
information in. The scram unreliability wvas on the order of
-=- unreliability, one in ten per demand, and that is not
radically different, as I recall, from what the ACES fellowvs
got Py looking at fault trees, that it is a factor cf ten,
that scort of thinge.

S92 I am wondering if in fact staff thcught the
unreliability was on the order cf one in ten at that point.
And now, let me think in terms cof the points that do not

have recirc punp trips; how it was decided that this was an
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acceptable mode for continued cperaticn. I am trying to see
for myself, vhen the staff decides something needs tc be
done in a day or a month or a year or just, ve will study
it, and sc forth. £Aind this seems to me to provide a test
case,

Can we get any comment from ILE?

MR. JORDAN: Dr. Okrent, that vas an ILE, NERR
concern, that we did not have the reliability in those
systems that we understood or had previously understood.

The basis for continued operations was that the actions wve
vere prescridbing in this case for the licensees we felt
vould return those systems back to that level, let's say, of
reliability which we previously understood they had.

And so those were escentially immediate actions we
took with the affected licensees.

MR. OKRENT: It is not clear to me that ycu knew
enouch shortly after this occurred about the designs of each
system, irn fact, to know shere there might be wveak spots or
single failure points or whatever; that from a fault tree
analysis, in addition to just, you know, an empirical look
at the data, it might indicate that the unreliability was
pretty low.

It is also not clear to me that at the time that

you indicated, if the licensee shculd do certain +<ests,

"
®
»
b
[

there was any lasis for knowing that these would
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remedy the situation.

So I hear you, dut I really guestion that you had
the same depth of knowledge, let's say, that we have today.
So I am trying to understand this and you know, cocmgpared to
other things, like what was done after Three Mile Island to
certain EBEW plants., let me suggest that had this event been
a full ATWS at full power and the pressure pocl had gotten
very hct, your actions may have been different, although it
vould not have changed the unreliability of all the other
BWR systems. They would be where they were.

Do I make the point? I am trying toc understand

131

the rationale. I think in fact the staff does exercise

Judgment in situations these days where the estimated
probability of an event is thought to be substantial,
vhatever that means, and I become increasingly interested in
knowing how and on what bacis you do ite.

You know, you do not have guantitative criteria.
There is nothing in fact -- they are decisions made that end
up having quantitative applications.

¥R. JORDAN: It was clearly 2 judgment based on
the knowledgye that the staff had, and I don't think I can go

further than that, based on the discussions you had

yesterday already.
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MR. LEWIS: I want to associate myself with the
point Dave is making because I agree that the general
pattern one perceives is that the sgueaky axle gets the
grease, and the amount of grease derends upon the lcudness
of the squeak rather than the implications of the need for
grease. That is a very important point.,

But on another point closely related -- and I also
wou''d like to see the PAS analysis that shows that WASH-1400
vas vindicated because I thcught that there was no part of
WASH=-1400 more discredited than then calculaticn ¢f the
probability to scram for a EWR. I thought that was
som2thing we had put behind us & long time ago, and that
seemrs not to have been the case.

So under yocur Freedom of Information Act reguest,
I want to look at the same thing.

There is one other point, if I may, Pr. Chairman,
and that is that obv}ously this Browns Ferry event and Hatch
and Brunsvick before are going to raise a whole host of deep
philosophical problems about the reliability of scram. As T
look at the WASH-1400 diagram that I guess Dot passed ocut,
there is a left side, which is electrical, and s right side,
wkich is hydraulic.

All our ccnversation has been on the hydraulic

side. Eut my memory, such as it is, was that G.E. always

estimated that the prime vulneratilities were on the
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electric side, which ve seem not to talk about. Again,
squeaky axle.

I vwonder if as we reassess the implications cf the
event we micht take a somewhat broader view than just
blockages in two-inch lines.

MR. PLESSET: I am very glad you made vour
comments because it reminds me of another point. I am going
to ask you and D: = tc give me some paragraphs for cur
letteron this thing. Since you have spoken so eloguently, I
expect these paragraphs both from you and Dave tc De
eloguent.

MR, LEWIS: I will write the even words if you
write the odd ones.

(Laughter.)

¥R. E

tw

ERSCLE: Since he got into the electrical
area, he does not need to bother with the hydraulic area.

¥R. PLESSET: We are going to ask you also, Jesse,
to cive us some paragraghse.

(Laughtere.)

¥8. PLESSET: And Harold has ncot said much, but we
are going to ask Harold to contribute.

I wonder if you have much more, because we do want
to get YNr. Thadani up here as soon as possible because he
has to leave early.

Re MILLS: This is the last slide I have here.

a
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Our conclusion on Erowns Ferry 3 is that the
corrective actions being teéken ensure that the scranm
discharge voluse is empty during power operation. If the
discharge volume is empty, the scram will work when called
upon. These corrective actions are necessary and they are
sufficient to justify continued operation.

If the scram discharye Qolume is empty, the scranm
function will werk. Llong-term corrective action is
necessary and is under way. This is headed up by the Task
Force, which will be discussed later.

MR, PLESSET: Okay. Now, we will certainly
remember the requests that were made by lewis and Okrert. I
am sure we will not forgete.

Yas.

MR. MOELLEF: Just a guick guestion without even
the answer now. PBut I have been asking what was the purpose
and objectives of this Eulletin 80-14., I notice in the same
memo that I referenced earlier, it says in resgonse to
Bulletin 80-14, "some BWRs were performing SIV level
instrument funnctional tests after every scram."

You see, that leaves me confused., Were they doing
it out of the gocdness cf their heart or wvere they doing it
because they chose to interpret Bulletin 80-14 in a manner

SO as to require such tests? I would hecre that scmeone later

this morning could clarify that for me.
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MR. PLESSET: All right. lLet's come back to that
question after, unless you nave a yes or nc guick answer,
because I do vant to get --

MRE. SPEIS: I would like to make two points before
¥r. Thadani speaks. First of all, ve have not excluded feor
the long terms problems associated with the electrical part
of the system. I would like to make that clear
immediately. We did focus on the electrical part and we got
some satisfaction. I cannct guantify that. We should pay
more atten:ion t> the hydraulic part but we have not
excluded the electrical for the long term.

Rlsec I would like t. make the point that in answver
to Dr. Ckrent's pcint =-- we vere concerned with these
plants, and one of the guestions w> raised with licensees in
Bulletin 80-17 vas to perform analysis without RPT showing
us what kind of degrading had toc be performed in order not
to exceed their pressure and temperature limits -- the
pressure limits.

®R. OKEENT: I am familiar with the fact that you
asked for this and there was at least one response that
have seen, but that is only part of the decisiocn-making
process. At the moment I am not saying that what you did

1 understanding the

’

wvas right or wvrong. T am interested i
decision process in some depth because, as I =ay, T think we

are getting involved in decisions that are on the borderlire
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of which vay to go.

I think the auxiliary feed-wvater systems which are
not seismically qualified is another example of one which in
my mind is not on the borderline. It is not sitting clearly
in a situation where everything is all right for the
indefinite future, or let's say we cannot run another
minute, so if we are encountering such, I think we had
better start understanding it.

I do not think the answer "it was our lest
judgment”™ can continue to be an adequate approach even if
that is all you can do on Saturday. MYaybe by the fcllowing
Saturday you ought to have reevaluated it and decided ves,
this is vhy it still remains ocur best judgment, and we can
tell you.

MR. PLESSET¢: let me come back to Jesse and to
Paul after Thadani. Yis time is rapidly disappearing.

ME. SHEWMON: Let me ask 2 short question of the

b

last speaker. If one Duane Arncld finds an SDV drain valve
installed backwards, does that jet reporied as an LER?

¥R, MTILLS: It wvould now because of our
requirements on the vent drain valves previocusly. It would
not necessarily have been reported,

MR. SHEWMCN: Thank you.

¥R. PLESSET: We will come back to you Jesse, I

promise.
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MR. THADANI: I am a member of the NRR staff. In
at least partial response to your guestion, it is a
difficult question in terms cf the type of considerations
one goes through in making any decision. Indeed, when we put
together some of the reqguirements for licensees in Eylletin
80-17, some thought was ¢iven to those plants which 4o not
yet have RTWS-related recirculation pumping sclved.

The rationale was to try to> assess what could be
done at these plants to minimize the risk from such events
vhile vwe vere still trying to find out what had actually
happened at Browns Ferry, and what, if anything, coculd bDe
done to improve the situation.

If you remember, at an earlier meeting we had
given you a schedule of implementation of recirculation pump
trip in all plants. My understanding is that unless things
have changed, that all cperating boiling water reactors were
tc have recirculation pump trip implemented by the end of
this year, and this is the aTWS-related recirculation pump
trip and not the end-of-cycle recirculation pump tricg.

I do believe in the decisicns that were made
following the Erowns Ferry event. This was taken into
account, as well as the actions that were being taken.

As you know, we have ha¢ the ATWS issue for rany
years, and #e have at least taken the position that the risk

from an ATWS event, if for a moment wve leave Browns Ferry
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aside, risk from ATWS events, while it is high, it is not so
hizh so as to shut the plants down; that improvements have
to be implemented at some schedule, hopefully a fairly rapid
schedule.

I think the same kind of thinking was involved in
the decisions that were made £ollowing the Browns Ferry
event, As you remember, back in March of this year we had a
meeting with the ACSRES at which we discussed our
recommendations cn this issue, the alternatives that we had
considered. In April we received your la2tter giving us your
advice as to which way to proceed, and the care we were to
apply in implementing significant desicn modifications in
terms of schedules that were proposed in our earlier report.

We were taking into consideration your letter as
vell as the industry comments in preparing what we callad

Commission Policy Paper on this issue when tiie Browns ferry
event occurred. As soon as the event occurred or scon after
that, ve sat back and said what does it mean in terms of
what we have been doing in this paper that we are writing
for Commission consideration? What lesscns had we learned,
if any?

The first lesson, I think, that we learned was

indeed the reliability of the scram system is not as high as

1
g
.
-

had been planned by certain sectors of iadustry. Ind

the overemphasis -- what I wculd call overemphasis on the
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electrical portions might have teen the reason for having
missed the seriousness of the type of 3rowns Ferry scenario,
the concern that certain failures are difficult to
reccgnize, especially for highly reliable systems, cr that
if a failure is recognized, sometimes there might be a
tendency, based on some sort of judgment, to say the
likelihoocd of this kind of a failure mode is very low.

Indeed, that is what happened in terams of the tyre
of failure we sav at Browns Ferry and earlier industry
approaches, especially as they related to roiling water
reactors.

Another iapecrtant lesson I think we learned was
the recommendation that we had made that wis termed
Alternative 2A in our report, improvements in the reactor
scram system to reduce its likelihocd of failure. If they
had been implemented, they would nct have prevented the
Browns Ferry event at all, because again, the concentrated
effort in terms of improvements was in the electrical
portion.

The rroposed diversity was to be incorgperated in
the logic portion, and the senscrs in the instrument
portion. You have heard a lot of discussions in teras cof
the precblems that thesa sensors have experienced, and that
was one ©f the reasons for cur insisting that we cught to

provide scme diverse means of detecting the amount of wvater
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in the instrument vclunme.

But that would not have done anything in terms of
the wvater in the scram discharge volume. So it is my lelief
that the proposed modifications would not have prevented the
Browns Ferry-3 event.

On the other hand, perhaps another important
lesson ve learned was that mitigation, again, might be the
most appropriate means of taking care c¢f types of failures
which have very low likelihood c¢f cccurrence, cnes that are
difficult to predict. It has reemphasized, in my opinion,
the need to do, cbviously, as good 2 jcr as one can do in
terms of design of the system, sit back and learn from these
experiences.

We are bound to make mistakes. We are bound to
miss certain aspects ¢f the systems, and subject to the
consequences from those potentizl scenarios, one ought to
seriously consider ways that would be diverse and would,
indeed, mitigate the conseguences of both events. We had,
as you know, taken the course over the last few years.

In my opinion, the Browns Ferry event further
emphasized that that was the way to 3¢. I tock a very gquick
look to see hov we might impact the frequencies and so forth
of RTWS events that we have discussed with you over the last
fev months, at least. You, as well as we, recognize the

uncertainties and so on in these estimates.
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I did what I would call a conservative assessment,
assuming that the Browns Ferry event is indeed a legitimate
failure to scram event -- and I believe Yarvin is going to
discuss with ycu the potential consequences of the Rrowns
Ferry event if it had occurred at 100 percent pover along
vith an anticipated transient, or, for that matter, if you
had half a scram at 100 percent power along with an
anficipated transient.

(Slide)

If you will just accept for the moment that for
those scenarios subject toc certain operator action fairly

- -

early in the event =-- when I talk about early, I am talking
about very, very, very few minutes -- the conseguences
certainly would be quite serious.

Just to sumparize some of the things we have done
in the past, the first row, which says Prior to Browns
Ferry-3, are estimated freguency of a severe ATWS event was

-u
on the order of 2 times 10 , and I am only addressing
boiling wvater reactors now. If ve assess that if the type of
modifications described under what we called Alternative 33

had been imlemented, this frequency of severe ATWS events
-

would be further reduced on the order of 10 rer reactor

year.

The types of changes under Alternative 32 wvere

recirculation, pu2p trip, automating the standby liguid
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contrel system, as wvell as making sure that the peison
system vould inject simultaneously. Currently most of the
plants cannot dc that because 2f piping design limitations.

Alternative U2 basically wvent further and =aid we
ought to also be able to handle a single failure in any of
the mitigating systems. And for what it is worth, I am not
going to try to Jjustify the 10 number, but rather to
peint out if you go to the event tree approach and for the
moment accept that there is not a common mode failure that
would disable scram as well as the mitigating system, which

-k
has a frequency higher than 10 -' indeed that is what you
would come up with roughly.

Now, the Browns Ferry event occurred, and what
does that mean? We took a look at the experience in terms
of the total number of scrams that have occurred at boiling
vater reactors. It is approximately, I telieve, on the
order of 5000 or so. And a fairly simple pcint estimate
would indicate that failure to scram probability would be on

-u
the order ocf 10 , combtined with the recurrence freguency
of anticipated transients.

The estimate of ATWS freguency would e on the

-3
order of 10 .

MR. KERR: Do you have a confidence level

associated with that?

- ”
«t 18

¥YR. THADANI: No. It is a point estimate.
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basically 50 percent.
¥R. KERRs Okay.
¥R. TEADANI: Having said that, certainly most of
us recognize that as a result of this event, certain actions
have been taken. All these actions are directed towards
reducing the likelihood of this kind of an event. Yy belief
-3
is that the true frequency today would be lower than 10 )
-4
per reactor here. And whether it is 2 times 10 or
-3
10 per reactor year, I dc not knowe.
I tend to think that as a result of the actions
taken, the system is better than it was, and we believe in

making these rough estimates in terms of freguency of

events, I would expect the freguency of an ATHKS in the
-4

-

revised system would probably be closer to 2 times 10
-3
than 10 . But again, this is a very subjective personal

opinicon.
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I do think improvements have been made to reduce
the occurrence rate of this kind of z failure mcde. Sc what
that meant -- basically there is a difference of a factor of
S betveen -~onsidering this avent or excluding this event
from consideration., You can translate this factor of 5 all
the wvay across, depending on wvhatever alternatives are being
considered.

Another approach was to say this is yet another
example of the type of failures that are likely to occur
that for vhatever reasons we are not going to be able to
predict, and that there are certain recurrence freguencies
or these types of failures.

Instead of looking at this in isolatiocn, if you
will, in teres of just being applicable to beiling wvater
reactors, maybe ve ought t2 sit back and say, okay, wha+t if
ve were to say that this is rerresentative of a frequency,
1f you will, of a failure which could disable part or all of
the scram system?

what might be the impact on PWFs as well as EWRs?
Again, it is a fairly simple approach. You see the
difference once you account for pressurized water reactors.
The numbers are not significantly different. There is an
increase in freguency estimate by a factor of 2 to 2. Rgain,
as I said earlier, because of the improvements, I think

there are certain elements of rectificatione.
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I use that term "rectification” with some fear
because of the type of reaction I might get, but I think
there has been a certain arount of rectification. I agree
vith the statement that Dr. Xerr made yesterday that this
does not preclude recurrence of this failure mode but rather
reduces the likelihood of this type of failure.

MR. SHEWKON: Would you tell me where in there the
reactor pump trip comes in in this framewvork?

EKR. THADANI: Okay. GEasically, if you have
alternative 3A implemented, that includes recirculaticn pump
trip, includes the improvement in scram systems, acain, only
in the electrical portion, and it includes alternating
standby liquid control systenms.

HR. KERR: Mr. Thadani, I think if you strictly
refer to ATWS frequency, then pump tripr does noct come in at
all because pump trip does not prevent an ATWS. What it
d)es is mitigate it.

ER. THADANI: That is right.

¥R. KEER: So what you have there is a freguency
cf RTWS whose conseguences are unacceptable, I think.

ME. TEADANI: That ic exactly correct. - noticed
that on the slide. That is why when I started out, I so
characterized this slide. Zstimated ATWS frequency is
somewhat higher, but this is an estimate of ATWSE freguency

wvhich could result in severe conseguences.
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MR. BENDEE: My reccllection of some of these
numbers is a little vague, dut in developing those numbers,
especially when G.E. did it, they took the position that
there vas a2 lot of mechanical independence Letween the
drives, and the commonality, if it existed, was in the
electrical part of the systenm.

Now, I don't recall any discussion of commonalit
relationships that might exist in the hydraulics. How are
they expressed up there in those numbers?

¥R, THADANI: Well, if I may characterize G.E.
analysis, they did have fault-tree analysis cf the scranm
system. The failure mode was indeed there. It was
characterized as -- you have tc have multiple failures. You
have to have plugging of the system as well as fazilure of
the sensors in the instrument volume, and the combinatien
vas thought to be for very, very low probability.

If I can quote numbers, it was on the order of
10-8. I vould say the mode wvas recognized, but how you
got there in terms of likelihocod and so on was certainly
undarestimated.

MR. BENDERs 1Is that mode in those numbers up
there -- those are not GC.E.'s numbers. Those are yours.

ME. TEADANI: These z2re our numbers, and these
nambers are based on what we call a systems model. It is

basically an exponential model which says we have had so
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many reactor years of experience, we ha.e such anéd such

-

frequency of testing, we have had so many failures, and 7

O

can make an assessment cf the likelihcod of this kind of an
event without goins to the so-called fault tree approach,
vhich fault tree, as well as synthecis models which have
indeed been used ir the past, both by the industry as well
as WASH=-1400 =~

¥R. BENDER:s There are only a couple of events, as
I recall, that reprecsented experience.

¥F. XERR: lLet me cormment on that. The first

-4

number, 2 x 10 , I think comes from a consideration of
experience and some estimate of reactor years in which there
is either one or zero failures, depending on interpretation,
and is calculated about at a 95 or 90 percent ceonfidence
level.

®R. THADANI: No, I am sorry, Dr. Xerr. The first
nurter, the mechanism is correct, indeed, >ut it is based on
single failure. We through ocut the N-reactor because ve felt
it vas not applicable tc commercial designs. We locked at
the reactor years of experience, looked at the frequency of
testing, recognized the true testing frequency was somewhat
higher than that reguired by the technicai specifications,
and that some credit was given for the concept of
rectification.

MR. XKEEREs¢ But the basic number which you toock and
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then modified by giving credit for testing was a number

based on experience.

¥R. THADANI: It is based on experience hut it is
not a 50 to 95 percent confidence number. it is a SO
percent confidence number.

-4

SR. KERR: You get adout 10 if yocu use the raw
data, with somevhere around 90 to ©5 percent confidence, as
I remember. You get another factor of 10 by putting in

-y -5
testing and rectification. So you get 10 or 10 and
then you put in the rate of anticipated transients, which is
-4

about ten per year, and that is the way yocu get to 10 .

MR THADANI: I can tell you., I recollect sone
of the numbers, the exact numbers come out at 95 percent

-4
confidence. Scmetime back it was 1.1 x 10 f£o

"

£ailure
to scram., That, vhen comhined wvit a recurrence freguency
-3
of transients, will give you on the order of 10 and not
-4
2 x 10 .
MR. XKERR: If you have put in your rectification
-4
and testing, you set to the 10 .
¥R. THADANI: Even if I assume zerc failures, I go
to 95 percent confidence and I would come up with a number
like this, zero failures.
¥R. LEWIS: I don't understand how zero failures

can give you anything but an upper limit.

MR. THADANI: Right.
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ER. LEWIS: There is no 95 percent confidence

assoclated with an upper limit.

¥R TEADANI: I can gc to the upper limit and that
upper limit would be this kind of 2 nusber if I threw out
that failure that at least we think was a failure.

¥R. LENIS: Which one?

®R. THADANI: The call.

¥R. BENDEEs Let me see if I can pursue the
gquestion I was trying to develop. Given that those numbers
are based on what amounts to the cperaticnal experience and
ow I wvant to crank in the observation that there were a
number of hydraulic faults in the systems that have been
investigated as a result of this one event, which might have
suggested that those systems would not have scrammed either,
hov might they influence those numbers up there?

®E. THADANI: Mr, Bender, would you go through
that cne more time?

MR. BENDER: @we found out that Hatch had some
problems and Brunswick had some problems. 2As a matter cf
fact, I suspect most of the BWF systems had some problens
and they wvere all on the hydracvlic side of the system. With
my limited knowvledge I would have to suspect that some
fraction of those would have experienced the same kind
circumstances as Browns Ferry if they had been called ugon

to work.

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



10
n
12
13
14
15
16
17

18

B ® B B

116
How would I go about interpreting those numbers

ght 0f the observation about the

-

that ycu have up there in 1
faults in those systems.

k. THADANIs OCne way would be to go back and look
at fault trees and recognize, possibly, that one could have
failure of half the system Dy possible plugging of the vent
line. There would be scme cther factors invelved in terms
of timing, what can drain out and so on. Eut it seems to me
that one could go to data and make an estimate as to the
contribution.

¥R. KERR: It seems to me that number in the upper
leit is based con experience. Then you cannot attribute
aiything to that number on the basis of what has been found
out bdecause you simply would use data, and the data, in a
sense, took into account -~

MR. BENDER: Except =--

¥R. KERP: It does nct have anything to do with ==

MR. THADANI: No, no. I think Dr. XKerr said it
quite correctly. Implicit in this are twvo failvres that we
have xperienced, Biowns Ferry and Call (phonetic), the last
twvo rox , basically. The Jjudgment that we ought not to pay
as much attention tc synthesis models in terms of trying to
show how unlikely the failure rate wvas vwas arrived at on the
basis of our having seen some ¢~ the partial failures in, as

you peint out, the hydraulic s iR
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But this did not include guantification. It is
very difficult to guantify wvhen you have had cnly partial
fallures and move on and try to come to a conclusicn as to
how likely it is for certain combinations of failures to
occure

¥R. XERE:¢ It may de a very fine point, bdut if one
is really interpreting these numbers, the left-hand coclumn,
at least the modification due to Browns Ferry 3, does not
refer to an anticipated transient without accegptable
consequences, fortunately. Sc that is a modification which
really deals with the probability of scram failure and your
interpretation as to what effect that might have on the
other number.

MR. THERDANI: You are gquite right. It impacts only
one-half or at least the failure to scram portion. We had
made an assumption that anticipated transient as vell as
failure to scram are independent events. I think at least
in my opinion, Brovns Ferry raises a concern as tc whether
that is a fair assumption, especially if possidle failure of
the scram system as related to the demand which might ==
here is a scenario, if you will,

I have a scram tcday. Whatever reason the scram
took place, I cgot a lot of water in my discharge volume and
I have another anticipated transient tcmorrow, and I have

not drained my system. I think it raises a guestion in my
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mind and it is a fair assumption to say that the twec events
are independent. I don't think they are guite independent.
That is an assumption in the estimates that you see up there.

ER. PLESSET: 1Is that all?

MR, THADANIs: I am sorry that DPr. Moeller is not
here. I would have been glad tc have addressed =-- I hepe I
have addrersed his question. I tried tc in the wvay I
discussed thi=z., I did not address part of what he said,
vhich vas reference to the PAS and the conclusion that there
is no significant change in terms of conclusions in
WASE=-1400C.

I thirnk that was intended to mean not ATWS-related
differences but overall core melt probtadilities. I do not
vant to speak for PAS, but at least I have talked tc PAS in
terns of frequency, if you will, of the likelihood of
failure to scrar on demand. Until changes are made, they
are in agreement that the failure probability is on the

-4
crder of 10 , and the reduction in terme cf improvements
ve just don't know.

3ut that vould then igply that with the kinds of
transient frequencies that ve see in these plants, that ATKS
frequency is somewhat higher than what we had stated earlier.

¥R. LEWISe¢ We have the FAS note here, and it does

vhat it says. In effect, there is nothing in the experience

of failure to scram to negate the WASE-1400 numbers for
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failure to scram, hovever ill-derived they vere. It doues
not have that last phrase in it, of course.

May T ask Just one trivial guestion? KRy in
September of 1580 are there still EWEs that do not have ERCP
teip?

¥R. THADANI: There is a commitment to implement
that by the end of the ysar.

MP. LEWISs By the ené of this year. I will ask
the sanrme gquestion January 1st.

(Laughter.)

¥FR. TEADANI: I hope the ansver is they all have
recirculation pusp trip.

If you will excuse me, Dr. Ckrent, you said ycu

have a copy of a memorandum. Was that a memorandum “rom Jinm

Fittman?
¥R. LEWIS: VYes.
¥R, THADARI: let me make a correction. Un the
-u
second page of that it <alks about 5 x 10 per reactor

*

year based on 200C scrams and sc on. It is the last page, I
am sorry. That should be per demand. If you take that per
demand and include the transient frequency, you would come
up vwith numbers which are pretty close to what I anm sayvyinge.
¥R. LEWIS: This is a very rudimentary calculation.

¥R+ THADANI: It is.

MF. CKRENT: Before you lezve, I wonder if you
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could tell me whether there are any problems or conflicts cof
information reguirements or procedural reguirements in
implementing Rlternative 3A. As you know, we sent some
guestions to the staff and the people who were at the
subcommitte2 meetiny did not answver them, and they said ¥r.
Thadani would be your source o5f wisdom here.

I am afraid our source is going to run upstairs
before I know whether Alternative 32 has practical problenms
or not.

MR. THADANI: Let me give you a guick answer to
that. If you would like a longer discussion, I can come
back later in the afterncon. I think that the concern you
had related to ADS. You quite ccrrectly pointed out ADS is
actuated on high ~- there are a combination of signals that
have tc be present for ADS actuztion. Indeed that is true.

One of the concerns we had was the G.E analyses
shoved that for full ATWS events, you do not get to the
point where ADS would be actuated. I suspect, and I have
asked G.E. this guestion and I have not really gotten an
answer, but I suspect the main reason is because of the
timer, the tvwo minute timer in the ADS actuation. I think
this is vhy they do not actuate ADS.

Your thought that ADS could make conseguences for

ATWS vorse is indeed correct, I believe. It could cause

more problems. PBut current analyses do not challenge ADS.
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The recommended change in NUREZ 0626 that vou referred to in
fact would help because it says that you gec to ADS only if a
high pressure core spray or the reactor core isclation
cooling system fails.

Under Alternative 2A the implicit assumption is
that basically all systems are available, includinc high
pressure core spray or high pressure cooclant injection. So,
1f that system is available, I think it woulé give me more
confidence that ADS would not be actuated in the event of an
ATES.

MR. OKRENT: Well, I guess it is very hard to
discuss the topic in this particular forum, so I don't know
vhether the chairman is going to be able to put something in
on ATHSE later today. I have a feeling he is going to need

all the time he has on Seguoyah. If sometime at this

=
"

meeting, even if it means Saturday morning, that we get
Thadani cor vhatever, I think it could be useful recause
there is alsc the guestion ¥r. Ebersole has that I have not
really heard answered about can you lose the boron under
some circumstances, and a fev things that are not
unimportant in connection with this.

Let me just leave that as a scheduling guestion.

¥R. MARK: Let me introduce the situation tc the
chairman. There is a question which relates to this current

status of irplementing the ATWS procosal, certain features
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vhich Thadani thinks require more discussion than he could
give to it now. He said he cculd come back this afternoon
if ve would like to go back to ATWS this afternoon.

MR. PLESSET: I don't think we can. Wwe will have
to have a less rushed discussicn of this.

MR. OKRENT: This is what I suggested.

MP. PLESSET: This afterncon would be too =--

¥R. OKRENT: I said maybe Saturday merning or
something, unless we can find time on Friday.

MR. PLECSET: Saturday merning would be all right.

MR. THADANI: I mignt make one comment.

(Laughter.)

MR. PLESSET: Maybe wve should plan it for Saturday
morning. How does that f£it your schedule?

YR. THADANI: It will have to fit my schedule.

(Laughter.)

¥R. PLESSET: I have a guestion. I would like you
to explain one thing to me. There is this note from Georgia
Power. Have you szen that?

¥R. THADANI: I don't know. I may have seen it.

MB. PLESSET: It says =-- we 2ll have a copy =--
that the operation of standby liquid centrol system with
both pumps == it is a guestion regarding that. And their
evaluation indicates that the system as designed cannot be

operated safely with both pumps running ani the reactor at

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



.

10
n
12
13
14
15
16
17
18

19

21

24

123

maximum ATWS pressure of 1257 psi.

Tell me what that means.

MB. THADANI: I don't know.

MR. PLESSET: Okay. Then Saturday mcurning you
vill tell me.

¥YR. OKRENT: I think it is relevant.

MR. PLESSET: Oh, yes, I think so too, Dave.

MR. EBERSOLE: A related guestion. ¥r. Thadani
has mentioned the EPT as a system of some importance in thi
and the boron injection. This is part of a somewhat larger
problem. The EPT system is like getting cut of an airplane
that is burning, and then there is a long way to the ground

and starting the boron injection system is like pulling the

-

ripcord. There are lots of things that still have to happen.

One of these is the razliability of the HPCI
system, which now must face a pressure transient, and it
alvays tries to overspeed trip anyway. And now it is faced
vith an initiating pressure substantially higher than the
ordinary prossure at which we use it and test it. I would
be inclined to guess that the first thing it will be is
overspeed and lockcut.

Another thing is, having gotten the boron system
runniag, if you can, in fact, the ECCS sytems are
exuberantly trying to flush all the water out ¢f the

1

systems. There are various valves which right be stuck
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open. The coperator must, if he gets the boron in, keep it
there because he has only a one shot cpportunity and there
is hardly enough to leak any of it whatsoever.

MR, THADANI: Well, the first part, certainly I
completely agree with you in terms of the reliability of
high pressure coclant injection system. In theory the later
Plants are supposed to have better systems, the high
pressure core injection systems. That was one of the bi
differences between what I call Alternate 32 and Alternate
LA,

We were concerned about just that aspect of high
pressure cooclant injection systems, and we felt guite
strongly that total reliance on that system seemed
inappropriate. I am sorry I can't discuss wvhat we are
recommending to the Commission in an open meeting, bdut I can
point to th2 suggestion that we have to include the
reliability of that system as tc its potential for failure
under high pressurs conditions.,

I have to gc by my memory. I think that the Zata
dump seemed to indicate that.

¥R. KERR: Mr. Thadani, we had one of our fellows
look at this to some extent, and I believe some of the
experiences seem to indicate that although there is a
consideratle failure to start for those high pressure

injection pumps, that it is not difficult to restart thenr.
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I don't know.

It i1s not a failure in the sense that they are
automatically unavailable once vyou get a failure to start.
They may start and trip out, but they can be started again
fairly readily. So I am not sure =-- I mean it certainly
would be preferable that they not have this feature. But I
think the experience has to be interpreted in the light of
the use that you have for then.

¥R. THADANI: I could not =-- pardon me. I
certainly ajree with you, Pr. Kerr, that it has to be. ©On
the other hand, ATWNS is, relatively speaking, a fairly fast
transient, a fast accident. You need high pressure coolant
injection systems fairly quickly, and turbine-driven pumps
and controls assoc.ated with those systems and the types of
failures that have been experienced.

One has to then go back and determine how likely
is it that the operator is going to indeed notice that the
system did not work and fix it in time and so on

MR. OKR

(D)

NT: You would be reguiring the operator
to look at a very excited control room panel.

MR. KERR¢ My impression alsoc is that there had
been some fixes for some cf these. Fut I think you are guite
right. It is a probler that has to be locked at.

¥R+ EBERSOLE: One cther comment. You

characterizad the unmitigated accident as having severe
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proportions., I think that is very optimistic. It carries
with it the connotaticms =-- I think that is hardly an
appropriate word, "severe,"™ which connotes something that is
fairly managealle and we can cope with the emergency
preparedness systems and soc forth.

ME. THADANI: Sometimes one gets accused of going
overboard. I certainly have been accused. I have chosen
the word "severe" for cne major reason. Some substates of
these events were perceived -- at least I am fairly sure in
my own mind not all of them will procceed to core melt.

There are some events where vyou may have a
condenser available to you, and if you have a recirculation
pump trip, if you have a very smart cperator and if you have
an event which occurred at fairly low power level =-- it has
to be fairly low -- then there is a chance that he can
protect the plant. Because this freguency includes events
like that, I characterize it that way.

YR. ETBERSOLE: You are weighting the presence of
the condenser in a manner which rather obscures the worst
end of the spectrur. If you weighed it another way, it
looks wvorse.

¥R. THADANI: I did not mean to obscure it. 1In
past discussions I have gone into some detail as to why we
think these events will proceed to core melt, anéd then cne

can go to WASH-1400 and determine heow guickly one could get
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into serious troudble. Indeed, this is considered by PF2S as
the most significant contributer to risk in beciling water
reactors.

¥R. PLESSET: Let me ask, Mr. Thadani. Ycu have
to leave at 12:30, is that correct?

MR. THADANI: I have to be there at 1 o'clocke.

ME. PLESSETs There is no rush. I misunderstood.

¥E. THADANI: I was going tc grab a bite, but I
have no problems. Let me just touch on the second part of
the guestion.

-

MR. OKRENT: Eefore he goes on, I think sometime
at this meeting, in closed session, if necessary, we shoul?d
hear what it is the staff is going to tell the Commission
unless when they tell it it will be in open session, and
after that they can tell it to us in open sessicn. I think
we ought to hear what the nev staff positiorn is in this
meeting unless wve are not going to write something.

¥R. PLESSET: We are going to try tc. I was gecing
to ask Mr. Thadani and the Committee how they felt about
having hir» come back at 9330 Saturday.

M¥R. THADANIs I will be here.

¥R. PLESSET: Should we plan a clcsed session at
that time? That is what Dr. Ckrent was suggesting.

MR. THADANI: I would hope that it is a closed

-

session because then I woulld feel mcre comfortable telling
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you what stsps ve have taken.

¥R. PLESSET: Can we do that?

¥R. FRALEY: 1 will check ani see if we can or not.

ME. PLESSET: Let’s plan on that unless we get
some contrary indication.

MR. BENDPER: Are you planning to discuss the
matter with the Ccommissioners in closed session?

MR. THADANI: No. I understand and ELD tells me
that a document beccmes public on the day of the briefing to
the Commission. And tentatively, as you heard yesterday
Harold Denton describe, in the middle of this month == [
have my doubts. I think it will be later.

PR. BENDER: VYou have ansvered all I wanted to
kncwe

¥R. PLESSET: Go ahead. I am sorry. I 3Jjust
vanted to settle that. You were discussing. And then

Okrent has a guestion.

ja 4

¥ ERR: I don't think we can held a closed
session on this subject.
k. PLESSET: Well, Bay is going to £find out.
MR. FRALEY: I will look into it.
« PLESSET: If not, we will have him in open
session, and that will limit the discussion, presumably.

MR. FRALEY: I think ¥r. Thadani could talk %:o us

183

about current staff thinking without talking about the staff
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MR. THADANI: 1In terms of the considerations for a
standby liquid contrel system, or pecison, if you will, ves,
that is a2 concern. We did the usual kind of calculations
quite some time ago for normal leakage and sc on, and wve
found that there were several days available -- several days
available before one would worry about possible power going
off. But that is really, at this stage, it is very
difficult to ansver that question, whether it is today or
Saturday, simply because I think it is very plant specifi

In some cases you might need 28 percent of the
volume of the standby ligquid control system. In another
case you mighi ne22d 35 percent and so on. So there may be
some differ:nces in terms of how much leakage.

One cf the requirements that we would place on
this would be to address that issue, an I think at this
stage that is really all we can dec. I just don't see how in
a generic sort of way wve can resolve that protlem. Th
might give avay something of what I think the paper is going
to do, but I don't believe there are certain parts that can
be handled generically.

¥RE. EBERSOLE: That's just the high pressure,
pre-borated feedwater systen.

ME. I'HADANI: There was a suggestion that we made
a fev years 9o for high pressure standby backup feedwater

systems and so on.
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MR. EBERSOLE: Borated.

¥R. THADANI: VUnfcrtunately, the cost associated
with it was so high that we looked around for alternate wavs
t0 get high reliability where the cost would alsc be
reduced. And the alternate that was proposed was to make
the standdby liquid control system a much bigger system so
that it has a certain amount of redundancy, it is indeed
automatic, that it serves two functions. Not only does it
serve the function of reducing pcocwer by inserting negative
reactivity as well as keeping the =-- at least contributing
to keeping the core covered along with other systems, even
if ve assume high pressure coolant injection or high
pressure core spray fails. And that was the thinking that
was reflect2d in alternative 4R,

ER. PLESSET: Dave.

MR. CXRENT: I was just going to add a comment %o
a pcint Eberscle vas mentioning earlier; that for one class
of ATWS in PWRs ve cdon't have very much time. That is again
the plants vithout recirc pump trip. 2Bnd I must say wren I
look at a number like 1C to the =3 as a possible number,

-

best estimate or whatever, den't know, and if I couple
this == I don't really care whether it is that or 10 to the
=4 == with an event that is a quick release event,

overpressurizing the primary system, ancd if I see a possible

avenue, for example, by reducing power to &0 percent until
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you put in a recirc pump trip, that seems toc avert possibly
some of the concerns in the short timeframe and put vyou into
the compression pool overheating scheme.

It would seem to me that that is a decisionmaking
process that should be consciously one through, and I would
not lump all the BWRs into one group im that decisionmaking
process. That is what I am saying.

Ncw, what we heard is they did a study =-- the
applicant 42id a study on the point whether pressure was
belowv an awkward pressure. Well, I just wanted to put this
on the table.

E. KERR: How many do we have that do not now
have operating pump trips?

MR. TEADANI: Eight 1 think is the number.

MR . KERR: Eight cut of?

MR. THADANI: Eight out of 26.

Again, Dr. Okrent, just to comment that 10 to the
=3, as T hopefully characterized the things that have been
done, whethar the real number is still 10 to the -3 or

higher or lower I dc not know. Eut ou loock at the

}
(2]
<

difference, we are talking about a difference of a factor of
three or four between five =-- between cur earlier estimate
and our current estimate, with the Browns Ferry event --

¥R. CKRENT: Let me put it this way. As you may

have guessed, I Lhink the plants have been running without
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recirculation pump trip for too long.
¥R. PLESSET: You are not alone in that, Dave.
¥R. OKRENT: And maybe with a larger number you
might well have considered whether because ¢f the nature of

the event and how it differs from the longer cverheating

t

one, something that is past due. ut I would say the recent
experience makes the interest more acute.

MR. THADANI: I think I agree with you. The
seriousness certainly has increased.

¥R+ PLESSET: Well, yes?

MR. LAWRCSKI¢ The B0 percent figure that you
gave, does that take care ¢: =11 of them?

¥R. THADANI: I bdeg your pardon.

¥R. CXRENTs I saw an analysis for cne, Cuad

Cities or Dresden. I suspect it is roughly the range.

-
(ad

may have been 8% percent. I don't remember. In that
ballpark.

what it does is reduce the peak pressure, but it

’J
(8]
& J
.

[48)
o
ot

still leaves you in an cverheating situati you weculd
have mcre time.

ER. THEADANI: I might just make a comment that
that would probably be very plant specific, because as vcu
know, different plants have different safety relief

capacities and -- as wvell as the containment pressure

conciderations now becoming more acute, I think, because the
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energy you are ¢2ing to dump is going to be somewhat higher
than the current calculations would show.

¥R. KERR: Does each of these eight plants have an
approved system that has been analyzed and approved by the
staff, or is there still some approval process that would
have to be gone through?

MR. THADANI: I cannot answver that. Perhaps Tonm
Tolado can.

MR. KERRs Does each cf the eight plants that does

not yet have a pump trip insteclled have an approved system?

o+

Have they proposed a system and had it approved by the staff
so that the only thing left to do is tc install it?

MR. TOLEDO: That is correct and that is by
Commission order. In other words, these eight plants must
have an EPT =--

¥R. KEER: My question is have they submitted and
had approved by you a pump trip scheme which they only now

to install?

mATED
!5- ¢vL:—u

o

¢ I was about to tell you that the
order that went out said you have twc designs which are
acca2ptable to the staff. If you put in one of the twvo
designs, you need not come to us fcr apprecval.

R. KERR:s Okay.

.

<

RB. TOCLEDC: And these must be installed this

year. They cannot operate in 1981 without an REPT installeid.
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Some will be installed in September, some in Octcber. I
think three plants are due to put them in in December.

¥R. OKRENT: I would sazy it is not unlike dropping
the water level in a dam when you get nervous abocut it.

(Laughter.)

MR. PLESSET: #Well, can we let Yr. Thadani go
until Saturday morning? I think he would appreciate a
little break at this time, right?

MR. THADANI: I certainly could use one. I've got
twenty minutes still.

¥R. PLESSET: Well, let's continue then, because
think we have a relatively short --

MR. SPEISs I thirk we can finish by 1:00.

¥B. PLESSET: Why don't we go ahead? I hope it is
not too troublesome Saturday morninge.

MR. MENDANCA:

[ |
-
©

first guestion which is
generally asked is what kind of power levels would be
expected i1f you were to have a scram failure similar to the
one at Frowns Ferry. For a case where you would hzave a

-
-
-

scram failure approximating that cf Brownes Ferry with the

.

recirculation pump trip, your equilibrium powver after your
first spike would be around 10 percent. For the bounding
case where you would have half rods in and half recds out,
that number goes to around 20 percent. That is still with

an EPT.
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In the case where you do not have the RPT and you
still have the rods out on one half side of the core, your
terminal power is 40 percent.

MR. EBERSOLE: Before you go further =--

MR. CARBEON: Excuse me. Lot me ask do we have a2
handout of that, because I could not see that.

MR. MENDANCA: You do not. I will give it to the
appropriate pecrle.

MR. CARBON: Then after ¥r. Zbersole would you

mind repeating what yvyou said because I was hunting for the

paper.

X

MR. EBERSOLE: You gualified that only as an RPT.
Is this for a full closure?

¥R. MENDANCR: This is just the terminal powver
that would be achieved. This is eguilikrium power. This is
a physics calculation

¥R, EBERSOLE: Is it under the conditicns that the
ESIV is closed?

MR. MENDANCA: Yes.

¥R. EBERSOLE: That means you are at

ot
®
Lo
"
m
m
mn
[+
8
™

of the reli=f set valves.

¥R, MENDANCR: I believe so.

¥R, EBERSOLE: So the voids are collapsed, the
voids are collapsed.

YR. MENDANCA: Par+tly. Tc repreat again, the

ALDERSON REPORTING COMPANY, INC.

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



10
n
12
13
14
15
16
17
18

19

21

24

137
terminal power is the parameter that this vu-graph is trying
to showvw, and it is trying to show it from 100 percent rod
configuration for conditions where you would have scrar
similar to that of Erowns Ferry.

MR. CARBON: From 100 percent power.

MR. MENDANCA:s From 100 percent power, ves, sir.

The first figure cf 10 percent is for a rod motion
pattern in one-half the core similar to what was observed at
Browns Ferry, trying to approximate that negative reactivity
insertion.

MR. EBERSCLE: You're sure the reactecr is at
safety set pressure? I think that is an important aspect.

MR. MENDANCR: I believe so. I believe these
numbers come from the calculaticn f£rem the ¥SIV closure.

MR. KERR: This includes the injection of the
standby .iguid control?

¥R. MENDANCA:s No, sir. This is just the power

level that would be reached after your initial transient.

28]

MR. KZERs Within minutes, seconds?

MR. MENDANCA: Forty seccnds. That number comes
to mind.
¥YR. PLESSET: Jesse, we asked for the calculation

with MSIV closure. I presume that is what they did, because

ve vere very explicit about that as I recall.

(2 ])

¥R. MENDANCA: It ise The second figure cf 20

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



10
1"
12
13
14
15
16
17
18

18

21

24

138
percent power is for the limiting case c¢f the possible rod
insertion from the scram discharge phenomena that was
observed at Browns Ferry. That is where you have half the
rods on one side of your core sticking out. And that is
again with the recirculation pump trip with the RFT, and
that number was 20 percent.

The final number is for the case similar but
without the RPT, and that was a number of 40 percent.

Now, there are two criteria that we generally look
at in ATWS mitigation, and that is to make sure that you
have a pressure boundary and to make sure that you can
remove your heat from your core, your generated heat under
ATWS situations.

We asked immediately or in one ©of our tulletins, I
believe -- we asked for a calculation of what would be the
effect of a half scram on vessel boundary criteria, what
would your peak pressure be. We asked this of the plants
vith no recirculation pump trip, and that is because they
are the most limited in thazt feature.

They did perform a generic calculation, and canme
up with a2 figure for a half scram; that is, with one side of
the core not inserting, one half of the rods not inserting
on one half, a max pressure of 1u60 psig.

As Dr. Okrent and others have already alluded to,

we did also ask for further calculations for full RTWS; that
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emergency pressure level, 1500 psig criteria, you would have

t0 restrict powver to somewhere around B0 percent. I think

’_a

it vas 8l.5 in their generic calculation, to be specific.
¥R. ETHERINGTON: Do you have a figure for 10C
percent?

MR. MEKDANCA: What the pressure would have been
for 100 percent? I don't believe we have that calculation.
We have an extrapoclated curve.

¥E. EBERSOLE: Exponentizl upward?

MR. MENDANCA: 1In the curve I saw it seemed tc be
linear.

MR. EBERSCLE: don't think it is.

L]

t

¥R. ETHERINGTON: 2As long as plarts are operating
at 100 percent, I think we should have that number.

MR. MENDANCA: Yes. The calculations that we
askad for or that we received are fcr the half scram. That
ansvered the immediate question cf the scram discharge
volume. Ferhaps you are correct.

The second criteria which we generally look at in
ATWNS mitigation is the heat removal capability, and that is
generally limited by your suppression pool temperature. We
have various calculations in that area.

The first preliminary results which we received

informally from General Electric ancd are specific to Browns
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Ferry, the first calculation at this point is again for ¥SIV
closure froa 100 percent power, and this is fer the plants
with the RPT.

¥R. ETHERINGTON: 1Is there a steam bypass there
open?

ER. MENDANCA: No, sir. This is for suppression
pool temperature. The assumptions here are the 1 RYR at 30
minutes and standby liquid control at 230 minutes, and a
temperature of 150 degrees rarenheit in the suppression pool.

The second calculation vas f£for the half rods out,
half rods in configuration. It is a bit different
assumption, and it shows ycu have to initiate the standby
liguid contrecl system at an earlier time in order to meet
the 200 degree limit which is applicable when you have
quenchers.

¥P. OKREN' . How many have gQuenchers, by the wav?

MR. MENDANCA: I don't believe any do. There may

be one that does, but I am not certain on that right now.

i

MBE. OKRENT: They are currently runring without
quenchers.

¥R. MENDANCA¢ That is correct.

¥E. EBERSOLE: There is something missing from
that that I think is most important, and that is aux
feedvater slow or HPCI or ECS, cne or all. It is not there.

MR. MEINDANCA: It is assumed to work on its

ALDERSON REPORTING COMPANY, INC
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automatic signals. I know, I think it would be informative
to have it, and the regquirements on it.

The final list under the generic EWR calculations
are the ones we have received formerly from General
Electric. The £first is a Browns Ferry-3 type scram, and it
assumes actuation of your emergency systems in ten minutes,
vhich is more in line with our current licensing basis type
assumptions, I would say.

Your temperature maximum there is 153 degrees
Farenheit. If one postulates, which we did reguire, that
General Electric postulate 2 longer time in initiating their
standby liquid control than 30 minute initiation, you come
to the next calculation which indicates somewhere around 130
degrees, 18f degrees Farenheit.

These are for scrams similar to the Erowns Ferry.
That is approximating the Erowns Ferry type scrar. For
conditicns where you have half the rods not going in, again
the limiting case from our observaticn of the phenomena at
Browns Ferry-3 and initiating your BHR at 10 minutes, you
would require that you would initiate your standby ligquid
control system at a fairly early time, about five minutes.

GE feels this is an adeguate time, and they
indicated so in their letter to me, less than 200 degrees.

I vanted to present these conseguences. They are

important in cur evaluation of what needs tc be done and

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-234E



10
n
12
13
14
15
16
17
18

19

24

12
wvhat has been done.

I think I would like tc have Vince answer =-

¥R. PLESSET: When are the installations supposed
to be completed? Is there a schedule?

ME. TOLEDC: I think ve will be going before the
Commission with a proposed Rction Plan, and I think either
this week or next week. That is about the closest we can
come tc it. I cannot tell you what the thinking is, because
ve have not presented it tc the Commission yet. It will de
some time.

MR. SPEIS: We will attempt t> provide this
information via Thadani.

MR. EBERSOLE: Four thcusand pounds at 100

=
-
ot
ot
bt
14]

percent. That is just a hand estimate. I* may be a

higher.

1

¥

j2 ]

« PLESSET: Any other guestion?

t

Well, back to ycu.

¥R« SPEIS: I think in ten more minutes we can
finish our presentation. Vince Panciena will talk adout the
long-term implicaticns.

MR. PANCIENR: About the middle of July a review
group wvas formed within the Division of System Integration
to develop a plan o2f action to resolve this problem. About
that same time within the staff there became a concern that

ve wvere noct sure what the as-built condition configuration
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of the plants, the operating plants were.

As a result of that, vwe set up a series cf NRC
regional meetings. These meetings took place the third =--
the last week ¢f July. The meetings were held at Chicage,
Atlanta, ani Philadelrhia. DPuring thece meetings =-- the
objective of the meetings was tc obtain an in depth
understanding c¢f the as-built condition of the scranm
discharge volume, the instrumented volume, and the
interconnecting piping, vent and drain systenms.

The general areas covered during these meetings
were we looked at the general lazyout of the plant, locked at
the general layout of the systems. We actually received
from most of the licensees as-built drawings showing the
as-built conditions ¢f the systenms.

We discussed system design reguirements, the
system interties, primarily the vent and drain systems, what
systems intartie into those systems. We discussed the
NSSE-AE interface, because we were not guite sure 3ust what
kind of interfaces existed.

We also discussed recent tests involving valve
opening and closing tests on the vent and drain valves, and
the drain tests themselves. These tests were simulatzed
tests where they -- where the licensee filed the headers and

then timed the amount of time it would take tc drain the

systenm.
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Lastly, we discussed emergency procedures
primarily dealing with verification that the operator did
have authority to actuate standby liguid level control.

MR. MOELLER: These were, as ycu say, regional
meetings. Wdhat was the purpose of doing it regionally?

MR. PANCIENA:; Tre purpose was to, in a short
period of time, get an undersztanding of just what the systenm
configuration looked like, because there was some concern
that developed that we found problems where valves wvere
installed backwvards; we found problems where there was some
concern that there were slopes, that the lines leading from
the scram discharge volume to the instrument volume were not
sloped correctly.

And so the purpose of the meeting was to guickly
get out there and have a face-to-face shiftsleeve reeting
with each licensee and to obtain that information guickly.

MR. MOELLER: You did it regionally and covered
the plants in that region only.

MF. PANCIENA: In Regicn III we did cover some of
the plants that were in the regions further west. We did
not cover Humbeldt Bay, because Humbolit Bay is in cold
shutdown.

To gain a little bit of perspective, I would like
to discuss some general results that we cbtained from these

regional meetings.
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Basically there are two basic configura+ions. The
£irst configuration, ve have a single instrumented vclume.
In the second configuration we have an instrument volume of
each scram dischargze header. I have shown these
schematically as suche.

(Slide.)

At the same time I would like tc discuss the vent
and drain configurations that ¢go al ng with this general
layout.

All plants, with the excepticn of the never gplants
-= Erunsvick, Eatch, and Duane Arnold -- have this kind of
configuration where you have twc headers, usually an east
and vest or north and south scram discharge volume header,
both feeding to an instrumen:ed volume.

In all cases the line connecting the scran
discharge volume to the instrumented volume is two=-inch
pipe. Similarly, the drain line coming off the instrumented
volume is alsc two-inch pipe.

All plants have a vent system compocsed of one-inch
pipe connected to a vent valve. In this kind cf
configuration where you have one instrumented volure, there
is one plant, Nine Mile Point, that has & vent configuration
where there is only one vent valve fcor both instrumented

vecilumes.
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The second configuration is found on the newver
plants.

(Slide.)

And in this case here yocu have the scram discharge
volume. You have a2 large connecting eight-inch pipe that
connects into the ten-inch instrumented volume. You have
the drain line from each instrumented volume gocing into a
single "T," this being two inches, this alsc dbeing two
inches, going into a two-inch drain valve.

Similarly, most plants have a single vent valve of
each scram discharge volume header. There are two plants,
Duane Arnold and Brunswick, that have the single valve
configuration.

I'd like to say something alout what we found as
far us the vent systems themselves. We found a wide
spectrur of configurations. We found some plants =-- for
example, Monticello =-- that nad both a dedicated vent and a
dedicated drain systenm.,

By "dedicated”™ I mean that they only serve that
one purpose. We found most plani.s had interties where they
intertied with other systems. In the extreme case -- and I
think one of the extreme cazses bein¢ Erowns Ferry =-- there
vas something like on the corder of =-- it went intc a conmon
clean rad waste header, and there was something like over 16

interties.
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We also found in some cases where the vent systems
actually wvent down =-- and I think this was pointed out this
morning by the fellows -- they went down and actually tie
into a drain systen.

(Slide.)

I would like to spend a little bit of time c¢n
design interfaces, because I think there was some confusion
in our min?, and I think the recionazl meetings helped us to
understand the situation.

This system was -- in cne case where GE was the
turnkey contractor, this system was procured by General
Electric Company. However, the General Electric Company
supplied the major components =-- the vent valve, the drain
valve .a«sStrumented -- the float instruments.

GE in turn then subcontracted thic work to an
outfit called Feactor Controls lcoccated in California.
Reactor Contrels did all of the design work and previded the
fabrication and tuilt the syster. So that was one
situation. GE acting as a prime contractcr subcontracted
this work.

In the other situation where GE did not have a
turnkey contract, a2 very similar path was follcwed in that
GE provided a functicnal specification for the system, which
incluvded such things as slopes cf lines, size of the vclume

tc be provided in the scram discharge volume. And GE
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specificaticn to the licensee. The
in turn either subcontracted the work to Reactor C
Reactor Controls directly or through

themselves -~

licensee's AE.
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So basically this syster was basically designed by
one outfit, Reactor Controls, under a subcontracet, with
major controls such as the vent and drain valves being
supplied 2y General Electric.

MR, SIESS: Did they design any other systems?

¥R. PANCIENAs I den't know that.

MR. SIESS: Has anybody tried to £find out? It
seems to me that after Three FMile Island, wve discovered that
auxiliary feedwater systems have a great variety of designs,
and conseguently a great number of reliabilities. I think
that ancther system has the great deal of design
reliability.

Which is going to be the next one? Can we think

ty

about it and maybe £ind it out defore it happens this time?

¥R. PANCIENA: I think that is a gocod point.

¥R.

ENI

-

(8]

¢ We won't do anything if wve do.

r‘

HKR.

™

FERSCLE: What is the basis here? Is it
inadeguacy in the degrees of specification in detail, this
horrible thing we call specificity, or is i+ prescriptive?
Is it inadeguate prescriptiveness, inadequate
specifications? Surely the generic aspgects of getting a
product like this out of narrative instructions has got to
be locked at.

MR. PANCIENA: Yes, sir. Yy general feeling is

that this system was relegated to a secondary pecsition.
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¥R. EBEESOLE: It mcves intc the £field of whate
should be a standard reguirement which would avoid these
things occurring.

YR+ PANCIENA: Ve also found =--

L]

1l 9o back to

(=]

wi
this.

(Slide)

We £ind varying lengths here. Tha long side could
vary up to -- the longest the found was about 180 feet, down
to something like 100 feet. The short side would be more
like 20 feet. So w2 found variaticns in the piping
dimensions, both irn the vent drain and in the piping
connecting the scram discharge veolume with the instrument
volume,

So basically we found nothing that really
approached even the standard design.,

PR. ETHERINGTON: Are these systems designed for
reactor pressure over 15 psi?

¥R. PANCIENA: They are designed for reactor
pressure, I knowv that.

MR. BENDER: These systems that you mentioned
being designed by Reactor Conttols Corporation or whoever
they vere, that vas under subcontract to G.E.?

MR. PANCIENA: Subcontracted tc G.E., in the case
vhere G.Z. vas a turnkey contractor.

¥B. BENDER: I see.
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MR+ PANCIENAs 1In the case vwhere GC.L. was not a
turnkey contractor, thern this system was subcontracted by
the AE tc Reactor Contrels or by the licensee directly.

MR. BEENDERs When G.E., was 2 turnkey contractor,
did they reviev these designs?

ER. PANCIENA: That I am just not sure cof.

MR. EENDER: Are you looking into that aspect?

ER. PANCIENA: We are trying to look into that
aspect.

¥R. BENDEE: Thank you, sir.

MR, EBERSOLEs Are you aware of a case where an
architect engineer did the bdalance of plant tut Control
Engineering did ¢this part?

¥R. PANCIENA: Yes, sir.

MR. EBEPSOLE: You would not call that a turnkey.

¥E. PANCIENA: The difference between turnkey and
nonturnkey is {hat GeZ., was the turnkey in those major
contracts. lLet me get on to long-term actions. We are in
the process of reviewing the responses to the bulletins.

We have started on the responses tc 80-14, IELE Bulletin
80-14, and we are starting a reviev of the resronses tc at
least supplements 1 and 2 to ILE B80-17.

So we hope to complete this in a very short period
of time because I think we really have to understand what ve

are being told ry the licensee to do, this adeguate job of
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long~-term corrective artion. We are reviewing the as-built
systems as a result of the ILE bulletins and the information
we got during our tegicnal meetings.

We have started to develop a matrix that tries to
lay out vhat are the basic characteristics of the ~yster. I
think the key to the long-term actions, though, is we have
encouraged the owner group participation, and ve have
encouraged the owners to organize a subgroup to develor
design and performance criteria for the scram system. I
vould like to maybe generalize this a little bit mcre.

It is not just the SDV, but it is going to include
more of the hydraulic systems and poscsibly some of the
auxiliary systems, so it is just not going to be limited to
the scram discharge volume. I would like to show this flow
chart.

(Slide)

Our plan is to get the owners group to develop or
to propose design and performance criteria. We will take
into consideration the Michaelson effort as vell as comments
ve received from the ACRS., our bulletin respcnse and review
of the as-built dravings.

We are in the process of coring up *ith what I
feel is at least a minirum acceptable list of reguirements.
We intend to work with the cwners to develop or to

understand wvhat is needed in the way of criteria. OCur glan
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is that ve will me2t with the owners as needed in a short
period of time to come up with agreed upon criteria which
wvould allowv the ovwners then to implement on a plant-specific
basis thecse changes that are necessary for each plant to
meet the criteria.

Mention was made this morning abcut the G.E.
resommendations which have been developed. These G.E.
recommendations will be factored into the effort that we are
currently undergeing. At the present time a subgroup has
been formed. The chairman of that subgroup is a man by the
name of Tom Dente, who is from Northeast Utilities, anéd they
are currently meeting.

They met yesterday and they met tcday to at least
start this work gasing.

(Slide)

The upcoming acticn at the present time. As I
mentioned, there is a meeting with the cwners subgroup today
and yesterday. We expect to receive the results next
Monday. Now, 1 40 not know how final these will be. I
presume they will be preliminary results. The staff will
have a reeting with the subgroup during the week of the
1Sth.

I expect that by the th.rd week in Cctober we will
have approved design and performance criteria in place.

That is the kind ¢f time frame we are workign on. We are
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asking each licensee t¢ provide schedules for plant-specific
modifications by December 15. That is ay letter. That
concludes ry presentation.

MR. PLESSET: Any cther point?

Denny?

MR. ROSS: I had two remarks. First, within both
IEE and KRR, this proltlem -- and it is 2 problem =-- has
fairly high priocrity. We have several men assicned to it,
senior staff, and it is their number cne assignment.

The other thing is the Committee will be seeing

this agairn. It is the first OL matter, which will be

n

LaSalle. It is or the Committee's agenda this £all scometime,
so in addition toc whatever cumments you might want to make
on operating reactors, you will get another bite on this
subject on the next 0L,

ER. PLESSET: Ckay, thank you.

-

MR. EBERSOLE: One way to look at this event is

o
tr
™

the more general context than Jjust boilers. This shoul

oCck at a systenm

[

a precursor as to2 what you find when you
more deeply. I presume certainly it will be considered as
such a precurscr to the extent that we look at what amight be
the equivalent cf a scram dump volume in the PWE field.

MR. PLESSET: Any other comm2nt?

If not, we will recess for lunch and return in one

houre.

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



N

o

10

1"

12

13

14

15

16

17

18

19

21

24

- ' - ac
(Whereupon, at $15 Beley
nven t 2115 pem.s the sanme

ALDERSON REPORTING COMPANY INC

400 VIRGINIA AVE, S W., WASHINGTON

n
o

o

20024

-
-

"
v

2

55

a
4.

-
“

34

5



10
n
12
13
14
15
16
17
18

19

21

24

AFTERNOCN SZSSION
(23815 PQMQ)

¥YR. PLESSET: Let's reconvene and ¢o to our next

Lo

item on the agenda, the report of the ACRS Subcommittee on
Quantitative Risk Criteria.

Dave.

MR. OKRENT: Yesterday, if you noticed it when you
vere picking up your £fclders, there was a package of three
memoranda which you should have received, in white, relating
to the subject of guantitative risk assessment criteria.
Today while you were having lunch =--

MP. KZRP: What is your confidence level that we
received that?

MP. PLESSET: It is very high.

¥R. OXRENT: I don't know that you have it because

ME. KEERR: I don't think I have it. Are

tr
b~ 2
®
"
"
[
e J
‘<

more?

¥R. QUITTSCEREIBER: This was passed out last
night about 6 o'clocke.

¥R. OKRENT: 1If you do not have the three
memoranda, one of which is marked Part I, one of which is
marked Part II, and the third of which is not marked Part
III but is by Johnson and Kastenberg, tell Gary

Quittschreiber and he will know what you need.
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Then this noon while you were at lunch you wvere
¢iven a short green draft letter. Let me, then, having
mentioned that, summarize where we are and where we are
suprosed to go.

You will recall in May 1979 we recormnended that
the Commission work on development of quantitative risk
goals for safety, and a couple of months later Chairman
Ahearn asked could ve provide some specific input into th
and ve said ve would in abcut a year. We are just about
month behind cur y~zt right now.

¥More recently, in some ¢f the stuff deing writt
by the Cffice of Pglicy Evaluation == I think that is the

name =-- they are sort ¢f casting into concrete that we ar

157

-

en

going to try to provide something in about a year. They are

going to try to get something up to the Commission.

So> the Subcommittee on Reliability and
Probabilistic Assessment or whatever its name is hzs been
wvorking in the area, and we had a briefing on the general

2%

o

subject at a full committee meeting some time ago ¢t

"

o]

(o5

give you an idea of the kind of apprnach we had in mind.
Last month we scort of had a freevheeling discussion with
knovledgeable people, let's say, fror the outside coming
and speaking, if you remember.

The approach we have taken is to prepare three

memoranda. The first one is intended %¢o serve ac z revie
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of some of the propecsals which had previously been made for
guantitative safety goals, not exclusively as applied to
nuclear pover reactcrs. Yany vere, but nct exclusively. It
vas not intendsd to include all that had been made, but what
ve thcught vere an interesting selection. And that was
called Part I.

My guess is that that document is in fairly good
shape. I hope ve find it that way. I suspect it is not a
particularly controversial kind of a document since what wve
tried to do is reflect what other peorle have proposed.

have not.

'™
h
<
O
o

But you will have to read it

Then the second dccument, Part II, is entitled
Rulemaking on =-- it is a specific proposal prepared by ACRS
fellow Peismeyer (phonetic) and myself, trying to take
advantage of the inputs we had in the subccmmittee meetings
with ccnsultants and sc forth, and would, in effect,
represent what you might call the new proposal that exists
in this packet of information. I hope it is in reasonably
good shape. I will have to wait until I hear what you have
to say.

This, in my opinion, is certainly the document on
wvhich you should focus primary attention. The third
document, which is by Kastenbery and Johnson, which is

entitled A Study of the Apprlicatior of Risk Assessment

Criteria, is an effort to lcok at a few technologies ir
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terms cf risk assessment criteria, somewvhat like what is in
the second document, but they did nct have the seccnd
document. They had to work with a previous draft, sc it is
not =~ there is not now a one-to-one correspondence =-=- we
can make it that but there is not such a one =-- and to see
what would happen for 2 limited number of technologies and
technclogical situations.

Just to give one a little bit of a feeling, that
document has one or two areas where we know we want o
modify it somevhat., For exampla, in LEG, there is a
numerical difference between what they obtained versus
something that is in the report, and ve don't know whose
arithmetic was right.

And we have one mcre technology which wve always
intended to try to include, which ve wveren't able to pick

up, which one of our new ACRS fellows is going to try to do

-
t

10 be =-=- on

on an accelerated time scale, and it may or may
dams -- and we are going to try to see there if we can leook
at empirical information on dams and devise certain kinds cof
risk numbers and then 40 a risk study kind ¢f thing on danms
and see how they lock, and then how both of these cempare
against the criteria.

¥R. PLESSETs: You had better put that in.

MR. OXRENT: That will be in Part III.

So, by way of introducticn, that is what these
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three memoranda are. Acain I want to repeat my firm opinion
is the most important one to loock at is Part II. Rfter that,
I would say, is the summary in Part III, but there are
several appendices in Part III which, hopefully, are
accurately reflected in the executive summary.

My guess is that Part I represents an area that is
the least controversial.

Now, the way we have in mind trying toc proceed, as
you have probably noticed, is that tomorrow mcrning there is
a block cf time, roughly 3-1/2 hours, for the Committee
discussion cof this. Actually, four hou.s is shown. I think
it is intended that a half-hour of that be used >y ¥r. Stegy
to tell us what the Commission has in mind from the point of
view cf proceeding on developmant of quantitative safety
goals.

They made reccmmendations te the Commission for a
program aimed at developing something on a fairly short tinme
scale. I am not sure vhether he will be on first in the
morning or last, but my preference would be that he be
last. He would be scrt of the dessert, something to look
forvard to i€ ycu are 3ood bdoyes and finish in time.

If you lock at the letter hurriedly, you will see
that the first page is boilerplate and the second page is
boilerplate, until about the last paragraph, which says that

the Committee hopes that this set of memoranda wil
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contribute to the process of the development of guantitative
criteria. And up on the top it says that this is expected
only toc be 2 first step in an interim process.

So the intent is not that this is =-- whatever it
is the Committee sends, if it sends something, it is not

supposed to be the be a.l and the end all, but one specific

[}

thing that people might talk about and criticize. So it i
intended not that this be something that the Committee
thinks is the way to go, but it is in good enough shape to
serve as something to discuss.

Now, I can see three or four possible ends of what
we do this month and/or next month. We might decide it is
not ready t> go anywhere, so back to the drawing board. ©We
might talk about it at this time and get subseguent comments
that you wvant included by next month, and hcpefully wve can
finish it by next month.

We might look at it and say, well, it seems pretty
good, leave it tc the subcommittee chairmen and the fellows
to work on editorial parts anc members would give specific
editorial recommendations or so £orth as to wvhere they think
there should be changes, but there is ncthing that looks
like it Jjust has to be changed, an important number or
concept or whatever it is.

In other words, the Committee might say we are

happy as of this month, but clean up the editorial part and
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get it out by October, but we don't have to have it back on
the agenda. And you can probably think of one or two other
variants on that. I am not going to try to guess in advance
vhere we are likely to end up.

Now, my reguest, and it is a £irm request for the
discussion tomorrow, is as a minimum you have carefully read
Part II, that you have made your comments and you have thenm
vell articulated, if you can, written out cor wvhatever. If
you have editorial kinds of comments, write them intc the
copy. That is the easiest vay to handle it.

You should not try tc handle anything that is even
semi-editorial, semi-technical. I think we cught to at
least initially see what are the important guestions, and
then I hope we could loock at what I call the summary of Part

ITII. ©We can also talk abou: Part and that would be good,

but, you know, you ought toc kncv what is in Part I and
IITI so you know what is the subject of discussion.

But Part II is where there is a specific proposal,
and it ics somewhat different than what you heard a couple cf
months age because this is a version that Reismeyer and I
prepared on labor Day. I want you to know ACRS fellows weork
even on Labosr Day.

That is by way of introducticn. I don't knew what

further discussion ycu would like now or whether members

have some specific guestions.
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think Paul

unenthusia
meeting.
read well

all commen

MR. PLESSET: There may be some guestions. I
had a guestion.
¥R. SHEWMON: I think I would be very
stic about trying to get a letter out at thi
Some people read fast and late at night. I don't
late at night or particularly fast. I thipk to say

ts must be in writing by tomorrov sSo we can write

4 letter on Saturday is just rushing.

October. I

Committee

though, ne

should sta

certainly

document,

¥B. PLESS

(3]

T: Comment, Dave?

NR. OKRENT: I had assumed myself we would need
said --

¥R. PLESSET: That is what I thought, too.

MR. CKRENT: But did not want to preempt the
from the possibility of throwing up its hands 00
(Laughter.)

¥R. PLESSET: Do you mean wvashing its hands?

MR. OKRENT: Or vhatever. But let me say I think,

"y

vertheless, whether Paul reads slow or fast, he

Y up long encugh tc read Part II.

(Laughter.)

¥R. PLESSETs Okay. I think that helps Paul. It
clarifies the point.

Any other guestion of Dave? Yes, Yike?

MR. BENDER: I only had a chance toc skim the

Dave, so I am really not trying to comment on it
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in any substantive way, but it seems tc emphacsize primarily
reactors. Is that the charter which you envisioned?

¥R. OXRENT: Well, the Committee recommended that

L]

the NRC develop gquantitative goals for reactors. We did say
in our original letter that the NRC shouid advise the

Congress of this and ask the Congress for its opinion in a

L8]

broader context. In fact, the draft letter mentions this.

But nevertheless, Part II is in terms of reactors. In Tart
III, as I indicated, a look is “aken at what this s-me set

of criteria, though, would mean fcr some other systenm.

- -

Part III is not an exhaustive

fuel cycle.
¥“Re CKRENT: I um sorry. Again, we did net look

at the rest 9f the fuel cycle here.

3

Now, EPR in effect hatc gotten some criteria for

-

the whole fuel cycle and so forth, but ycu are correct. The
original proposal vas £¢r guantitative safety goals for

nuclear pcocwsr reactors.

(25 ]
.

e
‘ “

£ESSET: Any other guestion of Dave now that

You know your evening reading is prescribed?
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MP. OKRENT: I should note one cther thing. There
vere a few typographical errors in Fact 2. We will have,
rather than read them to you actually =--

¥E. SHEWMON: Let us find ther for ourselves.

(Laughter.)

’ 0l

MR, OFRENT: I°'ll let you find others, but the

!
D

secretary 4id a remarkable job considering she had to type
from Reismeyer's scrawl and mine superimposed on his in
single space writing.
Laughter.)
In fact, some of <the things were not even her
»

fault. We will have a new Part 2 for you before the end of

the day. And will it be green?

%

MR. R

tr

ISYEYER: VYes.

~

o

R

t*1
3

|

1

« CI NTs So you should get one Part 2 in

green, and we will have not a large number of corrections,
but some of them are important.

MR. PLESSET: Thank you, Dave.

MR. CKRENT: We missed the reactor scam. How did
that happen?

MR. PLESSET: Anywvay -- well, I appreciate your
brevity, Dave, I really 4o, because it has helped us a lot
in cur schedule. 2:nd I think we will proceed toc our next

item regarding the Seguoyah Nuclear Power Plant.

knd before I call on the subcommittee chairmen to
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report, I was told before our recess for lunch that they had

brought a m>del 2f the containment and of the globe

o

S that correct?

b

igniters,

They were going to put them on the table, but we
thought that somebody might come in and take them out. So
any time you want tc wander over there, take a look, without
disrupting the meeting toc much. Feel free to do so.

¥F. LEWIS: Are they going to inflate them and ve
find out vhat the pressure limit is?

Laughter.)

ve

P

.
84}
183}
-
(&)
™m
b4}
.

We used to get some zinc batteries
ard hydrochloric acid to £ill balloons with. Ceculd ve try
that technijue tolay and see what happens?

{Laughter.)

¥R. PLESS

t
L]

T: ] don't know whether we want to.
will take it under advisement, ¥Yike.

Now, the items that should e pertinent to our
L

discussion were given to you mostly separately, rigshet?

¥2. QUITTSCHREIB

185}

R: Separate bundle.

MR. PLESSET: In the front of your notebook. Seo
you might want to make sure you have those ‘- Lznd. And ais
I mentioned to ycuu, ve had two subcommittee meetings on this
topic, and we should first get reports frem them. And even
before that I think that the Seguoyah subcommittee chairman,

Dr. Mark, wvants to make a trief comment regarding some of

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345



10

1"

12

13

14

15

16

17

18

19

.-

24

167
the specific features of Segqucyah and results of the
augmented low power tests. Sc let's do that before we go to
the subcommittee reports.

Carson, would you go ahead?

¥R. MARK: I wvould hope I could have my little say
here.

You will remember in July the committee wrote what
it thought was its letter on Sequoyah. Commissioner
Silinsky was interested in the guestion of hydrogen
contrel. He sent back a letter on August 7th asking for
further clarification of the committee's positicn on
hydrogen contrcl. He had two reasonably simply stated
guestions.

I don't have the letter in €front of me. One had
to do with -- does aryone have that letter? Do you have the
questions? It is in my bundle scmewhere.

The questions I am thinking of are the ones cf the
date August 7. "Does the committee believe that additicnal
hydrogen control measures are necessary for ice condenser
containments™ is one guestion; and the other, "Is the
committee reasonably persuaded of the effectiveness of
distributed igniters in ice condenser containments? Can
they be counted on to keep pressure increases caused by
hydrcgen burn at suitably low level:, which I would define

as desion pressures, during accident sequences invelvine
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TMI-like quantities of hydrogen?”

Fe goes on to say that, "We are not talking cf
dealing with remotely hypothetical events, but protecting
against what wvas experienced last year."

I think in one form today's discussion is supposed
to provide the basis for ansvers c¢r comments on those
Questions. In a different form the Commission is geocing to
be revieving the staff's current =-- yesterday's proposal
that a full pever cperating license be issuad fcr Segueyah
tomorrov afternoon; and they very much vant comments fronm
the committee on, I believe, the general subject that
touches things most particularly related to those guestions.

Going back Jjust fcr a moment, you have in your
hands an SER and the staff's submission tec the Commission in
connection with the license that just came up. The low
pover tests have been completed. I think there will be some
discussinn o2f them in the course of the presentations made
today. . won't say anything on that.

Last time wve talked about a juestion as to whether
signficant infcrmation had been withheld., It may come cut
today, but . pelieve the situation is now at the point that
IELE has concluded there was no intent of that sort on the
part of the TV:.

The general status of Segquoyah is that all non=-T¥I

and I guess even T¥I-related issues other than hydrogern
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control are 2ither resolved or a2 sclution has been either
implemented or scheduled, and assumes further guestions are
a formality.

Maybe the staff or TVR will want to comment or
that situation.

TVAR thinks of itself as ready tc start its power
ascension progress as soon as they should rec:ive a
license. And I bdelieve that is all I have to report except
for the fact that the two subcommittees are much more
pertinent to today's discussion -- the Class 9 subcommittee
and the Subcommittee on Structural Features, which met
yesterday or the day before. Those are not Segucyah
subcommittees, but they have everything ¢¢c do with what is
up for discussion on Segqucyah at this stage and =--

¥P. PLESSETs I think that Carson descrided the
situyation. lLet me amplify or repeat. The hope of the
Commission is that wve will have a2 fairly finalized version
©of our comments on the guestions raised by Commissicner
Gilinsky, nz2mely the guestion of hydrogen generaticn and
control, which wvas examined in detail by DPr. Kerr's
subcommitte2, and then there wvere scme differences in the
evaluation of the containment capability, which was examined
by Dr. Siess' subcommittee.

These wvere twd> guestions that were raised and

vhich ve have looked into in some depth through these two
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subcommittees., So T would like you to keep in mind our need
to get some formulation for a letter. This will be to the
Coamission -~ that is, Chairman Ahearne =-- on this whole
matter.

So in order tc get on with this, let me first call
on Fill Kerr. Would you wvant tc give us your subcommittee
report?

¥R. KERR: You have a one-page memorandum which
attempts to summarize that part c¢f the meeting that was
relevant to Sequoyah. We sav results of calculaticns which
had to do with assumptions albout hydrogen generation that
vere deemed appropriate to the kind of incident that
occurred at TNI-2.

And the consensus of these calculations, using the
MARCH code and TVA -- I guess it wvas a
Westinghouse~-developed code that TVA used -- is that one
can, by using an appropriate ignition system, keep the
containment pressure below about 30 psia absclute by
operating the igniter system to burn hydrogen in <he
cantainment air up to an amount of hydrogen equal tc about
70 percent of that, which would be produced by a total
zirconium-vater reaction of all the zirconium availabdle.

This assumption does not involve any detailed lock
at the way in wvhich the igniters operate. It is an

assumption which is based on putting into the computer the
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fact that the igniters begin burning at a certain
concentration of hydrogen, and that the burning continued to
the point at wvhich one expected burning to step. Given a
concentration c¢f hydrogen and that given this evolution rate
cf hydrogen, burning starts again.

But it dves not model in any detail the
performance of the individual igniters. So TVA and the NRC
staff independently are carrying out experiments which they
expect will give addition.l information on the performance
of igniters in systems invelving air, hydrogen, and steam of
appropriate concentrations.

T™e committee 2lso heard a short presentation by
Dr. Hubbard of RED Associates, since ELD had made some
comnents on hydrogen handling in the Seguoyah containment.
Dr. Hubbard emphasized that their treatment had been brief
and not very ianvolved and not very detailed.

He did recommend inerting. Their recormmendation
vas nct based on any detailed consideration cof the.protlems
that might be associated vwith inerting, but rather on the
fact that they did not, on the basis of their analysis, have
any indication that the igniters would necessarily wvork.
Appropriately and hence were recommending some other
approach be used, because they thought it would de more
nearly appropriate.

This deals with part of the Segquoyah grecblenm.
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Even if one assumes that the igniter system will work and
vill keep the containment pressure below sore number such
that the containment will indeed contain, there is a further
question of what to 40 about operation of Sequecyah between
nov and the time at which the igniter system will le
sufficiently developed and sufficient experimental evidence
vill exist so that the staff and TVAR will agree that it
should be operated.

The subcommittee and the consultants I believe
reached a consensus, with the exception of one consultant,
that prcbably the igniter system locked promising, and
subject to further information was an appropriate at least
interim approach to handling the hydrogene.

There vas one consultant vho had some guestions
about it based on the fact that it was relatively untried
and alsc on some information that was provided in a
Brocokhaven report, copies of which I thiak you have. This
had to do primarily with the effect of hydrogen burn on some
of the components of the ice condenser.

I d4id not =vge the subcommittee members there
present or the consultants to try to pass on the guestiocn of
vhat should occur between now and the time of igniter
operation. That I think is something that =-- with which the
committee needs to cdeal, and it has tc be based on taking

intco account a number ©f considerations.
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I have in the memorandum given ®»y personal
recommendation. That is all I have to say.

ER. PLESSETs Thank you, Bill.

I don't know if you want to comment onh a point
that came up about detonaticons. I know that you and other
menbers of the subcommittee did consider this prodlem with
some care.

Dc you want tc comment on that?

ME. KEER: Well, I think much of the consideration
of that guesticn has been done by Carscn, and unless Carson
is unvwilling, I vould ask him to comment on it.

MR+ PLESSET: Rll right. Do ycu want tc do that,
Carson, briefly?

¥R. YARK: Let me say just a word or two then. In
the subcommittee meeting that Eill is referring to, Dr.
Hudbracd had in particular -- he was not the only one, I
think == raised the subject of detonation in guite alarmist
terms, that the distribution of hydrogen in the containment
might not be even, and there nmicht de detonable pockets.

And if cne of those got ignited, there might te a
detonation. And left it to the reader to assume that that
is the end of Segquoyah.

That raises 2 guestior as tc whether it is really
true or not. As you know, in WASH-140C for a large dry

contaipment, the argument is gone through at consideralle
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length that a hydrogen detonation in contact with the wall
vill not disturd the wall.

I had a gquestion then as toc wvhether that situation
Right not alsc apply to Segucyah. And with the help of Paul
Shewmon in particular, my own conviction that you may have a
hydrogen detonation in the Segquoyah plant without doing
damage to the wa2ll., The r-nsideration will Le how much
hydregen is invclved and what will be the guasi-equilibrium
pressure aftervards for which the containment capability =--
Chet will comment on that, I think =-- becomes the only
important consideration.

There is a draft of a2 possible letter to Gilinsky
which I think will be easier to discuss after we have had
the presentaticns. Attached to that is the argument that
Paul put together on this subject. There are alsoc in here
references to a study by TVA which drings them tc the same
conclusion; but I think it is nothing as good as Paul's
discussion is that =--

MR. PLESSET: Fine. I have not seen the TV2 one,
but I am familiar with Paul’s. I know it is here.

®R. MARK: You won't s¢c ‘* by the time you finish
this, dut they did it, or the staff says they did iz.

¥R. PLESSET: Do you want tc comment, Paul?

¥R. SHLWMCON: No. I had a guestion.

MR. PLESSET: Let me make a coament con the thing
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that yoo and Carson did. I thought it was very nice. I
think it is on the conservative side myself. I think you
overestimate the load a little bit. You would not vant to
argue wvith me absut that, weuld you?

MR+ SHEWMON: Ten percent of the yvield? I dc not

MR. PLESSET: Okay. Go ahead with your guestion.
MR. SHEWMON: Bill, will vwe =-- the question of

mixing, the degree to which that came in, whether it is bad

.or good and what happens cemes up in your summary. And

perhaps ycu are getiing to this in the presentations, but
the other is wvhether or not the igniter system will work,
and what is meant by work I guess is something I would like
to hear more about.

Will that also come up ir the discussionc?

MR. KERRs I would hope that both of these come up
in discussion. The assumption is that mixing is fairly gcod.

¥R, SHEWYON: It is relatively complete or
relatively beneficial.,

ME. XERRs: That it ic relatively complete and that
one does not get sigrificant amounts of pocketing. The
pocketing question has not been looked at in detail as €ar
as I know.

Your second guestion was will the igniters work,

and I would say that further experimental evidence will add
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to our knowledge of that guestion. I don't know with what
confidence one can finally demonstrate that they will or
will not work. I would doubt if it would be with 100
percent confidence, but there will be experiments in an
attempt to simulate the conditions that one might expect in
containment, and the igniters will be in place and will
attempt to ignite.

Both Livermore and a laboratory which TVA is
working with will run experiments which are expected to give
information about this. I think some comments will be made
about that during the presentations.

MR. SEEWMON: And it is basically whether they
will ignite mixtures which are ignitable, is that right?

MR. KERR: I think one could put it that wvay. One
als> might say -hat they will attempt tc find out what
mixtures are ignitable.

¥R. PLESSET: Any other guestion of Dr. Kerr? If
not, I would like tc call on Dr. Siess to give a report of
his Structural Engineering Sulcommittee.

BE. STESS: I would like to report in twe parts.

I would like to make a brief report at this point and then
vhen the time comes for presentations by the staff and

consultants, etcetera, later on, I would like to have a few
minutes to give some introductory raterial in the hope that

it will keep them from each repeating the same introductory
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material.

The committee met on Tuesday. We reviewed the
varicus analyses that had been made of the capacity of the
containment to resist uniform static pressure. we did not
take into account the dynamic effectse.

We heard from six pecple, I Juess, with seven
different analyses based on di:tferent assumptions. This is
summarized to some extent in the writtan committee report
vhich is in that same package as the other stuff with a
rvbber band around it, which I suggest you read at your
leisure.

we arrived at a committee reccommendation, a
committee Jjudgment as to the pressure. 11t is not one
number. We will give you several to chooses from.

Thirty-pounds per sguare inch we consider a

]

conservative lower bound based on neglecting the effects of

-

the stiffening lcngitudinal members. A reasonatle value for
a first yielding other than very local ltending we considered
to te scmewhere in the neignbecrhood of 46 prunds per sguare
inch. A reasonable lower bound or limit capacity based on
general yielding but still at very limited deformations,
less than an inch or so, we considered to be about £0 pcunds
per sguare inch. And then 2 best estimate of a limit

capacity, and I would express that as what I would expect t¢

see if ve actually made 2 test, is somewhere arcund 55
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minus 10 percent on thenm.
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We have a range of values from a very conservative
lower bound to a best estimate. We will have more
information on that and the other assumptions which those
are based on later on.

MR. SHEWMON: 1Is the limit somewhat related to
wvhere you think the rupture might occur?

MR. SIESS: There's a general yielding¢. ERupture
is ruled out. Rupture would involve such large deformation,
they cannot even be considered. The limit here really comes

rom elasto-plastic analysis, the real strength hardening
material. There would be some higher capacity. *

MR. SHEWEKON: What is the definition of "limit™?

ER. SIESS: Just what I said. From elasto-plastic
analysis, it is the best you can get, beyond which you
cannot goe.

ER. SHEWYON: It blows up like a dalloon.

ER. SIESSs Yes. 20 percent strain, this would
look a lot like a balloon in this region, if you go out that
far. But those are very small deformations, probably less
than one percent strain anywhere, except local bending.

Later on I can give yotu a little more introduction
as toc how we got here. You will not hear all seven analyses.

MR, PLESSET: You can spare us that.

MR. SIESS: It was narrowed down. In the

meantime, I would like you to read the report, because it
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lists eight assumptions that were made to get here. You
might wvant to guestion some of then.

MR. PLESSET: Any other gquestion of Chet before wve
go forward? I guess not. Thank you, Chet.

I think we will now go to the staff. I think
that, Carl, will you be --

MR. STAHL:s Yes. My name is Carl Stahl. I am the
project manager for the NRC in the Segquoyah plant. My
status is brief here. We have provided you two packages,
the f£irst of which is the package that has been submitted to
the Commissioners, and it contains all the pertinent
infornation for licensing the Sequoyah Plant Unit Neo. 1 for
full power operations.

Of particular interest to you is supplement number
2, which covers all the non-TKEI and TMI issues that have
been previously discussed with you at the July sessions, and
including others before that. Included .in the package is
supplement numkbter 3. That is a dra‘t version which wve will
publish shortly. That contains a great deal more
information on the hydrogen control issue.

Included in that supplement 3 is the current
information on the testing of igniters, that I think will be
of particular interest to you. I 2lso want to report that I
have received a letter from Region II dated September 3.

They have concluded that no further items of significance
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require resolution prior tc issuance of a full power license
on Unit No. 1. From their point of view, the plant is ready
for power ascension and full pover operations.

I wish to point out one additional item that has

not been discussed with the Committee ¢r the Subcommitte

ot

members, that guite recently, within the past twec to three
weeks, a memrber of the Brookhaven National laboratory staff
identified 2 concern that he had with respect to the
insulating material that is inside the Seguoyah
containment.

This matter is undergoing review with the staff.
We have provided you today recent information from TVA that
provides a discussion of this matter. It deals with the
subject cf the flammability of this particular insulation
and the possible impact that this may have in the event of
hydrogen burn taking place within the containment itself.

MR. SEEWMON: Where have you give us that?

¥K. STAHLs That was distributed, I believe, to
You in a separate package.

¥R. PLESSETs It looks like this, Paul =-- oh, it
is coming to you right now.

MR. STAHL: It is coming to you, sir.

LR

MR. SHEWMCON: Two classes of citizens.

T

(Laughter).

MR. STAHL: That material is guite recent, like
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today. I apologize for the guality of the reproduced
material. This came in by Telefax.

TVA is present. If there is any clarity needz2d,
I'm sure they can provide it.

This actually concludes my brief status report.
We can proceed to the agenda item if there are no further
questions £for ame.

MR, SHEWMON: Let me ask a simple, non-technical
question. Is the composition of this foam significantly
different from the foam cup I have in my hand?

MR. STAHL: I will let TVA answer the chemical
composition. Polyurethane is the material -- an insulating
material. That is not polyurethane, I think. It certainly
has different flammability characteristics. The
characteristics of the material identified in the material
wve have submitted -- I think that is a better point of
reference than my comments.

¥R. PLESSET: Carl, if there are no more guestions
on that point, I would like to handle the containment
discussion through Dr. Siess. So if you would let him take
the show, it would be very acceptable to us.

¥B. STAHL: Yes, sir.

¥R. PLESSET: If that is all right with you.

KR. STAHL: It certainly is.

ER. PLESSET: All right, Chet.
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MR. SIESS: They will get their chance.

MR, PLESSET: Yes. Ycu will get your chance. I
am not ruling anybody out. PRut I think Dr. Siess has been
through all these various things and might be able to do it
expeditiously, and that is what a Chairman always likes.

ME. SIESS: Okay. I'm glad they brought a model.
I have a slide I would like to put up there. Can you put
that slide up, please. You can lock at the model.

The Sequoyah containment consists of a steel
cylinder 115 feet in diameter. It has a hemispherical dome
on the top and it is attached through bolts tec about a
ten-foot reinforced concrete slab at the bottom. The
thickness of the cylindriczal shell is an inch and
three-eighths at the bottom one one-half inch up at the
top. And that is obviously the wveak spot up at the top.

There are meridianal stiffeners running up and
down the thing at four-foot spacing; and then there are ring
girders going all the way around at nine and a half foct
spacing through most of the shell and closer spacing right
up around the spring line.

The material that this thing is made of us steel
SA 516 grade 60, which has a2 nominal specified yield
strength of 32,000 pounds per square inch and a test yield
strength of around « ",000. It has an ultimate strength of

60,000 nominal and about 65 ultimate. The ultimate strength
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occurs at about 20 tc 25 percent strain.

And wve ruled out any calculations based cn
ultimate, since 20 percent strain would mean something like
ten-£foot increase in the radius. That did not seem very
reasonable.

In the cylindrical portion of the shell, vwhich is
the critical portion, the hoop stress governs. It is about
twice the meridianal stress. If there is Jjust simply a
cylindrical shell, then the calculation of the stress is
very straightfcrvard, and the only gquestions that are
involved in determining the capacity is what you eguate the
stress to.

What is the uni-axial strencgth from tests is one
guestion; what is the bi-axial strength is another
question. And that is a fairly straightforward
calculation. The stiffeners, however, do affect the
capacity, and additional complications are introduced into
the calculation.

If ve only had the ring stiffeners and they are

.,

spaced about nine feet apart, they would have little effect

in bhetween

.J
[

upon the capacity, since the region of the she
the ring stiffeners would govern. What we have in addition
to the ring stiffeners, we have the longitudinal or

meridianal stiffeners that a2re spaced about four feet apart

around the peripghery, and these have a clear strengthening
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effect.

Now, there have been analyses made neglectine the
stiffeners. Thecse are perfectly straightforward. The onl:
thing you have to decide is what is your yield strength and
vield criteria.

There have been various analyses made trying to
take into account the effect of the stiffeners, with guite a
range of degrees of scophistication. The Ames lLaboratory
tests wvere the first ones made for the staff. KEDR made
some analyses, relatively approximate ones, on the behavior
with stiffeners. And Dr. Bagchi, Chief cf NRC Ekesearch,
made some back of the envelope calculaticns taking into
account the effect of the stiffeners. These are guite
approximate analyses.

There have alsc been some fairly sophisticated
analyses male taking into account the stiffeners.

All analyses inveclve scme portion of the shell.

Ames Laboratcry has made some finite element analyses. D

]
.

Udens has made some, ané TVA =-- actually, Cffshore Power
Systems for TVA has made a finite element analysis.

The results that I mentioned earlier, the area
stress levels, the 38,000 to the sguare inch, is a simple
shell analysis -- no stiffeners -- using a test vield

strength and the Von Mises criterion. The others are all

analyses involving the stiffeners.
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The 46 psi bacsically comes from Dr. Zudans'
analrsis, wnich 1s stri tly elastic. It does not go into
the inelastic range. The two upper values that come out of
the OPS-TVA analysis, which involve elastic-plastic behavior
model the panel.

What I am proposing that we do here is hear not
from everyone -- I don't know whether the staff wants us to
hear a presentation from Ames. We decided in the
Subcommittee we would not. The staff position is not using
the Ames anzlysis which was made for them. The Anmes
analysis tends to jgive somewhat higher values than the 1V3
analysis, which I think is probably a little more ccrrect.
And since it does not really enter into our recc.umendations,
ve did not think there was too much point in hearing from
them.

The analysis by the TVR staff and CPS I do want
you to hear, because there is more than cne part to it.

They have looked at penetrations and hcld-down bolts and
other things that could affect the strength, and I would
like you to see the scope of their review. And that will
probably be in two parts: <£first, the TVA zresentation; and
then Dick Orr from OPS will make his presentation.

Then I would like to ask Dr. Zudans toc tell us
what he did to sort of evaluate for us. He is our

consultant, and he is an expert in his own right here. And
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then wve can ask the staff tc present the basis for their
pesition. They had a very, very short presentation at the
Subcommitte2 meeting, but ve definitely want to hear that.

And then RED Associates -- I believe Mr. Parry is
here =-- indicated at the Subcommittee meeting that they felt
the £inal TVA analysis was the direction they thought we
should go. And I would like for them to comment on where

they -- what they think about what we got.

MR. PLESSET: It sounds --

MR. SIESS: We will start with TVA, I believe, and
then we will have some initial studies. And then =-- I think
that ==

(Slide).

MR. MOELLER: The vertical, wvhatever word you use
for them, the strengtheners, the stiffeners, do they tie
into the dome or do they go on up over the dome and back
down?

ER. SIESS:¢ TVA, can you answer that?

¥R. RILLS: I think Mr. Don Denton can ansver that
as scon as he takes the stand.

ME. FLESSET: Llet's let him make his presentation,
then.

¥R. YILLS: Dre. Plesset, we will have Don Denton
from our engineering design orgznization make a very brief

statement, and we will follcw that by ¥r. EBichard Orr from
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oes.

MR. DENTON: Would you be kind enough to get my
handouts out of my briefcase back there and hand them out to
the people, please.

I will answver the gquestion about stiffeners. The
stiffeners taper down. The vertical stiffeners taper down
at this point here, just beyond the tcp circumferential
stiffener.

¥R. SIESS: I thought the model would have the
stiffeners on it. I am disappointed.

(Laughter).

ME. LEWIS: I will lend you my krife. You can
whittle some.

(Laughter).

MBR. PLESSET: ©Why don't you go ahead.

ER. DENTON: This is my first overlay that I
wanted tC present tc you, anu I think you have already seen
it. It is just a general description of the vessel.
Professor Siess ha: already given you a description, and I
will pass this one.

(Slide).

The next overlay that we have here represents a
summary of the evaluation that TVA did in ccnnection with

the hydrogen guestion, and the supportive data backing up

these numbers were presented Tuesday to the ACRS
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Subcommittee on structures.
Let me just briefly go through the numbers and

comment on them as I go. And then I will turn it over to

¥r. Orr of Offshore Power Systems. The things we looked

L)

ats of course, vwe looked at the anchorage. That represents
£irst yield of the anchor bolts. The value there is 68.4
psig, the value of the pressure in the containment that it
would tazke to fail.

The equipment hatch is a spherical structure that
is for equipment, and it has a capacity of 73 psig. This
value, the personnel locks, I have 42 psig there. And we
had difficulty locating cur stress proportion and our
material data on that.

Th.s represents the point at which the end
bulkhead stiffeners would at first experience yield.
Examining a little closer as toc why that is such 2 low
value, I found from our design folks that did the evaluation
they assumed that the stiffeners wvere simply suppcrted, and
then they looked at what would te the simple moment right in
the middle there. 2And whenever the first value went toc =--
when the fiber vent to yield, they said, that is 42 psi and
that is the strength of the thing.

7 checked that out, and just a small amount cof the
end fixative would run this value considerably above that.

The span is only 35 inches, and the plate is half-inch
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material. The stiffener behind it is four inches by a
half-inch.

Let me assure you that this will not be the
limiting load on the vessel.

¥R. EBERSCLE: Don't you have scme very large
purge valves?

¥R. DENTON: Purge valves, I am not =--

MR. EBERSOLE: These are butterfly valves for
purging operations. The reason I remember this sort of
thiag is there vas some difficulty in guaranteeing closure
under LOCA pressures.

MR, DENTON: To tell you the truth, I am not
familiar with the penetration part of that.

MR. EBERSCLE: Since you mentioned vacuur relief,
that is why I wanted to ~--

MR. DENTON: I am getting that out, ves, sir.
There are some isclaticn valves inboard of the vacuum relief

valve, and this value here dces represent the ultimate

lve.

m

strength of the vacuum relief v
Those butterfly valves, if that is what you are

-
- 9

referring to as purge valves, have a capacity of 150 p

n

and they ars inboard of it. So that is the gqualificaticn.
MR . MOELLER: You said that the modifications for
the personnal lock would increase the 42 to what? Is it ten

percent or would it triple it or what? Could you bazllpark

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



10
1"
12
13
14
15
16
17
18

18

21

24

161
the number for us?

MX. DENTON: To be honest with you, I think this
is simply sharpening our pencilse This will show that the
end part there will take substantially more than this. I
was just saying that whatever we have to do to raise that
value to above the value of the vessel, ve will do, even if
ve have to put another small stiffener in that area.

MR. SIESS: What about the vacuum relief valve,
that 48, that is below the maximum?

KR. DENTON: Since the butterfly valves are
inboard cf that and they have a capacity of 150 psi, I think
the failure of this, since this is the sort of accident that
ve are dealing with, a Class S accident, I guess wWe a2re not
limiting ourselves tc a dcuble failure-procf system at this
pointe.

¥R. EBERSCLE:s When you say "inboard," does this
mean that there is a fairly large part that goes inside the
containment, intc vhich you insert this valve?

MR. SIESS: FHow large is the pipe? I think ¥r.
Ebersole is thinking about these 36-inch purge lines.

M¥R. EBERSOLE: Mzinly the pipe that you have them
tied into and the buckling mode on that.

MR. DENTON:¢ I don't have the drawvings. I was
going to say 20 inches, but --

MR. LAU:¢ Those vacuum relief valves are 24 inches

ALDERSON REPORTING COMPANY, INC.
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in diameter.

MR. SIESSs Do you know anything about the
buckling capacity of that pipe under external pressure?

ER. LAUs: No, sir.

ARe SIESS: 1If that pipe failed, you still have
the butterfly valves.

MR. LAU: Outboard.

MR. DENTON: Without having run out the numbers, I
think the buckling capacity of a 2u4-inch valve would be
substantially larger than the numbers we are talking about.

MR. LAUs The physical arrangement of these valves
are that both valves physically are located in the end of
this area. The butterfly valves are inboard of the vacuum

relief valve.
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KR. EBERSOLE: The pipe projection is outside the
shell.

MR. DENTONs That is right.,

MR. PLESSET: Go ahead.

MR. DENTOKN: We looked Q: a number cof
penetrations. Electrical penetrations were tested tc 1CO0
psi. The bellows have a yield strength of 109 psi. We have
some spare penetrations that we looked ate The bolted head
penetrations, 1300, and the weld penetrations are three.
There vere other things we looked a2t those, and presented
those as being representative of the scope of our review of
the containment.

Now, the critical section of the vessel -- I anm
going to skip through this, because Mr. Orr is going to go
int> a little more detail, but the values you see here
representing £first yield, the differences in the numbers
represent the factors that you apply or the considerations
that you include, and as Professor Se.ss has already
mentioned this, Von Mises versus shear, actual test versus
ACI Code minimum, 40 percent. The cifference between

considering the stringers z2nd not considering the stringers

[

represents approximately 35 percent, s2 you really step up
here, and this value, 50.8, is the value that ve feel is the
reasonable number for which this vessel should be gualified.

This is the best estimate that Professor Siess

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



10
n
12
13
14
15
16
17
18

19

21

24

194
mentioned.

ER. LEWNIS: Will I come out of this
understanding ~-

ER. SIESS: That i1s not my best estimate. That is
my reasconable limit value.

MR. DENTON: I will change my terminclogy.
vhatever that means.

MR. LEWIS: Will I come out of :this understanding
why there is any difference between maximum sheer criterion
and the Von Mises criterion?

MR. SIESS: Maximum shear strain.

MR. LEWIS: Is it because it is three-dimensional?

¥R. SIESS: Maximum shear stress is just the
difference betveen the maximum and minimum principal stress.

¥R. LEWIS:s That is because you can make a
rotation.

¥R. STIESS: The Von Mises is the sgua-e root of
the difference of the sguares.

KR. LEdIS: I understand that. They come out the
same. We can talk about it later.

ER. DENTON: I think this will probably le cleared
up in Fr. Orr's presentation, in which he is going to
amplify on the source 5f this value here.

At this time, I would like to turn it over to Nr.

Orr, if you have no further gquestionse.
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MR. ETHERINGTON: I am still not clear.

BR. SIESS: Harold, this .s by axial stress.

¥R. LEWIS: It is because it is by axial. It is
because of that you have two, one, and zero.

BR. SIESS: This is for biaxial stress.

MR. LEWIS: In two-dimensional stress, it would be
the sanme.

ER. SIESS: Yes.

MR. LEWIS: Ckay, now I understand. Thank you.

BR. ETHERINGTCN: I am still not clear how we can
taik about 38 or 40 psi con the first yield basis for the
plate and still have the same number essentially as the
ultimate for the vacuum relief valves. We cannot tzke
credit for that high yield of the plate. Can you clarify
that for me?

¥R. DENTON: Wang, could you address the situation
in which th2 butterfly valve -~

¥R, SIESS: No, put your slide back up and I will
explain it. In ycur second column you have indicated for
the vacuum relief valve that that is based on ultimate, and
¥r. Etherington is wonderin¢ how you can utilize ultimate
for that analysis and utilizing yield for the cther or the
comparable values.

¥R. DENTON: There is a small membrane inside that

vacuum relief valve which is the weak link in the valve
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itself, and if I had a cross-secticon of that thing, you
could see it, but it is a real thin membrane, and it is that
thing which has =-- that is the ultimate value.

ER. ETHERINGTON: I am not disagrz2ing with your
number at all, but I am saying, if this is the n:mber, then
we can hardly 9o up to pressures as high as that with the
same factor of safety as you have in the plate. You were
talking 26.8, weren't you?

MR. DENTON: No, sir.

MR. ETHERINGTON: Weren't you? You are talking a
50.8 number now?

¥R. CENTON: That is the number which wve would
like Mr. Orr to justify by his presentation.

MR. ETHERINGTON: 1If this can be justified on the
basis that you are not going to exceed the limit -- vou are
going to exceed it -- you have a weak link in this vacuunm

relief valve. You are right up there with no factor of

¥R. CENTON: I think the answer to that guestion
is, it is more of an operational guestion than a containment
capacity gquestion, and I think that is wheie I need some
help. The butterfly valve, which is the isclation valve, is
in Poard of that, and that thing is closed.

MR, SIESS: There are twec valves in series.

MR. DENTON: Two valves in series, and the first
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one has a capacity of 15C psi. The second one, which is the
vacuum relief, has a capacity of 47.8.

MR. SIESS: Why did you choose to use the second
valve?

MR. DENTON: Well, the thought was that this would
be something that everyone would -- a lct of peorle might
have a question about, strength.

BR. SIESS: They did.

MR. DENTON: So that is the reason. I did not

mean to be confusing by including it.

MR. ETHEEINGTON: The redundancy then =--
MR. DENTON: That is correct. That is correcte.
MR. BENDER: 1Is the relief valve considered toc be

a backup to the cother valve?

MR. DENTON: Wang, could you comment cn the
operation?

¥R. LAU: As far as containment isolation valve is
concerned, it is true. &As far as the system operation of
the vacuum relief valve is croncerned, the butterfly valve is
the backup of the vacuum relief valve.

MR. ETHERINGTON: We have to assume we have lost
our backup.

¥R. SIESS: You have two valves to meet the
general design criterion on containment, right?

¥R. LAU: Yes, that is correct, but the vacuun

ALDERSON REPORTING CUMPANY, INC.
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relief valve can be in the second boundarye.

MR. BENDER: 1In the past, when we have considered
these double valve situations, there has always been the
question of whether we should alwvays assume the valve facing
the vorst operating condition is alwvays closed.

Many people have said that dual valves z2re put in
because one of those valves may nct operate when demanded to
operate, and while I am not -- I am not trying to challenge
the reliability of the valves, but I think it is well tc
understand that the primary boundary may be the vacuum
relief valve.

¥r. Ftherington's guestion was, I think, is
legitimate to assume that that valve is acceptable,
measuring it on the basis of ultimate strength, when you are
measuring everything else on the tasis of yield strength,
and my guestion now is, when that valve reaches ultimate
strength in the particular point that it sees that load,
what happens to the valve?

MR. SIESS: The membrane fails, and it leaks. The
membrane in the valve is the governing factor. I am sure
this would not be acceptable on a design basis.

¥R. LAU: The vacuum relief valve is a 2u4-inch
spring-lcaded check valve. If I recall correctly, the
failure of this membrane would nct cause gross failure cf

the valve.
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ME. ETHERINGTON: It could cause leakage, thoughe.

¥R. LAU: That is correct.

MRE. SIESS:s How much leakage?

ER. MYERS: We have not studied that at all at
this point. Let me point out the rezson the vacuum relief
valve vas studied in some detail was because our nuclear
safety reviev staff jidentified it as a potential weak link,
because of the nature of the valve, and so the detailed
studies wers made on that early in the game, when we were
talking about much lower pressures.

If that membrane fa2ils, we do nct get gross
structural failure that would lead to immediate type
releases, but there vould be basically a breaching of the
containment intc the annulus area.

¥R. STESS: Would i* be more than the annulus
could handle?

MR. MYERS: The annulus is exhausted by the
erergency gas treatment system, and as a minimum, the flow
vould be at the tull capacity cf the emergency g¢as treatment
system, sc that you would ncot have negative pressure
raintained in that annulus. It might go positive, but the
EGTS can handle juite sizeable flow rates.

MR. SIESS: 1 assume if you had an 2ccident in the
plant where there was some possibility that you might

~enerate hydrogen and create unusual pressures in the
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containment, that you would start that emergency gas
treatment system and pull your vacuum cn tiie annulus and not
wait.

MR. MYERS: The annulus it maintained constantly,
and the fans start automatically tc maintain a negative
pressure, and it raises slightly when the s. ell expands due
to temperature and pressure, but it is still kept negative
through the bulk of the accident.

EKER. SIESS: We did not try toc address how much
leakage would actually take to get out, since there is that
annulus, but I think it is an interesting Question if you
start thinking about small leaks. It does not take a very
big leak, I think, to overcome that annulus.

MR. ETHERINGTCN: If the valve would reseat after
a momentary high pressure pulse, not much damage would be
done, but I don't know if we can assure ourselves if it
would reseat. What is ycur opinion based on the
construction of the valve?

MR. DENTON: I am sorry, I really cannot answer
that guestione.

MR. SIESS:s Can anyone?

MR. MYERS: No, sir.

MR. BENDERs What is the nature of this load? Is
it presumed this is a sharp peak type load that will go up

for an instant and then fall off guickly?
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¥R, SIESS: We did not. We assumed essentizlly a
static load, or vhat Dr. Mark referred to as quasi-static.

¥R. BENDERs For analysis purpcses, I am sure you
did that, but Jjust from the standpoint of the kind of
loading it might be, is it likely to be a sustained lcad as
opposed to -- it does influence -~

¥R. KERER: I think it would show a curve acainst
pressure when measured against time, Mike.

MR. LAU: This valve has no structural problem.
This valve is open =-- this check valve cpens inward, so
there is a pressure from the inside of containrent. It has
a tendency to force the things to closee.

MR. DENTONs T think really to answer these
guestions w2 would have to have a cutaway of that thing to
explain it, and to be honest with you, I really cannot
explain the thing here. #We did not consider it toc be the
cause of the butterfly valve inside. We have 150 on the
inside, and -- and I think i€ this is a wveak point ve want
to loock at this thing more carefully.

¥R. PLESSET: What does the membrane locok like?

What is its thickness? Can anybody tell us? Do you have

any idea, Chet?

¥R. DENTON: I saw the picture adbout two months

ago, and -- so I know could not describe it. LAs sore
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mechanical drawirgs are, they are a little bit ccnfused.
Hovever, evaluating the thing, I looked at it and looked at
the calculations that accompanied the evaluations.

MR. SHEWMCN: I thought the TVA man said it was
desigred for significantly higher pressures than we are
talking about. Don't we believe him, or didn't I hear him
right?

MR. SIESS: Are ycu confusing the butterfly valve,
which is good for 1507

MR. PLESSET: It is a different valve, I think,
Paul.

MR. STESS: One is a putterfly valve, ané the
other is the check valve, which is good for only uS8.

MR. SHEWMON: All righte.

MR. SIESSs Which is downstream from the butterfly
valve.

MR. BENDER: Could I ask another guestion about =--
Re SIESS: Which we have now postulated to be
open.

MR. BENDER: =~-- about the closures? I suspect
that they are all sealed by some kind of rubber gasket of
some sort around the perimeter. Is that the general
principle on which they are sealed?

MR. SIESSs You said closures?

¥R. BENDER: Fatches and the valves. I guess they

ALDERSON REPURTING COMPANY, INC.
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are all closed by some kind of a rubber seal. Is that
correct?

ME. DENTON: Could one of you all answer that?

¥R. DILWORTH: Mr. Eender, as ve have seen here,
ve 4o not have the valve expert, unfortunately, with us
today.

MR. BENDER: Let me Jjust ask my guestion, without
meaning it to be more than a gquestion. Have you locoked at
the definition under these very high loads to know thazt the
valve =-- that the seals themselves will take deformaticn and
then hold when the pressure decays?

BR. MYERS: Early in our study, in about the spring

£

w

>
"

th

of this year, we looked at resilient seating type airs,

(o9

and ve lookad at the O-ring type seals, because that ha
Leen raised. At that time we were locking at pressures in
the 20 and lower 30-pound range. The preliminary results
vere that that would not be a problem area, and therefcre we
did not pursue it at that time any further.

As ve go through in defining an exact pressure
that one might use wus a design basis ~- I hate that ternm,
but as a basis for this system, we would look at theose in
detail agai..

MR. SIESS: Mr. Denton, would you put the first
slide back up?

As far as the hatches are concerned, they are
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located in regions of considerably thicker plate, and under
these pressures there would probably be no yielding
whatsoever. You said deformation.

MR. BENDER: I am talking about deformation of the
seals, Chet, and although sometimes people find that those
seals get overcompress:d, they don't respond after the
loading, and you may have a seal over only part of the
surface, and I think that needs to be lcoked at. I don't
say it is necessarily a problem.

MB. ORR: I would like to present to you today
some results of a finite ¢'2ment analysis that was perfcrmed
on the TVA Sequoyah containment to determine its limit
capability. Don has been through the critical areas, and
the area of shell that is thinnest and is most critical is
the one-half inch course immediately below the spring line,
and what we looked at in our analysis was a single panel
b:tveen the hoop stiffener at elevation 788 and the hoop
stiffener at elevation 778.5.

We did not consider the change in plate thickness
of half-inch "o five-eighths. We just assumed half-inch
throughout.

(Slide.)

¥E. ORR: So, this represents a typical panel that
ve looked at. This is a half-inch plate, hoo" stiffeners

top and bottom, nine fuot sis apart, vertical stringers nine
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and a half inches by one-half inch, forr degrees apart. In
order to do the analysis, we assumed that this was one of
many panels in a cylinder, and hznce we assumed symmetric
boundary conditions at each of these rings, alsc at .‘e
center of the panel sc that we were able in practice to
analyze a quarter 2f a panel.

(Slide.)

¥R. UORR: The gquarter of the panel tends two
degrees up at the top and is four foot nine inches high. It
has half of a hoop stiffener up at the top, and it has half
of an axial stifferer on one side. We developed a finite
elerent molel of this quarter panel.

(Slide.)

MR. OKR: And we analyzed it on the ANSIS computer
program. Each cof these elements are plastic triangular
elements. The panel itself is divided into elements that
are about six inches on a side, and there are four elements
in one direction and about ten in the vertical diresction.
The stiffeners are also mcdeled using finite elements, the
hoop stiffener, and the longitudinal stiffener.

The boundary conditions, we assumed symmetry on
all doundaries, so on the vertical boundaries the tangential
displacement is zero. This allows the whole panel to move
out radially, and the rotation about the vertical axis is

zerc, and the rotation about a horizontal tangent is zero.
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On the boundaries at the top and the bottom, it
was assumed again as symmetric boundaries. The vertical
displacements were all imposed tc be equal, but a £force was
imposed in the vertical direction to acccunt for the
pressure in the vertical direction. Again, two rotations,
zero, one being the rotation about the herizental tangent,
the other being the rotaticn abcocut the vertical axis.

We did a check case first of all for an internal
pressure on an elastic analysis, and then we extended it to
a non-linear large displacement analysis considering elastic
plastic behavior. In the plasticity in the yield criteria,
the Von fises yield criterion is used. We assumed no strain
hardening, so in other words it is elastic, perfectly
plastic, vwith a yield stress, uni-axial yield stress at
45,000 psi.

(Slide.)

¥YR. ORR: This next plot shovws the results of
radial displacement at each of the four guarters of the
quarter panel as a function of pressure. What we see is
linear results or relatively linear recults extending up to
46 bsi. In practice, there is scme loczl yield that
commences at about 30 to 32 psi, but the gross vield dces
not start occurring until 46 psi, and then we extended the
analysis on up to 48 psi and to 50 psi, and got valid

results there.
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At 52, ve cculd not get results, and we would not
expect to get results abrve a certain pressure, because with
an elastic, perfectly plastic analysis, the displacements
would be infinite. What the results show is, Points R and B
vere shown on the original guarter panel.

(5lide.)

¥R. OKR: Points A and B are two pecints on the
hoop stiffener, one at the intersecticn with the
longitudinal stringer, one at mid-span between longitudinal
stringers, and these two points move radially outward to
reach the same magnitude.

Point C and Point T -- C is the center of the
panel. D is the mid-span of the longitudinal stringer.

What the results show is that early all four
points are moving out radially about the same amount at U6
psi, and we are talking a displacement of just about ore
inch. The mid-span of the stringer, which is Foint D, moves
out a little bit more than the hoop stiffeners, and the
mid-point of the panel moves cut a little bit mere than that.

The difference between C and D represents the
local deflecticn of the plate relative to the adjacent
stringers and the deflection of D relative to A and B is the
mid-span deflection of the stringer relative to the hoop
stiffeners.

The next vu-graph I will show you summarizes the
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Stresses at certain locations of the shell at 46 psi.

(Slide.)

MR. ORR: At this stage, all of the stresses in
the shell itself in the panel are at or close to yield. The
ring has hoop stresses between 37 and 39 ksi. Yield would
be at 45, so the ring is getting close to yir.d, but is not
there yet. The axial stringer has much lower stresses, and
in this cese you can see that it is bending.

If you look at mid-span, the longitudinal stress
or. the inner edge is 47 ksi; on the outer edge 22 ksi. That
is the end spen at the ring stringer junction. The inner
edge is 18 ksi tension, and the outer edge is 10 ksi
compression.

The conclusion from this is that the mechanism of
the limit load is that the ring goes to yield, but the
stringer remains elastic, so bPasically the whole show is
going to be moving out radially at the same time. At 50
psi, which was the tcp point that we went to in our
analysis, we looked at some of the strains that were shown
in the apalysis. The maximum strain is about .2 percent.
This is adout equal to twice the yield strength.

So, we are still talking very low magnitudes of
stresse.

MR, STESS: This was at what level?

¥R. CRR: This wvas at 50 psi. The maximum strain,
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and that is due to both bending and membrane, is just less
than three-tenths of 1 percent, and occurs at the location
of the mid-span of the longitudinal stiffener.

¥R. BENDER:¢ How are their stiffeners attached to
the shell? Are they full penetration wveld?

MR. CRE: I believe they are double £fillet welds.

ER. DENTON: That is correct.

¥R. ORR: The final vu-graph I would like to shcw
you is just an attempt to summarize some of the simplified
analyses and hand-type calculations that people did, and
then compare it with the results that we had on the finite
elmement anzlysis.

The initial number is, as Pr. Siess quoted, for
half-inch plate using nominal yield, 32 ksi. A pressure
that gives that stress is 23.2 ksi. And this is about twice
the pressure that the containment was designed for. That
factor of two is consistent with ASME reguirements.

Then, a factor Fl is the ratio of actual yield to
nominal yie¢ld, in this case based on test reports. It was 45
ksi divided by 32 ksi. So, this is a 4l percent increase.
Factor 2, if you use Von Mises, which is a continuous curve
and typically matches better than the Tresca criteriz, the
ratio is 1.15, about the maximum, and perhaps l.l1 =-=- 1l.l1 is
a better number to use. This is the number that Pr. Siess

has been using.
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Then, coming to one of ti= concerns that came up
in the FRED Associates comments, they did not feel that the
smearing of the stiffeners was valid. This shovs the effect
of smearing of the stiffeners, taking the hoop stiffener,
which is 16 inches by one and a gquarter, the one almost at
the spring line, and smearing that over a length of shell,
nine foot six ! - half an inch, it represents a factor of
l1.35. So, the hoop stiffeners contribute 35 percent.

I will skip this line first. The finite elerme-t
model that I did the analysis on was indeed consistent with
this stiffening configuration of two hoop stiffeners, one
above =-- half at the top and half at the bottom ¢f the nine,
six panel.

If T take the product c¢f all of these factors,
232, leu4l for the 45 ksi yield, 1.15 for the Von Yises,
1.35 for the shear values, I come up with 50.8 psi. The
analysis I showed you, we have results up to 50. We could
not get results to S52.

Going back now to this line, the actual
configuration of the containment is not perfectly symmetric,
and in fact Jjust about the half-inch panel, there is ancther
hoop stiffener three feet six away.

(Slide.)

MR. ORR: So, if instead of taking 2 hoop

stiffener and smearing it over nine foot six, I take this

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



10
1
12
13
14
15
16
17
18

19

21

B

24

211
hoop stiffener and smear it from midway betwveen these hoop
stiffeners to midway between these twe, then that becomes a
six foot six height, and then I can come up with ancther
equivalent smearing. Let me find the right vu-graph.

(Slide.)

MR« ORR: That gives me an effect of the hoop
stiff-ners of 1.51 instead of 1.35, and I believe it is
fairly representative of the way the shell will actually
behave. £So0, with the panel at the spring line, ve say the
capability is 23.2 psi times l.41 for actual yield times
1.15 for Von Mises times 1.51 fcr the smearing, which conmes
up with 56.8 psi.

That concludes my presentation. Any guestions?

MR. STESS: This was the last analysis made, or
the most recent, and it essentially verifies the first
analysis made. Maybe we should stop here.

MR. PLESSET: 1Is that progress, Chet?

KR. SIESS: Yes, that is progress. NKoclbody
believed the £first one.

¥R. PLESSET: No guestions.

ER. STESS: I would like to call on Dr. Zudans.

MR. MOELLER: The original design was at what, 20,

MR. SIESS: The original design? Twelve psi.

MR. MOELLER: Twelve. Okay, thank you.

ALDERSON REPORTING COMPANY, INC.
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MR. SIESS: Zenon, I would like for you to present
not only the results of your analysis, but also to relate
them, if you can, 1o Dick's and to any of the cthers that
you know of, if you would.

MR. ZUDANS: I will do that.

We had quite a discussion on Tuesday, and I am not
going to repeat everything I said. It might not be so
easy. Put first, to the best I can show so far =-- in the
subcommittee -- Dick's analysis =-- Richard -- he does not
like to be called Dick -- is the right way to go, and the
only concern I might have with it is that it takes a very
small section near the spring line where there are other
discontinuities, but 1 think it is a2 nice piece of work, and
I think it shows howv the shell will behave, and it also
confirms wvhat I found. Even the numbers are very =imilar.

I did not do inelastic analysis, but since this
material has very little strength hardening, inelastic
analysis essentially does not have to be carried very far to
come up with a final limit lcad. Now, the other analysis,
as vas stated before by Chet, that by Ames, used a metheod of
smeariry out rings and stiffeners, and it fails tc be
rigerous, even in a simple sense, except for the calculation
of simple membrane, which is PR/T, known to everybody, and
that is wvhat the 23.2 psi is in this calculation.

Now, one must give the credit in dcing a job as
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they did, because I am told afterwards that they only had
been given, say, four days tc give an ansver. If you give a
four-day answver, that is what you get, a four-day ansver.
You have to give a guy a chance to read his own work, at
Least, before he puts his name to it.

So, I was more critical on Tuesday -- I am not as
critical today, because I don’'t think it concerns anybedy
any more, because we now have a set of answers that wve all

an believe in the sense that if anybody did the most
precise analysis, they wvould not £ind any different answerse.

The other analysis, the RE&D R.sociates, they are
kind of artistic. It is beautiful. However, unfortunately,
not to the problem that we are dealing with right now. Seo,
they are only as good as the initial assumptions are. So,
to my amazement, though, ¥r. Bagchi's calculation, which,
tnfortunately, I did not read before I wrote my report, came
out with a correct answer on a back of the envelope type
calculation.

The reason for that was, he simply cave it a
little bit more thought of how the stringers interact, and
dres up equations for it, and got the answer that is very
close to the real answver, after all those sophisticated
calculations.

I was not going to do any analysis. I only was

-

asked to review two reports, but after I reviewed those two
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had three rings at several spans.

The reascn for going that far with the molel was
because I had the same doubts Richard stated, that these are
discontinued in here. It is very difficult to justify
syametry boundary conditicns at those points, so if I move
from what I call the critical region far away enough and
impose the symmetry there by the simple rule of decay of the
boundary perturbations towards this section of interest, I
could reason that this would be not shadowed over with any
false results.

Now, the first analysis that I did then addressed
the other section, and that is what the revolution mocdel
looked like. The protlem used here -- from here to there is
able tc represent the rings as radial plates in linear
elasticity. It is exact. It represents the cylinders and
the stringers. These are the stringer: that are welded to
the shell and the rings. They are represented in a smeared
out fashion, but in such a way that their bending stiffness
and meridinal stiffness are exactly represented.

So, wvhat it really does is, it should overstress
the ~tringer a little bit more and understress the shell a
little bit more, because they are forced to deflect together.

Normally, as you saw already from Richard's model,
the center portion of the span will deflect slightly more

than the stringer will.
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Now, to prove some points, in the other analysis,
I 2id one sithout the stringers, and this is the
distribution without the stringers. You see the hoop stress
at the rings reduces essentially toc zero, and between the
rings it reaches the full hoop stress as if the rings were
not there. It indicates that without the rings, the
analysis resulted in 23.2 psi. It would have been exactly
correct.

As you introduce the stiffeners, the picture
changes completely.

(Slide.)

MR. ZUDANS: This is the figure that shows how the
hoop stress varied in the lover portion of five-eighths inch
plate, and you can distinguish the location of rings, but
not particularly being too different. In other words, the
entire shell tends to be within 10 percent c¢r so one from
the other.

Now, to make sure that this shell type 2nalysis is
Justifiable, I also made up a finite element model.

(Slide.)

M¥R. ZUDANS: It is in essence similar to what Bob
did. However, Iput the ring in the middle of the element
because I felt that the easiest way to justify symmetry
boundary conditions is halfwvay between the rings and halfway

through the rings here. So, this analysis was on exactly
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the same moiel as the previous one, and I used the results
of these two analyses to gauge the guality of the shell
revolution type of analysis.

There was a statement, I guess, to show how much
in error the statement that the stiffeners carried the same
load the entire lengths -- I plotted here the load
contribution by the stiffeners. You see, it essentially
reduces the load-carrying capability to zero, and increases
this value, so the assumption cf some uniform locad along the
stiffener is only good if you can talk about an infinite
cylinder that is completely free to expand.

Then the solution would be exact.

Okay, now the analysis that represents the wveakest
spot is dcne on this model, which is the three rings and the
span in betwveen.

(Slide.)

MP. ZUDANSs If yuu recall, Richar. analyzed the
space betveen these two rings, a guarter of it. This
carries the analysis beyond to .. .ide these two rings that
are quite close together and certainly provide sicnificant
stiffeners. FHKere on th.s uodel the symmetry boundary
conditions are here. This iz fixed axially, and, of course,
can grovw freely in the radial direction. The thickness
change takes place here, from five-eighths to half an inch.

(Slide.)

ALDERSON REPORTING COMPANY. INC.
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MR. ZUDANS: The results of this analysis are
shown on this slide. This is the physical bound betwveen the
two stiffeners. You can see here where the half-inch plate
joins the five-eighths inch. There is a significant
increase in hoop stress and alsc a significant jump in the
axial stress.

Now, this is the extent of the analysis I have
done. If I use these results shown in this area, then I
come to the conclusion that based on the shell analysis, I
would -- and on Von Mises criteria, I could yield this
cross-section -- Let me show you.

(Slide.)

BR. ZUDANS:s It is this cross-section here, at 51
and a half psi, jauged by the f£inite element comparison to
the she.l revolution in the other area. I had to ceduce
this to about 48.9 psi, so it will fully yield here.

But the most interesting thing is that the encire
panel is so close to that, if ycu comcute the Von Mises
effect, it would be about 17,000 == 15,000, which really
means within about four psi or so the entire panel will
yield, and the rings, if this panel is able to continue
carrying load without ballooning out, the rings would start
going at 61 psi, this ring first, and those would be much

hiqhe:o

This is about 77, sc the structure is very, very
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vell balanced in a way. "€ it starts yielding at 60 psi,
you could probaltly find several panels going, sc¢ to speak.

That is about all 1 have to say. Yes, Dave?

MR. OKRENT: There is some probability that there
are velds in this structure which are imperfect in the sense
that they were able to withstand the pressure test that was
done, which was a much lower pressure.

MR. ZUDANS: Thirteen and a half.

MR. OKRENT: But might nevertheless have
substantial flaws, and flaws of the type that woutld, let's
say, give at some higher pressure. How would you factor
this kind of thing into your thinking about what constitutes
a pressure with some uegree cf confidence that vou know cne
should count on, or whatever are the right set of words?

¥R. ZUDANS: By the code reguirements, all the
shell velds, both longitudinal and vertical, have to meet
the code, so it is nct likely you would £find any difference
beyond the code size.

¥R. OKRENT: They are not 100 percent =--

MR. SIESS: This is =-- Is this 100 percent weld
inspected?

MR. DENTCN: The welds are 100 percent
radiographed for all pressure btoundary wve.ds.

MR. ETHERINGTON: That does not include the welds

for the stiffeners?
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¥R. DENTON: There is a magnetic particle
examination, I believe, on those.

¥R. CXRENT: Llet me again understand what vo. are
telling me. I thought there wvas some thickness below w .’ch
enly ==

MR. STIESS: You don't need stress relievers. You
are thinking about the concrete containment liners, and they
are only partially inspected, because they are not a
pressure boundary. They are only a leak boundary.

ER. OKRENT: But only a 100 percent weld
inspection.

¥R. SIESS: That is what he says, and that scunds
right. This is a pressure boundary.

¥R, OKRENT: That would, I think, reduce =-- not
eliminate, but i: certainly would reduce the prcbability of
a large flaw.

MR. SIESS:s It is very ductile material.

¥BE. BENDER: Generally speaking, the welds provide
enough stiffness so> you can be comfortable that there is no
concern there about those giving way under the lcading. The
fillet welds.

MRe. SIESS:. The fillet welds are not that
important, since the plate is on the inside cf the rings,
the only purpose those fillet wvelds have is for a little

composite stiffening between the ring girder and the plate,
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you know, shear transfer, and that is not going %tc be very
much of a iocad cor stress.

¥R. ZUDANS: Your statement is absclutely
correct. The shield transfer capacitv here is rather
minimal. The bending is not significant. So¢ you could say,
all of this weld, that and that, a e not really significant,
but when you come to this weld, 1t is very significant.
These would be very significant, and of course this is
extremely significant because it happens to e sitting right
vwhere the critical section is, but these continuous fillet
velds, the stringer attachment and the ring attachment are
not significant. There is very little bending there.

MR. SIESS: We did not cover that at the meeting,
but I checked on it in between.

BEx. ZUDANS: I figured you would.

(General laughter.)

MR. ZUDANS: Sc what it really means is, the kind
of strains you would have about a one-inch defcrmation.
There is not much to gc beyond that point.

BR. SIESS: I think at this point toc get the
analyses completed we ought to hear from the staff. They
have heard all of this before, and they have a position
which I have already indicated earlier, but I see no reason
why we should not hear it.

MR. STAKLE: Dr. Tan will give the presentation.

ALDERSON REPORTING COMPANY, INC.
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MR. OKRENT: 1If I could pursue my gquestion just a
little bit to Chet and Zenon, how big a flaw would there
have to be to bother you at the kinds of pressures you are
talking about?

MR ZUDANS: Me?

MR. OKRENT: If it is a half-inch thickness flaw,
it vould not disturd you.

ME. ZUDANS: No, not if it is only that long.

¥R. SIESS: Paul might have some idea.

MR. SHEWMON: I have nc complaints with that
ansvere.

MR, SIESS: The weld material is usually stronger
than the plate material.

MR. OKRENT: I just wanted to see if I should
worry. At that size, I think it is unlikely.

MR. SHEWNON: It is not unlike a notch in a piece
of copper.

MB. TAN: I wvant summarize the staff's review and
evaluation of the various analyses and to present to you our
conclusion.

Our evaluation consists of the original Ames
Laboratory analysis, RED Associates, and Bagchi's analysis,
ard OPS, and Dr. Zudans', because after last Tuesday's
subcommittee meeting, we feel we have to take all analyses

into consideration and to finalize our positiocne.
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(51ide.)

MR. TAN: These are the analyses done by TVA. It
shcws the various -- varicus assumptions with respect to the
ring stiffeners and the stringers. This is the value
reached by TVA, 38, and OPS comes to 50 and 57, Just as ve
sent 1t by Richard Orr. This is the Ames Laboratory, after
the revised anzalysis. This is ELD Associates® results of
analysis. This is ¥r. anchi'é, and that is ocurs.

These are the finite element analyses from Ames
Lab. It is as high as 60 psi, and Dr. Zudans is 47. One is
at yield, one is at limit. Now, from this we have to =-- Dr.
Zudans said the Ames Laboratory analysis may not be as good
as OPS, but after the revision =-- they revise their value,
it is comparable to the OPS.

Basically, OPS I think also used the smear
technigue. There is not much difference.

Now, as to the value by Ragchi and Zudans, I have

ta

more confidence in Pr. Zudans' because he is my former boss.
(Seneral laughter.)
¥R. TAN: And I know he is competent. But Dr.
Bagchi's number, you know, if you look very carefully, it
can be manipulated. There are many assumptions there. He
hit the jackpot. That is all.

(General laughter.)

MR. TAN: 1If you look very carefully, you know,

ALDERSON REPCRTING COMPANY, INC
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his analysis, you know, so this is a number -- so after
looking over all the values at the subcommittee meeting, wve
recommended 33 psi, bur after looking cver all of these

y =-- we

=

results and hearing the experts' opinion, we final
said, okay, we agree with using the Von Mises criterion,
because the original 33 is on the Tresca criterion.

MR. MOELLER: Could you refresh me on the factor
45 over 327

MR. TAN: This is the actual mill test result.

The 32 is the code specified value. Besides TVA, ve also
used 32.

MR. BENDER: That is ultimate strength?

MR. TAN: Yield strength. Yield strength. So our
conclusion is =-- on the tasis of results of TVR, staff's
consultant, and others, and taking intc consideration all
tne factors, the staff calculated that *he value of 38 psi
at yield is reasonable and therefore acceptable as the
Sequoyah contairment limiting static internal pressure.

The basic problem we have to remember for
contalinment, it is necessary but not sufficient because of

the leakage prollenm. ne feel 38 psi can be used.

r
w
ot

MR. SIESS: I think y u heard ¥r. Orr say
this maximum strain was about three-tenths percent, which 1is
just about twice the yield. Are you concerned with an

additional -- that much strain?
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¥R. TAN: The problem -- we tested the containment
to about 15 psi, so from 15 psi to 38 already we don't know
very much how much the leakage would be, but I think we have
some confidence, yo2u know, before reaching the yield, that
the leakage should not be too much, but after the yield is
reached, you know, nobody can say hcw much the leakage would
be.

MR. SIESS: So the staff's position is that as
long as you stay elastic -- I have to put elastic in guotes,
because tnere is local bending, but essentially membrane
elastic, as long as you stay elastic, you feel confident
about it.

¥R. TAN: Yes. Otherwise, if we don't have the
leakage problem, we c3n go to 5C or 60 as our analysis
shows. The leakag2s =-- I don't know -- under the seals in
the penetrations how they defors, because, you see, if the
containment -- the containment penetrations, you can build a
very leak-tight structure, but with all the seals and all
the penetrations, I am not confident ~--

MR. SIESS: You are saying all these penetrations.
Most of the penetrations are down in the thicker plate, and
at 5C psi versus 38, I doubt if even the five-eighths inch
plate or the next panel down wculd le yielded.

TVAR has got -- I checked with them, and they have

found one string of penetrations up in the region we are

ALDERSON REPORTING COMPANY, INC.
40C VIRGINIA AVE, S.W . WASHINGTON, D.C. 20024 (202) 554-2245



14
15
16
17
18

19

21

24

226
concerned with. There are four in a rowv backed by an inch
and a half plate, I believe. It is a string, right? So,
most of the penetrat.nrs are not going to be at yield, even
at 60 or 70 psi.

¥R. TAN: Ckay. All right. By the personnel lock
== the seals in the personnel lock and the eguipment hatch,
you would have these. I am not concerned about those seals.

MR. SIESS: You are not concerned about overall
deformation?

¥R. TAN: I don't believe there is a prcblem.

MR. SIESS: So you are concerned about the fact
that higher stresses might limit -- take some of the
penetrations into yield, and the penetration hardware would
be at yield?

MR. TANs: That is our cecncern. CQOtherwise, wve can
relax.

KR, SIESS: I Jjust wanted to =--

MR. TAN: The 38 is the lower bound. If you want
to go higher then it is a matter of judgment how much higher
we Can go until the seal will not have a leakage problem.

¥R. PLESSETs Chet, ycu indicated perhaps RD2A
might want to make a comment.

MR. SIESS:s Any further guestions for Yr. Tan?

(No response.)

ER. SIESSs Okay, thank you very much.
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400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 (202) 554.2345



10
n
12
13
14
15
16
17
18

19

21

N

24

227

REDA wvas involved in this by reviewing the initial
Ames Laboratory Studies, and pointing out some disagreements
and deficiencies, and they raised the guestion of the ranel
capacity, vwhich I feel guite sure led to some of these other
mcre detailed analyses.

I think it is appropriate to ask Yr. Parry from
REDAR if he would like to summarize their current feelings
about what you have heard and if you have any general
feelings about what you think would be an acceptable
pressure, ve sure would like to hear those.

¥R. PARRY: Yes, and I have three vu-graphs.

ER. SIESS: Okay, fine.

(Slide.)

BE. PARRY: The presentation that I gave on
Tuesday was dated August, 1980. You will notice this one is
dated September, 1980.

(General laughter.)

(Slide.)

MR. PARRY: Now, a few general comments. All the
prior analyses that we had seen until Tuesday we considered
to be limited in scope mainly because cf time and funding.
We had about four days to 4o this analysis. Very clearly,
all those results were very dependent on the initial
assumptions., What were the ring stringer effects? Anéd we

very quickly concluded that the precise stiffener plate
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interactions are a very complex thing, and ve sa‘d the oniy
true solution reguires a detailed finite element code
analysis.

Fortunately, TVA picked that up and did a very
good analysis, 2nd ve essentially agree with what TVA and
Offhsore Power Services say. We tried to establish some
bounds, krowing the problem, and alsc, I might say, having
been involved in some things that have gone wvwrong in simple
analysis before we gualified cur analysis by that statement
requiring a more detailed finite element analysis.

I know some of these simple analyses gc wrong, and
people have been bitten by simple analyses. You are all
awvare of that. So wve looked at it. The encastre plate,
suppose the plate section were held rigidly on al. sides,
and ve lcoked at it as a membrane aircraft fusilage type
analysis.

We realize our analysis is conservative. We don't
have a jaundiced view of the world, and we are looking at
scmething which should be conservative. Our analysis was
conservative, and as I say, the ocffshore power systens
analysis vas done with realistic results. I suppose I have
a slight disagreement with the interp-etatiocn of the 0OPS
analysis. I will talk about it in a minute.

Novw, the other thing that happened was =-- and we

assumed this. ©~Now everybody was in the same roat. We
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originally assumed 3« ksi as the strength tests have shown.
It is actually 45 psi. And since we are not setting
criteria, ve are finding out what pressure this thing should
gc. We should use the test results. If ve are setting
criteria, then we have to put some safety fzctors in, and so
forth. That is a different matter.

(Slide.)

¥R. PARRY: Now, very briefly, we believe that the
qualitative summary cf wvhat harpens is something like this.
Panel quilting takes place, and this again is well known in
aircraft fusilage type analysis, because the panel is,
because rings and stringers, it tends to bow, and Richard's
analysis clesarly shows that.

The first big stress point is at the midpoints of
the long sides, and as he said, if you take that analysis up
and gradually increase the pressure, then fiber yield will
be reached at about 31 zsi at these points, and eventually
as you raise this thing up, then we finally get to our
simple analysis of 3¢ psi.

The detailed analysis of TVA shows 46 psi, which
we accept. Now, that is where the thing starts going
non-linear rapidly and becomes plastic. If you did the
smearing analysis, as Richard did, you get 50 psi. So, what
this really says is, in th: linear portion, and all the

stuff that vas done before was always linear, nobody un+til
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this recent analysis did any non-linear analysis. It says
indeed this double stiffening, rings and stiffeners goes
tvo-thirds of the way towvards the smear, 50 psi.

Well, we accept that because it has been done and
now done properly.

(Slide.)

®R. PARRY: So, to summarize -~ you people have
been through this before. We said simple analysis wvas 27,
but the 45 ksi, so the 32 ksi raised that to 38. The OPS
finite element says u46. There is still something to be
gained by going somewhat plastic, so the U6 in our opinion
now 1s a conservative estimate. We still, hovever, will be
cencerned about the midpoints of the sides. After all, they
are close to welds. JTf the welds are vell inspected, there
should be no problem, but after all, on the midpoints of
those sides, there are 180 pecints arcund that circumference,
so they should be well inspected there.

There is ancther saving grace here which has also
been alluded to. This 46 zsi is based on a complete
half-inch panel, and it is not a half-inch panel.

Two-thirds of it is half-inch, and one-third is
five-eighths, so there is some help from there.

So, having requested this analysis, we now accept
that result. It is as simple as that.

¥R, SIESSs Thank you very much.
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MR. PARRYs: I think the staff are nowv being a
little conservative like we wvere originally.

ME., MOELLZRs Would you comment again for me on
the two values that are much lower than the 38, the boiler
code, and the Sandia analysis? How do you evaluate those,
or hovw do you cross them off, so to speak?

MR. PARRY: The oiler code analysis uses maxirum
shear energy. Everybody else is now using the Von Mises,
vhich gives a 1S percent difference, which is mcre realistic
in a practical case. The boiler code is used becaus> i+ is
very simple to use, and it is conservative, and after all,
the code has to be conservativ-’.

¥R. MOELLER:s And :he Sandia?

R. PARRY: I don't know anything about the Sandia
analysis. I have only seen a result.

MR. SIESS: It wvwas not Sandia. It was BRattelle.

¥R. PARRY: Our report said Sandia.

MR, SIESS: It is not based on actual strength. I
don't think it should be in tiat column.

¥R. PARRY: Okay.

MB. SIESS: It wvas based on 32,000 yield, so it
belongs over in the other.

®R. FARRY: It is.

MR. SIESS: I see. Yes.

MR. PARRY: I have two columns there.
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FE. SIESSs We know toc little about it to know
how they got it.

MR. MOELLEF:s But ycu have reasons not to view it
vith alarm?

MR. SIESS: We have reasons tc believe the ones ve
have seen which agree remarkably =--

MR . MOELLER: VYes.

MR. SIESSs == I think there have been about four
approaches that come within, I would say, rlus or minus 10
percent of the same value. That is almost unbelievable.

MR. PRRRY: T think there is pretty general
agreement now that the analysis has been done correctly.

ER. SIESS: Actually, as I read the Battelle
ruport == No, I will ta"e that back. I don't know what the
figure is.

MR. PARRY: The thinn I sawv, they had tvc values,
24 psi, and I am talking about this 32 ksi yvield and 30 psi,
and they said, wvell, it is 27 psi plus or minus three.

MR. SIESS: Twventy-four yield and ultimate cof 30.

¥R. PARRYs Yes, anc they add them together,
divide it by two, and said plus or minus three.

MR. SIESS: VYes. I don't trust that.

MR. PLESSET: Does that cover it, Chet?

M¥R. PARRY: Mr. Chairman, I would like to say

something else. I see that RDA is down in the hydrogen
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discussion. I believe there is no one here from RDR to
discuss that., I am only peripherally involved irn that.

MR. PLESSETs All right. All right. I guess that
completes this part of our discussion. I think we are gecing
to have a i1iscussion from TVA. I would like to suggest a
ten-minute recess. In fact, let's take it.

(Whereupon, a brief recess was taken.)

MR. PLESSET: let's reconvene and turn the meeting
over to representatives from TVA. As I mentioned to you
before, they have a model wvhich, among other things, shows
the location of t. ‘gniters, and it would be worthwhile
if the committee members would take a2 look at it. Maybe
they can do it after their presentation is complete, but it
vill Dbe of some interest for you to do that, so why don't
you go ahead with the presentation? We will lcok at the
model later, after you are all finished.

ER. MILLSs Yes, sir.

We will have Mr. Wang lau from our engineering
design organization tc lead off this presentation, and he
will be followed by Mr. Dave Gasser from Westinghouse, who
will talk some about the vent wall testing that is coing on.

MR. LAU:s I am Wang Lau, TVA.

I plan to spend about five minutes to give brief
statements on nine items. The statements are supported by

the handouts and the documents that we have submitted to the
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NRC.

Item Number One: Based on our criginal Segquoyah
design anc the post-TMI modifications wve have made on
hardvare and cperating procedures, we believe that the
probability of an accident at Sequoyah which will result in
a degraded core is no higher than other plants. We believe
that no additional hydrogen mitigation system is reguired
for full pover operation.

Our analysis indicates that with a reasonable
design limit of 57 psi gauge for thecontainment, Sequoyah
can take about 700 pounds of hydrogen in an adiabatic burn.
This means that Seguoyah can accommodate an event similar to
TMI even without the benefit of an ice condenser. The
results of calculations including the ice condenser provide
significantly more capability.

Item Two: We believe that an interim distriduted
ignition system has good potential for obtaining additional
protection. We have not identified any necative effect due
to contreolled ignition as opposed to uncontrolled ignition.
On the other hand, we have seen from my analysis that
controlled ignition has a positive effect in mitigating an
assumed sequence of accident events.

Three, based on our limited research and limited
testing at Singleton lab, we believe that the interinm

distributed ignition system vwe have designed and installed
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shov promise in burning up hydrogen at relatively low
concentrations. We intend to cbtain firsthand knowledge.
While testing at Fenwall lad through Westinghouse, wve wil
perform ignition %tests at variocus hydrogen concentrations,
steam £f1lov, and wvater 4roplet envirconments. This will be
discussed by Westinghouse later.

We have 31 thermal glow igniters in Seguoyah. We
use diesel engine glow plucs. These can be seen from the
models ve have brought here. The containment model as a
scale of one-eighth of an inch to one foot. The igniters
are spaced with the intent of burning bulk hydrogen. We
have decided to delay the use c¢f spot igniters until we are
sure of the effects of electromagnetic interference. We are
vorking on it vith the help cf consultantse.

Item Five: We have studied in considerable detail
all the possibilities such as nitrogen inerting and filtered
vented containment., We believe that distributed ignition
systems is the preferred interim measure for obtaining
additiornal protection, althcugi:t there was no alsolute need
for this or other systems, as I stated earlier.

Item Six:s We have jocined with America Electric
Power to contract with Atlantic Research Corporation to do
work on halon. Work has started, and we expect the report
in about four months.

Seven, we have also started 2ur investigation on
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catalytic converters.

Eight, in other areas, TVA's degraded core task
force intends to, A, study system transient and accidents to
arrive at a fair range of probability for hydrogen
generation and identify critical sequences. Cperating
procedures and maintenance procedures will be examined to
determine their contribution tec risk. Work is in progress.

B, through computer and system analysis, obtain a
regional “ydiogen generation rate. Work has started.

C, obtain the computer code fcr containment
response analysis. This will be similar to the present
CLASIX code by Westinghouse, but will include internal heat
sink, initisl wvater droplets, et cetera, to remove certain
conservatism and cbtain more realistic results.

C, through a series of tests, determine if the
assumptions and parameters used in the present analysis are
consistent with the test data. This work is in progress at
Fenwall Lab.

in summary, A, ve believe that Sequoyah is safe to
ocperate at full power. B, wve believe that we have
reasonable assurance that the interim distridutor ignition
system will be effective and offer the best potential for
obtaining additional protection. C, wve are moving on many
fronts to study degraded core related subjects.

I would be glad to answver your guestiocns.
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MR. PLESSET: Let me first ask what kind of a

T

scha2dule do you have on the glow plu¢ study? mean, there
is a program, your own program, right, and the staff has a
program at Lawrence Livermore Lal, but you have your own
program.

MR. LAC: Yes, we have two different programs.
One is at Singleton Lab. Easically this will be a gquality
assurance type sampling test. We have procured about 600
different types of igniters. We will just go through the
sampling and arrive at some kind of confidence limit tyge
thing.

Another typre of test wv: are doing wvould be cocvered
by Westinghouse later, about the Fenwvall tests.

MR. BENDER: I delieve you mentioned 31 icniters.
How did you decide on the numb2r and distributien?

MR. LAU: Okay. The igniters are intended to burn
up bulk hydrogen. ¥r. ¥yers wants to add additional
comments.

MR. MYERS: That, of course, vas asked of us
earlier. In the interim system, the objective is to burn
bulk guantities of hydrogen, that is, over long spaces
basically, all the upper compartment or lower compartment,
and maybe propagation in between. Therefore, as far as
number of igniters, what we wvere after was to ignite or

provide reasonable assurance of igniting a concentration if
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MPF. MYERS: The dog houses ={ the steam generators
and pre -.i.1zers do not have igniters up in them, but they
do have igniters near the entrance.

ME. BENDER: Vhere would the igniter be that is

nearest to the vent valve ~ is that the word I vant to use?
MR. MYERS: You are speaking of the reactor system

-= vent system tc be added.

MR. BENDER: Yes.

KR. EYERS: The exact location of that vent
release has not been set. We are currently reconsidering
and looking at that, but there is an igniter in e area of

the pressurizer compartment near the ceiling that woul?d be

in the plume from those kinds of releases, and alsc from the
pressurizer relief tanke.
KE. BENDEER: How about the vessel downstream. If

that igniter did not ignite, and the hydrogen moved to the
next pecint --

MR. ¥

<
"

RS: The probable flow path in that lower
compartment is up to the ceiling, because it is hot air, and
then there ire icniters along the ceiling, so the igniters
are around the circumference of the ceiling, if you will,
and with the ice condenser, ¢f course, it is a reasonably
short distance.

MR. OKRENT: Were the comments you Jjust made all

addressed specific2lly to hydrogen contrel, or were they
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intended to cover other kinds of gquestions that arise when
you think absvt degraded core or core melt accidents?

¥R. LAU: Well, we interpret the phrase in the
agenda, "additional hydrogen control measures,”™ tc be
interpreted a<~ over and beyond interim distributed ignition
systems. That would include inerting, vented containment,
et cetera, halon, catalytic converters.

ER. OKRENT: I see. Sc you are looking, if I
understood what you just said correctly, at cother kinds of
things in addition to hydrogen control with regard to
degraded core or core melt accidents.

ER. LAU: Yes, sir.

MR. OKRENT: What is the staff's position for ice
condenser type containments? Is it coming, you know, with
regard to the guestion of, is there scmething that they
think they should look at or licensees shcouléd look at fcr
ice condensers?

I probably should remember this.

MR. EUTLER: Let me try to just clarify. I think
there vas a little mixup with respect to the understanding
on the scope. The understanding «ith respect to today's
agenda in our area here is limited to those measures needed
to deal with hydrogen generation. When you go beyond that
== 1 have the feeling that ycur guestion was directed at

other measures beyond hydrogen control. Do I understand
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that correctly?

MR. OKRENT: Yes. Well, I thought the man from
TYA just said that he had some things like that in mind in
vhat he was just discussing.

MR, BUTLER: But he clarified that by saying that
the other things he had in mind were things beyond the
igniters, such as halon contrel, halon systems, and fogging
systems, not necessarily vented containments or core
catchers or things like that.

MR. OKRENT: I :m rot going to try to put wvords
into his mouth, but I want to know =-- let me tell you why I
think it is relevant to the discussions.

Commissioner Cilinsky has posed some vpecific
Questions in terms of hydrogen contrcl, but it seems to me
if one is going to try tc develop an answer to a guastion,
are measures to deal with hydrogen appropriate on some time
scale, or prior to something, or whatever is the wva; it is
phrased, and if we are talking about a lot of hydrogen -- I
don't mean like in the rulemaking hearing on ECCS =-- one
might wvell think about this in a troader context.

In other words, that becomes par: of a spectrum of
accidents, and you ask yourself, is there a reason to stop
with hydrogen? That may be. Or should one look at other
things? Possibly. If so, why, and on what time scale, and

so forth?
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Now, I am asking now what the staff position is
with regard tc ice condenser containments, because that is
the one w» are talking about nowe. With regard to not only
hydrogen contrcl but other things, regarding core nmelt
accidents.

MR. ROSS: First, with respect to the hydrogen
management, it is the staff's position that the ice
condenser owners, like all other PWR owners, should provide
some hydrogen control measure analysis information on a time
scale somewvhat less than a year. We have expressed our
position in the interim rule, which the Commission just a
fev minutes agc authorized us to issue comment.

When the rule becomes effective, it would reguire
in this case TVA wvithin six months to file some analysis
information on a number of things related to hydrogen
control, including scenarios that lead tec burning,
effectiveness of halon, vater fogging, and so on.

What we would do with that information is not
defined. Presumably, we could become alarmed and decide
that something better needs to be done, or that we have
become satisfied, and decide everything is real fine. I
don’'t know, but as far as hydrogen control, that is our
position, and we have not gone -- we have not done anything
that may be idle speculation beyond the seat of the

information.
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Now, with respect to other things =-- I am now
goiny beyond the design basis -- there are a number of
activities. We talked yesterday about the advance notice
for rulemaking, vhich goes into these more elegant molten
core response features, such as filter vented containment
core retention devices.

I don't knovw what the Commissicn is going to do.
They vwere going to have an affirmation session maybe today,
ard authorize issuance of that Federal Register notice,
vhich would trigger a rather long rulemaking process, years
long. It turned out not to be true, but if an ice condenser
plant happened to be in what ve call a high population zone,
then it might have additional studies as to further design
features to reduce risk like I think ¥r. Denton talked to
the subcommittee yesterday.

The emergency planning rulemaking -- and there is
another rulemaking being considered by uniform or minimum
engineered safety features standards. All could impact the
ice condense:- likely with everythint else. I think that is
pretty much the ongoing activities going beyond the design
basis.

¥R. OKRENT: Let's see. Is there somevhere where
you think I could read why it is -- namely the logic =-- why

it is that the staff is now recommending that all EWR's be

inerted, c¢cr I can read what they specifically think should
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be done as far as study on ice condensers, and why the
things that they are not recommending now, they are not
recommending be studied or done?

MR. TEDESCC;g We have talked about the proposed
interim amendments that relate to hydrogen control.

MR. OKRENT: Have they changed from those that you
had in previous documents on hydrogen control?

ME. ROSS: No, no, they are unchanged. Tnere is a

SECY-80-107 series, and then the .ogic is the same., They

4

should be available to the committee, rut if they are not,
can see that they will be sent.

MR. OKRENT: I have seen the earlier ones.

MR. RCSS: There is no change.

¥R. LAWROSKI: When you answered Mr. Sender's
question about the basis of your locations of the igniters,
what you said did not include what was referred to last
wveek. That is, you have some constraints on you in the
Sequoyah design as to where you can put the igniters that wve
heard about. You d4id not say anything about that now.

MR. MYERS: I thirnk what you were told in the
subcommittee meeting is that the igniters are located where
there used to be em~rgency lighting fixtures. That is true,
but ve are not constrazined to that. If we find the need to
have it somewvhere else, then wve will move it to that, but

basically tne kind of coverage criteria our igniters needed
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vere roughly the same as those lights needed, and so they
came out very nicely in roughly the samr kind of places.,
consideriing our criteria is not such that ve need an igniter

right here instead c¢f six inches awvay.

r

We did not use all those lighting fixtures. ne

only used part cf thenm.
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ME. LAWROSKI: Unfortunately, what you just said
MR. MYERS: We are not ccnstrained.

KR. LARROSKI: It is a concern.

x
0
<

o MYERS: We are willing to move it somewhere

else if ve find a basis for that.

¥R. MARK: Something ¥r. Ross said. You use the
phrase "design basis™ as if hydrogen control in TMI amounts
vas sometime. rart of the design bzsis, is that correct?

YF. ROSS:s No, I was using that design basis on
the terms of what is required by today's regulations.
Obviously, TMI-2 exceeted the design basis amount of
hydrogen. I don't know if it exceeded the core coclabilisy
or not. I guess not Lty definiticn since it vas cooled. It
is a toss~-up.

¥R. PLESSET: Paul, and then Jesse.

MR. SHEWMON: I am disoriented here. wWas that an

introduction to what is coming, or is that the summary.

L]
(43 ]

¥Re PLESSET: They have more but they got
interrupted.

¥R. SHEWMON: He got up and he went way, but I
£ind a bunch of handouts have come out of heaven orto my
desk.

MR. PLESSET: We will try tec fix that, Paul.

e SHEWMON: Fine. What comes next?

ALDERSON REPORTING COMPANY, INC
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¥YR. CKEERT: Could ycu tell me wvhat the TVA
presentation is? 1Is that it? Are there five talks or what?

MR. PLESSET:¢ They have more. Why don't you tell
us what ve want to do?

¥R. MILLS: Cur next presentation will be fror a
Westinghouse gentlesman, Mr. Dave Gasser, who will talk about
the Fenwall test wvhich we are undergoing at this time on the
igniters., After that we don‘'t have anything else planned.
We will try toc ansver any guestions that you might have.

MR. SEEWMON: I would like to see a copy of what
he handed out. My total recall failed me this afternoon.

MR. MILLS: I am sorry, sir.

MR, SHEWMON: I woulé like to see a copy of some

-

of the assertions he made, of which he had twvo pages, sc I

micht question him on some of them or decide if I want to.

o

R PLESSET: Do you have a copy?

MR. ¥ILLS: Yes, sir. They should be there.

¥R. SHEWMON: There is a bunch of f£figures that
talk about the tasts that you conductei. Now, where do I
£ind it?

MR. LAUs Sir, the reascn the presentation was so
short was we were given 20 minutes and that includes TVA's

presentation and Westinghouse's presentation. So I used a

very brief position statement and then used the handout to
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support those statements.

MR. SHEWMON: Okay. If I wvanted to find su;port
for y.or statements in the handcut, where shculd I look?

¥R. LAUs Sir, that depends on the subject that
you wvant to locate.

(Laughter.)

MR, SHEWMON: Let's talk about why you think your
containment would take 70C pounds of hydrogen without any
cooling at all.

MR. LAU: That is based on the adiabatic burn.
That particular statement, unfortunately, is not in the
handout at all.

MR. SHEWMON: You asserted alsc that things would
be even better in an ice condenser. Where is that supported?

MP. LAU:s That is going to be presented by the
Westinghouss presentation next. OCbviously =--

MR. SHEWMCN: There is a lot ¢f informaticn there

and it is not very useful or germane to what you szid.

¥R, EBERSOLE: I just wvanted toc ask =--

MR. BENDERs Can I just ask guickly. The summary
statement that you presented, ¥r. Lau, have you got it so
that it can be reproduced? You were reading from it, wveren't

you?
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¥R. LAU: Yes, sir.

MR. BENDER: &®hy don't you let one of our staff
reproduce the few pages and pass thean out. It would prchably
save a lot of time.

FR. LAUs I would be glad tc.

MR. PLESSET: Jesse, ycu had a question.

PR. EBERSOLE: There is not any information
available now, I take it, concerning your understanding of
the functionability of this glow plug under various
environments. I am particularly thinking of a deluge which
would depress the temperature until you don't get any
temperature, and maybe accumulate -- probably evaporate
compounds on the surface.

It is a shielded plug, isn't it? The conducter is

under a claiding of some sort.

BR. MYERS: That is correct.
MR. EBERSOLEs It can take a lot of reatings.
MR, MYEPS: We believe it can take a lot of

beating. That is the reascn wvwe selected it.

¥R. £

t
)

ESOLE: Are you going to hit it wit
intermittent sprays which will put it cut and turn it on and
so forth?

KR. YYERS: The Fenwall test program has in it at
this point some humidity tests. We expect to try to run

some actual spray tests and scme flow tests in the same
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area, and that will be covered in the later presentation.

ME. EBERSCLE:s Aren't you going to be dealing with
a tremendous variation in cocling on the surface?

MR, EYERSs Yes, and ve are doing analytical
studies at this time to try to estimate that as a basis for
figuring out what kind of testing might be appropriate.
There is alsoc the guestion, of course, of the different
environment that it will be in, the moisture fraction in the
air, and ve are trying to test and understand that because
that is different than it was originally designed for.

MR. SBERSOLE: Thank you.

ME. PLESSET: OCkaye. Why don't you go ahead with
the next presentation?

¥R. GASSER: Dave Gasser, Westinchouse.

As at the Subcommittee meeting, the set of
presentations, in order to minimize the total time taken,
there will be a run-through of the transient analyses that
support the statement that Wang lLau made earlier about
having more capability than what he presented using the
CLASIX code, and that is scheduled to be dcne by the NRC
staff subseguent to our presentations.

I would suggest that vwe defer it until then,
although if you would like, I alsc have some slides here
that I can present. I was thinking perhaps for the

Comnittee's time it would be better to just compress it, ¢@o
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through th2 hydrogen test program and then fcllov the
presentation with the staff presentation in total.

As Wang mentioned, as a part of the total yrogran
going on with respect to the hydrogen contrecl, ve are doing
testing work at Fenwall Labs in Ashland, Massachusetits. We
have started this test worke The TVR igniter grooming has
been started, and we have nov run five tests within the
six-plus foot diameter vessel that they have up there, and
those tests have been run at 38, 9, two at 10 percent, and
one at 12 percent hydrogen concentrations in dry air at room
temperature.

We are scheduled right now to take delivery of the
heaters for this chambe: at the end of this wveek. Following
the installation of the heaters, an initial grooming of the
facility wvith the heaters on, we would run through the
sequence of some 13 tests that had been defined -- and I
vill discuss those in a little it more detail in just a
minute -- and complete that effort in the first series of
tests by approximately the 1st of October, which relates to
a question earlier in terms of schedule.

What I have also shown on this Vu-graph, within
the facility grooming, the igniter, based on the results at
Singleton, heats to a £full temperature in some 30 seconds.
In our tests ve have seen ignition at 17, 16, 16 and 15, and

I cannot tell you what the £ifth one is other than it is
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betveen 1% and 17. We Jjust ran that yesterday. I am saying
15 to 17 based on just having watched my wvatch as opposed to
having gone through the actual reduction of the data.

This shows the peak pressure that was reached
within ¢he chamber for each of the burns that the igniter
started. Note with this ignition time wve are seeing
ignition sooner than wve thought.

MR. EBERSOLE:s Don't your times just define the
heat at the dry igniter and had nothing to do with the
combustion rate?

MR. GASSER: I did not mean tc give the impression
they had anything to dc with combustion rate. This is when
ignition occurred. And it is the time =--

MR. EBERSCLE: Was the igniter preheated?

BR. GASSER: The igniter was off. We filled the
vecsel and then stirred the vessel, allowed it t¢ sit and
become guiescent, and then turned on the igniter. The
igniter characteristic that has been measured at Singleton
shovs that it goes from turn-on to the time it reaches its
maximum temperature in the range of 1700 degrees Fahrenheit
ir approximately 30 seconds.

Now, ve are seeing the ignition here in someching
like 15 seconds, which means -- the meaning I take cut =f
that is ve are getting ignition in the dry air at a

terperature less than the maximum of the igniter. The
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actual burn, looking at the traces -- and the eguipment up
there has the capapbility of running at 64 inches a seconr ==
ve see about one second or less to go from zeroc to
approximately 10 pounds in this 10 percent case, and you
have fully gone through trh: pressure transient to the peak
in less than 5 seconds.

MR. EBERSOLE: What is the time response of your
pressure measuring eguipment?

MBR. GASSEF: The pressure recording eguipment and
pressure sensing equipment that they have up there is
designed to be able tec pick up detonation pressures. It is
extremely high fregquency. The actual charts run out, and wve
are running them on one of the slover speeds at & inches a
second. So ve get 5 feet of paper before ve even stare
anything, and then have 100 milliseccnd tiny marks on it.

So we don't expect definition.

MR, EBERSCLEs What is the size of your vessel?

MR. GASSER: It is a six-foot diameter vessel, 130
some -odd cubic feet sphere.

MR. EEERSOLE: 1Is there variability on peak
pressures as a function of volume at your content of the
device due to self-compression?

MR. GASSER: There is some. In particular there is
a change in the velocity of burn that you get.

MR. ERERSOLE: What is that sort of function,
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volume versus pressure peak?

YR. GASSER:s I would have to ¢go back and get lavid
to respond to that because I cannot give you a fair ansver.
We have infccmation on it.

MR. EBERSOLE:s It is a needed piece of
information, isn't it?

MR. GASSER: For this type of burn, as long as you
are into a bdurn phenomencn, I don't think you will see a
variation in the peak pressure as against the volume. The
peuk pressure now, you will see a change in the time you get
to that pressure, but I don't believe yo» will see a chanye
in the peak pressure until you move into things like very,
very turbulent deflagrations or detocnations.

MP, SHEWMCN: What is the temperature at which
yoiu think ignition is occurring?

MR. GASSER: We have not zhecked back yet.

MR. PRY: How many igniters were there in this
vessel?

FR. GASSERs One.

YR. PLESSETs Go ahead.

ASSER: The initial test =--

13
-

Gl
)

MR. MOELLER: This is in air.

IR« GASSERs: Yes. We don't have the heaters on

-

yet. The initial test with the heaters will be aimed at a

very rapid, establishing initially %“he igniter rerformance.
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What we are looking te do here is pick up concentraticns of
hydrogen at two siles, one of which ve get a complete
conversion into pressure somevhere i~ the range of 10 to 12
percent based on the current data if you think of it in
teres of dry air.

The other one on the other side, consistent with
that 8 percent that ve sav there, where you get a
considerable amount of burning but you never get up high in
pressure, and during the course of the actual tests we will
take samples, having charged the chamber. We will then take
a sample before and after ignition and go through a chemical
analysis of that to £ind out just what we did to get a burn
to correlate with the pressure conditions.

We will be looking at a sequence of tests that
have 100 vercent humidity conditions. We have varying
pressures corresponding to, in a judgment sense, the kind of
pressures that we might be seeing to initiate burns based on
a preliminary analysis. We will be doing both static and ¥
floving gas streams past the igniter within the test at
pressurs that are the sanme.

So wve would have one ignition in a given set of
conditions with zero velocity. We will also then have the
capability with the fan to put approximately 5 and 10-foot
per second velocitie: past that igniter and the one you are

looking at back there, blowing that stream right past the
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igniter and checking on any differences if they should show
up in the ignition characteristic.

MR. LAWROSKI: One hundired percent humidity?

MR. GASSERs Naving set the pressure that wve vant
to run at, ve have established an introduction of steam or
vater such that ve would be at effective 100 percent
humidity or saturation condition and then set the
temperature of the vessel. We will hold constant
temperature on these tests prior to starting.

¥R. LAWROSKI: PRelative humidity.

®R. GASSER: VYes.

EP. ETHERINGTON: 1Is the peak pressure reached a
little later than the ignition time?

BR. GASSER: VYes, for the 10 percent case. And
from zero t> 10 pounds on that with 750 milliseconds. And
as I recall, and I will have to confirm this number, the SO
pounds vas reacned about 1.1 seconds.

MR. ETHERINGTCONs About 1.1 after ignition.

¥R. GASSER:s After igniticn. The laier tests that
we have scheduled for the Fenwall facility on the TVA
igniter werk are aimed at further performance confirmation.
What wve wvant to do is take these initial results plus some
things that ve are seeing from the analyses and further go
through caaracterization cof performance of these devices in

the kinds of atmospheres that we may see.
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se will do additional hydrogen concentration
tests. We have the cavability within the facility to inject
steam and hydrogen in varying mixes, starting from any
condition that we chose, but at least theoretically starting
from a condition of air in the igniter, inject steam and
hydrogen and varying flow rates into the chamber with the
igniter turned on, and see if wve get the kinds of repetitive
burns within that if the igniter is capable of dcing that at
the concentrations we will sce.

The final one that w2 are currently contemplating
if ve can run the test is to look at the effects cf sprays.
I might note that the igniter itself ic designed with that
thing that comes out over the top, and it is a flash shield
to prevent direct spray inpingement onto the igniter, the
heatcd element itself.

And finally =-- and Don, you might bring that up =--
the last of the Va-graphs with respect to the testing at
Fenwall. W2 have run five burns. The igniter that we used
up there was not sealed, and it continues to perform, or at
least it did until I took it on an airplane last night, and
I ar not sure what it would deo right now.

There are no major signs of external damage.

There are some indications of aincr penetration inte the
inside without apparent performance degradation. This now

is the device that wvas put in. This one was not painted
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orange and white. This was put in and run through those
£ive burns.

The inside, if you chcose to look, with the
transformer is apparently in mint condition. Even the
outside otner than some marks that have apparently, I tiink,
occurred in transit, has no apparent blackening or
degradation even though we measured using just taped on for
the groominge You can see the place where the tape is and
some blackening at the tape.

We did mesrsure temperatures in excess of €00
degrees in the gas stream that was coming through. We see
some evidence here of penetrztion arpparently inward during
the course of the test, and we don't know whether it
happened in the first or the last test or anywhere in
betveen, but nothing showing up inside in terms of
degradation.

So initially, at least, the igniter is =-- and this
is the actual igniter itself. We have taken it off the
front so people can lcok at it and potentially even compare
it back there. The igniter does seem tc be capable of
functioning within the environment that would be created in
a hydrogen burn, a single burn.

Now, ve remain to characterize whether it will
ignite in the kinds of conditions and temperaztures and steam

and pressur2 that it would see.
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MR, MOELLEEs The igniter that was in this box was
actually the one that caused the hydrogen to burn. It wvas
not just placed there in another igniter.

MR. GASSER: The whole box you are lcoking at
right ncow was inside that six foot vessel for five burns.

MR. MOELLER: And the igniter inside -- there was
an igniter inside this box which did the ignition?

MR. GASSER: It is actually sticking outside, as
you can see back there, and this is the one that came off of
thate.

MR. PLESSET: Let me ask you a question regarding
this. Are you going to try to get into the range of
detonation?

MR. GASSER¢ Initially, no.

ER. PLESSET: Will you try to do it eventually?

MR. GASSZR: T think the only way that we would,
at least I would think right now, that we would move into
this is if ve found in analyses that are currently
contemplated for looking at the distributional effects that
there was a potential for reaching that kind of condition,
Then we may well go intc that in the test prograr.

But Jack Fyers might like to add something to that.

MR. PLESSET: What is the vessel like?

¥R. GASSERs: Six foot diameter, 2-inch thick. It

is a coated vessel.
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MR. PLESSET: Twc-inch what?

MR. GASSER: Two-inch steel.

MR. PLESSET: Okay.

¥R. GASSERs Two hundred or five hundred pcunds.

I don't recall.

MR. PLESSET: Why don't you try tc go into the
detonation range. That won't hurt that thing. You might get
some interesting results.

MR. MYERS:s The first phase of the testing, as he
indicated, gets the baseline data to check with the data
that is in the literature and used as a basis tc go to Phase
ITI vhere ve are going toc do more detailed studies. One of
the possibilities in that phase, if it appears it can be
safely done with the apparatus, is explore where the
detonation limits are with the kind of envircnmental
conditions such as vater vapor that we are explering for the
flammability limits.

MR. PLESSET: I am trying to urge the staff to ask

you to run the detonation range. Yaybe they will.
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1 MR. BENDERs: What are your plans for the
testability of this thing?

ME. GASSEEs I coculd not hear all the gquestion.

MR. BENDER: What are your plans for determining
the testability of the igniter? Are ycu planning to install
in such a way that it can be turned on every day or every
few days toc see wvhether it will heat up in its post heat-up?

MR. GASSER: I will defer that to TVA.

MR. MYERS: We proposed to the NRC a surveillance
program for those igniters. And the current plan is they
are on circuits and ve are going to run basically a pre-op
test or a baseline test to see what the current trial of
those circuits is with the igniters working.

We will do some surface temperature checking at
that point, and then we can go back in surveillance tests,
turn them on and heat them up. And if there is a
significant change in the current characteristics, we can go
and check out why.

MR. BENDER: With regard to your test program, I
could envision a circumstance where the igniter that was
nearest to the high concentration of hydrogen was nc. the
one which ignited the hydrogen. It might ignite it at low
concentration and then propagate the deflagration or
vhatever it is into a higher concentration area.

Does yocur test program allow for that kind of
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circumstanca?

ER. GASSER:s 1In a single six-foot sphere, I do not
believe we can get twc different, significantly different
initial distributions of hydrogen. As I mentioned, one of
the things that we are going to try to do is, within that
sphere, the igniter itself is located on a stand effectively
in the middle, here. One of the ports that allows for
filling is here, and angled up towvards it.

We can run a test and come up with some reasonable
data -- we can put in steam and hydrogen mixtures £from here
intc potentially either an atmosgheric no-hydrogen mix or
no-hydrogen concentration and get test results that I am not
sure that they do exactly what you want, but they begin to
move in that direction.

MR. BENDER: Okay. It is just a matter of -- it
is just being sure that we don't start the reaction in the
wrong place and then get the detonation that we really did
not want.

MR. MOELLER: How many different igniters did you
look at and how did you choose this one?

BR. GASSER: I defer to TVA in terms of the test
work on that.

MR. MYERS: We set out looking at a wide variety,

and let me gc through the process and you will see why I

have some difficulties giving you an exact number. ¥e knew
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roughly that we needed something that would give us a
surface temperature in the range cf 1500 degrees F. So ve
vent looking for devices that would do that, and we came up
with and actually got examples of a large number of devices
that vere alleged to do that or specified to do that.

And they ranged from things that were a foot or
more long, with large coils, to a little bitty thing they
use in model airplanes, which is a very small resistance
fire that is open toc the aire.

And ve looked at those, first of all, tc see
whether thqg vere specifying. We checked back ¢on a limited
number of those that looked useful; I would say about six
that we dug into in some detail. And some of those were
supposedly going to do the job, but when we actually turned
them on they could not cut it. When we turned therm on,
heated them up, they failed.

The diesel glow plugs, we have looked at the
7-G's, ve have looked at another kind from General Motors.
We looked at about =-- and I believe =-- at those that appear
to function at the kind of temperatures that we are after.
And the Bosch and the 7-C plug have been run for some time.
So we have some confidence that it can maintain that
temperature.

And sc we are dcing nov screening analyses, sanmple

analyses, to see what the relative reliability and arbient
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conditions are. So we have looked at a large number and
slowly culled down until we get down to the 7-G plugs being
our primary. But we are loocking at backups in case we find
some fault with the 7-Gs.

HR. MOELLER: What would the source of power be
for this in an emergency?

FR. MYERS: They are run off the diesel generators.

MR. EBERSOLE: They call this a distributed
ignition system, so it must be important to have
distribution of some sort. Is there any carefully worked
out plan about thé degree of distribution?

¥R. MYERS: OCkay. The mechanism -~ the interi
system, okay. What we have designed right now is toc be used
on == I would like to call bulk comtustion. That is where
the flame propagation is, basically, in all directions. So
therefore, in 2 given volume, if the flame starts it will
progress unless it runs intoc a rarefied atmosphere or one
that is non-combustible.

That is the basis for the interim systen.

MR. EBERSOLE: As it runs forvard, it compresses
the unburned gases in front of it and is approached by
another wvave, so that you do have autocatalytic compression.

MR. MEYERS: At the velocities of wave front we are
talking about, there is nothing in the sense of a wave

front, if you will. The pressure 1s relatively uniforn.
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But there is a difference in the composition and there is
experimental data to show some difference in flame speeds.
And of course, ther~ is the heazting geoing on in that
compressed gas. Tnere is some data to give uz confidence in
vhat is going on there.

KR. EBERSOLE:s I remember the delay tanks at the
Browns rerry stack discharge, that we vere forced to go to
900 psi piping because of potential detonatiocn effects
there. There is a lot of data on hydrogen combustion.

¥R. MYERS: Yes, sir. We are using that data. We
are very familiar with that.

MR. ETHERINGTON: Your first slide showed eight
percent hydrogen and pressure that looks like 3.2; is that
right?

MR. GASSER: That is correct, 3.2. Perhaps it is
vorth putting this up, since it is available. I den't think
it is worth spending a whole lot of time on, since it is
only indicative of what we have. But what is shown here is
the data from 1971, 12-foot diameter sphere, roonm
tenpgerature conditions, empirically testing what the
pressure rise, the delta p, wvas from atmospheric, given
varying concentrations ¢of hydrogen.

You are locking at &, 2., 12 percent. You see
there data down in the range of 4 to 8 percent; there was a

very low pressure rise. There was none in the area from B8
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into the range of 12, where this data peaks up very steeply
to what is the calculated delta p on a pure theoretical
basis for that.

And the x's that are shown here just represent
wvhere we have been now with those four grooming runs, and ve
vere nct intending to reprocduce this curve. That curve is
in the literature and well done. We were just using ii as
an indication of hewv well cur apparatus is in fact
performing.

From this data, one would expect that somewhere in
the range of 8 to 9 percent you are coming off of this curve
very steeply and down. In that 8 percent we are showin;
it. In fact, ve are just right about there, with a cocugle
of psi rise.

MR. ETHERINGTON: With your igniter on, will that
hydrocgen eventually burn?

¥E. GASSER: We will £ind out how much burns
within the test program. We are planning to run, as I
mentioned, B8 percent tests, having taxen a sanmple before and
a sample after the burn, and then 2oing measurements on that

and correlating against what we saw as pressure and find.ng

ot

out whether or not all of it burns slowly and the «Zfects of
the heat sink of just building up temperature in the vessel.
We are not planning to attempt tc glean that data

from the test program, even in this initial phase.
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¥R. MAEK: It is certainly believed and freguently
sail that the bottom of that can burn a very small percent
of the hydrogen presente.

MR. GASSER: That is right.

¥R. OKRENT: I was wond«¢ring, can someone remind
me of the relationship between the numbers like 50 psi that
we sav at 10 percent hydrogen here and the 3€ psi that wve
heard the staff and Chet ana others talking about before?

BE. GASSER: Perhaps the easziest thing that I
might do here, Dr. Okrent; is shovw =-- and this is coming a
little Lit ahead --

ER. OKRENT: If someone is going to do it, I will
wait.

MR. GASSER: Tr¢ :irect your attention to it, this
is the trarsient run made gniting z 10 volume percent any
time that it came, any time that we reached that
concentration, wihin the CLASIX code, an¢ tren burning all
the hydrogen that was available. And what is shown here is
you come up and you peak not guite at 27 psi, come back
down, back up, and there is a series of 1ine burns that take
place.

And basically what is happeni ¢ is, you have the
hydrogen intrcduced, it burns, it exhau: ts through the ice
condeaser, and there is more air coming back in from the air

return fans. And you also have the hydrogen coming back in
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from the presumed introduction using the MARCH. It becomes
another burn, and you continue to do that.

And this happens also tc be the basis, then, for
the statement that Dr. Lau made a little bit earlier, in
that this total transient includes the introduction of 70
percent of the core hydrogen potential, or some 1500 2lus
pounds 2f hydrogen into the containment, and then tracks
that on through its burn. And in fact, you burn some 950
pounds, and there is some 600 left at the end.

That is going a little bit ahead into what Charlie
Tinkler will be presenting. That is, in effect, a direct

relationship in terms of what we calculate and then what we

3]

are looking at in the ta2st program in terms of trying to
determine the hydrogen at 10 percent is converted, and it
vill be ignited in the kinds of conditions that we see.

MR. OKRENT: Let me see. Just to test what I anm

hearing, if I reach, say, 1C percent in the upper

-4

compartment and ignite it there, what pressure should
expect, and is it okay?

¥R. GASSER: 1If you reach 10 percent in the upper
compartment, I cannot give you a figure off the top of my
head for what 10 volume percent is in the upgper
compartment. If I go back, we know that if you take the 700
pounds and burn it uniformly you get up to the 57.

But this now, as you nove into this and the
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calculations that are being done with plastics, you are
loocking at a coupled transient situation, and I do not have
the number off the top of my head for what a 10 volume
percent burn in the upper compartment means.

MR. OKRENT: Let's see.

MR. GASSER: You cannot use that pressure as the
pressure that one would reach in that scenario that you are
postulating. Those peak pressures merely show what happens
within that chamber and the effects show completion cf the
burn or noncompletion of the burn. But those cannot be
related to a situation within the centainment.

MR. SEEWMCN: The difference between what you deo
in your chamber and the questicn that Ckrent is asking is
that he =-- you could relieve your pressure 'v expanding the
gas intc parts of the vessel -- parts of the containment
wvhich do not have hydrogen in them, just air.

MR. GASSER: Easically, you have a situation in
the containment in which you have the lover compartment, the
ice condenser, the upper compartment will g¢get tnis =-- this
is part of the code =-- with these things connected directly,
in the sens2 of coming up this way; and also with the fan
return and other thingse.

Now, as you track t''ie accident scenario, where is
the hydrogen introduced and how does it go, given the

assumptions of mixing within these.
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MR. SHEWMON: I thin you can answer my questicn by
saying yes. But since you have not, let me ask it again.

The premise was that if the hydrogen is only in
the upper containment -- compartment -- that it is the 10
percent and it burns. If the pressure does not :zelieve
itself during the burn, you get S50 pounds. You assert you
do not get 50 pounds. Sc you must relieve it somehow.

BR. GASSER: You will not necessarily get S0

pouads. You will get a delta p above what the atmospheric

MR. SHEWMON: You get 50 pounds in vour six=-fcot
containment?

MR. GASSER: VYes.

ER. SHEWMON: There is no way that that =--

MR. GASSER: And the initial conditions are
standard. You get 5C pounds.

MR. SHEWMON: Let me ask again. Given 10 percent
ir only the upper compartment and it flashes, the pressure
rise vwill be much less than 50 pounds, and the reason is
that there is intercommunicaticn tetween those regions.

MR. GASSER: Go ahead, Chet.

MR. YYERSs That is correct. There is another
factor, though. First you have the communication through
the open spaces between -- that go through the deck, if you

will.
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The second thing is, there is water spray in the
atmosphere of the -- in the atmosphere of the upper
containment. I1f the sprays are on -- and it looks like they
should be at this time -- and the heat of evaporation eats
up a lot of the pressure energye.

And the third thing is, if it is a reasonably slow
burn, as we would expect at these concentrations, there is
actually water put in during the burn process toc +ake up a
little more heat.

MR. OKRENT: The last time ve met I think there
was somebody from Westinghouse that indicated that there wvas
a difference between a burn in the lower part of the
containment and the upper pait.

MR. GASSER: There is.

HMR. CKRENT: And I guess first let me ask: How
much is the difference and wvhat is it attributed to? In
other wvords, let me just for the moment postulate that we
burrn only in the lowver part, starting with 1u percent, or we
burn only in the upper part, starting with 10 percent. And
let's leave the core sprays out of this =-- containment
sprays out c¢f this, as if they vwere not on.

Is there a difference in expected pressure, in how
much, and what can it be attributed to?

YR. GASSER: VYes, there is a difference in

expected pressure. I cannot give yocu the ansver because I
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don't know the number fcr the top. OCne cof the major
differences is you can relieve significantly through the
lower compartment into the ice, because that is the way the
flow is. From the upper side those doors will tend to
close, and you cannct have the same size relief path as you
do from the lower compartment.

MR. OKRENTs: This is what I assumed. I just did
not know how big the effect is. What I want to know is, is
it urgent that you not ignite ir the uprer part?

MR. EBERSOLE: Are you thinking about collapsing
the intermediate -~

¥R. OKRENT: I am not thinking atout anything
now. I am trying to understand whether they really cannot
afford to have it burn in the upper compartment. I would
like them to tell me ves or no.

MR. MYERS: We have a capability for much more
hydrogen burning in the lower compartment than the upper
compartment. So a burn in the upper compartment -- a lower
concentration of hydrogen will challenge the containment
first.

MR. OKRENT: Do you know what concentration?

MR. MYERS: We only know it is bigger than 1C
percent.

MR. EBERSOLE: 1Is the weak point the upper?

MR. MYERS: We don't think so, no, sir.

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



10
n
12
13
14
15
16
17
18

19

21

N

24

273

MR. EBERSOLE: Do you know accurately the rate of
pressure rise?

MR. MYERS: We do not know that accurately,
because that depends on flame speed and the flame speed is
dependent on environmental conditions that we are trying to
test.

MR. EBERSOLE: That can become very critical.

MR. MYERSs Yes, sir.

MR. OKRENT: Again, I would like to know a little
bit more about the upper part. You said you know 10 percent
hydrogen is okay -- I think you said that a moment ago -- in
the upper part. That means you have done a calculation of
some kind assuming 10 percent burn in the hydrogen and the
ignition is taking place; is that correct?

MR. MYERS: Yes, sir. The very simple,
straightforvard, adiabatic combustion problem.

MR. OKRENT: What humidity did you assume?

MR. MYERS¢ 75 percent humidity at 9C decrees
Fahrenheit.

MR. OKRENT: Lll right., And no water drcps and so
forth?

BR. MYERS: That is right. I also checked it at a
slightly higher water load.

MR. OKRENT: What delta p did you get?

¥k. MYERS: About S50 pounds, plus or minus a
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pound. I don't remember.

MR. OKRENT: I don't know why that is okay,
because earlier I heard the staff say 38, if I understocd
correctly.

MR, MYERS: You must remember, I heard that first
this afternoon and do not necessarily agree, you know, until
I look at the basic they gave.

MR. OXKRENT: I don't think I heard =-- I am not
sure what Dr. Siess was saying.

MR. PLESSET: The staff can tell you.

MR. OKRENT: It seems at the moment that we dc not
gquite know whether -- whether you woulé be willing to turn
those ignitsrs on deliberately if you knew there was 10
percent in the upper part or you'd say, mavybe I'd better
look and se2 if there is something else I can do, burn in
the bottom after I get it down.

Let me just assume a scenario. Hydrogen is
generated and it is lighter than air and it moves tc the
upper part. Okay. In fact, there is some tendency
sometimes of that to be in the upper part of the building.
And you find it up there and you measure 10 percent up
there. And it is 4 percent in the lower part. Wculd vou in
fact be willing to turn the igniters on, confident that your
containment can take it? That is the guestion I am asking.

MR. MYERS: By the time one reaches that, I really
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do not know what kind of decisionmaking process I wouléd go
through. I think I would have to turn them on earlier than
that, and I have not -- I have not gone through the
decisionmaking logic that says whether I turp thore on or
not.

I would have reascnable confidence if it were
below 10, based on the analysis we have seen. I would be
very concerned if we were significantly above 10.

MR. OKRENT: It would be nice if it started
burning at 5.

MR. MYERS: Yes, sir. What we are hoping the test
data will show, because the literature shows that you get
some partial burns; sc ve will get scme removal, if you
will, at lower concentrations as a benefit. But we are not
relying on it.

MR. OKRENT: 1If I understand what I remember, most
of your igniters are in the lower part.

MR. MYERS: Yes, sir.

MR. OKRENT: The place we want to be sure that ve
get ignition belov 10 percent is in the upper part. I sort
of have seen inverted logic in that.

MR. MYERS: The reason for the number is that
there are a lot more compartments on the lower level. That
is the reason.

dR. CXRENT: I understand. But you need a rather
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high degree of confidence in that upper part that yoY ignite
before you get to =--

MR. GASSER: One of the things tc remember about
the location: there are a number that are coming directly
at the exit of the ice chest as it moves in. Those add to
the ones that are in the upper compartment itself.

MR. SHEWNMON: I am afraid I heard more about the
strength of containments than I care to know, I thought.

But I read Dr. Lau's thing here and it says, our analysis
indicates that with a reascnable design limit of 57 T»sig¢ for
the containment. BAs I understand it, the design lirmit wvas
12 or 13 psig. The yielding limit is somewhere bétveen :Ff
and 50, depending on who you talk to.

So did I slip a gear someplace or what does that
statement -- whose reasonable design limit for the
containment is 57 psig?

MR. LAU: Perhaps I did not choose the right
word. Eut in this case what I meant is that the 57 is the
number that we have been talking about earlier this
afternoon. And the design is indicated with this particular
series of events.

MR. SHEWMON: It is your ford hope and maybe
professional belief that it would not rupture at 57 psi; is
that what you 2re saying?

ER. LAUs It is not mine; it is our structural
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ER. MILLS: There is one guestion. A gentleman at
Brookhavenr raised a guestior about ignition temperatures
with regard to the foam insulation aroundéd our ice
condenser. We submitted a response to the staff today, NRC
staff, about six pages long. I would like to summarize that
in about two sentences, if we could.

I will ask Mr. Don Williams of engineering design
to address it.

MR. WILLIANS: For the purposes of this meeting, I
am going to read from the letter of September 4 to Mr.
Tedesce of the NRC.

"The containment wall was insulated with a rigid
urethane foam which is poured in place behind the air
handling ducts. The ducts run the full circumference cf the
height of the ice condenser containment wall interface, and
are steel panels which provide an effective thickness of at
least one-quarter of an inch of galvanized steel.

"The foam insulation after installation is sealed
at the top and the bottom to form an airtight compartment.”

That is the end of the text in the letter.

Just in summary, Westinghouss has test data on the
foam insulation which shows thai the foam encased -- when
the foam is encased, it is open at the top. It leaves z
readily available source of air to burn. The foam will not

burn by itself. It needs 2ir, and our £fire protection
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engineers have alsd looka2d at the flammability of this foan,
and in summary we are convinced that the foar insulaticn in
the ice condenser walls is sufficiently sealed tc preclude
any bdurning.

MR. PLESSET: Did you have any other comments you
vanted t. make?

HR. MILLS: No, sir. I did want to say
particularly Dr. Lau rushed through his talk. We thought
maybe it would save some time, and I realize it was rather
skimpy in parts, and we would be willing to expand on any
portion that any member would be interested in, or to aiswver
any guestions along those lines.

MR. PLESSET: Well --

MR. XILLS: Whatever your desire is, sir.

¥R. FLESSET: Let me ask you another guestion
about the status of the review of the vent pipe repair.

Have you gect a comment for us on that brief comment, or wvere
you prepared for that? Staff is going to tell us about that

ER. STAELEZ: We are prepared to discuss the ILE
inquiry with respect to the repair. As far as repair of the
veld, ve believe that is complete, and of course it is
discussed in our SER Surplement Number 2.

M¥R. PLESSET: Okay.

MR. STAHLE: Would you like -~

ER. OKRENT: That is the hydrogen issue?
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MR. PLESSET: Do you want some more? Let hinm
finish this.

MR. OKRENT: I assumed we have not finished this.

MR. PLESSET: On hydrogen or on this?

YR. BENDER: Just a short guestion. It won't take
long. With regard to the elastic seals, are you planning to
do anything further about the elastic seals than you have
done?

MR. MYERS: At this time we have not chosen a
course of action, but I would say that that action would
lead one of two ways, one, either to be able to show by
analysis and available data that the seals would not suffer
the kind of deformation that woulw open them up when the
pressure wvas released, or to actually do some testing
ourselves under those pressures. That would be our intent.

MR. BENDER: That is a gocd answer. Thank you.

ER. PLESSET: Let me clarify one thing, Pave. You
were asking about these pressure limits, and Pr. Zudans says
he would fe2l comfortable with 50 psi, just to give you a
number to cherish and remem:ter.

MR. SHEWMON: Fifty psi for what?

ER. PLESSET: For containment pressure to yielding.

MR. SHEWMON: How about between floors cf the
containment?

MR. PLESSET: You did not go into that, right?
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¥R. ZUDANS: PRight.

MR. PLESSET: He is not worried about that, I

gather.

-

MR. EBERSOLE: Mr. Chairman, are ve going to talk
about survivability of apparatus inside, or is that a
separate business?

MR. SHEWKCON: Telephones don't do very vell.

MR. EBEERSOLE: There are many things in there that
will give you trouble. I don't know if that was within the
scope.

¥8. PLESSET: I+ was not originally planned, >but
if you have a need --

MR. EBERSOLE: I can think cf a good many needs,
like where we have imploding of apparatus not ready to
receive this rather high spike pressure, which may or may
not be fitting.

¥R. PLESSET: That is a legitimate guestion.

MR. EBERSCLE: It is interesting toc ncte that you
may have a gale through your air return fans, wvhich will
either stall them or make generators cut of them and make
them go ten times their normal capacity.

MR. MYERS: Let me tell the committee where we
stand on that issue. We have first of all gone through and
identified equipment which we have determined to be

critical. That is the kind of stuff that you either should
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have to have, or would like to have post the kind of

events we are talking about. we are now in the process of

going

through and finding out what our paper says about that

eguipment.

Let me take pressure, for instance, static

pressure. We have been through the bulk of those

components, and most of the components in an ice condenser

are gualified for pressure, the same as a dry containment,

from

§S5 to 75 pounds, so the ice condenser has that margi

already built in.

There are a few components we found which wvere

qualified t> about ten pounds, but each of these that I

looked at so far were things that we did not need, and if

they

high

some

that

were t> respond in a very bad manner because of the
pressure, would not cause us any pain.

I think the committee is probably awaze that ve
years ago took off the little push buttons on the wall

you operate valves anc motors with, and use

disconnects, which are supervised circuits in the control

room,

sc the pressure pulse could not push those buttons.

Pressure, we feel guite comfortable with at this time. ©We

may

ind a fev instruments that we would like to have that

do not have the qualification, and those may need toc be

changed out, but we have not found any vet.

As far as pressure pulse, the kind of flame rates
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we are talking about so fer they really aren't a problenm
from a pressure pulse point of view, so until wve get into
much faster burn times, that is sitting on the back burner,
if you will. The temperature guestion is one where our
codes are grossly conservative, in that they do not account
for heat sinks, and so at this point wve do not have a real
firm handle. We have a very conservative handle, I guess,
on the temperature transient things we go through.

You h~ve seen the igniter that has been througs
some of these transients, and ve are going to in later tests
probably test scme material to see what kind of -- what this
transient temperature does to thenm.

As far as the dynamic effects, such as flow
through the air return fans, the air return fans are one of
the critical components, and that is something we have to
look at both when it is assisting and when it is blowing
back against you.

HR. EB

(84}
g
L7}
O
b
™
L

Yes,

MR. CKRENTs I have a guestion cof the staff. In
their SER supplement, they mentioned that they have a report
from their consultant at Brookhaven National lLaboratory.
They do not discuss it very much, unless I missed where it
is discussed, rtut I think it falls in the category of what

Paul Shewmon calls fast reading.

(Seneral laughter.)
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MR. OXRENT: But he did not complain about this
package. I do not know why. In any event =--

MR. SHEWMON: Nobody promised me a guiz on that
tomorrewe.

MR. OK, ENT: I would like to ask the staff wvhether
in the letter of August 8, 1980, from Barry to Eeoss, there
are any reservations that have been raised there that stem
either -- either now 1lcok troublesome based on what they
know or they would consider potentially troublesome, you
know, or do they think these ar. likelr all to wash out.

¥R. KEER: 1Isn't a copy of that letter included
with one of the SECY papers? I have seen a copy. You
perhaps probadbly have one somewhere, Dave, if you knew where
to looke.

¥E. CLRENT: I have the letter £from Barry to Ross.

¥R. KERR: Okay, you have the letter.

MR. CKRENT: It is an appendix in Supplenment
Number 2 to the SER.

MR. XKERR: Okay, you have the letter. I am sorry.

MR. STAHLE:s We do have a vu-grap: or this matter,
if you would like to have the staff discuss it in a little
more detail. This may answer vour question.

¥R. OKRENTs It would be relevant, ¥r. Chairrman,
since ve do have these gquestions posed. A couple of thenm

have been discussed already, but not all
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¥R. STAHLE:

L)

will have ¥r. Tinkler go intoc this
stbject.

¥R. PLESSET: FHarold, did you have a gquesti.n?

MR. ETHERINGTON: Yes.

MR. PLESSET: We will come back to it, unless it
is on this.

¥R. ETHERINGTON: There must be some concern
vhether the 10 percent of water, steam, or whatever it is at
90 degrees plus the peossibility of sprays is going to raise
that region of non-combustion from 6 percent intc maybe the
10 or more percent. Then we have to be really concerned
about the containment capability. Are we going to have
ansvers to those gquestions befcre they desire to go to
power? Or do we have ansvers novw on a theoretical basis?

ER. PLESSET: I don't think your guestion got
across quite. Could you repeat it?

MR. ETHERINGTON: We have 2 region of
non-combustion of hydrogen, around & percent dry air. In
the presence of steam and particularly sprays, that surely
is going to be higher. Is that correct? And that is
pushing us into a region where we have tc weorry about our
peak pressure in view of our containment limit being under
50 psi.

My question is, do ycu have any discussion c¢f

that, or do jyou expect to have answvers before you go to
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¥R. PLESSETs: That is a guestion they will have to
consider. NMaybe we will come back to that, if you can hold
it for just a minute.

MR. ETHERINGTON: Yes, surely.

#BR. PLESSETs All right, go ahead.

MR. TINKLER: Okay. PRegarding the comments in the
report =-- here is the Brookhaven letter, Possible Objections
to Igniters. One of the comments was, "Ignition may occur
vhen soae regions are detonable.”

Our general response to that is, one of the
functions of the igniters is toc prevent large detonable
admixtures from accumulating. Igniters will bde turned on
early, be effective as early as possible so we can burn the
smallest possidle quantities of hydrogen at a time. The
fans do provide active mixing to promote small gradients
vithin the various regions of the containment, and it is
based on our preliminary information.

We believe that the ccntainment shell and interior
valls could survive small local detonations. There remains
to be more work done on the last item, but that in essence
is our basis for believing that that is not a sulbstantial
concern. Detonable regions may also occur if we do not have
distributed ignition systems. Fandem ignition could cause

local detconation, as w.ll 2s an intentional ignition systenm.
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MR. OKRENT: Those statements are true, excent
presumably some people are thinking about alternatives to
ingnition systems, and it is not ignition system or nothing.

BR. TINKLER: It would have to be a suppressant.

MR. OKRENT: All rights So, I am not sure you
have given 1ll the alternatives that are potentially
possible in giving your arguments, and you might have =--

HR. TINKLERs If you inerted the atmosphere, you
vould prevent that sort of mixture. Okay? That is the only
other vay I foresee that you wculd guarantee you would not
have detonable mixtures.

¥R. OKRENT: I have seen other things that may or
may not do it also, but I just wanted to note that you have
a somewhat incomplete stage on which you are presenting your
players.

ER. TINKLER: Assuming ve go with ignition
control, those would be our options.

MRE. SHEWNON: So what if you get detonation? I
mean, ignition may occur in some regions that are
detonable. Why don't you just say, so what?

BR. TINKLER: Well, we cannot say sc what right
nowe.

MR. SHEWMON: Why can't you?

MR. TINKLER: Because we have not demonstrated, at

least not to my kncwledge, that the detonaticns will be =--
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that al. uie possible detonations will be sufficiently small
that you could nrver rule cut the problem. You could never
rule out the concern for problems during detonations,

Pt blems such as pressure loading, shock effects on
equipment.

We dc feel =--

¥MR. SHEWMCN: Pressure lcadings on wvhat?

MR. TINKLER: On the shell. TVR has examined it
briefly by reference to other werk that has been done in the
area, I believe, and has concluded that the effects of
detonation on the containment shell are minimal.

MP. SHEWNON: 1If yocu can find any references that
that is not true, we would very much appreciate seeing them.

¥R+ TINKLER: I do not knov =-- and I am not avare
of any references that say that is not true.

ER. SHEWMON: I will provide you one before you go
home.

ER. TINKLERs Okay. If we could guarantee that
detonation poses no threat to the containment shell, we
would be glad to state that as 2 reason for not being
concerned with it.

MR. PLESSET: I think Dr. Shewmon is avare of some
analysis that maybe you are nct awaie of for which he is
partly responsibdle.

MR. EBERSOLE: I get a little uneasy about people
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not looking on the slab betvween the upper and lowver
compartment that holds the air return fans and a lot of
other stuff as being a significant structural member, which,
if damaged or destroyed, may cascade into other equipment
failures, even though the shell is good. -

So, the slab has some defined psi loading, and it
is rate sensitive, and if you get the detonation rates, I
vonder if it will relieve fast enough.

MR. TINKLER: Are you talking about the effects of
actual detonation loading or equilibrium pressure that would
result after detonation?

¥R. EBERSOLE:s Whatever the effect of shock load
on the slab is. I suspect it is critical upwvard as vell as
dosnvard. I am not sure. You don't know what the loadings
are, do you? It is a rate thing, because it has appertures
in it.

¥R. TINKLER: There is some limit abov: which you
cannot tolerate deflagration of hydrogen in the upper
compartment, let alone detonation. I doubt very scriously
-= We would have a lot of problems if you had a deflagration
of 12 percent of the upper compartment, let alone a
detonation.

Another point of the Erookhaven memo was,
"Focusing effects can develop detonations." This is a valid

concern as far as we know. The proltlem should be addressed
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vith or without igniters, assuming you do not suppress the
burn in some other fashion. But again, in general, early
ignition we feel is favorable, durning the hydrogen at lowver
concentrations or as low a concentration as pecssible.

Cne of the comments was regarding combustion.
"associated pressure and temperature histori=s unknown.
These have not been calculated."™ That is not true. It
should say, these have been calculated, and have been
presented before the subcommittee. These results are based
on the CLASIX code, the MARCH code, and various adiabatic
calculations.

The Brookhaven memc expressed couicern over lowver
compartment ignition that would progagate tc the upper
compartment. We have done analysis where we propagated
burns to the upper compartment, and the results of those
analyses have demonstrated the pressures are below yield.

Again it is true that the flexibility is more
limited vhen you burn in the uprer compartment. bu? to date,
based on the analyses that have been performed, we have seen
that given the distributions that are calculated in the
codes due to the mixing of the fans, that the concentrations
are such tha* even with burning in the upper compartment,
the pressures were tolerable.

¥R. OKRENT: What enrichment do ycu think can be

burned in the upper compartment acceptably?
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BR. TINKLER: If we judge it by 38 psig, I would
say that 10 percent is getting close to the limit, or maybe
at limit. It would be simple to do an adiabatic calculation
cf 10 percent. If you vant tc ignore the sprays, which I do
not think is appropriate, but if you did ignore them, it
would be simple to do the hand calculation, but just as a
guess, I wvould have to say probably around 10 percent.

The guestion reg..‘'ding insulation has been
addressed already, and there is a question regarding
reliance on the air return fan system. Unless the air
return fans are made inoperable by hydrogen burning, wvwe see
no reason to assume all the air return fans are =--

MB. OKRENT: That is just the guestion they
pos;c. Your answer that it is safety grade ==-

%K. TINKLER: The system is safety grade. That
just addresses the fact that other than the effects of
I'ydrogen burning, vwe see no reason to assume that fans are
not operating.

MR. OKRENT: Unless you do not have AC power,
wvhich is a frequently touted cause cf the original event.

MR. TINKLER: Yes, but I would point out that the
effects of hydrogen burning on the air return fan system is
an area that we intend to pursue. There is not much else we
can say about it right now.

MR. BENDER: The purpose 0f deciding whether and
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when to turn on the igniters, how much sampling dv ou need
to have?

¥R. TINKLER: Well, the TVA position right nowv is
that the sarpling system that was originally designed for
the plant is adeguate £for interim operation. Thesy have
indicated that they will continue tc study the need for
upgrading sampling. We feel that may be prudent, that they
increase sampling so they know concentrations in local
regions or in subregions or some portions v f the
containment. Right nov, most of their sampling is bacged on
a sample of gas that is mixed before it goes tc the analyzer.

MR. BENDER: I would think sampling ought to be on
that list, then, somevhere.

MR. TINKLER: Well, this is the Brookhaven list.
We have a list of topics for further review, and that is one
of thenm.

MR. OKRENTs Do you envisage that the igniters
would be turned on when ycu reach the right concentration,
or they wvould be left on early if you thought there was a
chance ¢f building up hydrogen?

MR+ TINKLER: Right now I believe the igniter
actuation is a step in the erergency procedures after wvhich
certain other actions are taken. If we demonstrate that
igniters do not pose a threat, or do not result in a less of

safety, it would presumably be beneficial ¢o turn them on as
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MR. CKRENT: Does TVA have a position on this?
they think they should not be turned on early fcr somre
reason?

MR. MYERS: Let me give you just the picture
here. TVA committed in their nuclear progranm review t°

study and backfit if possible. We decided this interim
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Do

system was feasible to do, and sc¢ the first thing we checked

vas to see if we could find any safety drawvbacks, assuming

no benefit, were there any safety dravbacks.

We did 6t find anything significant, and that

vas

largely due to the fact that we believed there was a large

number of ignition sources there already. They may not bde

as reliable as ignition sources as we would like, so our

policy £for the interim system is to turn them on as soon as

ve knov we have a LOCA at this point.,

That is vhat the procedure is based upcn, and the

rationale for that was that we -- one cf the ways you can

get into degra<c¢i core conditions is the operator screws up

and does not make a decision at the right time, and to turn

on the igniters is just another decision. We don't have the

monitoring at this point to justify that.
TVA is committed to upgrading the monitoring
system, the hydrogen monitoring system at all our ple ==

Ne are going to add additional monitors and additional
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monitoring locations. We have already started cn that.

XK. SHEWMON: Let me make a statement and then, I
guess, ask both of these people to reply. I have in front
of me a figure here. In my speed reading, I got halfwvay
through this. Anyway, it is a report diagram guotec in WASH
1400 on combustion and f£flammability of hydrogen-steam-air
mixtures. It shovs the flammability limit being some place
at 5 percent and below, rather independient of the amount of
steam that surrounds it.

The gqguestion is, is there any reason that either
the staff or TVA has to believe that this is not applicable,
and thus the gas mixture would not start burning at S
percent?

HMR. TINKLER: Okay. As we reported in the
subcommittee meeting, we have obtained the assistance of
Lavrence livermcre in corder to test the igniters, and they
will test the igniters in varying atmospherir conditions of
steam, air, .nd hydrogen, in order to exgzand that portion of
the curve so wve have a tetter understanding of the e:zfects
of steam at lov hydrogen concentrations.

The slope is so steep there it is very difficult
to see the a2xact effect.

MR. SEEWECNs: What slope?

MR. TINKLER: Of the curve there. The effects of

steam on a flammability limit. It appears to Le very small.
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ME. SHEWMON: There is virtually nc effect of
Steam up to about 40 percent.

MB. TINKLEE: The Livermore test will be run with
steam concentrations all the way up to 70 percent. Okay?
So we should have an assessment of the effect of steam on
the flammability limits, and I believe that Fenwall test
programs will eventually include those effects, too.

What you sav were shakedown tests where they just
rcn it on dry air.

MR. OKRENT: I asked if you believe this curve.

You said yes, but you are getting it reconfirmed.
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MR« TINKLER: We want to learn more abdbout it.

MR. PYERS: I am not an expert on hydrogen
comlustion, but my pecple have been going through the
available literature and are working with a test program.

So what I have to say just basically reflects what we have
found to date in the literature. Ignoring the steam
component initially, akout 4 percent ycu can ignite * .(:ogen
in a gquiescent stream or it will burn upward basically.

Somewhere in the range, depending upon the source,
of 6 to B8 to 9, it starts mcving sidewvays, and ther it will
actually propagate in all directions. So in actual fact,
the physical arrangement of the igniticn source, if you
will, to physically what is going on arocund it may change.
What you call you flammbility limit, that is, hydrogen may
bu-n at 4 percent but it will not propagate in all
directions, so you may have tc get higher than that to get
three dimensional propagation.

The literature does indicate that steam moves this

h
th

lover limit the equivalent of U percent. It does affect
that. At this point we don't have any data that indicates
to us how much it burns at that very steep slope con the
curve that was shown a while ago.

MR. SHEWMON: You were trying to corvince us that

you had complete mixing in any part -- if you are in here

trying to show us you have complete mixing in any part of
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that thing, we would hoot you out cf the rocm.

MR. MYERS: We are guite sure we have
inhomogeneitier between the different compartments already.
We knov that.

¥F. SHEWMON: That is 2 plus, because when one
starts to go, you have the rest of your systenm.

MR. MYERS;: Yes, sir.

MR. SHEWMON: Okay.

MR. BENDER: I would not be all that
enthusiastic. I think the ignition might start in the wrong
place.

MR. SHEWMON: I don't understand what you are
talking about then or now. Can ve do it over suppei?

(Laughter.)

¥R. EBERSOLE: Mr. Chairman. Chuck, in the
consideration of alternatives, the guestion has come up of
hov many man hours do yocu spend in Seguoyah per vear inside
the containment ani what for, and ultimately with all this
array of junk inside the containment that you have to go in
and tend versus the Browns Ferry :ase where you don't have
any.

PR. MYERS: I cannot give you exact numbers, but
they are not a few percentage points difference between the
entry requirements at Brownes Ferry with this inerted

containment, very small, and Sequoyah, which has a lot of
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complex equipment.

We have gone through on the inerting guestion =--
and I don't have those results with me tcday =-- and looked
at our best estimate working with the operating people, what
egquipment is in there and how freguently it actually
requires maintenance as opposed to a designer's idea of how
often it would be required, and then looked at moving those
things outside, if possible.

We vere able to reduce significantly the entries,
which were several times a week at this point. We hope they
vill get less than that.

¥R. EBERSOLE;: Would it be in hundreds of man
hours per year?

¥R. MYERS: Yes, sire.

ER. EBERSOLE: How many hundreds?

¥R, MYERS: I don't know. But vhen you go in for
rlanning purposes, two or three men more than orce a week,
it will build up pretty fast.

MR. EBERSOLE:s Thank you.

MR. OKRENT: We talkec around Harold Etherington's
question, but I don't think ve have heard TVR or the staff
directly adiress it.

¥R. PLESSET: Would ycu repeat your question,
Harold, since we may have forgotten .t?

YR. ETHERINGTON: The premise was that in the
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presence of hydrogen or sprays, the compositica of the
noncombustion was 8 percent in air, and it is likely toc be
higher and push us up into the 10 or 11 percent, and then we
are beyond the p2ak pressure =-- the pressure is beyond the
containment capability.

My qQuesticon was whether ve are going to have
ansvers to this question either on a theoretical or
experimental basis zor the plant goes to pover.

MR MYER": The question of when the plant goes to
povwer is outside of my area where I can do anything abcut
it. ©We are r<ady at this point and ve do nct expect to have
the kind of data you are talking about and the kind of data
you want before the next several months, tvwoc to three months.

BR. ETHERINGTCN: You would like to go to pover
without it.

MR. MYERS: VYes, sir. We do not know
theoretically hov it woald move, but there is good reason to
believe that it would go up. There is another effect that
cannot be forgotten. Ten percent hydrogen is not the same
no aatter what kind of water content you have. As the vapor
fraction goes up, that has a beneficial effect on vyou =-- not
real strong, but it is beneficial.

FR. COKRENT: One can think of a scenario possibly
where you have a lot of steam and that suppresses the

combustion. If you have a lot of spray, it is hard to see
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how you could have too much steam. Let me for the moment
suggest you have hydrogen steam and you need those spravys
and so you turn it on. Because they have been on long
enough, you turn them off. And there you are.

¥2. MYERS: Cne has a little difficulty, vhen one
assumes several hundred pouids of hydr-gen and chocsing its
location, ruining most con:.ainments, including the ice
conienser.

¥R. OKRENTs: This is not completely cut of the
realm of situations that could occur.

MR. MARK: Could I mention, Harold, perhaps this
curve which has the fuzzy zone, as ve produce freguently, is
not the only curve onrn flammability limits. There is a curve
at 300 degrees Fahrenheit with experimental points all the
vay up to 50 percent steam for flammability limits. Thecse
numbers are known.

MR. OKERENT: I think what you are interested in
here i1s that ratio where it will burn hcrizontally and
downvards. You may not get enough combustion.

MR. ¥ARK: IZ it is close toc the flammability
limits, fine. If you run far beyond them, it is guite
different.

ER. OKRENT: VPFr. Chairman.

BR. PLESSET: VYes.

o0
ot
-
L
n
o
w
h
th

MR. OKRENT: I would like *o get back ¢t
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a little bit.

MR. PLESSET: On what subject?

¥R. OKRENT: Hydrogen.

MR. PLESSET: Okay.

MR. PLESSET: But in a broader conte. . In this
document entitled Hydrogen Contrecl for Seguoyah, prepared by
the staff, they discuss, I guess, what their glan is with
regard to the interim rule, and what they say is that this
interim rule design analyses would be performed fcor all
other plants to evaluate measures that can be taken to
mitigate the conseguences of large amounts of hyvdrogen
genarated within 2ight hours after onset of an accident.

Pesign analyses would be filed six months after
the effective date of the rule, or by the date of filing of
the application for the operating license, whichever is
later. I assume that is similer to what they are propesing
or have Jjust gotten approved.

MR. STAHLE: That is correct.

¥R. OKRENT: As I indicated earlier, in my own
mind the generation of large amcunts of hydrogen is
sometimes associated with an event which stops, like T¥I,
but perhaps with at least equal probability with an event
that goes further.

At the moment it is not clear to me by what

rationale the staff, for example, has decided that they

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



10
1"
12
13
14
15
16
17

18

3C2

should ask for design analyszes for measures that can be
taken to mitigate the consegquences of large amounts of
hydrogen, but not ask for design analyses fo:r other measures.

The ACRS has recommended once or twice =-- I cannot
remember =-- that the Conmmission ask for a more broad kind of
analysis. And since this is still lowv pressure containment
compared to most, although people have moved it up to 12-1/2
or some pressure like 28 or something where it might fail,
it is more subject to overpressurizutinn in a range of
transients than the large dry containment.

I think at the moment I find it a little k.t hard
to rationalize the staff position, and in a sense the
Sequcyah reviev is in the context of the staff's proposal
for wvhat I guess they call an interim rule. Sc somehow i+
seems to me in what we say to the Commission on this, either
ve reiterate our previcsus reccommendation and say don't do
Just design studies on hydrogen control but+t d¢ it in a
broader way =-- and this is certainly applicable to Sequoyah
== or wve wvould be -- I don't knov =-- in some ill-defined
situation or position with regard to what the ACRS thinking
was.

I wvant to call that to your attenti.oh. We
discussed this cbliguely at the last meeting. I think the
applicant says he was going to do some kind of study, not in

vhat wve have seen here. But in any event, I have a problenm
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with the staff at the mcment aside froi the applicant
because I do not understand their logic.

Lat me go cne step further because I think it is
relevant, ©We vere earlier talking adout failure to scranm
and vhat wvas the probability of a seriuous accident there.

I don't krow what the real numbers are, dut some of the
numbers ve sav for BWRs possildly are significant wvhen you
look at the probability per year.

There is a document that the staff has just made
available to us either "ast veek or today -- I am not sure,
it may be both -~ in which somebody has looked at auxiliary
feedvater systems that are nonseismically gualified, and
they arrived at the judgment that maybe this might lead to a
probability of 10-uco:e melt, and they would lock at
WASE=-1400, and they say if we let this run three yvears while
ve figure it out, this will only double the probability.

Now, I find that these are getting to be tig
numders. In fact, I am not saying that these numbers are
unrealistic. I think vhen you start looking at all the
avenues and all the experience that we have had, we had
better assume, at least for purposes of planning, that the
numbers might be pretty big.

In other wvords, I don't see any basis for being

very confident that they are small or even within the band

of WASH-1u00. If, in fact, they are fairly large, I would
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say that is all the more reason for the Commission not
tragging fo~ several years through some kind of ill-defined
rulemaking on degraded cores and core melts before it does
something

¥R. PLESSET: Well, I think that wvas a nice
summary.

ER. BUTLER: May I react, ¥r. Chairman, with
respect to the first part cf Dr. Ckrent's guestion?

¥R. PLESSET: I think that is fine, but I thought
you might want to think it ov:r.

MR. BUTLER: If ve have that opportunity, wve will
read the tramscripts and provide a response later.

MR. PLESSET: Which would vou prefer, Dave?

M3. OKRENTs I would be interested in hearing any
comment they have now and later.

ER. PLESSETs Both. 2ll right, go ahead.

Laughter.)

MR. BENDER: Why don't we encourage them to think
it over some SO We Just get one ansver.

ER. PLESSET: All right. Will you accept that?
You will not be unthappy vith that. We will take one ansver
later.

Any o‘her gquestions on these items? I want to
give the NEC staff an opportunity to make a fev comments,

and I think wve are running a little behiné schedule, not

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



10
n
12
13
14
15
16
17
18

19

21

24

surprisingly. So could ve go to the staff?

ER. STAKLE: Mr. Butler will make a few comments.

PR. BUTLER: I intend tc rely on only the last
four or five sheets of that handout. This will be just a
very brief statement on how the staff would respond to
Commissioner Gilinsky's twvo gquestions. There is an extra
slide there, I think, that should not be in there, and it
vill be clear shortly.

The first questicn: Does the staff believe
additional hydrogen control measures are necessary for ice
condenser containment? It is the staff's view, in response,
that hydrogen control measures beyond those prescribed in 10
CFR, Section 5044 are required for ice condenser plants but
that a reasonable period of time, that is, within a year,
may be alloved for implementation cf these measures so that
appropriate studies and tests can be completed.

The staff's bases for this view are: one, TMI
Short-term Lessons Learned items have been implemented,
placing Sequoyah in the same risk space as Surry and Peach
Bottom; two, aggressive applicant aad staff programs are in
place to improve the hydrogen management capability of
~equoyah with a time frame of the next four months.

Preliminary wvork shows the interim distrilbuted
ignition system to be a very promising approach. Four,

backup programs are in place should the IDIS prove
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unacceptatle, And finally, operations at full powver do not
foreclose latcr adoption of alternative measures.

(Slide)

The next slide is a restatement of Commissioner
Gilinsky's juestion number 2, and I have just diczcoied it t2
the staff. Is the staff reasonably rpersuaded of the
effectiveness of distributed igniters in ice condenser
containments? It goes on. The response is the longer one,
Re2.

The staff's viev is that the distriduted igniter
System appears very promising as 2n addi¢ional hydrogen
control measure. Analyses with the CLASIX and MARCH codes
have shown the system can substantially improve capability
of an ice condenser containment to accommodate the hydrogen
releases £from the degraded core accident.

However, further analyses and tests need to ‘e
conducted to determine its range of efficacy and to assure
that overall safety is not degraded. The work is now under

vay and should be completed by December 1980. Peniiucg

ot

O
h

results of further vork, the sta2ff's view is that use an
igniter system during accident sequences invelving TMI-like
guantit. ties of hydrogen would be the containmernt pressures
that exceed design pressures but that are less than

containment failure or yield pressures.

m

We find these features of the IDIS acceptable
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pending the rulemaking proceeding on much the same bases
indicated in our response to the first guestion. Those are
the staff's vievws on hov it would respond tc the two
guestions.

ER. PLESSET Okay, thank you.

Any guestion?

MR. MOELLER: I guess I have a qQuestion. This
addresses Sequoyah. Where does D.C. Cook fall in all of
this? I mean I am not prolonging it, but here are measures,
and you are saying it is okay for Sequoyah to operate maybe
a year or four months or whatever. We have D.C. Ccok in
operation and I wondered where it fits in.

BR. PLESSETs D.C. Cook 1 and 2.

ER. OELLEZRs Yes. It is a two-unit station.

¥R. BUTLER: The staff's viev on that was
presented during the subcommittee meeting, and it goes as
follovs. Once a mitigated device or system is found
suitable and acceptable for the Sequoyah station, the staff
vill then make that kind of a system reguired for all ice
condenser plants.

MR. MOELLER: Thank you.

¥E. PLESSETs Any other questions cf either the
staff or TVA pecple?

If not, let me mention again an announcement that

I made this morrning. The Committee is meeting with the
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Commissioners tomorrow at 1:30 to discuss this iter, the
Sequoyah license item. I believe it will be upstairs. So
that any of you who are interested might vant to come at
that time. It will be an open meeting.

There will be part of it that precedes that
relating to gquite different items that are closed, but after
the closed session we will g¢ into copen session on the
Sequoyah matter. S> those of you who would like to
parcicipate and listen should be awvare of that.

KR. KERR: When you say those ¢of you who would
like to participate, you are talking about members cf the
Committee.

MR. PLESSETs Beg your pardon? %well, I will get
that later.

We will gc into recess for ten minutes.

(Whereupon, at 6345 pem., the Committee recessed,

to reconvene in executive session.)
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CURRELT ASSESSIENT
ROLE AD EFFECTIVENESS OF IGMITERS

IGIITERS ARE NEEDED TO ASSURE THAT CONTAINMENT PRESSURES DO
HNOT EXCEED FAILURE PRESSURES FOR A SUBSTANTIAL FRACTION OF
DEGRADED CORC ACCITENT SCENARICS,

» THE LIKELIHOOD THAT THE IGIITERS WILL BE CALLED INTO SERVIGE

HAS BEEN MADE VERY RIOTE BY IMPLEMENTATICN NF STLL MEASURES,
1.E., THE STLL ITEMS HAVE PLACED SEQUOYAH IN THE SA'E RISK
SPACE AS SURRY AD PEACH BOTTOM,

PRELIMINARY RESULTS FROM ANALYSES WITH THE CLASIX AND MARCH
CODES SHOW THAT IGNITERS CAW KEEP HYDROGEM BURN PRESSURES BCLOW
ABOUT 26 PSIG FOR CASES [NVOLVING SUBSTANTIAL AYDUNTS AND RATES
OF HYDROGEN RELEASE.



EFFECTIVEESS OF IGHITERS

PRELIMINARY ANALYSES OF HYDROGEN BURNS DURING THE S,D SEQUENCE -
WITH CLASIX/MARCH INDICATE THAT:

PEAK CONTAIMENT PRESSURE WILL BE ABOUT 26 PSIG IF I
DOES NOT EXIST DURING THE HYDROGEN BURNS

PEAK COHTAIMMENT PRESSURE WILL P= ABOUT 13 PSIG IF I
EXISTS DURING THE HYLROGEN BURNS



1,

2,

4,

ROLE OF IGIITERS

PERMITS THE CONTROLLED BURNING OF LEAN MIXTURES (8-127).

ALLOWS ICE BEDS, SPRAYS, AND HzAT SINKS TO ABSORE THE
BURN EMERGY.,

PROMOTES BURNING IN LOWER COMPARTIENT.

PREVEITS DEVELOPMENT OF DETONABLE MIXTURES IN LARGE
VOLLPES,



ASSESSMENT OF THE HEED FOKR
ADDITICNAL HYDROGEN CINTROL MEASURES

THE STAFF'S VIBW IS THAT HYDROGEN CONTROL MEASURES BEYOND THOSE
PRESCRIBED IN 10 CFR SECTION 50.44 ARE REQUIRED FOR ICE CONDENSER
PLANTS, BUT THAT A REASONABLE PERICD OF TIME, [.E., WITHIN A YEAR,
MAY BE ALLOWED FOR IMPLE™ENTATION OF THESE MEASURES SO THAT APPRD-
PRIATE STUDIES AD TESTS CAY BE COMPLETED.

THE STAFF'S BASES FOR THIS VIEW ARE:
. TMI STLL ITE'S HAVE ALREADY BEE IMPLEMENTED PLACING SEQUOYAH
IN THE SA'E RISK SPACE AS SURRY A'D PEACH BOTTOM,

+  PAGGRESSIVE APPLICANT AD STAFF PROGRAMS ARE IN PLACE TO IMPROVE
THE HYDROGEN MANAGEMENT CAPABILITY AT SEQUOYAH (TIME FRAME:
4 MONTHS)

PRELIMINARY ¥ORK SHOWS THE IDIS TO BE A VERY PROMISING APPROACH.
. BACKUP PROGRAMS ARE IN PLACE SHOULD THE IDIS PROVE UNACCEPTABLE.

. OPERATIONS AT RULL POWER DO NOT FORECLOSE LATER ADOPTION OF
ALTERIATIVE MEASURES.



DOES THE STAFF BELIEVE ADDITIONAL HYDROGEM CONTROL
MEASURES ARE NECESSARY FOR ICE COHDENSER CONTAINMENTS?

THE STAFF'S VIEW IS THAT HYDROGEM COWTROL MEASURES BEYOND
THOSE PRESCRIBED IN 10 CFR SECTION 50,44 ARE RECUIRED ROR
ICE CONDENSER PLANTS, BUT THAT A REASONABLE PERIOD OF
TIME, I.E., WITHIN A YEAR, MAY BE ALLOWED FOR IMPLEMENTA-
TION OF THESE MEASUPES SO THAT THE APPROPRIATE STUDIES AD
TESTS CAN BE COMPLETED.

THE STAFF'S BASES FUR THIS VIEW ARE:
TMI STLL ITF.AS HAVE BEEN IMPLEMENTED PLACING SEQUOYAH
IN SAE RISK SPACE AS SURRY A'D PEACH BOTTOM.

+  AGGRESSIVE APPLICANT AND STAFF PROGRAS ARE IN PLACE
10 IMPROVE THE HYDROGEN MANAGEMENT CAPABILITY AT
SEQUOYAH (TIME FRAME: 4 MONTHS),

PRELIMINARY WORK SHOWS THE IDIS TO BE A VERY PROMISING
APPROACH,

. BACKUP PROGRAMS ARE IN PLACE, SHOULD THE IDIS PROVE
NACCEPTABLE

. OPERATIONS AT FULL POWER DO NOT FORECLOSE LATER
ADOPTION OF ALTERNATIVE MEASURES



DOES THE STAFF BELIEVE ADDITIONAL HYDROGEN CONTROL
MEASURES ARE NECESSARY FOR ICE CONDENSER COWTAINMENTS?

THE STAFF'S VIEW IS THAT HYDROGEN CONTROL MEASURES BEYOND
THOSE PRESCRIBED IM 10 CFR SECTION 50.44 ARE HOT REQUIRED
IN THE NEAR TERM FOR FULL POWER OPERATIONS AT ICE CONDENSER
PLANTS, BY NEAR TERM WE MEAY WITHIN THE NEXT YEAR,



IS THE STAFF REASONABLY PERSUADED OF THE EFFECTIVENESS
OF DISTRIBUTED IGNITERS IN ICE CONDEMSER CONTAINVENTS?
CAN SUCH IGNITERS BE COUNTED ON TO KEEP PRESSURE IN-
CREASES CAUSED BY HYDROGEM BURNS AT SUITABLY LOW
VALUES -- WHICH I ¥OULD DEFINE AS DESIGN PRESSURES —
DURIMG ACCIDENT SEQUENCES INVOLVING TMI-LIKE QUANTI-
TIES OF HYDROGEN?



THE STAFF'S VIEW IS THAT THE DISTRIBUTED IGVITER SYSTEM
APPEARS VERY PROMISING AS Al ADDITIONAL HYDROGEN CONTROL
'EASURE,  ANALYSES WITH THE CLASIX AMD MARCH CODES HAVE
SHOW THAT THE SYSTEM CAN SUBSTANTIALLY IMPROVE THE CAPA-
BILITY OF AN ICE CODENSER CONTAINVENT TO ACCOMDDATE THE
HYDROGEN RELEASES FROM A DEGRADED CORE ACCIDENT.

HOWEVER, FURTHER AMALYSES A'D TESTS NEEDS TO BE CORDUCTED
TO DETERMINE ITS RANGE OF EFFICACY AD TO ACSURE THAT OVER-
ALL SAFETY IS NOT DEGRADED. THIS WORK IS MOW UDERWAY AD
SHOULD BE COMPLETED BY DECEMEER 1980.

PENDING THE RESULTS OF FURTHER WORK, THE STAFF'S VIEW

IS THAT USE OF AN IGNITER SYSTEM DURING ACCIDENT SEQUENCES
INVOLVING TMI-LIKE QUANTITIES OF HYDROGEN WOULD LEAD TO
CONTAINMEMT PRESSURES THAT EXCEED DESIGN PRESSURES BUT
THAT ARE LESS THAN CONTAINMENT FAILURE OR YIELD PRESSURES.

WE FIND THESE FEATURES ACCEPTABLE PENDING THE RULEMAKING
PROCEEDING ON MUCH THE SAVE BASES INDICATED FOR THE FIRST
QUESTIQN.
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AEOD FINDINGS

THE CAUSE OF THE PARTIAL SCRAM FAILURE WAS WATER ACCUMULATION IN THE
gasT SIV.

Tre SDIV "Hic Water LeveL TRIP” DID NOT AND DOES NOT PROVIDE PROTECTION
AGAINST FILLING THE EAST SDV EVEN FOR NORMAL VENTING AND DRAINING
CONDITIONS.

A sINGLE FAILURE (E.G., WEST SIDE SDV VENT OR DRAIN LINE BLOCKAGE) CAN
COMPLETELY DISABLE THE SDIV “HigH WaTer Level TRIP” INSTALLED TO PROTECT
AGAINST LOSS OF SCRAM CAPABILITY FOR THE CONTROL RODS.

With THE present SDV/SDIV LAYOUT, A SINGLE FAILURE (BLOCKAGE) OF AN SDV
VENT OR DRAIN PATH CAN CAUSE A PARTIAL LOSS OF SCRAM CAPABILITY,

THERE ARE NUMEROUS ACTUAL AND POTENTIAL MECHANISMS FOR INTRODUCING AND
ACCUMULATING WATER IN THE SDV's WITH MO AcCuMULATION IN THE SDIV,

THe currenT SDV/SDIV LAYOUT RESULTS IN THE AUTOMATIC "HI WATER LeveL Trip”
SAFETY FUNCTION BEING DIRECTLY DEPENDENT ON THE NON-SAFETY RELATED REACTOR
BUILDING WASTE DRAIN SYSTEM.

THE FLOAT-TYPE WATER LEVEL MONITORING INSTRUMENTS ON THE SDIV HAVE A
SIGNIFICANT DEGREE OF UNRELIABILITY.

THe CURRENT BWR RPS LOGIC DOES NOT ALLOW SCRAM RESET TO ATTEMPT A RE-SCRAM
IF CERTAIN AUTOMATIC SCRAM SIGNALS ARE PRESENT,

FAILURE TO CLOSE OF A SINGLE SDV VENT OR DRAIN VALVE DURING A REACTOR SCRAM
CAN RESULT IN A UNISOLATABLE RELEASE OF REACTOR COOLANT OUTSIDE THE PRIMARY
CONTAINVENT INTO THE SECONDARY CONTAINMENT,
THE EMERGENCY OPERATING INSTRUCTIONS AT BRowNs FERRY DID NOT COVER A PARTIAL
OR TOTAL SCRAM FAILURE EVENT,



AEOD RECOMMENDATIONS

Tie OPerABILITY OF THE SDIV “Hi Water LeveL TRIP" SHOULD BE
INDEPENDENT OF THE VENTING AND DRAINING REQUIREMENTS.

SDIV INSTRUM™NTS SHOULD BE BOTH REDUNDANT AND DIVERSE.

ALL VENT AND DRAIN PATHS FROM THE SDV SHOULD HAVE REDUNDANT
AUTOMATIC ISOLATION VALVES.,

EMERGENCY OPERATING PROCEDURES AND OPERATOR TRAINING SHOULD BE
PROVIDED FOR COMPLETE AND PARTIAL SCRAM FAILURE CONDITIONS.

CONSIDER MODIFYING THE SDV VENT AND DRAIN ARRANGEMENT TO IMPROVE
DRAIN RELIABILITY.
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BWR HYDRAULIC SCRAM SYSTEM

NRC STAFI- REPORT

BROWNS FERRY EVENT AND ASSOCIATED EVENTS - W. MILLS.

NRC SHORT TERM RESPONSE - W. MILLS.

NRC REGIONAL MEETINGS - V. PANCIERA.

PLAN OF ACTION TO RESOLVE PROBLEM - V. PANCIERA.

RESULTS OF ACCIDENT ANALYSES - M. MENDONCA.,

IMPLICATIONS FOR ATWS - A. THADANI



NRC REGIONAL MEETING

OBJECTIVE - IN-DEPTH UNDERSTANDING OF AS-BUILT COMDITIONS IN SDV

INSTRUMENTED VOLUME, INTERCONNECTING PIPING AND VENT
& DRAIN SYSTEMS

1. GENERAL AREAS COVERCD

A. SYSTEM CONFIGURATIONS
(a) GENERAL LAYOUT
() SYSTEM DESIGN REQL.<EMENT
(c) SYSTEM INTERTIES
(p) NSSS - AE INTERFACE
B. RECENT TEST RESULTS
(A) VALVE OPEN/CLOSE TESTS
(8) DRAIN TESTS
C. EMERGENCY PROCEDURE VERIFICATION



11,

I11.

IV,

SYSTEM CONFIGURATIONS

A) TWO BASIC CONFIGURATIONS
1. SINGLE IV
2. IV OFF EACH SDV HEADER

SV _VENT SYSTEM
A) LARGE VARIABILITY IM DESIGN

1. DEDICATED VENT PIPING

2. CROSS-TIE BETWEEN SDV HEADERS
3. INTERTIES WITH OTHEPR SYSTEMS

SDV_DRAIN SXSIEMS
A. BASIC CONFIGURATIONS
B. INTERTIES WITH OTHER SYSTEMS

DESIGN REQUIREMENTS
A, SDV YOLUME REQUIREMENT

8. PIPING SLOPES
c. DYNAMIC LOADS

D. DESIGN INTERFACES
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LONG TERM ACTIONS

COMPLETE REVIEW OF BULLETIN RESPONSES,
REVIEW OF AS-BUILT SYSTEM CONFIGURATIONS.

ENCOURAGE OWNERS GROUP PARTICIPATION
A. SUBGROUP TO DEVCLOP DESIGN & PERFORMANCE CRITFRIA FOR SDV.

APPROVE CRITERIA,
IMPLEMENT PLANT MODIFICATION IN CONFORMANCE WITH CRITERIA.

AUBIT PLANT MODIFICATIONS,



CONSIDER ACRS
COMMENTS
CONSIDER RECOMMENDATION OF
THE OFFICE FOR ANALYSIS AND DEVELOP MINIMUM AUDIT ! ICENSEE
EVALUATION OF OPER. DATA — 3]  ACCEPTABLE PLANT SPECIFIC
REQUIREMENTS MODIFICATIONS
|
STAFF_ REVIEW TAE BULLETIN
RESPONSE |
REVIEW AS BUILT PLANT |
INFORMAT 10N
FORM SUB-GROUP TO DEVELOP PROPOSED| | MEETING OF OWNERS OWNERS DEVELOP &
OWNERS DEVELOP SYSTEM DESIGN CRITERIA & STAFF TO DEVELOP IMPLEMENT PLANT
PERFORMANCE CRITERIA . |34 AGREED UPON CRiTERIA L% SPECIFIC DESIGN
CHANGES THAT MEET
P AGREED=UPON CRITERIA

-

GE DEVELOP
—_— RECOMMENDAT IONS

FIGURE 1




UPCOMING ACTIONS

MEETING OF OWNER'S SUBGROUP - SEPT. 3 & 4, 1980,
RESULTS OF SUBGROUP MEETING TO STAFF - SEPT. 8, 1980,
STAFF - SUBGROUP MCETING - WEEK OF SEPT. 15, 1980,

APPROVED DESIGN AND PERFORMANCE CRITERIA IN PLACE -
OCTOBER 17, 1980,

SCHEDULES FOR PLANT-SPECIFIC MODIFICATIONS - DECEMBER 15,
1980,
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MSIV CLOSURE FROM 100% POWER
FOR PLANTS ¥ITH RPT
SUPPRESSION POOL TEMPERATURE LIMIT*®

BROWNS FERRY PLANT(PRELIMINARY FROM GE)

eBFZ TYPC SCRAM
1 RHR @ 32 MINUTES
1 SLCS 3@ 30 MIKUTES
- +An0
a=190°F
*R0ODS ON ONE HALF OF CORE STAY OU
2 RHR & 30 MINUTES
1 SLES & A32UT 38 MIRUTES
T.. .=200°F
MAX “
*BF3 TYPE SCRAM
2 RHE 3 10 MINUTES
1 SLCS 2 10 MINUTES
axT=22 T

el - Lo
LT ™ QI ' a 3ﬁ MIM=C
L™ - -~ ¥ P

O
T, =136°F
*RODS ON OME PiF CORZ STAY OUT
2 RHR @ 10 M.NUTES
1 SLCS @ A BIT GREATER THAN 5 MINUTES
- - Q-
[2=LESS THAN 200°F
.nl'\x
*$UPORESSI0N POOL TEMPERATUST LIMIT =1207F w/o
ARD 200°F w QUENCHERS

E

"'u"v

._‘\-

(/)



BF-3 EVENT IMPACT ON ATWS

BWR ESTIMATED ATWS FREQUENCY

CURRENT ALT. 3A ALT. 4A
PRIOR TO BF-3 2 X10°9RY  ~1X107°/Y 51X 10°6/my
RF-3
(BHR’S ONLY) ~1X1079/RY ~5XI107°/RY 55 x10°5/my

LWR'S ~ 5 X 107%/RY ~ 2.5 X 1072/RY £ 2.5 X 10°S/RY



®)

EFFECTS OF BF3 EVENT FROM 100 POMER

FROM RODS OUT, RCD MOVEMENWT EQUAL TO BF3 EVENT AND R°T
PCVER = 1%

HALF RODS IN OTHER HALF OUT WITH RPT
POVER = 20%

HALF RODS IH OTHER HALF OUT NO RPT
POYER = 43%



BROWNS FERRY 3 EVENT (PARTIAL SCRAM)

|. CONCERNS RAISED

l1. SHORT-TERM ACTIONS TAKEN -
SULLETIN 80-17

80-17 REQUIREMENTS
80-17 FINDINGS
l11. SHCRT-TERM ACTIONS ONGOING
IV. CONCLUSIONS
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BROWNS FERRY 3 EVENT

-- RELIABILITY OF SCRAM FUNCTION

-- UNDERSTANDING OF THE AS-SUILT
SOV CONFIGURATION

-- SHCRT-TERM ACTIONS NEEDED TO
JUSTIFY CONTINUED OPERATION

-- LCNG-TERM ACTICNS NEEDED TO

PRCVIDE:
SOV DESIGN WITH IMPROVED
RELIASILITY
ATWS RELATED PROCEDURES
AND MODIFICATIONS



BROWNS FERRY 3 EVENT

WITHIN THREE DAYS VERIFY SDV

EMPTY, VERIFY SDV OPERABLE

WITHIN 20 DAYS PERFORNM ONE AUTOMATIC
AND ONE MANUAL SCRAM TEST AT NORMAL
CPERATING TEMPERATURE AND PRESSURE
AFTER SCRAM TESTS VERIFY SDV ENPTY

AND QOPERABLE

DEVELCP PROCEDURES TO MONITOR THE
SOV DAILY FOR WATER ACCUMULATION

REVIEW EMERGENCY QPERATING PROCEDURES
AND ENSURE THAT REQUIRED OPEFRATOR
ACTIONS ARE ADEQ ATE FOR BF=-3

TYPE EVENT

TAKE ACTIONS SPECIFIED TO MITIGATE
THE CONSEQUENCES OF AN ATWS EVENT
WITHIN FIVE DAYS OF PERFORMANCE OF
EACH SCRAM TEST, SUSMIT RESULTS TO
NRC

BWRs CURRENTLY SHUTDOWN, PERFORM
THE SCRAM TESTS PRIOR TO POWER

CPERATION



SULLETIN 80-17, SUPPLEMENT 1

REQUIRES

-= CONTINUQUS ALARM MONITORING
BY SEPTEMBER 1

-- DESIGN REVIEW OF VENT SYSTEM
BY SEPTEM3ER 1

-- PROCEDURAL CONTROLS FOR
AVAILASILITY AND USE OF
STAND3Y LIQUID CONTROL SYSTEM

-- VERIFICATION OF AS-BUILT
DRAWINGS OF SDV AND DESCRIPTION
CF VENTS AND DRAIN



BULLETIN 80-17, SUPPLEMENT 2

REQUIRES:

EACH BWR WITH SDV VENT SYSTEM
THAT DEPENDS ON ANY COMPONENT OTHER
THAN THE VENT VALVE ALONE FOR PROPER
VENTING MUST PROVIDE AN ALTERNATE
VENT PATH CONTINUQUSLY OPEN TO
BUILDING ATMOSPHERE WITHIN 48 HUURS
OF NOTIFICATION TO CONTINUE OPERATION.
| T MUST BE POSITIVE IN ITS FUNCTION
AT ALL TIMES.



BULLETIN 80-17, SUPPLEMENT 3

REQUIRES:

-- IMMEDIATE MANUAL SCRAM ON
LO¥ CRDS AIR PRESSURE

-- IMMEDIATE MANUAL SCRA
EITHER MULTIPLE ROD D
ALARMS OR MAKRED INCR
IN CRD HIGH TEMPERATU
ALARMS

NCTIONAL TEST OF ALL SDIV
VEL SWITCHES FOLLOWING
CH_SCRAM, PRIOR TO REACTOR

FU
LE
EA
STARTUP



80-17 STATUS AND FINDINGS

STATUS:

-=- ALL PLANTS HAVE RESPONDED TO
80-17, SUPPLEMENTS 1, 2

-- SCRAM TESTS HAVE BEEN COMPLETED
(EXCEPT BRUNSWICK 2, S/D)

-- STAFF REVIEW OF RESPONSES IS
ONGOING

-- RESPONSES TO SUP
SEPTEMBER 2, 188

FINDINGS:

-- SOME SCRAM SYSTEM DEFICIENCIES
HAVE BEEN FOUND

-- RESPONSES TO SULLETIN 80-17,
SUPPLEMENTS 1, 2 HAVE REEN
SATISFACTORY FOR ALL FLANTS,

i

l
-EMPTY AND QPERABLE SDV VERIFIED
-DATA ON SOV DESIGN/OPERATION

SLEMENT 3 DUE

CBTAINED

-DAILY MONITORING FOR WATER IN
SOV ESTABLISHED

-PROCEDURES FOR SBLC INITIATION
PROVIDED

-ATWS ANALYSES PROVIDED TO THE
STAFF



EXCEPT,

== CONTINUQUS MONITORING FO
IN THE SDV NOT INSTALLED
PLANTS BY SEPTEMBER 1, 1
INCREASED FREQUENCY OF D
SURVEILLANCE NOT PROPOSE
THE INTERIM

O>»w U



SCRAM SYSTEM DEFICIENCIES

SRUNSWICK UNIT 1 - CRUSHED FLCATS
IN HIGH LEVEL ALARM AND RCD
BLOCK INSTRUMENTS. DRAIN PIPING
SUPPORTS DAMAGED.

HATCH UNIT 1 - TWO HIGH LEVEL SCRAM
INSTRUMENTS FOUND INOPERABLE DUE
TO BENT FLOAT STEMS

DRESDEN UNIT 3 - SDV HEADER DID NOT
DRAIN PROPERLY

BROWNS FERRY UNIT 1 - SDIV DID NOT
DRAIN PROPERLY

MILLSTONE UNIT 1 - 10-SECOND DELAY
RELAY WAS NOT CONNECTED ELECTRICALLY

DUANE ARNOLD - SOV DRAIN VALVE WAS
INSTALLED BSACKWARDS

PEACH 30TTOM UNITS 2 & 3 - BACKUP
SCRAM VALVE SOLENOIDS CONNECTED
TG INCCRRECT ELECTRICAL SOURCE

NINE MILE POINT UNIT 1 - ONE ROD FA
T0 SCRAM DURING MANUAL SCRAM TE
SCRAM FILCT VALVE FAILURE

FITZPATRICK - LOOP SEAL FOUND IN
INSTALLED SDV DRAIN PIPING

HATCH 2 - TWO SDV HIGH LEVEL SCRAM
FLOATS FOUND CRUSHED

ILED
ST =



SHORT-TERM ACTIONS ONGOING

NG REVIEW TC IDENTIFY
FOR IMPROVEMENT IN CTHER,
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CONCLUSIONS

== LONG-TERM ACTION IS NECESSARY
AND IS UNDERWAY

- NRR TASK FORCE
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AEQCD FINDINGS

THE CAUSE OF THE PARTIAL SCRAM FAILURE WAS WATER ACCUMULATION IN THE
gasT SIV.

Tie SDIV "HicH Water LEVeL TRIP” DID NOT AND DOES NOT PROVIDE PROTECTION
AGAINST FILLING THE EAST SDV EVEN FOR NORMAL VENTING AND DRAINING
CONDITIONS.,

A SINGLE FAILURE (E.G., WEST SIDE SDV VENT OR DRAIN LINE BLOCKAGE) CAN
COMPLETELY DISABLE THE SDIV "HigH WATER LEVEL TRIP” INSTALLED TO PROTECT
AGAINST LOSS OF SCRAM CAPABILITY FOR THE CONTROL RODS,

Wirth THE PresenT SDV/SDIV Lavout, A SINGLE FAILURE (BLOckAGE) OF AN SDV
VENT OR DRAIN PATH CAN CAUSE A PARTIAL LOSS OF SCRAM CAPABILITY,

THERE ARE NUMEROUS ACTUAL AND POTENTIAL MECHANISMS FOR INTRODUCING AND
ACCUMULATING WATER IN THE SDV's wiTH MO AccumuLaTion IN THE SDIV,

THe cURRENT SDV/SDIV LAYOUT RESULTS IN THE AUTOMATIC "HI WaATER Lever Trip”
SAFETY FUNCTION BEING DIRECTLY DEPENDENT ON THE NON-SAFETY RELATED REACTOR
BUILDING WASTE DRAIN SYSTEM,

THE FLOAT-TYPE WATER LEVEL MONITORING INSTRUMENTS ON THE SDIV HAVE A
SIGNIFICANT DEGREE OF UNRELIABILITY,

THE CURRENT BWR RPS LOGIC DJES NOT ALLOW SCRAM RESET TO ATTEMPT A RE-SCRAM
IF CERTAIN AUTOMATIC SCRAM SIGNALS ARE PRESENT,

FAILURE TO CLOSE OF A SINGLE SDV VENT OR DRAIN VALVE DURING A REACTOR SCRAM
CAN RESULT IN A UNISOLATABLE RELEASE OF REACTOR COOLANT OUTSIDE THE PRIMARY
CONTAINVENT INTO THE SECONDARY CONTAINMENT,
THE EMERGENCY OPERATING INSTRUCTIONS AT BROWNS FERRY DID NOY COVER A PARTIAL
OR TOTAL SCRAM FAILURE EVENT,



AEOD RECOMMENDATIONS

Tre OPerABILITY OF THE SDIV “Hi Water LeveL TrIP” SHOULD BE
INDEPENDENT OF THE VENTING AND DRAINING REQUIREMENTS.,

SDIV INSTRUMENTS SHOULD BE BOTH REDUNDANT AND DIVERSE.

ALL VENT AND DRAIN PATHS FROM THE SDV SHOULD HAVE REDUNDANT
AUTOMATIC 1SOLATION VALVES.

EMERGENCY OPERATING PROCEDURES AND OPERATOR TRAINING SHOULD BE
PROVIDED FOR COMPLETE AND PARTIAL SCRAM FAILURE CONDITIONS.

CoNSIDER MODIFYING THE SDV VENT AND DRAIN ARRANGEMENT TO IMPROVE
DRAIN RELIABILITY,
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QBJECTIVES

EVALUATE RUNCTIONABILITY AD DURABILITY OF THE
GLOW PLUG IGNITER

EVALUATE EFFICACY OF THE PROPOSED IDIS IN IMPROVING
HYDROGEN CONTROL CAPABILITY

ASSURE NO SIGVIFICANT LOSS IN SAFETY BY USE OF THE
PROPOSED IDIS

INVESTIGATE H, CONTROL FEATURES ALTERWATIVE TO IDIB



APPROACH TO ESTABLISH
‘ FUNCTIONABILITY/DURABILITY OF IGNITERS

. TESTING OF THE GLOW PLUG AT LIVERMORE LABURATORY ACDRESSING
OPERABILITY IN VARIOUS ENVIRGIENTS
,  COMPLETED OCTOBER 31

. DURABILITY TESTING AT TVA SINGLETCH LABORATORY
- 148 HR CONTINUOUS TEST HAS BEEN SUCCESSFULLY C'MPLETED
~  OPERABILITY ESTABLISHED WITH I720°F AT 14V

: FUNCTIQNABILITY TESTING AT SINGLETON LABORATORY
‘ - SERIES OF TESTS DEMONSTRATED COMPLETE COMBUSTION OF Ho
IN 12-14% MIXTURES

TESTING OF THE IGNITER UNIT AT FERWALL LABORATORY

- TEST MATRIX OF VARYING ATMOSPHERE COMPUSITIONS A'D
TURBULENCE

- COMPLETED OCTOBER 1

- FURTHER TESTING WILL CONTINUE INCLUDING.EFFECTS OF SPRAYS

RESULT: NRC WILL EVALUATE IGHITER PERFOR'ANCE BY REVIEW OF INDIVIDUAL
TEST DATA A'D COLLECTIVE ASSESSMERT OF RESULTS.



APPROACH TO EVALUATF. EFFICACY
OF IDIS IN IMPROVING H, CONTROL CAPABILITY

GEMERAL APPROACH IS FOUNDED ON EVALUATION OF CONTAIN'ENT TRANSIENT
AVALYSIS FOR DEGRADED COPE ACCIDENTS. -

RANGE OF DEGRADED CORE ACCIDENTS TO CONSIDER WILL BE SELECTED BY
TVA A\D REVIEWED FOR ACCEPTABILITY BY THE STAFF.

TVA WILL PERFORM AHALYSIS (USIMG CLASIX) FOR THESE ACCIDENTS
DEMONSTRATING THAT CONTAINMENT PRESSURE IS LESS THAN A PRESELECTED
VALLE,
. YIELD STREGTH/ULTIMATE STREGTH
. IMPUT TO THE CALCULATION WILL BE IGNITER PERFORMANCE
PARAMETERS VERIFIED BY TESTING

TVA WILL COFPLETE IWITIAL VERIFICATION OF CLASIX CODE AD REFORT
RESULTS,

NRC WILL PERFORM CONFIRMATORY ATIALYSES THROUGH BCL UCING MARCH.

RESULT: NRC WILL EVALUATE CLASIX CCDE AXD THE ANALYSIS RESULTS.



APPROACH TO ASSURE MO SIGNIFICANT
LOSS IiN SAFETY BY USE OF THE IDIS

»  TVA WILL EVALUATE RANDOM IGNITION SOURCES FOR COMPARISON TO
IDIS.

LOCATION OF IGNITERS WILL BE EVALUATED TO SEE THAT BURNING
IN IMEDIATE AREA WILL. NOT IMPAIR ESSENTIAL EQUIPVENT,

. POTENTIAL FOR AD CONSEQUENCES OF LOCAL DETONATIONS WILL
BE ASSESSED.

STAFF WILL REVIEW TVA SURMITTALS AND WILL I'NDEPEMDENTLY ASSESS EFFECTS
OF LOCAL DETONATIONS.



Hy RELATED ACTIVITIES

1TCHNICAL ASSISTANCE CONTRACT AQ248
TECHNICAL ASSISTANCE CONTRACT

TECHNICAL ASSISTANCE COXTRACT

SHORT TER" RESEARCH 0N H, CONTROL

RESEARCH O DEGRADED MELTED CORE ACCIZENTS
ZIGW/INDIAN POINT STWDIES (D)

ZI0H/INDIAH POINT STUDIES (11)

ZIO/INDIAI POINT STUDIES (IT1) TECHNICAL
ASSISTANCE

IGNITER TESTING
Hy CONTROL

H, GENERATION AD CONTROL



TABLE 1, PRELIMINARY COMTATHMENT ANALYSIS SENSITIVITY STUDIES

TOTAL
PEAK TEP. (F)
BIRED 1B) i
LR ICE UPPER
WPRIGT  ED O,
L PAECAE 9 20 20 19
2. M IGITION 1050 12w m 20
AND PRPAGA-
TION &
5 LARFMI 9% 20 BO 160
4, 0 IE* 850 w0 00 20
5, N0 AIRFAIS 1200 20 20 10W

* ICE EXISTS ONLY FOR THE FIRST TWO OF 7 BURNING CYCLES,

PEAK PRESS (PSIA)
LOWER UPPER
cop, o,
26,5 28,5
28,5 30.5
26.5 25,5
h1 41
6.4 R.4



SUMMARY OF RESULTS

(3
(4)
(5)

Ice melt complete at 21 minutes
Modified treatment of suspended water droplets

Ignition Burn Burn Flame PT PNFW PHAX
Point Limit Time, Propagation N
Case v/o W, v/o Hy sec 1 &3 psla(l) peln(z’ pnla(J)
10 0 1 no 23 58 141
2 10 0 5 no 23 58 136
3 10 0 25 no 22 58 131
1X 10 0 yes 44 58 126
lx(s) 10 0 yes 53 66 150
4 10 4 1 no 24 b4 122
5 10 4 25 no 22 44 114
6 12 0 1 no 24 64 141
7 12 0 25 no 23 64 137
6x3 12 0 1 yoo 60 71 181
8 8 0 1 no 22 51 132
9 8 0 25 no 22 51 127
10 8 4 1 no 22 36 120
11 8 4 25 no 21 36 110
10x 8 4 1 yes 27 36 112
18 4 0 1 yes 24 41 111
17(‘) 10 0 1 no 31 79 146
1814+ 10 0 1 no 15 68 223
19(4+3) 10 0 1 yes 50 66 149
(1) Peak pressure prior to core slump
g s Sonad sapevesd sl Preodnnt 5 <Battelie

Columbus Laboratories




VERIFICATION OF CLASIX

INITIAL ASSESSYENT COMPLETED.,

BASED On COMPARISON OF RESULTS WITH DESIGN CODES
. COCO (COCOCLASS'9) - DRY CORTAINYENT CODE USED TO
MODEL H, BURNING IN ZICW/INDIAN POINT STUDY

TMD - SHORT TER TRANSIENT ICE CONDF?SCR CODE

CLOSE AGREEMENT OF CLASIX VS T'D RESULTS AD CLASIX VS COCOCLASS 9
RESULTS

CLASIX RESULTS ARE REASONABLE/CONSERVATIVE,

FUTURE WORK
»  COMPARISON OF RESULTS WITH LOTIC CODE (LONG TERM
TRANSIENT ICE CONDENSER CODE)
»  COMPARISON WITH TEST DATA (FENWALD



SHAKEDOMH TESTING OF FENWAL LABORATORY TEST FACILITY
WITH SEQUOYAH INTERIM DISTRIBUTED IGNITION SYSTEM IGNITER UNIT

EsT 0.V WoroeE  IeuITION PEAK TIME 10 PEAK PEAK

QHEETRATION — TIME. @ PRESSURE PEAK TEPERATURE TEPERATUIE

v/0) (SEQ) (PS16) PRESSURE OF VESSEL 3) OF IGNITER

(L) UIIT CUTER

SURFACES )
1 8 17 3,2 33 NO MEASURARLE 310
INCREASE

2 9 16 4l 3.1 15 g+
3 10 16 5®) 1,075 620 930
y © 10 16 18 1.05 630 850

5 12 15 67 0.5

WOTE:  POST-BURH ANALYSIS OF VESSEL ATMOSPHERE NOT LONE FOR TEST FACILITY SHAKEDOWN TESTING, TO DETERMINE
CONSTITUENT CORICENTRATIONS.,

(1) HYDROGEN/AIR MIXTURES AT AMBIENT PRESSURE AD TEMPERATURE.
(2) ELAPSED TIME FROM ENERGIZING GLOW PLUG TO FIRST INDICATION OF PRESSURE RISE,

(3) IGHITER AMD VESSEL SURFACE TEMPLRATURES MAY NOT BE TUO MEAIINGFUL SINCE THERMOCOUPLES ARE PRESENTLY
TAPED TO SURFACES.

(4) SPECULATED THAT THERFDCOUPLE LIFTED FROM SURFACE SLIGHTLY AND MEASURED VESSEL ATMOSPHERE TEMPERATURE
SINCE THE TEFPERATURE FEADING JUMPED TO 126G°F,

(5) PRESSURE DECAYED TO 25 PSIG IN 3,2 SEC; EQUILIBRIUM PRESSURE WAS 10 PSIG,

(6) d.l.ls WRE ESSENTIALLY IDENTICAL TO TEST NO. 3, ' '
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A= ACCUMULATOR

C= COCLING AIR UNIT

P= REACTOR COCLANT
PUMP

SG= STEAM GENERATOR

&= HATCH OPEXNINGS
© = IGNITER LO.ATIONS




SEQUOYAH NUC'.EAR PLANT
FINAL SAFETY
ANALYSIS REPORT

CONTADNMENT LIGHTING FIXTURES
. EL. 689.0'
FIGURE 6.2-142




SEQUOYAH NUCLEAR PLANT
FINAL SAFETY
ANALYSIS REPORT

CONTAINMENT LIGHTING FIXTURES
EL. 700.3
FIGURE 6.2-143




SEQUOYAH NUCLEAR PLANT
FINAL SAFETY
ANALYSIS REPORT

CONTAINMENT LIGHTING FIXTURES
EL 731.0'
FIGURE 6.2-144




® ©

LS
CONTROL PANEL,
(Ls2 or LS4)

SEQUOYAH NUCLEAR PLANT
FINAL SAFETY
ANALYSIS REPORT
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CONTAINMENT LICHTING FIXTURES
EL 792.0' -
FIGURE 6.2-145
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PRELIMINARY TESTING TO IDENTIFY

COMMERCIALLY AVAILABLE IGNITERS

TESTING CONDUCTED AT TVA'S

SINGLETON LABORATORIES



1.0

2.0

Introduction

TVA has a testing program which is being conducted at TVA's
Sinzl;ton Laboratory to obtain preliminary informtion about
the performance of commercially available igniters. The purpose
of these tests was to screen alternative igniters and to gain

a degree of confidence that the igniters could ignite hydrogen.
The tests were not run under normal laboratory test conditions
Since the objective was to identify which unitcr;s, if any, were
most promising as subjects for more detsr® led testing and
evaluation. Nontheless, TVA gained cousiderble information and
assurance that commercially available igniters could ignite

hydrogen.
Preliminary Screening

A number of igniter types were evaluated, ranging from high
energy spark igniters to large diameter (1-1/2" I.D.) heater
coils. Although the spark plug type igniter was considered an
excellent candidate for this application, it was rejected prior
to preliminary testing due to potential problems wit
electromagnetic interference (EMI) with critical instrumentation.
TVA's Electrical Engineering Branch is researching the problems
associated with EMI generators, and spark type igniters may be
considered at a later date for use in Sequoyah unit 2 or Watts
Bar.

Iwo other potential candidates, both coil heaters, were rejected



after the first one, a large diameter (1-1/2" I.D.) eeil, could
not reach sufficient surface temperature, and the second one
‘ falled at the connector in less than fiv, minutes. Therefore,
t.uti.n'g was restricted to diesel engine glow plugs, since they
were known to be capable of achieving the 1500%F ainimum surface

temperature desired by TVA and because of their rugged design.

TVA determined that at 12 volts ac, acceptable surface

tezperatures could be achieved but that considering line losses,
variances in system voltages, possidble plug cooling due to high
humidity, and other effects, TVA would need to operate the plugs

at 13 volts ac s3 volt.

Since the possibility existed that TVA could overstress the plugs
‘ by overvoltage, TVA consulted glow plug manufacturers and
identified two types of failure modes which could be expected.
The first type of failure caused bdy overstressing would be the
fallure of the heater wire within the glow plug sheath. This
type of fallure due to the breaking of the circuit would
outwardly cause the plug to discontinue glowing. The second
type of failure caused by overstressing would involve offgassing
of the glow plug tip. Unlike the first type of failure after
offguaiu. the glow plug may continue to glow; however, the

surface temperature would drop significantly.

3.0 Description of Glow Plugs

. Glow plugs manufactured by three different companies have been



4.2

levels both on the primary and secondary side and at the
plug were measured by a digital voltmeter (Fluke model
n@or B028A), and the current levles were measured by an
amp meter (Triplett model number 10 type 2). The surface
temperature of each of the glow plugs was measured by either
a thermocouple (type S) connected to a potentiometer (Leeds
and Northrop model number 8690-2) in contact with the
surface of the plug or by an optical pyrometer (Pyro model

number 85). A total of 12 plugs have been tested to date.

Surface Temperature

A GMAC model 7C plug was operated at 12, 14, and 16 volts
ac. Jurface temperatures as measured by the thermocouple
were 1480, 1550, and 1650°F. respectively. Since the
thermocouple would be expected to increase local heat loss
and hence reduce the measured local surface temperature
of the thin-walled plug sheath, these valves were probably
somewhat lower than actual surface temperatures. This
conclusion was supported by later readings with the
pyrometer while testing another GMAC model 7C at 14 volts
ac and getting 1720 = 15%,

A Bosch plug has been tested at 13 volts ac. It produced
a surface temperature of 1700°P as peasured by an optical
Pyrometer. Based on these results, TVA concluded that the

diesel glow plugs could produce the desired surface
temperatures.



4.3

.4

Voltage Tests

Voltage tests have been completed on only the GMAC model
7G plugs. Based on tests on 5 GMAC 7C plugs, reliabdle
operation at 14 volts was confirmed by two other 7G plugs

falled at 16 volts ac after a few minutes.

Inconclusive testing on 2 Boseh plugs resulted in failure
when operated at 14 volts ac; however, one Bosch plug
operated satisfactorily at 13 volts ac. One Isusi plug

was tested at 14 volts ac but lasted for only 30 minutes.

Extended Operation

Endurance tests have been performed on only two plugs for
extended periods oY time. A GMAC model 7C plug was operated
continuously for 148 hours without failure and was later
used in the hydrogen burning tests. A Bosch 10.5 volt plug
was operated at 13 volts for 90 hours, then cocled down

for two hours and turned back on. It has been running

continuously after being reenergized since August 20, 1980,

at 10 a.m.

5.0 Hydrogen Testing

One igniter (AC 7G) was installed in a "PARR" (229HC6-T316-031579-



6.0

5142) pressur vessel in order to determine feas.bility of
igniting hydroger in a sealed container. The vessel 1id has

a silicone rubber sealed gas injection sampling port. Eydrogen
concentrations in the vapor phase were determined before and
after ignition intervals. An ignition interval is the time
current flows through the igniter circuit. The hydrogen was
measured by a Perkin-Elmer gas chromatograph equippecd with 3920
therml conductivity dector and an M-2 integrator. The chromatic
graph was standardized with hydrogen and air mixtures prepared

from research grade hydrogen and laboratory air.

Temperature measurements were made with a mercury and glass
(4BU63S, ASTM 9C) thermometer. Temperatures reported are ambient
for tests 1 through 3. Prior to tests 4-10, 10C grams of water
was added to the vessel. The vessel was heated by a temperature
adjustable hot plate to saturation temperature of the water and
maintained throughout the test. The reported temperature is

the vater temperture after comcletion of the test. Results of

the 10 ignition tests are given in table .
Future Tests at Fenwall Laboratories

TVA and Westinghouse have coatracted with Fenwall Laboratories
S0 perform hydrogen burn testing on the AC igniter and its
mounting enclosure ‘n an enclosed ves=el. Attachment 1 is the
proposed Test Plan for the testing. ‘n;e final test plan is being
prepared by Fenwall and should be avallable in the near future.

These tests are designed to prove the effectiveness of this



igniter assembly to burn a volumetric quantity of hydrogen in
environmental conditions which approximate postulated accident
conditions inside containment.

7.0 Conclusions and Summary

The purpose of these tests at Singleton was to select a

commercially available igniter that was capable of igniting
hydrogen. From the results obtained, the GMAC model 7C glow
plug produces more than adequate temperatures at a range of

voltages that can dbe provided inaside the Sequoyah containment.

In addition, the plug seems capable of extended operation at
high temperatures and has been shown in small tests to be able
to ignite 12 percent and lower volumetric quantities of hydrogen.
Although it has not been tested aa thoroughly, the Bosch plug

appears like it may alsc be an optiomal igniter.



TABLE 1
HYROGEN ICNITION TESTS

Initial Final Ignition
Test Vessel Tsup. Hyd. Cone. Hyd. Conec. Intervals
Ne.  Contents (F) ($ Hyd.) (3 Hyd.) (Min.)
1 Hyd., Alr 50 12.5 0.1 5
2 80 T 0.1 5
3 8o 3.5 0.1 s
- Hyd. Alir,
Vater 120 12 0.1 3
5 180 14 0.5 3
6 180 - 2.5 1
T 180 2.5 1.5 1
8 180 1.5 1.3 !
- 180 1" 5 1
10 180 5 2 1.3

Vessel Volume 1.1 dm> (0.039 ££3)

Operating Voltage 12V dec

ES0239.07



ATTACHMENT 1
SUMMARY
SEQUOYAE PLANT

HYIDROGEN ICNITER TEST PLAN

Introduction

The following describes tests to be conducted on a type of
hydrogen igniter tc be installed in the Sequoyah Nuclear Plant.
The igniter consists of a "glow :&ug" as used in diesel engines,
the surface of which exceeds 1500° F and serves as a hot surface
to initiate hydrogen burning, and a power transformer and an
enclosure for the unit. The function of the igniters in the
nuclear power plant containment is to burn hydrogen, in accidents
vhere it could be released, when it reaches a burnable
concentration thereby precluding its dbuildup to high
concentration lavels. The tests will be conducted ty Fenwall,
Incorporated, at their facilities in Ashland, Massachusetts,

The unit, consisting of glow plug and enclosed transformer, will
be placed in a test vessel and subjected to a range of

environmental conditions .. ncluding hydrogen concentration,

tamperature, pressure, and steam), and its hydrcgen ignition
performance monitored.

1.1 Mn of Tests

The primary ™ rpose of the tests is to demonstrate that

the g~ _.cr will initiate a volumetric durn of the hydrogen
for '.ar specified environmental conditions (pressure,

temw erature, water vapor). A secondary cbjective of the
tests 1s to narrow down the hydrogen concentration range
for which a volumetric burn of hydrogen will be initiated.

1.2 Acoogtmco Criteria

For the initial set of tests, the following acceptance
eriteria will be used:

1. Data generated are intermally consistert (i.e.,

ignition at 8% consistently produces low pressure
rise).

2. Data gathered confirm theoretical predicticns.

3. Igniters reliably ignite mixtures at high (12%)

concentration and provide relatively complete
combustion.

2. Description of Igniter
The igniter is a Ceneral Motors Ac Division Model 7G glow plug



3.

(thermal res‘stive heating element) requiring 14V ac supply at
a maximum of 8-1/2 amps. The surface temperature of the plug a
43 measured by an optical pyrometer should de a minimum of 1500
F. TVA has measured 1720° F surface temperature on one of the
Blow plugs at their facilities. The igniter is powered by 120V
ac stepped down to 14V ac. The power transformer is a Dongan
Electric, Incorporated, Model 52-20-187 specially wound
transformer having the following characteristics:

120V RMS AC on primary side
14y RMS AC on seccndary side
200V A Min.

Class H (High temperature insulation)

Open style with 18" flexible leads >
Certified capability that transformer will operate at 220
c.

The igniter and transformer are mounted as a unit as shown in
Figure 1 with the glow plug extending from the side. The unit

is encased in a 1/8-inch steel plate box type casing and sealed
with a rubber seal for water tightness.

Description of Test hcilitz

The tests will be conducted by Fenwall, Incorporated, at their
facilities in Ashland, Massachusetts.

3.1 Test Vessel

The igniter unit will be tested in a spherical veassel in
excess of six feet in diameter. The inioml volume of
the test vessel is 1000 gallons (134 £t°), The vessel is
constructed of carbon steel (exterior) and is lined with
stainless steel. ‘!'bozvuul is designed for a working
pressure of 500 1b/ft". The vessel is equipped gith five
diameter access ports (four on circumference, 90 apart,

and fifth at the top), one of which is drilled to attach
to a manifold with valves and connecting lines to air,
steam, and hydrugen makeup sources.

The vessel i{s heated externally via electrical heaters,

The vessel will be equipped internally with a fan to promote
mixing and also to create a draft at the igniter heating
surface during testing when desired.

3.2 Instrumentation and Measurements

The vessel is instrumented with two pressure transducers
to monitor the pressure iraluding the pressure transient
during the hydrogen burn. The output is carrier amplified
and feeds to an oscillograph device. Thermocouples are
provided which will monitor vessel atmosphere temperature
prior to and after a bdurn. In addition, a thermocouple
will be used to measure the temperacure of its hested



L.

4.1

5.2

surface. Gas mixtures will be formed using pressure
instrumentation and a partial pressure method in which a
given gas {s added until the appropriate partial pressure
is indicated. Sampling cspability exists via a i-inch by
1-foot lecture bottle. Hydrogen and cxygen analyzers will
be provided to measure pre- and post-burn concentrations
of these gases:

OE Analyzer HE Analyzer

Manufacturer Hays Republic Hays Republic
Model A 00632 SH-A-00643D
Range 0-5%/0-20% 0-5%/0-20%
Accuracy + 1% P.S. +« 2% F.S.

Test Plan

Identification of Tests

The unit consisting of the glow plug and encased transformer
will be positioned in the test vessel (via 18-inch port)
with the glow plug heating surface located near the center
of the test vessel. Various mixtures of H., steam, and air
will be adjusted with pressure and tcnperiture as specified
and then the igniter turned on. The pressure transient
will be recorded and the mixture analyzed for H .and 0O
content prior to and after the burn. The test mitrix ?or
the first series of 12 tests is shown 13 Table 1. Initial
total pressures of 15, 21, and 27 1b/ft° a will be covered
at hydrogen concentrations of 8 and 12-volume percent.
itial temperature wil vary from 180° r (dry case) to 350°
F (superheated steam) with most of the tests being
conducted at saturation temperature corresponding to the
pressure to be tested. In addition, a fan will be located
in the test vessel to provide drafts of 5 and 10 FPS in
the vicinity of the glow plug to simulate turbulence which
may be developed in the vicinity of the igniters.

Further testing will be developed based on the outcome of
test series #1, and may include addition of an instrumented
transmitter and steel or concrete surfaces with
thermocouples attached to measure temperature resy .nse on
hydrogen burn. In addition, means :to simulate spray droplet
entrainment in the atmosphere are under investigation.

Test Procedure

The dasic procedure is to adjust mixture concentration
temperature and pressure, then energize glow plug and record
the pressure and temperature transient. Hydrogen
concentration after the burn will be measured to assess
completeness of burn. The steps for the different tests

are as indicated in Table 2. In one of the tests with a
Steax environment, the glow plug will bde ep ~gized after
the steam, pressure, and temperature environment conditions



are reached, but before hydrogen is added, anc allowed to
stand for two hours. Then the glow plug will be
deenergized, hydrogen adjusted, and then the glow plug
energized. The purpose of this is to allow for preburn
exposure to the environment.

4,3 Test Schedule

- The test schedule is tentatively planned as follows:

Facility Preparation 8718 through 8/29
Test Series No. 1 §/1 through 9/5

Subsequent Tests 9/8 through §/12
Test Evaluation 8/15 through §/19

DEO1;SQNHYD.AA



TABLE 1

TEST SERIES NO. 1
Total Hydrogen
e Pressure# Concentration
Test Temp (°F) (Gauge) (Volume Percentage)
1 180 0 12
2 180 2 8
3 Sat temp 6 12
B Sat temp 6 8
S Sat temp 12 12
6 Sat temp 12 8
7 Sat temp 6 12
8 Sat temp 6 8
9 Sat temp 6 8
10 Sat temp 6 12
1 350 12 1
350 12 12

—
- N

Fan Induced
Flow Speed (fps)

s I
COO0OO0OUVMUMOODOOOO

®This is the total pressure due to air, hydrogen, and steam. For tests

1 and 2, the pressure will be higher than 0 due

partial pressure and the evaluated temperature.

to the added hydrogen



PROPERTIES OF HALON 1301

LOW BOILING POINT (-72°F)

LOW TOXICITY (UL GROUP 6)

INSOLUBLE IN WATER (0.0095 W/0Q)

INERT

LOW RADIOLYTIC DECOMPOSITION

(0.00023 g/d/R/h)

NO LONG TERM ACTIVE MIXING REQUIRED

AFTER INJECTION



SUITABILITY OF HALON 1301

PREVENTS HYDROGEN IGNITION AT SUFFICIENT CONCENTRATIONS.

ATLANTIC RESEARCH CORPORATION REPORT SHOWED HALON 1301 SUITABLE FOR

USE IN A MARITIME REACTOR CONTAINMENT.

INITIAL STUDY BY ARC FOR AEP/DUKE/TVA INDICATES HALON 1301 SUITABLE

FOR USE IN ICE CONDENSER CONTAINMENT.



AREAS OF FURTHER STUDY BY ARC FOR AEP/DUKE/TVA

ON HALON 1301

EFFECT OF HALON 1301 AND ITS DECOMPOSITION PRODUCTS ON CONTAINMENT

MATERIALS

TEMPERATUKE AND PRESSURE EFFECTS ON CONTAINMENT DUE TO INADVERTENT
ACTUATION

POTENTIAL PROBLEMS ON LONG TERM ACCIDENT RECOVETY

EFFECT OF HIGH CORE TEMPERATURES ON HALON 1301 DECOMPOSITION

POTENTIAL FOR NON-INERTED HYDROGEN POCKET DETONATION TO INITIATE

COMBUSTION IN INERTED MIXTURES

PERSONNEL HAZARD DUE TO INADVERTENT OPERATION

SYSTEM DESIGN AND INCORPORATION



Degraded Core

o TVA is following the state-of-the-art developments at national labora-

tories (Battelle, Columbus, Brookhaven, Oak Ridge), AIF, EPRI, etc.

o TVA is building the capability to use MARCH as a starting point.

o MARCH is not intended for design.

o TVA bhas set a goal to obtain a hydrogen generation rate curve (into

the containment) for a fair range of core damage accidents.



STATEMENT IN RESPONSE TC QUESTION -

DQ ICE CONDENSERS NEED ADDITIONAL HYDROGEN MITIGATION SYSTEMS?

The nuclear power industry and NRC have identified many lessons in
the TMI-2 event. As a result of studies by the staff, the Kemeny
Commission, consultants, ACRS, anc others, including TVA's own Nuclear
Program Review, a large number of changes have been identified. Some
were implemented almost immediately, some are in various stages of
implementation, and cthers are the subject of intensive study or
planned rulemaking. The issue of the effects of hydrogen generation

from degraded cores was considered by many, including TVA, as one

of the more important raised.

We are addressing all of our containment designs; while the lower
design pressure is a disadvantage for this issue, the ice condenser

containment also has definite advantages, including a large, passive
heat removal capatility.

As a result of its Nuclear Program Review, TVA committed to:

Study ways to contain larger amounts of hydrogen and to backfit

feasible features into the Sequoyah design. (TVA Nuclear Program



Review: Sequoyah Nuclear Plant and the report of the President's

Compission on the accident at Three Mile Island, November 1979.)

TVA moved immediately to fulfill that commitment by committing
significant resources to the issue. That effort continues and at
this point has resulted in a significant stu‘y of degraced core
accidents and their mitigation, in a long range plan to further study
and act on the recommendations of that study, and in installation

of an interim distributed ignition system. We feel that the steps
taken and planned to reduce the likelihood and minimize the extent
of core damage events, when coupled with the plants' inherent
capability to withstand sut..antial core damage (about 25% metal-water
reaction), would provide a sufficient degree of safety for the short
term until TVA's and others' studies could be completed. However,
since TVA is committed to make feasible improvements in the safety
of our plants, we proceeded to install the interim distributed
ignition system once we were convinced that it would not reduce plant
safety and had the promise of increasing the amount of metal-water
reduction that the plant could withstand. Our efforts are being
placed on determining how much increase in capability the interim
system affords and on our long term program which addresses other
altermnative measures in addition to controclled ignition.

TVA believes: that Sequoyah can be safely operated at least in the
short term until our studies can be completed; that the plant already

has significant capabilities to withstand a range of core damage



events; and that the interim distributed ignition system increases
this range of capability. We are firmly committed by policy, by staff

opinion, and by actual work to take the lead on this safety issue.
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TVA IGNITOR TEST FACILITY GROOMING STARTED

10*
12

*2 TESTS

IGNITION
(sec)

17
16
16
15

PEAK PRESSURE

PSIG
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h1
50
67



INITIAL TESTS AIMED AT ESTABLISHING IGNITOR PERFORMANCE

CONCENTRATIONS FOR COMPLETE AND LOW PRESSURE CONVERSIONS
1007 HUMIDITY CONDITIONS
STATIC AND FLOWING GAS STREAMS

VARYING PRESSURES



i

LATER TESTS SCHEDULED FOR FURTHER PERFORMANCE CONFIRMATION

ADDITIONAL Hy CONCENTRATIONS
MULTIPLE BURN IN TRANSIENT CONCENTRATIONS

SPRAY EFFECTS
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AFTER FIVE BURNS, UNSEALED IGNITOR CONTINUES TO PERFORM

NO MAJOR EXTERNAL DAMAGE SIGNS

INDICATIONS OF MINOR PENETRATION WITHOUT
APPARENT PERFORMANCE EFFECT



