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PROCZIEDINGS
(3:00 a.m.)

¥R, CKRENT:; The Committee will now come to |
crder. This is a meeting of the Advisory Committee on
Reactor Safeguards, the Subcommittee ¢n the Safety
Philosophy Technology and Criteria.

¥y name is David Ckrent. The cther ACRS aemlters
present today are ¥r. Ward, Yr. Ray, and Mr. Shewnon.

The purpose cf this neeting is to discuss
requirement. for near-term constructicn permit glants. This
meeting is being conducted in accordance with the provisions
of the Federal Adviscry Committee Act, the Goveranment in the
Sunshine Acte. Dre. Richard Savio is the Designated Federal
Employee for the meeting.

The rules for participation in tcday's meeting
have been anaounced as part cf the notice for this meeting
previously published in the Federal Register on January
19th, 1981. A transcript of the aeeting is deing kept and
vill ke made available as stated con February 6th, 1981. It
is requested that 2ach speaker first identify hiam or herself
and speak with sufficient clarity and volume sc that he can
be readily heard. We have received no written statements

com members of the public.

Before I say vhat I think the agenda is, I better

find out from the staff what they think it should be with

ALDERSON PEPORTING COMPANY, INC
400 VIRGINIA AVE. SW., WASHINGTON. D.C. 20024 (202) 554-2345




10

11

12

13

14

15

16

17

18

19

21

24

25

regard to timinge.

MR. PURPLE: Mr. Denton is tied up in another
meeting. He wants to attend this and does want to speak to
the Subcoamittee. But he is unlikely to be able tc get here
before 4300 o'clock.

My name is Bob Purple from the staff.

Therefore, I wculd like to suggest that the staff
portion of the agenda, which seems to come first, be
deferred. One possibility is to reverse items two and three.

MR. OKRENT: When Mr. Denton comes, will he have a
time limit on when he has to leave?

MR. PURPLE: I don't know the answer to that. I
am not avare of any time limit,

MR. OKREXT: All right. I am going to propcse ve
try the followving agenda, subject to possible revision. We
will begin with a presentation by Offshore Pover Systeams,
and we tentatively allotted 45 minutes for presentation and
discussion. Py then, the staff representative should be
here and they would then give us their current position with
regard to requirements for NTCP plants.

Following that, there would be a presentation by
Houston Lighting and Power. And after that ve would hear
from the General Electric Company and from Eoston Ediscn.

I will not try to predict exactly wvhere we are on

the clock at that time, since we will just feel our wvay

ALDERSON REPORTING COMPANY. INC,
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through the afterncon.

Does the Subcommittee want to make any comments
beofre we begin?

(No response.)

MR, OKRENT: All right. So QOffshore Power is up.

¥R, HAGA: ¥y name is Blair Haga. I am director
of pover systems technology at Offshore Power Systeams.

We are very happy to be here today. As you knov,
our application is now about 2ight years old. We would like
to make a little progress and we hope we can do so. 1
sincerely hope that the Subcoamittee and the full Comnmittee,
as a result of this veek's meeting, will see fit to take a
positive position on moving forward with our apgplication.

We of course believe it is long past due.

We have presentations today in an area that has
been most difficult, the degraded core and specifically how
to ccpe with hydrogen resulting from zirconiuam-vater
reactions. We have two presentations following ay remarks.
And then I will summarize for a suggested position onm this
subject.

The first presentation following me will cover the
functional capability of the containment structure and the
potential for increasing that capability. The second
presentation will cover analytical results of hydrogen

combustion within the floating nuclear plant containment.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W . WASHINGTON, D.C. 20024 (202) 554-2348



10

11

12

13

14

15

18

17

18

19

21

24

Befcre proceeding with these two main
presentations, I wouald like to discuss with ycu the proposed
N3C requirement for a flanged containment penetration for
potential future installation of a filtered venting systea.
As ve will showv in our later presentation, we really see no
significant gain in coping with hydrogen-burning transients
by employing such a vent. However, if it becomes a
requirement to 40 so, we can provide such a penetration or
penetrationse.

¥R. OKRENT: Excuse me. ¥as it your understanding
that the only reason the staff vas interestea in such a
penetration was in regard to hydrogen burning?

¥R. HAGA: No, it was not. I Jjust vanted to make
that point.

This slide -~

(Slide.)

-=- gshews a section through the floating auclear
plant. Can y2u see that with the lights on?

And I want tc show you just how ve would emgploy
these pene“rations. They would be placed in the upper dome
of the containment. I think it is very important to
understand hov we would propose to use these in the future
if that tecomes a requirement.

Attached to these penetrations =-- and I will come

back to this in just a moment -- would be piping that

ALDERSON REPORTING COMPANY, INC,
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proceeds directly down between the containment and “he
shield building and straight cut the ottom of the platfora
into the basin water. There would be four of these 18-inch
pipes, which are equivalent in diameter to the suggested
36-inch diameter penetration.

We would seal those with a rupture disc, probably
here (Indicating), although it could be placed down here
(Indicating) if that proved more advantageous for in-service
checking and so on. A rupture disc can be permanently
sealed. It becomes part of the containment barrier itself.

“R. RAY: ¥r. Hagar, I have a little trouble with
the concept of a permanently sealed rupture disc.

UR. HAGA: Yes?

"R, RAY: If it can be ruptured, it is not
permanently sealed. dould you explain that to ae?

MR. HAGA: I mean by that it is not a valve or a
gasketed closure. It is permanently welded and is a
physical barrierc.

¥R, RAY: But within that seal there is this disc
which can be ruptured by pressure or manipulaction or some
penetration?

¥R. HAGA: Py pressure.

MR. RAY: By pressure.

MR, HAGA: This (Indicating) is the disc here.

Now, another feature of this configuration is any

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE_, S.W. WASHINGTON D.C. 20024 (202) 534-2348
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pressure leak that occurc chrough this vent system is then
dutomatically sealed by a wvater seal equivalent to 15 pounds
per square inch gauge. If the disc ruptures and p-essure is
relieved, when everything settles down again there is still
a back pressure on the containment of 15 pounds per square
inche. It is sealed by a water seal.

We think it is important to use something
equivalent to a rupture disc or a rupture disc, because ve
believe it is highly desirable not to involve the operator
in a decision to open up a vent in the containment.

¥R. WARD: Could I ask, Blair, with a backup
pressure of 15 pounds, are the four 18-inch lines equivalent
to the requirement of a 36-inch line?

¥R. HAGA: Dr. Walker will presert scme analytical
results of this later. So you will see what the influence
is of that back pressure.

As ve envision this system, then, it really is a
safety valve on an ASNE code vessel. It is used when
something has gone wrong and the pressure is exceedinc
design pressure. It acts to relieve that pressure and
protect the vessel.

This configuration would not require the operator
to make a decision that something is wrong, T must open up
the containment. It can be set. The disc can be set at a

rressure somevhere betveen design pressure and functional

ALDERSON REPORTING COMPANY. INC,
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capability of the containment.

For examplel if the containment capability is 60
pounds per square inch, it is designed for 20 rounds per
square inch, it could be designed for 40 pounds per square
inche You would know something was clearly wvrong and
pressure was rising.

MR, OKRENT: And you wouldn't be worried about
losing the pool of wvater?

MR. HAGAs That's richt, in this case.

I have one more slide for nowvw, which is Jjust a
plan view of what you are locking at. You can see the four
18-inch pipes w7¢ith rupture discs. It enters the annulus,
proceeds around to a convenient location, and goes directly
out thrcocugh %the bottom of the platform.

There are shielding regquirements that gc with the
system. B8y placing the pipes inside the shield building, wve
have no additional requirements above the main deck of the
platform. However, beneath the deck wve would have to add
some shielding, and also or the control room and the
relccation area just below the control room.

Looking back at the previours side, you can see
that. We would have to add a foot and six inches of
concrete extra here on the control building and shielding
here (Indicating). And each pipe would have to be shielded

beneath the platform.

ALDERSON REPORTING COMPANY, INC,
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There are two reasons for the shielding. One is
the continued presence of gases in here subsequent to the
release. The other is the bubble of radicactivity that
vould be rsleased beneath the platform and would proceed
upwards through the water into the atmosphere. But this
amount of extra shieldi.g wvould limit doses to the current

criteria we are usinge.

I would like to menticn one more thing. The added

weight to the plant is about 3600 tons for this systenm.
That increases the draft by a little less than one foot.
The draft is about 33 feet. So you are looking at maybe
almost 34 feet for the systenm.

MR. SIESS: I missed what that structure on the
right has to do with the gas bubble.

MR. HAGA: Well, the pressure relief would occur
here, come dowvn and out the bottom of the platfornm.
Particulates and solubles would be picked up in the vater.
The krypton would proceed along the bottom of the platfornm
and bubble up through the water and provide a source for
radiation in the control rocm and the relocation area.

¥R. SIESS: I see. That is the control room on

the top. So you are putting shielding around it.,

MR. HAGA: It already has existing shieldiny. But

this side is not shielded in the existing desion. And now

ve have shielded it and ve have added shieldinc here

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

Yes?

"R, RAY: I presume there will be occasions when
there will de personnel on the platform outside the control
room?

MR HAGA: Yes.

MR. RAY: Will there be any alarm or alert systes
to use vith this, the operation of the rupture disc, that
vould varn them that such releases may take place, so that
they could seek shelter or close themselves in?

¥R. HAGA: The floating plant design includes a=
emergency relocation area which is in the same building, and
these two locations here, they are shielded already. And in
the event of a loss of coolant accident, the personnel vould
proceed to these areas until told to leave.

¥R. RAY: So your point is that they should de in
those areas before the disc ruptures, is that right?

MR. HAGA: VYes. They should already be there if
there is an accident occurring, and they should not leave
there until instructed to de so, for whatever purpcse.

¥R. RAY: Thank youe.

¥R. SHEWMON: Is it obvious why, if you have your
pecple all on that side, you don't vent it out the cther
side?

¥R. HAGA: No, it is not. But also, there is an

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE., S.W. WASHINGTON, O C. 20024 (202) 554-2348
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adjacent plant to worry about. So it is necessary to
protect all sides of thls control roon.

MR. SHEWMON: All righte.

MR, HAGA: And che relocation area also.

A1l right, that completes my remarks for right
now. ¥r. Orr will give the next presentation, which will
concern the structaral capability of the containment.

“R. ORR: My name is Richard Orr. I am chief
structural engineer with Offshore Powver Systems.

The purpose of my presentation today is to discuss
the functional capability of the containment as currently
designed, and also to describe some sligh+t modifications
that could be mzie to increase the capability.

T would like to start by showing you a viewgraph
we presented to AC:S back in, I believe, the end of 1979.

It was submitted as a response to some of the guestions on
T¥I. At that time ve calcdlated the capability cof the
containment. And let sme Jjust gquote some of the typical
numbers, and I wil on the next viewgraph go over some of
the methods.

What we vere showing was that the lcvest
capability was at the top course of the shell, a pressure of
49 psig at a locaticn where the plate thickness is
five-eighths of an inch, and there are also ring stiffeners

and longitudinal stiffeners.

ALDERSON REPORTING COMPANY, INC,
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¥R. SIESS: Sequoyah was how thick at that level?
¥R. ORR: Sequoyah at that level is cne-half
inch.

All .f the other locations have greater
capability. The nearest was the eqguipment hatch at S% psi.

Since that time, in response to the recent
questicns, wve have had another lock at these analyses and
have updated some of the nuabers. Back in 1979, the
vievgraph you just sav, limiting capability, 49 psig, that
vas calculated assuming actual material properties. And
clearly, as we haven't built the vessel ve had to make some
assumptions there. And ve assumed ve would achieve actual
properties of at least 120 percent of yield.

Since that time we have looked at scome numabers on
Sequcyah and Maguire, and in bcth cases their actual yield
values are greater than this percentage abcve aininum
yields. We locked at the capabilities of a number of
sections above the platform, and at the time ve
conservatively estimated a cagability using elastic
analysis. All ve vere trying to demonstrate vas there vere
no locatioas in the platform veaker than the top course of
the shell.

In going back recently to loock at the cagability,
ve have changed the nuabers a little bdit. The limiting

iocarion of shell, the five-eighths plate, we have now

ALDERSON REPORTING COMPANY. iNC,
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recalculat2d using a Von Mises yield criteria instead of the
Truscan vield criteria.

I made a presantation in September on rthe Sequoyah
containment analyses in which we demonstrated by 2 finite
elements elasto-plastic calculations *“hat, rfirstly, the hand
calculations and smearing out of the hcop stiffeners vas a
valid approach; and secondly, the effect of using Von Mises
instead of Trusca wvas an increase cf about 15 percent.

We have also gone back and reviewed each of the
locations in the platferm. Typically, the platform consists
of a plate that spans between stiffeners. The stiffeners in
turn span between girders. And the girders span betveen
bulkheadse.

So most of these elements behave us £ixed beanms.
We have gone back and calculated the capability using
plastic analysis, assuming a thrae-hinge collapse
mechanism. i typically, the capabilities have doubled
above the elastic analysis capability we shoved in the
previous estimate.

The results of these analyses are now shown on
this updated viewgraph.

(Slide.)

Looking at the shell, first of all, the limiting
lccation was 49 psi. It is nov 55. The other thickness

plates have cone up proportionately. Our limiting locations

ALDERSON REPORTING COMPANY, INC.
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nov is above the five-eighths inch shell at S5 psi and the
head on the eguipment access hatch, and the vessel internal
pressure, vhich is an external pressure on the head, also of
S5 psi.

Some of the capabilities in the platform: the
lovest one is 138 psi; and at another location, 157, 168,
215. All of the plating, stiffeners and girders are
substantially greater capacity than the shell.

The one location I have not addressed is the
connection between the shel. and the platform. Cn the
previous slide it vas 71 psi. This slide showvs 80. And I
would like to show you a little bit of the background for
that calculation.

This viewgraph shows a plan viev of the
containment where it linds on the platform. The containment
shell is 120 feet in diameter and the platform constructionm,
it is a veb frame construction with full deck bulkheads.

The main platform bulkheads, bulkhead 3 and bulkhead &, in
one direction; and locally in the containment area ve have
additional bdulkheads, bulkhead frame 2C, br.khead frame 4E.

In the longitudinal direction, we have bdulkhead F,
bulkhead G, bulkhead H, bulkhead I. These are 37 foot 9
centers. G2ecause the bulkheads are full depth, they are
considerably stiffer than the other deck framing. And

typically the shell -- uplift on the shell is resisted at

ALDERSON REPORTING COMPANY INC,
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the hard spots represented by the intersection c¢f the shell
vith the bulkhead. We have designated them around the
periphery A through N, and we will be seeing on a later
table the capabilities.

I would like to show a slightly expanded detail of
one quandrant of the platform interface. This is Jjust an
expanded view of the previous one, with the addition of some
of the veb frames. Again, we have bulkhead 4, bulkhead UB,
bulkhead H and bulkhead I.

The other lines that are shown, firstly, inside
the shell there is the location of a pressure bulkhead,
which is the portion around the reactor cavity and the
incore instrumentation. These other lines represent web
qirders on the main deck. Typically they are between 5S4
inches and about 10 feet deep, and they are at centers of
about 5 to 6 feet apart.

The next view is immediately above the main deck
and shovs the structure on the containment shell. Where the
shell crosses either the bulkheads or the web girders, there
are chocks stiffeners welded to the shell that line up with
the structure underneath. And putting the two together --
if we are lucky, the vievgragh lines up as vell as the
structure will. And one can see that the chocks are lining
up with both the bulkheads and the girders.

In some locatiuns, we consider the hard spot

ALDERS. .{ REPORTING COMPANY. INC,
400 VIRGINIA AVE., S W, WASHINGTON, D.C. 20024 (202) 5542345
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leccations, ve are considering that the shell is tied down
and hence where the shell and the chocks line ugp with either
the bdulkheads or some local structure attached to the
bulkheads, ve have what we call backup structure.

And it is difficult to see on this viev just what
overlaps. The next slide picks out only that cverlagping
porticn, which is considered as backup structure. There is
a portion here wvhere the shell is crossing a bulkhead, vhere
there are additional members welded to the bulkhead to line
gp with the shell. And there are also flanges that line up
with the chocks on the shell.

The same at this bulkhead, the same at a bulkhead
here. And once we get on this portion, the shell is very
close to the lccation c¢f the bulkhead. They are 2 fev feet
apart. And so a whole series of chocks are added to both
the bulkhead and the shell, lining upe.

The next viev will be a developed viev which shows
this quadrant (Indicatinc® and its backup structure. This
is the same guadrant & vere looking at.

This is the center line in the after end of the
containment. This is bulkhead H, which is oue of the
longitudinal bulkheads. This is bulkhead frame 43, which is
one of the transverse bulkheads; bulkhead 4, which is a
transverse bulkhead; bulkhead I, which is a longitudinal

bulkhead.

ALDERSON REPORTING COMPANY . INC,
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And because of the longitudinal bulkhead, one
svitches from the longitudinal into transverse. As you can
see, vhere the shell crosses a bulkhead we have substantial
bulkhead structure added to the bulkhead, which carries the
loads all of the way down until it tapers down at the bottom
shell of the platform, 40 feet deep.

Detail AA is shown in the next viewvgraph. Here ve
have dulkhead 4, the portion of the containment shell above
the main deck, and the shell lines up with these plates at
each side of the bulkhead, and a flange. View BB shows
these flanges tapering off to the bottom section.

And also, above the main deck there are these
chocks on the shell, going up a height of 8§ feet to the

first hoop stiffener.

ALDERSON REPORTING COMPANY. INC,
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In estimating the capability of the backup
structure, each of them is a little different. It is a
series of hard spotse.

¥hat we have done is identified the area of hackup
structure, which is that ar:a of msaterial common to both the
shell and the platfors, and on the next table I will be
showing tha area is identified in each of these hard spots.

Then to calculate the capability and see how it
varies around the circumference, we have just arbitrarily
assumed spreading the backup structure -- have the backup
structure at, say, this location to this arc link, after
this arc link, and the same up here; the arc ‘ackup
structure £ over this arc link after this one.

So for each arc link we have smearad out half of
the backup structure at each arc end. So tha support
locations A through ¥, as on the previous chart, the support
area is the common area between the shell and the platform,
and varies from 126 square inches up to 276 sgquare inches.

We have calculated the equivalent shell thickness
betveen, for example, £ and F. We have taken half of 126
square inches, half of 256 square inches, divided it by the
arc link betw2en E and F, and come up with an equivalent
thickness of .79 inches.

de have done that at each location to get an ide

of the pressure capability. We have taken this thickness

ALDERSON REPORTING CLMPANY. INC,
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and assumed that it is a spool periphery and calculated the
pressure in the shell Ehat would produce, yield stress in
the shell.

Now, this yield stress is assumed actual yield
stress equal to 120 percent of guaranteed minimum, so these
numbers represent an estimate of the yield capability at
each of the hard spouts.

They vary between 61.86 psi and 137, so one can
see that there is quite a lot of non-uniformity around the
circumference. The 61.8 at the four location, 61, 61, 63
and 63 -- they occur in the four guadrants, and wve wvill lock
at between © ind C.

MR. BENDFR: Richard, when you say that is the
equivalent pressure capability, what are you saying? That
there is some limiting strain that is acceptabdle?

MR. ORR: This number corresponds to yield stress
only, and this is the basis for our calculation. We think
ve have margin, because probably rupture doesn’'t occur until
you get to tension capability.

MR. BENDER: But when you say yield stress in this
case, you have taken the stiff intersection, whatever it is,
and distributed it across the msembrane in some vay.

MR. CRR: VWell, effectively what this gives you is
the load capability of each of these hard spots, and if you

add up all of the load capabilities and ccmpare that against

ALDERSON REPORTING COMPANY . INC,
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the upvard pressure on the “ome, th?t gives us the pressure
capability for the backup structure.

MR. BENDER: All right. Goc ahead.

MR. SIESS: Dick, this is for the egquivalent
vertical stress, right?

¥R. GBR: Yes, because this is *he backup
structure immediately below the main deck. Vertical stress
is not reeing any gravity.

MR, SIESS: This is what it takes to held it down.

¥R. ORRs Correct.

MR. SIESS: But howvw good is that smearing
technigue?

¥R. ORE: Let me try and address it. I am about
to come to it.

¥R. SIESS: Fine.

¥R. ORR: That is one reason I am gquoting the
yield magnitude, not the ultirate magnitude. The locations
that are lovest here are between B and C, between 3 and C,
betwveen D and E, between H and I, betwsen X and L.

It also so happens that the areas that have the
greatest capability are izmediately adJacent. They are
these locations (indicating) and I don't see that there is
any problem with some of the load redistributing from here
(indicating) to here (indicating).

So what we then did is to say, all right, assume

ALDERSON REPORTING COMPANY, INC,
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the load redistributes. Let's look at the twvo halves. And
ve said, let's take all A to F on one-half and the G to ¥ on
the cther half,

The reason ve 4id this is it is a little
asyametric this way and the cther way it is symaetric. So
at the bottom we have smeared out the right-hand side and
the left side, and here the egquivalent pressure to reduce
yield is 89 on one side; 81 on the other side.

Clearly it does not h%lp tc have cne side heclding
if the other side has already given wvay, so we take the
lover one and say ve can .onsider the pressure capability is
80 psige.

Coming to the guestions raised of, vell, can cne
really smear this, are they hard spcts that cannct
redistridbute, ve think there is conservatism in our analysis.

Two areas are definitely conservativs:., One is ve
are using yield stress of, in this case, 45.6 XSI, where at
these locations the deformations associated with large
strain would not create problems because they are very local.

In reality rupture should not occur un.il ve get
up to the tension capability. This is 516, grade 70
materials, so probably ultimate capability is going to be 7%
to 80 KSI in the material.

¥R, SIESS: Are you welds as ductile as the base

material?
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MR. ORR: The welds are stronger than the strength
of the base material. The wveld gqualification requires that
the veld, the test of the weld and the weld qualification
procedure must shov at least the minimum strength of the
hase metal.

So the wveld can develop the yield capability
definitely. It is questionable once you get to the full
tensile capability wvhether it is the weld, the heat effect
or the bas2 metal that is going to fail first.

¥R. SIESS: How ductile are the wvelds?

"R. ORRs They are fairly ductile.

MR. SIESS: Because you can simply compute how
much conditional strain you would have to get in those low
stress areas to get the whole thing up to your average, can
ycu not’

MR. OERs Typically the welds have greater suction
properties than the base naterial itself. This is a T
joint. It is a full penetration weld with a fillet, in
addition, so that the minimum section is going to be just
probably adjacent to the weld.

MR. SIESS: If you just subjected this to uniform
strength, yvyou just pulled it up, when you got up to the
maximum strain you could put on it would be the yield strain
for the strongest part of it. The others wvculd all .- at

yield, and then that would yield.
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MR. ORR: I think the main gquestion is how nmuch
flexibility there is in the platform. You are going to be
able to redistribute the load from the slightly softer hard
spots to the stronger hard spots.

MR. SIESS: lexibility helps.

MR. ORR: Flexibility helps, yes.

¥R. SIESS: The worst case you could have would bde
ur.iform strain in the early yield areas. It would go
plastic. It is just a gquestion of howv much strain they
conld take to redistribute to the others.

Now, if it is more flexible, it dcesn't take that
much, right?

MR. CRR:s Right.

MR, SIESS: And maximum strength you can get is
that 137 psi elastic strain, and tuen you have got the whole
thing if it is rigid. Isn't that right?

MR. OBEs Right.

MR. SIESS: So that's not very auch strain. That
is tvice the yield strain.

MR. ORR: We feel comfortable one can indeed
develop the total yield capability because cf the ductility
of the wveld and the ductility of the local regions.

The other area of conservatism is we have assumed
all of the uplift on the shell is taken out at these hard

spot locations. In practice there are locations on the main
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deck where the pressure locad acts on the ved frames on the
girders, and the girders in turn carry the lcad back tc the
shell.

So there is both a reduction in load that has to
be carried by the hard spots, and in addition, there is the
material in thevebbed girders themselves vhich are capable
of resisting some of the uplift.

We have not taken credit for it because it is
difficult to quuntify the relative stiffneszes and how much
load goes into the wedb frames and how much goes into the
bulkheads.

MR. SIESS: What about the stress in your shell
just above those checks? The stress in the shell wvon't be
yniforaly distributed.

MR. ORR: It will be highly non-uniform, Ddut it
vill still be elastic in that portion cf the cell.

MR. SIESS: So that is a thick shell?

¥R. ORR: It is at least an inch and
three-eighths. “e think wve may have to go to an inch and a
half because at that leve! of stress is the top-up portion
of the shell; five-eighths inch plate will clearly be
inelastic.

¥R, BENDER: If you could put that figure 20 on
for just a mincte, it must have been the fourth slide --

yes, it was that one.
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¥R. CER: This vas the capability as wve presented
it back in 1979%.

MR. BENDER: Can you point out on that thing where
it is you are computing the stresses a little better?

¥R. ORR: Yes, ve are computing the stresses
corresponding to the connection of the shell to the main
deck. The shell is cne and three-eighths inch. The main
deck is one and one-half inches.

Some of the backup structure immediately delow the
shell, because it is only taking the longitudinal component
of the lcad and does not have to take the hoop component ==
the shell does. The backup structure is actually thinner
than this naterial.

KR. BENDER: You are computing a stress right at
that corner. 1Is that correct?

ME. ORR: It is ‘.amediately bdelov the main deck.

¥8. SIESS: To tie down <he whole structure
holding 1it.

B3, BENDER: Thank yo . I was Jjust trying to
understand it better.

¥R. ORR: Okay. We have reviewed the backup
structure. We have already got in in this location in the
platform, and ve think we are fairly clcse to the maximum wve

can get 1in.

T™ere is a lot of pipring, systems and mechanical
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components in the area. It is difficult to put an
additional structure up. Sc ve feel the 80 psi number is
about the limit of the current design.

We have looked at what is involved in increasing
the other locations to the same 80 psi capability, changes
ve have tc make. We have to increase the thickness of the
top course. It is elevation 189. This should read
elevation 224, and we increase it from five-eighths to
one~-inch plate.

We increase the shell courses that are currently
seven-eighths te one-inch plate between elevations 162 and
199. T™hen wve have various options on how to increase the
capability of the egquipment patche.

The brute force is just tc increase plate
thickness from one inch and three-eighths to one inch and
three-gquarters. There are alternatives. We can add
stiffeners because the limiting conditicners is a buckling
condition, so we zan add stiffeners tc prevent buckling, or
ve can reverse the orientation at the head s¢ the pressure
it seizes on the inside radius instead of the outside radius.

So any one of these options can be used.

Just in summary, v2 feel the existing shell is
capable of vithstandiﬂq a pressure of 55 psig. The
capability of the shell-platfora interface, 8C psig, and it

vould he possible to increase the capability tc mcdify the
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shell courses and equipment patch to obtain that 80 psig at
all locations.

Thank you.

MR. SIESS: What is your design pressure.?

¥R. ORR: The design pressure is 15 psig.

¥R. HAGAN: Dr. Walker will present the analytical
material on hydrogen combustion.

¥R. WALKER: The purpose of my presentation is to
discuss with you the results of our containment pressure
calculations for hydrogen bdurns in the ice container
containmente.

As you showvw, Offshore Power Systems is the
developer 2f the classics code, and this code was used to
calculate pressure transients resulting from hydrcgen burns
from holding cospartment containments like ice condensers
for degraded core condition.

The code was used extensively for the Sequoia
hydrogen burn transient calculations and wvas discussed with
ACRS during review of that calculation. The calculations
vhich I shall report to you today vere performed with this

classics code.
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The first vievgraph presents results cf bounding
calculations. This is for an adiadatic burn of hydrogen,
and the pressure is plotted as a function of the pounds of
hydrogen burn. The calculations, first of all, assume

unifora sixing of the generated hydrogen pricr to the burn.

|
¥R. SHEWEON: Sir, down there it says "MNass cf
hydrogen in containmsent.”™ That is not right. It vas
actually wvhat vas burned, is that right?

¥R, WALKER: What we are assuaing is complete burn
once it ignites. So it is the mass of hydrogen in
containment wvhere these adiadatic calculations, it is
assumed that all of that hydrogeu buras.

YR. SHEWNON:s Whereas, that is really physically
impossible?

¥R. WALKER; Yes., These are adiabatic.

Just for a benchmark, the 2200-pcunid number at the
end of the bottom axis is indicative of all of the core zirc
vater. In these calculations, individual burns vere assumed
in each of the compartments, and the highest pressures vere
geuerated in the upper coapartnent vhere the burn lasted the
longest.

The calculation shoved, with the conservative
adiabatic assumptions, very high pressures would le
generated for hydrogen in excess of abcut 100C pounds. They

vould exceed our containment capability that ¥r. Orr Jjust
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discussed. Also, on these calculations, a
six-foot-per-second flame speed wvas assumed,

On this next viewgraph are numbers genecated for
adiabatic burn calculations. The purpose of the
calculations vas to assess the reduction in pressure that
might be realized with the vent pipe concept that Mr. Haga
showed you at the beginning of our presentations.

In this set of calculations in the aiddle, ve
assumed there vere 30 feet of vater in the vent pipe.
Calculations were performed for a 10-sguare-foot vent area,
vhich is a little more than represented by the four 18-inch
pipes, for a five-square-foot area, which is 2 little less,
and, of course, for no vent, for comparative purposes. And
for various fractions of zirc vater reaction, hydrogen
released, 25, 50, 75, and 100.

In addition, ve assumed ruptured disks set
pressures cf two values: 45 psig, and 22 psig r-ptures.
The 22 rupture pressure represents an increment above
current containment design. And the 45, an increment below
vhat we have calculated tc be cuvrrent containment
capabdbility. You will remeaber that number wvas about S5
vhich would be contained as currently designed.

As you note, when you get to large fractions of
zirc vater reaction, there is some reduction in peak

containment pressure attributable to the use of the vent
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pipe here from 114 to 90, for the high-rupture pressure
acsain from 114 to about 90. And these rapid pressurized
transients, the rupture disk pressure setting doesn’'t »ake a
lot of difference to the peak pressure region.

But you will note for zirc vater fractions, like
75 or 100 psi even with the vent systems present, the
ultisate pressures in these bounding calculations exceed
containment capacities. The vent system is simply not
effective in preventing containment overpressure.

We also did a calculation assuming that ve would
clear some of the vater from the pipe in some manner to
detersine vhether or not the fluid column in the vent pipe
had any effect on the pressure response. You can see it has
very little effect when you compare two values with a
30-foct and 3-foot vater head.

¥R. BENDER:s If I understand the zirc wvater
percents properly is it all the zirconiu:, or are wve talking
about just the cladding? When you say 7% percent zirc wvater
teaction, is that 75 percent of the clauding or 7% percent
of the cladding plus structure?

MR. WALKER: I think ve have assumed all of the
zirconium in the core.

Am I right? Let ze ask 4r. Perry back there.

MR. HAGA: That includes all of the zirc alley.

The tube as well as the plugs at the end. That is in the
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core.

MR. SHEWMON: Let me confuse the guestion
further. I think vhere this has come up is in BWRs vhere
their channel block is that and maybe stuffed top and
bottca. Now, in your case, you don't have any of the
channel boxes, the plug is still just part of the fuel
element. Is there a structure up above for pickup and flow
deflecticn and other things?

MR, WALKEF: I am not completely up tc date. But
to my knowledge, there isn't any other zirconium. The rest
of the structure is stainless, and the grid structure is not
zirconium. But I could bde cut of date with the latest.

MR. BENDER: I vas just trying to make sure ve
understcod.

¥E. SHEWFMON: Okay.

MR. WALKER: Jus~ in summary, from this viewgraph
ve conclude that a vent system of reasonablz size is not
effective in preventing excessive hydrogen pressures for a
hydrogen burn transient. Similar conclusicns have been
reached in the industry and by NRC staff, as reported to you
by Mr. Ross at the January full committee meeting.

Just in response to an earlier guestion by Mr.
Ward, just so you are clear, before 18-inch pipes represent
a vent area equivalent to a single three-foot diameter

pipe.
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¥R, WABD: Well, the flow resistance of the path
depends upon the length of the pipe and the back pressures
at the submergence here is significant, I presume.

¥R, WALKER: Yes. That vas included in the
calculaticn.

MR, WARD: VYes, I can see where these calculation
results include that. But if the requirement is a 36-inch
hole, the four 18-inch pipes will not be quite the
equivalent of that, I should not think. -

MR. WALKER: Right.

MR. HAGA: Let me make a comment., Regardless of
what kind of system you place dovwnstream of that hole, there
vill be resistance and it will be comparable to resistance
experienced in this system. Any filtering medium or any
pipes that conmect to that penetration will also have
pressure drop and resistance. It ¥ill end up to be
comparable.

¥R, WARD: Well, I guess it may or may not. Who
knovs.

MR. OKRENT: I guess your result for the modest
effect of a 3-foot diameter vent on hydrcgen burn is, as you
say, what one had before and does not come as a surprise.
And I am sort of curicus why you show it this wvay, since T
have not assumed this is what the staff had in mind vhen

they said that such a provision be included.

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



12

13

14

18

16

17

18

19

21

8

23

24

33

Was it your ispressicn that they had in aind it
vould be useful for hydrogen burning under the circumstances
you pestulate then?

MR. WALKERs Not recently, no. In earlier tizes I
think there vas some question in that regard.

Okay, the results of additicnal hydrogen
calculations. Passive heat sinks have been incerporated in
the clasix code, into our clasix code. But not yet
radiation heat transfer.

I would like to show you nov the effect of the
passive heat sinks and the containment safeguards wvhich
iaclude sprays and coolers and then ice. These will Dde in a
series of viewgraphs.

¥B. SHEWMON: If a passive heat sink does not
allov for radiation, what does it allocw for?

MR. WALKER: NMarty, wvould you like to explain how
that is modeled? I will let the modeler explain that to
YOuU .

ER. FULSs' ¥artin Fuls, Offshore Pover Systesms.

All this has is various correlations for the heat
transfer uring Tagami,Uchida. This one vas using the
Tagami.

MR. SHEWNON: T am a simple country boy. Come

Oone

¥R, FULS: Convected heat transfer.
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MR. SHEWMON: Thank you.

MB. WALKER: Passive heat sinks are in the first,
and you can see there is some reduction in containment
pressure when these effects are accounted for.

The second viewgraph adds the effect of the
containment, full containment safeguards, wvhich include
sprays and fan coolers.

¥R. HAGA: Excuse me. There aren't any coolers,
just recirculation fans.

¥R. WALKER: Excuse me. Just recirculation fans.
Ckay. You will see that cn this. This line is extended.
The 80-pound pressure capability is reached at around 2000
pounds of hydrogen burn.

MR. SHEWMON: The cooling then dcesn’'t blow
anything more past the ice or the fans; it does increase the
amount of convective heat transfer? Is that what ve are
seeing here, or is there another sink?

¥R. WALKER: Mr. Perry wvwill address that
question.

¥R. HAGA: The primary effect is the spray system.

MR. SHEWNMCN: I misunderstcod an earlier comment
then.

¥R. HAGA: There is scme effect from the
recirculation from the fans which flows through the ice.

MR, SIESS: But there are no fan coolers?

ALDERSON REPORTING COMPANY, INC,
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¥R. HAGA: There are nc fan coolers.

MR. EENDER: How fast is this happening vhen ve
are talking about picking up the heat with sprays?

MR. HAGA: This is a 2C-second burn time.

MR. BENDER: And the sprays act fast enough to do
that? Fine.

MR. SHEWMON: It is assumed the sprays vere in
operation, so there is a burden of moisture around,
particulate, I assume, that is evaporated by the front or
something.

¥R. OKIENT: Instead of singing in the rain, you
are burning in the rain.

(Laughter.)

MR. WARD: Could you sketch in there the point
vhere the line for the vented containment would le?

¥R. WALXER: The line for the vented containment?

MR. WARD: Yes. I mean if you had these four
18-inch lines.

MR. WALKER: Let's go back and look.

MR. WARD: Well, I guess the 100-percent mark.

MR. WALKER: You would have to go to the
100 -percent burn situation and you can see what the pressur=
reduction is. It is a magnitude cf about 35 pounds for that
sort of turn.

¥R. WARD: Okay. So the vented containment Line
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vould be to the right of all of those; is that it?

MR. WALKER: I guess the way I would do that would
be look on the viewgraph you are looking at to see with full
safeguards pressure calculated for full hydrogen burn is of
the magnitude of 80 psi And if you look on the viewgragh for
a transient that produces an 80 psi peak pressure, that is
about equivalent to 50 percent zirc water reaction, the
corresponding pressure reduction is a magnitude of abocut 15
pounds. So that might give you an additional 15 pounds of
pressure reduction.

The last case vwe did calculations for included the
effect of ice. In this calculation ve assumed there vas
still ice in the ice condensor, and the additional pressure
reduction which might be accomplished by the ice is
indicated on the viewgraph. And if this curve is extended,
there is some additional pressure reduction. And if it goes
beyond 2000 pounds, the pressure is of the magnitude of 80
psi the containment capability.

I recognize as of the -- the radiant heat transfer
ha= not been included in these, and there might be sonme
additional heat conduction attributable to radiant
transfer.

MR. OKRENTs Suppose you have the fan, the ice,
but not the spray. Have you done that?

MR, WALKER: Say it again?
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MR. OKRENT: You have the circulatiocn, you have

tha ice, but not the spray, the containment spray.

MR. WALKER: Are you asking what the pressure

curve would look like?

MR. OKRENT: Yes.

MR. WALKER: We have not done cthat calculation,

but I think it is apparent from the way these curves have

been stepped that the primary pressure reduction effect is a

result of the operation of the safeguards systems, the

sprays and the fan. And the bulk of that effect, as ve

mentioned earlier, is due to the sprayse.

MR. YAGA: We can give a rough judgment that it

would be a little to the right of the passive heat sinks

line.

MR. WALKER: A line in here about like this
(indicating).

MR. HAGA: Yes.

MR. OKRENT: Another guestion: Suppose you have
the spray but not the fan?

MR. SIESS: Then it would be a little bit to the
left.

¥R, WALKER: There is just a small reduction from
the fans. So perhaps on most == on top of the existing
lines for safeguards.

MB. OKRENT: Now, is the spray in both
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compartaents?

MR. WALKER: Noj; it is Just in the upper
cospartaents.

®R. OKRENT:; And you don't need the spray in the
lover one to keep the pressure down?

¥R. WALKER: Do ycu want to address that
specifically? There are no sprays there, and the pressures
are not excessive.

ME, OKRENT: So you are expanding it tc somet’ing.

¥R. HAGA: These calculations are based upon the
system as it exists, the cospartsent doors and the spray
system, so you get this kind of behavior with a spray only
in the upper compartaent. As you knovw, the Donald Cooke
tlans has sprays upper and lover, and it will vork either
vay .

But these are the results with the sgray oaly in
the upper comparctaent.

MB. SIESS: And even so, the fans don't make all
that much difference, although they circulate air from the
apper to tha lowver?

¥R. HAGA: That's correct.

ME. OKRENT: So it sust be the six-foot-rer-second
flase speed that is critical. I mean if it vere 2 million
feet for a second --

MR. HAGA: That wvould be a precblem,
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¥R. OKRENT: =-- it would be a different
sitvation. Yes.

MR. WALKER: All right, the next set of viewgraphs
shov the result of calculations performed assuming
distributed ignition source available in the containment
such that combustion will occur in each compartment when
hydrogen concentration exceeds 10 percent.

Before I show you that, let me show you the
assumptions utilized in these calculations. We did the
calculatiors over a range of hydrogen release reates to the
containment. The range was from one-half to five pcunds per
second. #We assumed 100 percent zirc vater reaction
equivalent.

We assumed ve had full functioning containazent
safeguards. We utilized the effect of passive heat sinks
and no radiant heat transfer, of course, since ve don't have
that incorporated in our code. We assumed distributed
ignition source and 100 percent burnout at 10 volume percent
in any compartaent.

We assumed that vhen the hydrogen concentration in
that compartaent reached 10 volume percent, there would be
ignition and burnout of the hydrogen in that compartment.

These are the calculation results. The tiame
column is simply the result of taking the burn rate and

assuming that burn rate -- I am sorry -- taking the
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generation rate and assuming that generation rate is in
effect until the 2200 pounds of hydrogen are precduced.

Calculated then are the peak pressures which occur
for each of these hydrogen generation rates.

Of significance, of course, is at the low
generation rate. There vere no burns at the upper
compartment. For all of the subsequent release rates, the
maximum pressure occurred in the upper compartment,

From the standpoint of calibration, generaticn
rates calculated for the TMI event are in the range betwveen
one-half pound and one pound per second. And the March
calculations for the small-break
loss-of-injection-capability transient indicated a maxisum
generation rate of about one pound per second.

For this set of calculations, vhich ve consider
much more realistic than the previous ones presented, you
vill note peak pressure is up to about three nounds per
second, or adour 25 pounds or below. And for four and five,
in the rany ! ) to 35 pounds.

MR. SHEWMON: If I can come back, the total time
here is the time then to burn the hydrogen produced by all
of the zirconiume. Isn't that the tinme to the first burn?

MR. WALKER: No. The time listing is the tinme
regquired to generate all the hydrogen

MR. SHEWMON: Yes, but what is the time to the
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first burn?

YR. WALKER: That is variable. There are multiple
burns.

MR. SHEWMON: Give me one of them.

MR. WALKER: I would have to go back to the guys
vith the detailed plans at the back of the roonm.

¥R. HAGA: Let us take a look at some printouts
here and we can tell you that in a minute.

¥R. SHEWNMON: Okaye.

¥R. WALKER: While he is looking, let me sention
to you there are multiple durns that occur as a result of
these transients, and the maximum pressure may occur in the
first, second, third, fourth, or £ifth burns.

(Pause.)

ME. SHEWMON: The temperature of the structure
goes up each time, sco you are likely to get a higher
pressure but you have less oxygen, so it may not burn as
vell.

¥R. WALKER; Remember, these are transients
calculated with the spray system operating, so the
temprature comes back down again when the burns are being
separated by time.

NR. OKRENT: I think we are going to have to move
along or this topic. We have three or four more.

MR. WALXER: Do you wvant to wait for that?

ALDERSON REPCRTING COMPANY. INC,
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MR. SHEWMON: (Nodding affirmatively.)

MR. WALKER: Let me present my conclusion. We
have tvo basic conclusions as a reocult of these
calculations.

First 2f all is the one Dr. Okrent mentioned,
vhich has been obvious to all of us for quite a while. And
the second is the peak pressures are vell vithin the
containment functional capability with safeguards
operational and this distribduted ignition sources.

¥R. BENDER: One gquick point while Blair is going
up. This is based upon some prescribed spray system. Is it
the largest spray system you can conceive, the cne in there,
or wvhat?

MB. WALXER: The one in our plant right now.

MR. BENDER: Would there be an impact of having
sore capacity in the spray system?

¥R, WALKER: Not msuch. ¥We don't think tnere would
be much impact of even operating two or three of the four
availadble trains. It seems the pressure would be about the
same.

MR. OKRENT: You wvould need a better raincecat,
though.

(Lauchter.)

¥R. HAGA: This slide summarizes vhat ve believe

vould be appropriate requirements in manufacturing license
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and consideration of a degraded core accident.

First of all, it is an accident similar to the THMI
accident vith zirconium vater reactions up to S0 percent of
the total in the core.

Second requirem+ t would be hydrogen release rates
up to a maximum uniform rate of one pound per second. You
have just heard from Dr. Walker that that is the maxisuam
rate calculated by the March code for SD2 type accidents.

We believe the containment pressure calculation

\
resulting from hydrogen combustion, if any occurs, should be
based upon realistic methods of analysis, realistic heat
losses to sinks, realistic assumptions for operation of
safeguards and mitigation features. And C here really leads
to D and E. That means that the burns initiated by
distributed ignition sources, again, if provided, and if
there is one single active failure of containment safeguards
-=- in other words, if you have fcour spray pumps and four
fans involved, either one fan or one pump would be assumed
to fail.

And the final assumption is that electric pover is
available either on or off site. And finally, the
calculated containment pressures shall be less than the
functional capahility of the containment defined by plastic

analysis metio!: including consideration of the effects of

deformsations and actual material properties.
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This last slide summarizes our understanding of
‘ne status of the manufacturing license application with
respect to NRC requirements. We believe everything else has
been taken care of except what is shown on this viewgraph.
The first requirement are those requirements in NUREG-0718.
We have submitted responses in April of '80. The latest
revision of 0718 would require minor revisions to that
submittal.

The second requiremsent is reliability evaluatiocn.
We have already committed in that response of July ‘80 to do
that evaluation. And wve will factor that evaluation in the
design as it progresses. As a matter of fact, ve have
already done some of this kind of wvork on several of the
systemes in the plant. We did that, I suppose, two years
ago.

Another requirement is a provision for a flanged
penetration in the containment. We will do that if it is
required. And containment pressure capability, currently wve
have a 1S-pound-per-square-inch design pressure with a
$S-pound gauge functional capability. We could have
required increased iocads to 25 pounds gauge design and 80
pounds gauge functicnal capability.

Two other requirements for near-term construction
perasits and manufacturing license relate to siting and

evacuation. And wve understand they are not applicable to
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our application.

As I indicated in ay introductory rcmarks, wve
really believe it is time to move on. And I hope the
committee will see fit to recommend to the Commission that a
rule be promulgated and ve get on with the manufacturing
license.

That completes our presentations.

MR. BENDER: Two points. First, the SO-percent
burn is associated with what pressure containment?

¥R. WALXER: Well, you remember the charts you
vere just looking at?

MR. BENDER: [Yes.

MR. WALXER: They vent 25, S0, 75, and 100. So if
ve could get one of those back =--

MR. SIESS: That wvasn't the one-pound rate,
though.

MR. BAGA: The one-pound-per-second vas for
100-percent zirconium vater reaction.

MR. SIESS: And in one pound per second you only
got 25 psi.

Mr. AAGA: That's right. I don't remembder, dut I
will take your wvord for it., I don't remember the exact
number, but it is not a high pressure.

MR. SIESS: If the staff accepted ycur

recommendations for this requirement, you wouldn't even need
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to modify your containment, would you?

¥B. HAGA: That is correct. We believe these are
a reasonadble set of requirements for the near-term
applications. If you recall, I mentioned it is an accident
similar to TMI with up to SO percent zirconium vater
reaction.

MR. BENDER: [ realize that is your
recommendation. I vas trying to see vhat you could really
do. And I probably could have gone through this exercise
vith y2u, but 80 pounds is somevhere close to what, between
S0 and 757

MR. HAGA: Well, if you take zero vent area, for
exanple, SO-percent zirc wvater, the peak pressure is around
-=- jt is slightly over 80 here. Remember, these are
adiabatic numbers ve are looking at here.

¥R, SIESS: That is one burn, isn’t it?

¥R. OKRENT: 1If it is adiabatic, it doesn't matter
hovw many burns.

MB. HAGA: The energy is Just put in the
containment.

MR. BENDEE: 1If I take it out wvith the sprays,
that helps to some degree?

¥R. YAGA: Yes. And then you aove to this chart.
This is 100-percect zirconium wvater reac’ion and it has

safeguards operating. You get results of one pound per
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second for 100 percent; you get a result like 25 pounds
gauge. So you would get something less than that, there,
only 50 percent.

MR. BENDER: It sounds to me like with the right
combination, the number could be higher than 50 percent.

¥R. HAGA: Oh, yes, it can be.

¥R. BENDER: So when I read these recommendations,
I read thea as 50 pounds based upon some adiadatic burning
vith some current pressure limit on containment. If I want
to take the other combinations, I think it wvould be more
enlightening to see what it might turn out to be.

NR. HAGA: We are saying wve believe this is an
approgriate set of assumptions, and ve believe this is a
reasonable assumption. You can gec 7% percent or 100
percent, but we think these are a reasonable set of
assumptions is what I am saying.

MR. SIESS: But not conservative, necessarily.

MR. HAGA: Not unconservative, either.

MR, SIESS: There is no conservatism in three.
Everything is a realistic analysis.

MR. HAGA: But there is conservatism here
(indicating). TMI is something between one-half and one
pound per second, as I heard a moment ago. S0 there is some
perhaps conservatism here. This is a uniform rate over the

time span to consume the hydrogen associated with a
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SC-percent zirc vater reaction.

¥R. BENDER: If I assumed the existence of the
sprays as a heat sink, I could durn all of the hydrogen; it
is just a matter of how fast I could burn it.

MB. HAGAs That's right.

MR. BENDER: I think that point should not be
ignored.

MR. HAGA: I do not wvant to obscure it at all. We
present these siaply as what ve believe are a reasonable set
of assumptions.

¥R. OKRENT: Could someone remind me, is there a
tvrbine missile gquesticn open on the FNP, or is that
resolved?

¥B. HAGA: Since you asked me, I think it is
resolved, since the regulatory guide permits either
orientation of the turbine or analytical results on
probability. And ve chose the latter, and I think it is all
settled.

MB. OKPENT: I dida‘'t knowv vhether, if you wvere
relying on probability, for example, any of our recent
experience with turbine cracking would have to Le factored
into it or not.

¥R. HAGA: It would have to be considered. 3But
correct me if I am wrong, it would not change the results.

¥R. OXKRENT: I don't vant to get into it today,
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but someone might think of it, on the staff. It is so long
age, as you pointed out, I couldn't remember quite vhat the
basis vas.

MR. WALKER: As far as I know, the only thing ve
didn*t settle with the committee outside of post-TNI items
is the guestion of howv you handle accident probabilities for
things like ship collisions. We had a discussion but never
got a letter on that point.

MB. HAGA: Bemember, you asked about the green
ships and the purple ships?

MR. GKRENT: VYes, I know. We had better move
along. Is the staff ready for their presentation?

MR. PURPLE; Yes, we are. First I will explain we
haven't found Mr. Denton yet, but I will proceed in his
stead.

Since our last ACRS presentation and, shortly
thereafter, the Commission presentation, the staff has been
continuing to work on trying to develop these requirements.
As you may recall where ve stood as of the last time ve
spoke to the full committee at least and to the Comission
for the special measures for these pending CPs, wve had
several areas ve identified.

One vas to require a full plant site probabilistic
risk assessment to be performed. The other was the

three-foot or equivalent hole or holes in containment. And
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the third vas a specification of a strengthened containament,

and ve attempted to specify a number for that.
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As of today ve are still carrying the
probabilistic risk assessmsent and the three-foot hole or its
equivalent in more than one hole.

We are still Poping to achieve suitably
strengthened containment in all of the pending CP's, ar. ve
think ve are being close to being able to define that in a
more meaningful vay and a vay that had more of basis than
ve were able to articulate a month ago.

Since the last mseeting ve have had -- wvell, as a
matter of fact, just yesterday ve had the benefit of hearing
the presentation you are hearing today from -- well, ve
didn't hear OPS yesterday. We heard them on the 23rd of
January.

Yesterday we had three sessions, one with General
Electric on their Mark III's in general; ancther
presentation froe Boston Edison for Pilgrim=-2, and finally
the longer presentation from Houston Lighting and Pover on
the work they had commissioned last fall.

We have not had a lot of time to think :bout vhat
ve heard, but ve 40 have a draft position that I vould be
happy to hand out to the subcommittee for your review
betwveen nowv and the committee meeting.

Then I will try to describe wvhere ve are coming
from on that.

One of the things we wvant to make sure we stay

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



10
11

12
13
14
15
18
17

18

21

& ® B B

S2
avay from and ve vant to specify that like wve want to stay
avay by a factor of two from any detonation condition in any
of these containments on hydrogen. For that wve had a stated
requiresent.

Al, you can pass those out ncv, and I vill come
back to these if you want to get into the wvorded language in
aore detail.

So we do have a requirement that these applicants
desonstrate that they can stay vell awvay from any condition
that would lead to detonation. This implies in our Jjudgment
that they will all either have to put in distridbuted
ignition systeas or some form of post-accident inerting.

MR. OXKRENT: This is local detonation or =--

MR. PURPLE: Widespread uniformly mixed
detonation, not local, given that it appears that these
applicants will be required to have either distributed
ignition or post-accident inerting.

We are not prepared to proscribe vhich is the best
today. I don‘'t think ve knov enough about it. Certainly
post-accident inerting is a newv idea without a lot of study
yet, but e2ch of those hydroqqn control aeasures results in
certain increased pressure in the containment if they are
ever used, one, from the aultiple durning in one case, or in
the other case, siaply by adding more atmospheres of gas

into the containment.
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So we want to be sure the containments will de |

able to withstand these added pressures, so ve have vritten
a requirement to preserve t'2 containment when these systems
are in use, and our criteria in this case wvill te to ask
that they demonstrate that they do not go beyond yield in
the containments when the systems are actually called into
use.

I think the proper expression is the ASNE service
level C criteria.

Given that ve don't know which of the two options
eithe: an applicant would choose or that we may ultimately
settle on as being the required one for the degraded core
rulemaking, for example, we wvorded this requirement such
that the applicant sust determine which is the more severe
in terms of the pressure. -=- That would be item three in the
handout I gave you =-- the more severe in terms of pressure
transient, if you will, of either burning hydrogen or
post-accident inerting CO-2.

We specify CO-2 in the vording of this requiresent
not because ve have settled on this CO-2, but bdecause of the
tvo viable options ve have discussed betwveen CO-2 and
halon. CO-2 has a higher pressure, SO ve are not choosing
C0-2, but by -yvecifying it for this requirement of pressure
containment, ve are sure ve are on the upper bound,

depending on what people may choose or what may be required
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in the future.

The main idea ~-- and I vant to repeat, ve are
still focusing on what ve want to accomplish by all of this
risht nov == is not to foreclose options as the rulemaking
proceeds, SO ve are concentrating on the containment
structure it.

We are not concentrating on the various subsysteas
that may 4<¢ in. We are not trying to specify vhat a
post-accident inerting system aight look like. That is a
system vhich could be installed later on, in our view, and
by letting the CP's proceed with the construction of the
basic containment, you have not foreclcsed those kinds of
options.

So our main focus has been and is tcday on making
sure that the containment itself gets filled in the manner
that doesn’t foreclose various options.

Now, given that it is possible that there 2ay be a
post-accident inerting system installed, I believe it 1is
prudent to believe that sometime during the life of the
plant that post-iccident inerting system may ¢o off wvhen it
is not wanted to go off, and inject an overpressure into the
containment.

We would not vant to de in a coudition of yileld
stresses at that point, so the requirement, which is number

four in the document I handed out, is aimed at making sure
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that the design basis stresses and pressure and capability
of the contsinment is such that it is not exceeded when
there is an inadvertent introduction of carbon dioxide.

Again, ve specified it be carbon dioxide so ve are
reasonably sure wve have upward bounded it.

Item nuasber f£ive on page two, the first set of
itess, one through five, apply to all three types of
reactors under consideration. Ttea number five is siaply a
restatenment of a three-foct diameter cpening or its
egquivalent.

de believe from vhat we have heard from the
presentations yesterday and earlier froa OPS and again
today, that these requirements as stated will result in the
necessity for some strengthening of the containments as
presently designed on the one hand, and on the other hand
that they can be reasonably achieved vithout major redesign
effort.

We have had some discussions about major
redesignings and vhen ve say major redesign, ve are speaking
of a design change possibility that aight invalidate the
basic containment concept. recognizing they may have to go
back and do a full redesign of *he containment.

When ve say major redesign, without a major
recesign we mean without invalidating the basis containment

concept which has been posed.
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Now, in the presentation you will hear in nmore
detail in a few ainutes from Houston Lighting and Fower, ve
have reflected it in this paper. They vent beyond looking
at simply aitigative features. They looked at a spectrums of
mitigative, as well as preventive features, and rated these
in terms of the potential risk reduction and rated them in
teras of iapact on the plant schedules and cost.

They ended up identifying one possible preventive
measure that was, as I recall, either small cr medium impact
on the plant, which they believe would provide a factor of
five risk reduction on the preventive side, and that is the
item identified on page two, vhere it says for BWR's to add
an in-containment isolation condenser.

You will hear much more abcut that in the ensuing
prasentation. We have locked at that enough in the short
hour since we have heard of it to believe that was a good
idea. It sounds like a large return, SO we are proposing to
add that into the regulatione.

In dealing with the pressurized vater reactoers, it
is not clear there could not be a similar type feature which
vould be as worthwhile, soc we have added as a final item on
page *vo that as part of the probabilistic risk assessment
performed, that the BWR's with ice condensers and large dry
containments specifically lock at the feasibility and

returns of putting in a thing that is functionally similar
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to vhat we are requiring on the BWR's.

So in effect we are deferring for now, since ve
don't have enocugh information, nor has it been looked at
snough to be able to say that ought to be done. FWe are
deferring a decision on that particular item until ve see
the risk z2ssessnent.

Now, that is a very brief overview cof what this
statement of requirements are. It is in draft fora right
now. I don’t anticipate between nov and Friday afterncon
sajor changes, more wordsaithing changes and trying to make
sure we have covered and made clear what we mean by the
language.

We are scheduled for a presentation to the
Commissiocn on the 12th of February, at which we will have
finalized this position, so ve are clearly seeking advice
from the ACRS as to their views on this precposals, and for
vhat they have heard and will hear from the various studies
done by the applicants.

Some specifically noted it would be very useful if
there is a possibility of a letter from the ACES to Dde
forthcoming on this issue sc ve could take it with us,
consider it and speak tc it at the February 12th mseeting.

Those are all of the p 2pared remarks I have.

¥R. CKRENT: Mr. Shewmon?

MR. SHEWNON: This in-containment isolation
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condenser has roughly what capacity? Enough to take all
decayed heat in the absence of any other sink, or what
vaguely are you sizing it as?

MR. PURPLE: We haven't specified a size, and if I
might defer until you hear that specifically, there is a
specific oresentation on that item itself. It should be
sufficient to remcve the decayed heat that would result if
you lost either the RCIC or the HPCS, because that is what
it is a backup for, to take care of the loss of thcse two
items.

YR. SHEWMON: I don't know what those are in PWR.
That wvas a part of my guestion, but go ahead.

¥R. OKRENT: Let's see. You say there are no
other prepared remarks you have from this staff?

¥B. PURPLE: That is correct.

ME. OKRENT: Let's see if I can understand vhat
this propcsal seems to be. Part of the proposal that ycu
forvarded to the Commission in writing, T don't knowv what
the cral remarks vere that accompanied it -- wvere to the
effect that with regard to containment strengthening, they
should a'l be designed for 60 psi, if I remember correctly.

In the oral discussion with the full committ e,
Mr. Denton indicated that should be some kind of a sliding
scale. What I am locking at here, if I interpret it

correctly, seems to now have an approach which leads o
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bases which result from whatever measures one takes with
regard to hydrogen control.

MR. PURPLE: Yes.

MR. OKRENT: Now, I have recently had the
privilege of seeing some staff memoranda, one coming from
¥r. Ernst, and one from ¥r. Bernero or someone working vith
¥r. Banera, both of theam concluding that if you have serious
accidents which go intc the degraded core or core aelt
situation, the public risk rises from the accidents that get
to the core melt, vhether or not the degraded core is less
probable or acre probable than core selt.

They are not necessarily in agreement on which of
these were more probable, but they both felt the risk would
arise from the situation - the greater risk would arise
from situations wvhich got all of the way to core melt.

Let me assume that that is at least a possible vay
of thinking, and since those are the only two staff
memoranda I have seen on this subject, I will assume it is a
part of the staff's thinking.

Why is that thinking not factored in some way into
vhat you have in =zind with regard to containment
strengthening? Why is it all focused on the hydrogen
control guestion?

¥R. R0SS: There is not an altogether satisfactory

ansver. It is true. ¥r. Bernero and I doth have been
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vorking on the dejraded ccHling steering group now for adbout
four months. There has been a lot of discussions on the
fact that wvhat I would call the arrested degraded core or
the terminated degraded core are degraded core somehow
brought back to coolability.

There seems to be general agreement that if you
cope with 4 degraded core and arrest the aegradation and
return it to a cooled state, given that you have perfect
systems that do that, but you have not altered the basic
core melt sequence, public risk has not been diminished very
much.

The complete core melt completely still dominates
public risk. There are not that many sequences identified
that produce degraded cores that produce hydrcgen like ve
are talking about, and then you turn around and you coccl
thea.

So if the net result of all of what we are talking
about is to reduce public risk, we might not have done that
such. Everything ve are talking about today in this whole
effort might produce marked differences in Wash-1400 tinme
studies in terms of offsite consequences.

One of the viewpoints was on these arrestable core
sequences, you would have to have a very high likelihcod of
arresting it before you begin to make an effect. The

rationale for hydrogen, I think, is mcre pragmatic. It
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happened there was an event, and it is difficult to say it
is impossidble given data not tvo years ago.

I think the reason ve are focusing on hydrogen is
primarily that if you took a backwvard look and said, this
reactor facility has 50 or 75 percent metal water reaction
and hydrogen production, what is the likelihood that this
hypothetical facility also has a core melt?

I am sure many times out of a hundred you would
say, ves, it is a core melt sequence. The likelihood of
getting that far and stopping is not all that high, so this
is what I am saying. It is intellectually not a very
pleasing situation because the rationale that gets us there
is not very precise.

I think if you have read the Nuclear Safety
Oversight Commission’s thinking, that may be somevhat the
policy. It happened; therefore, it may happen again.
therefore, ve aust protect against it.

MR. OKRENT: Well, I myself am not prepared to
adopt that as the basis for my judgment. I will just put it
that vaye.

We were supposed to get some other infcrmaticn
from the staff, like what are the disadvantages or
advantages of requiring a dedicated space for the addition,
the possible addition of some future facility for filtered

venting sitvations?
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That vas one of the things on your long list from

a month or twec ago,

whenever we met.
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MR. ROSS: It may be that Jim Meyer can
elaborate. When vere discussing Item S, page 2, vhich I
call the manhole cover, we did discuss putting that in to
provide for the future capability of a filtered vent, cshould
the need for cne emerge from a longer term hearing, and Jia
reminded me that is one feature that would be potentially
useful for the full core melt sequence.

Reyond this penetration, we thought that vas all
that needed to be done at this time. If five years from now
it is decided to put in a full filtered vent containment, at
least you have the access hatch.

MB. CKRENT: Again, thinking back to the
subcommittee meeting we had, I guess it was last month ==

4B. SAVIO: January the sixth, yves.

MR. OKRENT: All right. I am told it was January
6. One of the possible items on the list 2t that time wvas
that you not only have a manhole cover, as you call it, but
you lay out the plant so that if ycu want to use that
manhole cover to connect it to something, you have not put
the restaurants or men's rocms or whatever it is in all of
the places vhere you could possibly connect.

MR. BOSS: I was inguiring from Jim about shculd
one be needed, about how much space might it be. The direct
ansver is ve are not prepared to discuss it much except the

speculation I got from Jim -- and perhaps he should speak
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for himself -- is the space would be anyvhere from a
football field on dovwn, depending on the concept.

MR. OKRENT: You did get our list of questions,
didn’'t you, where ve thuught we would like to have some
information?

MR. PURPLE: I don't recall a list of guestions.

MR. SAVIO: I think Allen discussed them over the
phone.

¥R. BOSS: Let me make this offer. It is not very
helpful for today, but if you have a list and you would like
us to regroup and address the list for the Friday meeting, I
will make that ocffer, but wve don’'t have any preparation on
any list of guestions.

MR, OKRENT: Llet's see. They were transmitted by
phone.

MR. SCHWENCER: I am sorry. I didn't transait
those to the staff. I will have to make the same statement
Denny d4id. W®e will have to relook at that list and have the
staff be prepared to discuss it¢ on Friday.

MR. OXRENT: I guess if in the future ve have to
make sure to send things in writing that ve send by phone.
There wvas also a request, the staff-provided estimate of the
capability of increasing containment design pressures of the
various containment types, since you vere recoamending 60

psi for all containment tyres.

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



10

1

12

13

14

1§

18

17

18

19

21

8

24

25

65

Is there a presentation you have available in that
area?

MR. ROSS: I am not prepared on that.

¥R. VOLLMER: Dick Vollmer of the staff. No, ve
have not made a containment-by-containment concept estimate
of that beyond what ve talked about at the last comaittee
meeting.

HB. OKRENT: Gee, I am curious. You sent
something in writing up to the Commission, as vell as to the
committee, which showved a 60 psi recommendation. 4When you
met with the full committee, the information wvas a little
thin, dut I had assumed by now there would be more
information that you had along this line.

¥R. VOLLMER: The work is in progress, but wve
really haven't gotten any results. We have some of our
structural containments, making estimates of the capability
of the various containments.

We also have some results that were dcne on the
ice condenser type containments in terms of capability and
those vere passed along at the last meeting, but I would
suggest that the information that Offshore Pover Systems
presented here today and that which Houston Lighting and
Power will indicate is quite a bit further than the staff
has gotten at this time.

We were basing the judgments made at the last
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committee meeting on a couple of items. One of these is
there are free-standing metal shell containments, code
vessels which have lbeen built in the field of the pressure
capabilitiss wve are talking about.

de also had some estimates, preliminary estimates
from the staff, that an addition of plate-thickness
stiffeners and other modifications, such as head design,
would bring the capability of the containments up to the
order of 30 pounds and more extreme design measures such as
what we have seen in the design of 60 pound containments
could bring them up to that and might include such things as
field veld heat treating.

We were not able at that time to really determine
in any vay wvhether or not such changes would be of a
magnitude to really effect the fundamental concept of the
containment, either through requiring a different plant
layout or just by the sheer magnitude, require that one look
at a different type of containment because of the costs and
things of that nature, scheduling costs.

So all I can say is I think based upon where the
staff is right now, the information provided by Cffshore on
the ice condensers and by the people from Allen's Creek
would give a better indication of capabilities of
containments without affecting concept.

MR. OKRENT: W®What would you have done if the

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



10

1

12

13

14

15

18

17

18

19

21

S

25

67
committee had said, “Cee, ve agree with the staff,®™ and had
gone up to the Commission, and they appreved it last month,
and said 60 psi for all of these?

Where would you be now?

MR. VOLLMER: I think at this time we indicated to
the Coamittee and the Commission it was our view that 60 psi
vas a rather thin basis, and I think ve characterize it as
such.

I think also, in fairness to your other question
en whether or not hydrogen is a driving ingredient on this,
I think ¥r. Denton in his presentation felt other comfort
from stronger containments could be cbtained beyond just the
hydrogen scenarios.

These were not expanded on at that time, and I
think the general feeling he tried to project at that tinme
vas one of strengthening of containments would be able to,
say, accommodate many of the uncertainties, in particular,
of course, with the hydrogen, but many of the uncertainties
ve felt might exist at that time.

de have learned a fair amount perhaps in the past
month on some of the calculations that have been done by
industry and us in teras of ways or proposals and
calculations, vays to mitigate the conseguences of hydrcgen
and keep pressures there from within a range for doth icge

condensers and Mark III type containments.

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



10

1

12

13

14

15

18

17

18

19

21

B

24

68

It looks like the proposals we have come up vith
here would bde viable wvays of accommodating the worst
possible hydrogen scenarios, and would give us some
containment strengthening, but more importantly perhaps
vould not impinge on any of these concepts, ba2cause the
concepts themselves do have features which are risk reduce" -

¥R. OXRENT: Has Mr. Denton changed his position
then from what he expressed to the committee last month? He
is not here to tell us.

¥R. VOLLMER: In what specifics I will try to
respond. On the 60 pounds, yese.

MR. OKRENT: But he was not himself urging the 60
pounds vhen he vas meeting with the full committee. That
vas in the document you transmitted to the Commission, which
we have had before us. He himself was not doing that.

On the other hand, he was not relating it strictly
to hydrogen control and now I am trying to understand
wvhether he has modified his position to say what we need to
do is focus on hydrogen control.

MR. VOLLMER: I can't answer specifically. I
would say it is my opinion that he is in fundamental
agreement with the way we have -- with wvhat we have laid out
here as a viable position for near-term CP's that vill
address as best we can the concerns prior to the degraded

core rulemaking.
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To the best I know, the ansver is yes to your
question.

MR. OKRENT: Has the staff does its own
assessments of the capability of ice condenser or large dry
containments or Mark III containments to be increased in
design pressure, and vhat the costs thereof are, and what
the practicality is, and so forth on one or any or all three
of these containers?

MR. VOLLMER: As I indicated, ve locked at the
capability of the containments as designed and had done not
what I would have called an analysis, but had dorne a
judgmental review of how we felt the steel containments
could be upgraded.

We have not done it for the reinforced concrete,
and the results of those, as I indicated, vere changinc a
head design, adding stiffeners and plate design. We felt
these containment concepts could get up in the 25 to
30-pound range wvithout extensive changes to the containment.

¥R. OKRENT: Are you talking abcut the ice
condenser asically?

¥E. VOLLMER: Or the Mark III of the steel shell
variety, yes. These vere judgnents. We have not done any
detailed analyses. We have some consultants werking on that
to try to provide independent verification of some of the

things ve have heard from Offshore Power and Allen's Creek.
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¥R. OKRENT: Are there any reports or draft
reports or memcranda either from one member of the staff to
another member of the staff, or from contractcrs to the
staff that deal with the pros and cons and practicalities cf
containment modification for a Mark III?

MR. VOLLMER: Not that I am avare of. Some of it
is in process, dut I know of ndo memoranda to that effect.

M%. OKRENT: Has the staff done any of its own
hydrogen control studies for the Nark III?

MR. ROSS: No. The work we have done so far has
been limited to Sequoia and MacGuire. We are scheduling ==
ve have scheduled our first technical meeting with a Mark
III owner Friday on Grand Gulf where we understand there
¥ill be some proposals by them to put in a distributed
ignition systen.

3ut heretofore, we have spent a lot of time and
money, both us and our contractors on hydrogen control, bBbut
it has been almost totally for the ice condenser.

MR. OKRENT: I suppose you don't have the Denefit
then of any studies by your contractors on changes in “ark
IIT containment and their pros and cons for dealing with
accidents that go to a melted core, if you don't have one
for hydrocgen?

MR. R0SS: No. Considering the acute licensing

difficulty Grand Gulf is in, I expect this to be a very

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., 5.W.. WASHINGTON, D.C. 20024 (202) 554-2345




10

1

12

13

14

15

18

17

18

19

21

8

8

25

i
rapidly developing field, both on our side and the utility's
side, so tvo months from novw I expect us to be in a lot
better shape on this subject than wve are now, just because
ve have tc move fast.

¥R. OKRENT: All right. You don't supgpose MNr.
Denton is going to get here late, do you?

MR. PURPLE: I just have no idea. We have lost
contact with him.

MR. OKRENT: Well, I am going to suggest that
since ve have been going for about two hours, ve take a
short break.

MR. ROSS: Dr. Okrent, let me renew nmy offer. If
wve could get the guestions, we will do what we can to get
some written response by tomorrov night so ycu can deliver
on it before the full committee meeting.

¥R. OKRENT: Fine. Mr. Savio will get you wvhat he
gave orally scme veeks ago. He will get it to you within the
next tvo minutes and ve will reconvene in 10 minutes, and
Houston Fower and Light will be up.

(A brief recess wvas taken.)

MR. OKRENT: You have in this draft some suggested
specific heat removement capabilities as a possible -- I
think before wanting to offer an opinion on these, the
committee would like to understand better why these -- if

you are going to single out specific improvements as either
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required to bde included or to be specifically noted for

study, for example,

why not the kinds of improvements in

heat removal capability that this Sandia group has

identified in their studies on BWRs and PWRs as representing

possible avenues for improving the capability of a plant to

not get into a serious accident. Okay?

PURPLE:s

Understocd, but let me 2ake sure that

I do. The main focus =-- ve are not selecting any systenss

other than those we believe would determine the necessary

strength of the containment.

¥R.
three for ice
¥R.
MB.
¥R.

OKRENT: No. Number two for BWR's, number
condenser.

PURPLE: Those last two iteas, ockay.

CKRENT: Is it clear, or should I restate it?
PURPLE: No, no, I understand.

CKREET: All right. If you understand, I

assume ve will get an

vriting?
“R.
in wvriting.
¥R.

iR.

PURPLE:

OKBENT:

OPREA:

answver. Do we have to send it in

Yoy don't even have to send that one

All right. Houston Power and Light.

I am Executive Vice President for

Houston light and Power Company. We appreciate the

opportunity to meet with you today and be on yonr busy

agenda.
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The express purpose of our being here is to inform
you of the studies we have undertaken relative to degraded
cores and of course give you our views on a proposed rule
the staff has been attempting to announce and enunciate for
the last several months.

We have a two-part presentation. I have some
opening comments. I will summarize a prepared text that
will be given to the recorder, to be followed by a technical
presentation led by our Vice President, Jer:( Goldberg, who
is in charge of our nuclear engineering construction
activities.

At the conclusion of the discussion he will lead,
he will give you our feeling of what should be done with
respect to BWR, particularly the Allen's Creek gprcject, and
also give you an insight into what we think the proposed
rule ought to be, again pertaining tc the policy pertaining
to near term construction permits.

1980 vas not a very encouraging year for our
company and other companies that were involved ia pursuing
the licensing of BWR's. This is our third successive year
of delay on that project, amounting to several hundred
millions of dollars.

We have in addition to the delay a loss of project
schedule and loss. We have been concerned about what

appears to be lack of fiber pertaining to a licensing
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basis. We are scill concerned.

When the COctober policy, interim policy statesent
came out pertaining to what needs to be done for near-tern
construction permits, ve vere concerned with that position
and the various positions that have up to this day leen
brought to this forum.

We are still concerned. We are nov at wvhat ve
think are the crossroads wvith regard to vhether or not
nuclear is a viable option. We need to have a construction
permit for our project, wvhich is Allen's Creek, by March of
1982, and our future and the success of pursuing this
project hinges very strongly on those things that result
from this forum, as well as ensuing NRC action to what does
ensue.

de feel if vwe are to proceed ve must have a
definite approach wvith regard to resolving the degraded core
position pertaining to near-term construction permits, and
ve feel it can happen if regulatory action includes four
items.

First there is a clear-cut understandable criteria
for meeting degraded cores.

Second, there is a sound licensing basis in
support of that criteria that does result in the issuance of
construction permits.

Third, there is a design stability during the
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construction period that will result in sufficiency for
operating licensing purposes; and lastly, that there is a
dedication on the part of NRC in regard to providing
sufficient resources to pursue the licensing process.

Now, as a result of the concerns we had with
regard to what wvas not happening in 1980 and particular to
the licensing process and that which included degraded
cores, ve embarked upon developing a straightforvard bdasis
for licensing the Allen‘'s Creek project, which would account
for degraded core concerns.

Consequently we pursued a guiding safety philosphy
based on risk reduction, and you heard ¥r. Purple identify
that as one of the categories we pursued with vigor in our
studies.

When I refer tec risk reductions, I don't want
anyone to get the uaderstanding that Allen's Creek is not as
it is presently designed, in an adequate state of license
ability. In other words, it is a very good safe project.

We feel risk reduction can be discussed
technically, and wve hope everyone agrees that reducing risk
is definitely a desirable role and one we want to pursue.

When I talk about risk reduction, I mean relative
risk reduction. We believe our presentation today will
earmark to you that Allen's Creek is already designed at a

lower risk level than that 3WR represented in Wash-140C0.
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VNevertheless, we set out in our studies to
determine whether risks assoclated with degraded core
concerns should be reduced further.

We alsc have an understanding after taking the
risk studies that there are three levels of regulatory
activity undervay concerning degraded cores. First is a
long-terms degraded core ruling which, as we all know, will
involve massive time and effort and dollars on both industry
and the NRC staff.

The second level is that relative to the proposed
interis rule on hydrcgen control, and ve anticipate these
studies in addition will require formation of industry
groups in close working with NRC.

The third level at which we are concerned about in
this forum today and to wvhich ve address ourselves concerns
the degraded core considerations for the pending
construction permits.

Our stuiies seek to provide the engineering
information essential to formulate a risk reduction strategy
wvhich could form the basis of a rational licensing plan for
Allen's Creek and at the same time, anticipate reasonable
actions which could accommodate the cutcome of the long-termn
degraded cor: rulemaking and also the hydrogen studies.

Relative risk reducticn seems to us to bde a

reasonable wvay to proceed until a gquantitative safety goal
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is availadle, and I delieve the story you will hear from us
today relative to our study represents that positicn.

I would like to now call on ¥r. Goldberg to
present our technical pesiticn, and also a3 discussion on a
study vhich we have undervay.

Jerry?

MR. GOLDBERG: Good afternoon. Carrying a little
further the remarks of Ceorge Cprea, ve are somewhat
pragmatic in our approach to this particular issue. OCur
plant is approximately 80 percent designed. We feel that it
would perhaps be even more realistic to treat us as an
operating plant rather than a newv constructicn permit
applicant.

We have been working on this unit for about six
years. Anything ve do to address this issue, in our view,
should be done in recognition of trying to get a plant on
the line before the end of the eighties.

To do that ve have to get started with
construction, in effect, next spring. If ve do not it is
apparent to us that Allen's Creek wvill not solve the needs
of our company as far as source of increased capacitry.

We determined at the outset that one of the issues
that would clearly have to be articulated is wvhat can ve do
to increase the strength of our containment? When wve

commissioned a study which was spearheaded by Sol Levy,
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Incorporated with assistance from Ebasco, our architect
engineer for General Electric, one of the clear objectives
vas to establish wvhat margins ve might have in containment
strength; what additional things ve might be able to do to
that design without in effect destroying the vast amount of
vork that had been done to date to enhance its pressure
containment capability, and further, to examine various
features, both of the preventive as well as the aitigative
variety, to provide a meaningful measure of the ability to
cope with a degraded core type accidente.

To that end, ve did in fact embark upcn this
study. Today, ¥r. Levy will present the meat of that
study. He will defer from making any recommendations and
folloving any questions from the Committee, then we will
identify those recommendaticns based upon the results of
that study.

At this point I wvould like to ask ¥r. Levy to
carry on with the progranm.

WR. LEVY;:; If I can just take a little time, I
vill call on Chuck Jochnson to put on the charts because ve
may have to call on some backup charts to ansver guestions.
I think you have pretty well heard wvhat the objectives of
this study vere to be, and I will £1lip that chart and for
the interest of time, not take too auch time on it.

I want to reiterate, we had to £find a way to
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evaluate these options to develop what we think made sense
in terms of a safety philosophy to approach degraded cores.
I think I will hit that very hard because I think the
recommendations that will be made by ¥r. Goldberg at the end
of the meeting will reflect that philosophy.

We decided to look at risks, and I think the next
chart shows what the major risks are in a boiling water
reactor ani vhat ve have plotted nere is the probability of
core damage or containment figure for a year.

The sclid bars are the Wash-1400 values. The
dashed bars are estimates for Allen's Creek. The boiling
vater reactor risks, more than 90 percent of those risks are
actually controlled by three types of failures.

The first one deals with a failure to remove the
decayed heat. What we are talking about there is that the
core is covered with vater. We are moving the enerjy to the
containment suppression pool, but we cannot remcve that
energy from the suppression pool and the containment
pressure increases until the containment fails froa
overpressure.

It is important to recognize that for this type of
failure, the containment failure precedes the formation of =
degraded core. Since I have assumed :zhe core is covered
with water all during this time, the reason I am stressing

this point is to reduce the risk in this area, for examgle,
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a hydrogen control system or filter vent system would not be
cseful since we would have failed the containment leong
before we have to deal with the formation of any hydrogen or
having to filter inefficient product produced from degraded
core.

The second failure is failure tc shut down the
reactor, sometimes referred to as ATWS. This type of
failure again is characterized by the fact that ve have not
been able to either scraam the reactor or to have an
effective injection of the standby ligquid control poison
system.

In this particular czse again, the reactor settles
out at the reduced power level. It pushes the heat It
genarates out to the suppression pool. Again, the
suppression pool temperature increases; the containment
pressure increases faster than the shutdown system
~apability can provide for, and acain in this particular
case, the mechanism is one wvhere containment fails prior to

a degraded core formation.
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The third major failure possibility for a beiling
vater reactor is failure to provide vater makeup to the
reactor. What wve are talking about here is a failure case
where we cannot keep the core covered.

We have incorporated in this bar chart both cases
in which we have a break or a LOCA, a small break or a large
break, or wvherever wve ictually 40 not have any break at
all. Actually, what happens is the primary system is solid,
but we cannot oot,enouqh water to the core to actually keep
it covered. In that case vwe will have really core damage oOr
iegraded core formation, and that degraded core formation
will in turn lead to containment failure.

It is in this particular area that hydrogen
control systems and other things dealt with in some of these
recommendations come into play.. Let me make a few comments
about these dbar chartse.

First, I think with respect to the Allen’'s Creek
estimates, those estimates are prelisinary, but wve think
they are representative of what will happen in this type of
plant. They first shcw the risks associated with this
design are lover than those prescribed in WASH-1400.

The second thing I would like to say is in a
particular case of ATWS ve arbitrarily drev those risks on
the basis that saomething would be done in the area of ATNS

to satisfy the nev requirements of ATWS, and wve put that
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-6
level at one times 10 , because that is the level
specified in the ATWS NUREG document for this type of
vintage plant.

We did not deal with this area on the premise that
the Applicant, General Electric, the staff and ACRS will
reach agreement that the provisions that will be made in
this area will be capable to meet that level. It is General
Electric's contention that what they will propose will
actually give an ATWS risk level lower than what is shcwn on
this charte.

A second comment I would like to make, lecause
what we ars going to deal with is relative risks, wvhat we
have done is to not necessarily enter the argument vhether
the absolute values of these bdar charts are valid. If you
notice, if vou do not believe wvhere those bar charts are,
still in proportion to the WASH-1400 bar charts they remain
relatively at about the same level once we leave out the
AI¥S area.

So I think I would like to state that when we look
at this, what ve will be talking about is what can ve do in
terms of design options that will help reduce the risks
associated vith these three bars. And I will employ the
Allen’'s Creek number and I will do all of my numbers in
terms of reducing the relative risk of the probability of

having a core damage or containment failure.
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MR. CKRENT: Can I ask, just for a point of
information, if you are on a scenarioc of the type
corresponding to failure to remove the decay heat, the one
on the left, if you have souna kind of a pressure relief
mechanisas on the containment set at scme value lbetween
design pressure and containment failure, how much time would
it buy you, if any, to get the system to cool and working
again?

MB. LEVY: We will design that option. It is one
of the design features ve studied as a way to resolve that.

'R. CKRENT: I will wvait, fine.

MR. LEVY: Let me make2 clear that there are some
major advantages that this particular plan offers over and
above the WASH-1400. And I will come back to that point at
the end of the presentation.

On the WASH-1400, any time containment failure
took place core damage followed, because the ECCS pump would
not have enough XPSH. This plant is designed with a low
NPSH pump and containment failure does not mean ve are
stopping wvater pumping into the core and removing heat from
the suppression pool.

Let me make 2 second point. This containment has
a lover vet well pressure *han the dry well, considerably
lover. And if you are actually approaching a ccntainment

figure marked by overpressure, the place you will see the

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



10

1

12

13

14

1§

16

17

18

g4
pressure will be in the vet well., We will come back and
discuss that.

This means any fission products you wvant to put
through that vent that was just created due to overpressure
vill actually fall through the pool in this particular
design. And therefore, the point I want to stress is that
the %ark III design has in it built what I vould call a
vater filter followed by vent, because the vent will occur
on the vet well side.

I am saying, even if wve let the overpressure occur
-- and ve can come back and discuss that point more. The
reason I am stressing it here is bhecause you can see that
this feature will lead to considerably less consequences
than WASH-1400, in which overpressure was actually assuned
to occur in the dry well, and one could not scrub for the
suppression.

In this case the failure will occur in the ve<
vell rather than the dry vell, from overpressure
considerations.

Let’s go to the next chart.

(Slide.)

This summarizes what I've just said. We think the
risk probabilities and the consequences are guite a bit low
WASH-1400. I want to caution that because, havinc said that

-=- and I think, as Mr. Okrent has made clear, ve are not
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saying that you should have to take action in this plan. Ve
believe riskwvise it is at a certain level and a very
satisfactory level.

I think, on the other hand, our study wvas
coamissioned with the idea: What feature could yocu put in,
vhat relative risk reduction can you get? And this is wvhat
I am going to do at this point.

Now, to orient you, ve evaluated what kind of risk
probability reduction factor you could get. First, let's
say if you eliminated all of the failures that provide vater
makeup to the reactor, that says ycu hav- 100 percent
assurance the core is always covered. fou will get a risk
probability reduction factor of 1.3.

If ve eliainated all the failures to remove decay
heat, ve will get a risk probability reduction factor of
2.8. If we eliainate all failures to provide vater makeup
to the reactor and all failures to remove decay heat, ve
vill get a risk probability reduction factor of 8.5,
controlled by wvhat is left in ATWS.

Finally, the last point I want to make is if ve
could be smart enough to devise a aitigation system that
could handle all the things coaing out of a degraded core,
if ve vent mitigation all the vay and said ve vere going to
mitigate the degraded core and wvere smart enough t. t,

all ve would do -- we deal with the last bar chart, and the
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only risk reduction probability factor wve would get is 1.3,

I think vith this in mind I am going tc tell you
which features ve studied, why ve picked them, and what
results ve got for them. This chart shovs a list of
features ve looked at.

I would like to say as an introductory comment
that ve did not start with just this list. We spent several
days, several meetings, creating a auch broader list, and
then narroving the list to some of these features that made
sense to us from a judgment viewpcint, from a risk reduction
viewpoint.

So ve came down to this list as a basis from which
ve should carry studies on.

MBR. BENDER: MNMr. levy, just to be sure ve
understand wvhat you are saying, i1f you provide water aakeup
to the reactor, I guess scme pecple would argue that is
equivalent to maintaining the boiling system and it ought to
provide decay heat removal. Why is it it does not?

¥R. LEVY: The vay the reactor vorks i1 these
events is you provide wvater to the reactor and keep the core
covered. That 2nergy in the vater in this machine tends to
find itself back in the suppression pool. What happens is
you are depositing energy in that water you provided. YNost
of the time in these systems you would have relief valves to

take the heat from the water and put it back in the
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suppression pcol.

That is the mode of operation you get into. Do
you follow me? We have water in the core. It takes the
vater and th; fuel, makes steam. That steam gets carried
out to the suppression pool, vhere it is condensed. And the
suppression pool becomes your big storage of energy to
finally remove decay heat.

¥R. BENDER: I haven't followed your logic all of
the vay, I think. I can see failing the containment by this
mode, eventually. But at the same time, I cannot see that
it necessarily says that there will be fuel danmage.

YB. LEVY: I did not say that there vas fuel
damage in that particular damage. I said I will look at the
risk of probability of having containment failures or having
core damage. The reason I look at containment failure is
once a containment failure occurs you have to transform that
to vhat does it mean to the core.

¥R. BENDER: That is wvhat I vas trying to get at.

MR. LEVY: Those things become more difficult to
get into. And rather than to deal with the consequences,
hov msuch damage ve did, ve remained at the level of
containment failure or really core damage.

¥R. BENDER: Let me repeat what I said. I think
you could have containment failure and still not have core

damage, and that would have important public safety values.
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YR. LEVY: VYes.

KR. BENDERs And you nmay be hiding that in the
kind of discussion you are ®making.

4R. LEVY: Let me answver that by saying, ve run
the calculations all fou:r vays. The numbers I'm showing you
vould get bdetter if you went all of the way, because, as you
indicated, many containment failures do not necessarily lead
to a large amount of fission release.

¥R. BENDER: All right, go ahead. Fine.

MR, OKRENT: I am still trying to understand
something, though. If I have a system that could provide
vater to the core endlessly from the ocean c¢r whatever --
not the ocean, since it is salty, but the eguivalent, you
know -- then the pumps will function vhether the containment
has failed or not, if T understand correctly. And so why
uouldn‘é that system not only handle those accidents in your
bar chart that arise from failucre to provide wvater makeup to
the reactor, but if it will function wvhen the containment
faile it will also have removed any problem from those vhere
the containment fails?

¥R. LEVY: Yes. There are, as you know, decay
heat removal systems that, if this plant is depressurized,
it can bring vater in and take it out, take it through the
heat exchangei:, and not have to use the pool. As ycu point

out, I think those events will turn out to have really no
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impact per se in cerms of creating a degraded core.

The cases ve end up being concerned with are those
that do not have that system, do you follov me, and really
deposit the energy in the pool, and therefore lead to
containment failure, or those that do not give enough wvater
tc the core and therefore creates a degraded core.

The path you described is a success path and
therefore would not appear anyplace on this chart, in the
sense that if they are events they would not produce a
problenm.

MR, OKRENT: Maybe after ve hear your preseatation
we can come back to this observation on risk, because I have
that guestion and a different one as wvell. But let's see
how it goes.

MR. LEVY: The features ve looked at, ve divided
them into both preventive and mitigation type features. We
did not just try to look at one type or the other. And a
range on this chart, for your benefit, addressing these
mafor failure categories:

First, the failure to remove decay heat. We
looked at improving onsite pover source. One of the
possibilities that ve cannot get the heat out of the
suppression pool is where we do not lave pover of any kind
to run those pumps tha take wvater from the pool and take it

to the heat exchangers.
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A second feature ve looked at is one you
mentioned, the possibility that as the pressure in the
containment goes up ve could employ containment pressure
relief and in so doing avoid containment overpressure
failure from that mode. And I will come and describe that
one in score detail.

A third feature wvas to provide another independent
system from the suppression pool to remove decay heat. We
looked at two such systems, an internal system -- Dby
*internal”™ I mean a system internal tc the containment --
and an external system wvhere we actually get all the wvay
cutside of the containment.

Both of these systems take the steam generated
from the ra2actor from the condenser, condense it, and take
it back to the core. So it is another means of decay heat
removal. Just like you were saying, you vere lcoking for
another success path, ve are creating another success path
vhere we could remove decay heat by this technigue, now
using the suppression pool as our reservoir of energy.

In the area of failure to provide water makeup to
the reactor, ve again looked at improved onsite pover,
because that applies to both cases. In this particular
case, ve looked at what we could do to improve the emergency
core cooling system network.

What wvas done in this particular case wvas to
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recognize that the low pressure system in a boiling water
reactor is stronger in terms of capability and reliability.
So what we set out to do vas to improve the depressurization
ve presently had, wvhich vas the actomatic depressurization
system, to go intc a depressurization mode and some other
circumstances. And I will describe that in more detail.

Finally., ve looked at a combination of a couple of
features in which wve employed containment pressure relief
and reactor depressurization augmentation in the area of
mitigation. We arranged our features by the way we would
face the problems.

We btelieve that the problems that would occur if
you have a degraded core is, first you vould have to solve
the hydrogen problem. If you have not solved the hydrogen
problem, your overpressure conuvrol situation gets solved by
itself. In a sense, you don't have to worry about it.

Sc ve arranged them, we said, hey, if wve have to
vork on anything in mitigation, let's work on hydrogen
control first. In this particular case wve looked at four
types of things: containment pre-inerting, containment
post-inerting, controlled hydrogen burning, and increased
containment pressure capability.

Once the hydrogen control situation is brought
under control, then one has to deal with overpressure inside

the containment, and this overpressure ccmes abcut fronm
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really noncondensibles being formed, therefore raising the
pressure in this contzinment. In this particular case, ve
locked at tvo featuress: venting or venting filter of the
containment; low-carbon concrete, because that would reduce
the amount of noncondensibles formed; and the third and
final mode in which this containment can fail is basemat
penetration. In this case ve locked at flooding of the
containment and molten core catchers and ladle.

Because I think of the urgency of time, I would
like to use this chart to give a gquick summary of some
features and not spend more time on it. If at the end you
want to come back to some of these features, ve would Dde
glad to come back and ansver questions and present more
details.

MR. OXRENT: Could you zive me one cr two
scenarios that you have in mind whereby you get to
significant fission product release arising from a loss of
ability to remove decay heat, what you call containment
failure?

YR. LEVY: We delieve containment failure per se
now has to be pursued, vhere is the containment failure,
vhat its imspact is on those systems that provide vater to
the core. Were those systems impacted? Weze they impacted
encugh to novw lead to a degraded core?

So you have to follow that chain to finally
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generate a degraded core under that set of circumstances.
¥MR. OKRENT: Is it the mechanical failure of the
containmsent that leads to damage of these systems in this
scenario, or is it something else?

¥R. iEVY: We believe a mechanical failure could
do that. We will discuss that again. Many of the scenarics
ve look at in this design, in contrast tc the WASH-1400, do
not lead to the degraded core situation that occurred in
WASH=1400.

¥R. OKRENT: It is still the highest, albeit the
lover, the highest grade column on your bar chart.

MR. LEVY: It is the highest because I defined it
in terms of risk, probability of containment failure. And
I*11 stop at that point. I didn’'t translate it back ta full
core damage. UCo you follow nme?

The reason I didn't vant to enter that area is
because that area becomes a little bit more controversial in
terms of hov we d4id it, how good it is, how good the numbers
are.

So I think to do these studies, ve Zust confined
our attention to that level, rather than to enter the
others. I think General Electric has performed these

studies with ths others, and I think we have carried on such

studies.

You understand that in WASH-1400, containme
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failure wvas synonymous with degraded core. There vas one
probability. If you had containment failure, you had
probability one of having core melt. So I tried to remain
at the WASH-1400 level without penetrating scme new
consequence model. And I hope General Electric later on
today will have the opportunity to descride some of thelir
vork in this area, because I think it points to some major
gains in this particular design.

Let me say with respect to iamproved onsite pover,
ve felt the most meaningful thing we could do wvould be
provide diversity. The main thing that really is in the vay
of powver is thi; common mode type of failure. So the thing
ve vent to was to look at diversity.

We vent to gas turbines. We evaluated the risk
reduction factor associated with this. We got a risk
reduction facter of 14.12. We felt again the medium of this
particular feature wvas large.

I think ﬁnat you will hear finally and vhat Yr.
Goldberg will recosmend, you will understand why ve picked
certain features or not. We looked at risk reduction. I
vould like to put in, what do we get with them in a risk
reduct*ion factor. I will describe them and you will get a
good feel for what it means in terms cf impact. And you
vill see in the chart, in terms of small medians and large

impacts.
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But I would like to defer discussion of howv ve
veighted those back to ¥r. Goldberyg, because I delieve
Houston should tell you, really, what they vieved as
acceptable or not acceptable in terms of impact on the
pro ject.

MR. BENDER: When are the gas turbines applied?

¥R. LEVY: They are applied any time you have a
loss of AC power.

MR. BENDER: They feed in where a diesel generator
would feed in as an alternative?

MR. LEVY: Yes. The preliminary design is where
you have a diesel you have a gas turbine capability. That
is the design ve laid out.

"R, OKRENT: And by "inmpact”™ do you mean impact on
the plant, either schedulewise or costwise?

MR. LEVY: Schedulevise, costwise, and you know,
there are a lot of things that gc into this impact. I would
like to defer back to ¥r. Goldberg in his comclusion to
comment on that area.

MR. BENDER: But they presume the integrity of the
i~ternal distribution systen.

MR. LEVY: That is correct, ves. I think that is
correct. That vas evaluated in teras of what kind of
availability we get out of it, what kind of reducticn ve get

out of it. The evaluation was made of the gains, how much
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did ve improve the power source availability. Then we wvent
back to the risks and eval.-:ed what it meant to the risks. |

The second area I wvorld like to talk to is the
external isolation condenser. It agcomplishes the same risk
objective as the internal. It had a much greater impact on
the project, and therefore I will say ve don't need to spend
time on it. I will spend tire on the internal isolation
condenser as an alternative.

I would like to say the same thing wvwith
containment pre-inerting. It was looked at. It would
involve substantial movement of equipment, some great
difficulties in terms of ocperation. And again, as a feature
I would like <o discard it at this point and narrov my list
again. If there are gquestions at this point, ve can conme
back and discuss them.

I would like to deal the same vay with low-carbon
concrate, We felt that the lov-carbon concrete actually
didn't give us very much. It is a small reduction of
noncondensibles. It is not a solution to the noncondensible
problem. We are also not so convinced it a<tually helps the
risk, first, that comes in the overpressure control area.

The thing that a little hit bothered us -- and I
am here expressing a personal opinion -~ that the generation
of a small amount of gas will force more heat from the

molten core upvards and dovnward. What actually enccocurages
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the movement downward is that the gas generated helps mix
the molten mass and allows you to penetrate downwvard.

And this says one could formulate a model in which
as you cut that gas formation you are actually pushing more
and more heat upward through this molten mass. And ve think
pushing more and more heat upward might increase your
risks.

I will not say we made a risk assessment. Let me
make it clear, in the mitigation area ve did not generate
risk reduction factors, because they involve certain
phenomena #e believe are not as vell understood.

We tried to put come judgment of wvhat ve felt
would contribute to risk reduction in that area, and we felt
that low-carbeon concrete would have a small Justification
for teing loocked at. And it is a change to the prcject in
many waysl

¥ith regard to the basemat penetration, our
position vas that flooding of the containment and a molten
core catcher come right at the end of these events, that
their contribution at that point in terams of really risk
reduction is quite minimal, bdecause you wvould have gotten
already the contribution of hydrogen control, you would have
gotten the contribution of overpressure control. We
therefore view them, in term of risk reduction, as not

providing a meaningful risk reduction.
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I would also like to say the reason we did not
feel ve should look at theam in more detalil wvas because the
state of the art on vhat to do with these things and wvhat to
assess, what iapact they vould have, is quite difficult. So
ve feel from a state of the art technology we were not in a
position to evaluate these in any meaningful wvay in terms of
impact, for example.

Having said this, I would nov like to gc to the
next chart and show you the first screening of the features,
the cnes I'm going to talk about.

MB. OKRENT: On the lowv-carbon concrete, if it
vere there it would reduce the amount of noncondensilles?

MR. LEVY: It would reduce the noncondensibles.

¥R. OKRENT: And if I recall correctly, you said
having less gas going upward through this material wvould
lead to something. Would you tell me what you thought that
something might be?

MR. LEVY: Well, here's this molten mass which I
don 't like io think about. 3ut anyvay, it's a molten mass
sitting on the concrete, eating through the concrete. And
it has a choice of pushing the heat dcwnward or upvard. It
can push it upward for alleviation means. It can push it
downvard by reacting with the concrete.

Now, when you generate gas that gas formation

helps the heat transfer downward. As you cut that gas, I
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think that solten mass, vhich is generating a certain amount
of heat, if you cut the penetration downwvard, the asount of
heat generated, more of it would flowv downward than upwvard,
if you follow me.

The upvard flow can caﬁse some problesms. If you
just lcox at the amount of generation you have, from a small
heat transfer area you could have some pretty high radiation
fluxes, and you might get into some other types of failures,
if you follow what I am driving at, from that very hioh flux
upwvard.

MR. OKRENT: Again, vyou think, then, with the
generation cf more gas there might be a higher rate of heat
floving downwvard?

ER. LEVY: I feel if you're going to fail this
containment you amaight as wvell flow downward to the basenmat.
That takes a long time. The risks are ssall. Go on and
impede that path.

MR. OKBENT: A question I wvas going to ask, and
this is as good a time as any: Since ve have a finite
amcunt of time here today, it would be of interest to know
if there are reports that you haio prepared wvhich Houston
Power £ Light can make available some time in the futurae Or
not? I don't know.

¥B. LEVY: Why don't I leave it to ¥r. Goldlterg to

comment on that.
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¥R. OKRENT: I'm sure ve would appreciate having
the denefit of these if they can be made available.

MR. GOLDPERG: We do have some copies of a draft
report that represents the work done to date, and wve would
ba glad to leave some with you tonight.

¥R. CKRENT: Thank you.

MR. LEVYs I would like to say, though, the work
is preliminary in many places, as I am sure you understand.

The first screening of the features, ve come down
to the features shown cn this chart: ccntalinment pressure
relief. We assess that containment pressure relief will
have a pretty good risk reduction factor. That is vhat the
nusbers are in parenthesis. We assessed it at 2. It
probably will do better than 2. We vent ocut of our vay to
make sure ve didn't make it as large as it might be.

Internal isolation condenser gave us a risk
raduction of five.

The reactor vessel depressurization augmentation
gave us only a risk reduction factor of 1.1. The reason is
because the ECCS system is already pretty effective, and
making it a2 little more doesn't get that far down the line.

I think ve looked at a combination of 1 and 3 and
got a total risk reduction factor of 3.

In the mitigation area, I will talk about

containment post-inerting. If you notice, the way I would
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define ay risk reduction factor, it cannot be abdove 1.3. It
has to be less than 1.3, If it did it all, that's all ve
vould give it.

¥R. OKRENT: I would like tc talk about that a
minute here, because that is somevhat a result cf the vay
you did the calculation. Your definition of risk is a
different one, let's say, than we usually use, about release
of radiocactive saterials.

MR. LEVY: Yes. They have been usually done in
teras of total consequence. As I said, those nuambers wvere
usually carried out -- except in the mitigation area, they
were not carried cut all the way tc consequences. In
preventive, they vere carried out all the wvay to
consequences.

I think one could carry aitigation to the total
consequences, but ve didn't get the opportunity to do it.

¥P. OKRENT; In vhat ve are goizg to hear later
from General Electric, are ve going to scmehov get a tie-in
vhich gives us their opinion on when containment failure
dces or does not probably lead to more trouble?

#R. LEVY: Yes. I am just going to make a
reference to it, that will be ay last chart.

¥P, OKRENT: VI don't wvant to use up their tinse.

¥R. BENDER: Just to be sure I understand this

internal isolation condenser, that is scmething that
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parallels a suppression pool?

ER. LEVY:s I will show z picture of it in Just a
minute.

MR, BENDER: T will wait, then.

¥R. LEVY: Controlled hydrogen burning with
present containment spray is another feature; increased
containment pressure capability and venting of containment.

Let's go nov to containment pressure relief. What
this consists of is providing a vay to relieve this
containment when it reaches a certain pressure, so ve can
avoid the overpressurs failure. And wvhat will happen is ve
will start to boil that pool. We will push a2ir first from
the containment, and eventually we will push steam through
*his relief. And this can go cn for a substantial amount of
time, many, many hours.

We also looked in this at a slightly additional
feature: Could ve even add scme water to the pool's
makeup? And we studied the possibility of doing it with a
fire diesel systea which is available, and wve could even
bring some cold water up to make up for wvater wve lost or to
keep the pool cooler. And in so doing we could delavy vhen
the venting will occur and wve will buy extra tire.

I think ths advantage of this approach is very
clear. It is a simple fix wvithin current practice. I think

it discusses cost and impact. It will provide a substantial
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risk probability reduction of 2.

The disadvantages, as ve looked at them, vere that
ve could not pin down the suppression pool lcads. If the
pool reaches saturation temperature, we did not get a chance
to see what the loads would be. Could them come back to
hurt the design of this ccntainment in terms cof dynamic load
capability? And finally, there is the danger that if ve
provide the vay to add vater ve made add toc much vater and
eventually it would spill intn the dry well and wve would
start to flood the dry well with vater. And that is clearly
a disadvantage and a concern, as ve look at it.

The internal isolation condenser 1= really a
backup. It serves several things. It is a backup €or the
tve systems that could be used to keep this plant at full
pressure and operating, removing decay heat. One is the
so-called reactor core isolation vooling system, and the
other is the high pressure core spray systen.

The reactor core isclation cooling syster takes
steam from the reactor, takes it to a steam-driven pusp, and
pumps vater from the containment back into the core. In so
doing, it therefore keeps the core covered while the plant
is at full pressure.

The high-pressure core spray is driven by a diesel
in this particular design. It can provide vater to the

core. Any time the wvater level gets lov, it gces and takes
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vater from the condensate storage tank or the suppression
pool and adds it to the core, keeping the core covered.

We have provided here for another way to handle
this decay heat, and I will describe vhat it is in a fevw
seconds. This I think is shovwn on the next chart. They are
a fusion of what the system vas yesterday, and I felt it
vould be worthwhile to make sure people understand vhat ve
are talking about.

What ve are talking of doing is takirng stea, froms
the reactor by natural circulation, taking it up to a
condensing pool. We located this condensing pool in the
upper containment pool. And then as the vater is condensed
it is returned back to the reactor., It is very similar to
the old isolation condensers that vere provided in the early
General Electric plants.

This system does not need any pover. Natural
circulation is on the primary side. There is natural
circulation around the coil en the secondary side. So it
has an important advantage that it can operate withcut AC
power.

I think the question was asked, vhat wvas it sized
for. It wvas sized for tvo percent decay heat. So it does
not handle the first thing that occurs, but it is sized
enough to make sure enough va.er remained in the reactor

vessa2l, and at that level it's capability of operation wvas
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about 24 hours. It can operate 24 hours.

What finally limits it is you may neel to make up
vater, because the primary system has leaks to it.

Nov, this systea really keeps the primary systen
fully enclosed. As ve keep dumping more and more pover to
the upper containment pocol, vwe will again heat up that
pool. We could eventually even steam that poel.

We think that since ve have the primary systen
completely isclated, we should be able to purge that
containment under those conditions. There are no fission
products, really, except maybe the first opening of th=a
relief valve in that ccntainment, Sc we think that system
can contiaue to operat2, and if ve continue to dusp acre and
sore heat into this upper containment pocl ve could
eventually just purge the containment, if you want to look
at it that vay, or relieve the containment.

It 's advantages are its independence from the
present system and its independence from the suppresion
pool, it is effective for total loss of AC powver, it
provides a barrier between the reactor and 1L containment,
and it provides a substantial risk reduction factor of S.

Now, why does it provide S5? First, it solves the
problem of long-term decay heat removal. But it also goes
out and catches those events in which ve did not have a

break, where we do not have pover to keep bringing wvater tc
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the core. This system will employ natural circulation to
accomplish the mission. ‘
Do we have any gquestion on this system, how it ‘
vorks and vhat it does? ‘
MR, BENDERs If you put this in with the
suppression system, will normal conditions still exist? You
would have both systems, either one of wvhich could do the
job.
¥R. LEVY: Yes. This is an additional system, as
ve look at it, to provide vhat we spotted as that bar
chart. As I say, the disadvantages -~ I think, as you
realize, that is a substantial system. I don't think I have
to say so. The picture points it out.
We feel we would like to take some additional
studies of it to make sure wve don't have any surprises. We
probably will have some interference vith refueling and
upper pool usage. We have made some preliminary evaluations
of that.
M%. OKRENT: One or two gquestions: Was there
something like this in the early BWR designs?
HR. LEVY: Yes.
MR. OKRENT: Does it function well?
MR. LEVY;: VYes. 1It's used at Jersey 2, Jersey
Central, Nine Mile Point. It is really the system used for

isolation.
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MR. OKRENT: There are no vater hammer problems or
anything like that?

¥R, LEVY: Well, you knowvw, function well. let's
be careful. There have been a fev water hammer probless, a
fev leaks. But it has operated effectively as a safety
system. That is ay definition of it.

I sean, I am not going to say it runs with no
problems whatsoever. I think ve all knov the list.

MR. OKRENT: But you think it can be engineered o
be guite reliable?

MR. LEVY: We hope to engineer it to benefit from
the experience of some of those other things.

Reactor vessel depressurization augmentation.
What ve are talking here is to make scome electronic changes
and to provide another energy source to allow
depressurization of a plant. What ve are thinkinc of is
providing an air supply that could be operated manually and
that vould allov scmeone to actuate relief valves not
involved in the ADS system. This is another vay to
depressurize the plant msanually if you need it, and it
eaploys an air supply.

The other thing that has been suggested for this
system by General Electric is that ve should maybe autcnmate
the depressurization system on lov level rather than low

level and high containment pressure, vhich is what it takes
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right now for ENS. What this vill do is cover some
situations in which the break actually takes pluce outside
the containment, if you wvant to look at it this wvay, so ve
vill move iepressurization to catch some other events that
maybe vere not caught on the present scheme.

YR, OKRENT: Maybe this -he point at which to ask
vhy on ycur list you did not, as I recall, shov another high
pressure systeam. You indicated a lov pressure system is
sore reliable, so the thing to do is to move tovard making
your depressurization still more reliable.

NR. LEVY: You have got to understand, on this
ECCS side that bar chart is already small. Do you follow
me? Those ECCS networks are very good. The BWE does not
have a LOCA. The risks are not associated with LOCA., I
vish people would realize =hat when they want tc impose
additional hydrogen conditions, because the THI probles,
that is not an apparent problem to the BWR.

MR. OXRENT: It has sometimes been suggested maybe
giving noro'rolinbllity in the ATWHS.

MR. LEVYs Our bar chart shovs that. I don't
think there's been any problem in that area. This is a
simple fix. It is easy to provide. It has a small impact
on the project. The risk probadility is rather a aminisal
one, .1, because already the network is pretty good.

We like to look it inadvertent operation. It vas
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not fully assessed, and wve wvant to make sure it does not
degrade the automatic depressurization system
reliability.

I a» nov going to switch to the mitigation
features. Containment post-inerting; tvo systems ve
studied, one to add halon and the other to add CO0-2. The
basic idea here is you wvould have your halon and CO-2 in
enough guantities so that the hydrogen could not bdurn. So
you actually inert the containment, but you do it after you
have detected some signal that says, this is the time to go
in and inert this containment.

The advantage iss it solves the hydrcgen probleam,
if actuated properly. The disadvantage, which I thiak has
been discussed already, is it increases the ccntainment
pressure. If ve use halon for the suppression, it will add
about 6-1/2 psi. If we use Co-2, it will add about 22 psi.

I thiuk it is an active system and assurance of
actuation is a disadvantage. There are some potential
material corrosion probleas for halon if it decomposes.
There is a concern with inadvertent actuation wvith pecple
inside the vet wvell.

And it is a system, I think as you will hear
later, that might have made the final cut.

Controlled hydrogen burning. This is a

comparative system to control hydrogen. It employs igniters
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to burn cthe hydrogen before it reaches excessive
concentratiops. It has a major advantage in that it has a
sinisum impact for inadvertent actuation.

It has some disadvantages. If wve don't ignite it
at the right hydrogen, ve might have some pressures high
enough to give us a problem. We are concerned about the
impact of the burninc flame on the cquipment. We feel ve do
not have all of the ansvers, although some other people
verking on it may have them, wvith regard to wvhat should wve
do with the containment -pray. If there is some need to mix
this thing to ensure hydrogen concentration to ensure gocd
ignition.

I think, 25 I put dovn there, if there are sonre
major changes involved in either containment spray or
mixing, it has a very different perspective about vhether it
is a systeam that makes sense or not.

YR. CKRENT: Do you mean if it requires the
containment spray it makes less sense?

MR. LEVY: There is a containment spray in this
plant in the wvet well. But ve are saying, if it goes on and
requires a complately modified containment spray, bigger,
bigger-sized drops, et cetera, and it requires some mix of
all of this, I think it would e a different animal.

In fact, ve did not have enough information to

decide what to do in those areas. I think clearly ve wvant
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to follow the work going.on. There are other people
follovwing this idea. But I wanted to make sure you
understood ve did not have enough to judge the systen.

Increased containment pressure capability. We
looked at what cou.d be done to raise the containment
pressure capability. What ve primarily looked at vas
raising the pressure capability as it is above defined in
the NRC proposal. What we locked at vas vhat can ve do to
raise the static capability of this containment, based upon
an accident condition.

So are ve talking of using, for exaaple, yield
stress for the metallic portions, or are we talking of using
factored conditions for those involving concrete?

Nov, the advantage of this is pretty clear:
increased osverpressure for hydrogen contrcl and subsequent
avents. We found that there vas a way to raise the
containmert pressure capability, as I have just defined it,
from 38 to 4S5 psi gauge.

If I could shov you the next picture, the study
shoved that the place ve were being limited vas actually the
place where ve were actually anchoring the steel containment
to the basemat. And the concern really is vhere you nmada
this connection over here (Indicating).

de found ve could add some additional anchorage

and raise this capabdility from 38 to 45 psi gauge. We
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vanted to maxe sure that as we raised this capability it wvas
very clearly understood, if we go back to the other chart,
that ve vere not talking about any kind cf increase in
dynamic loads.

We are saying this is an end of spectrum, and ve
don't want to look at the usual combinations we have been
faced with, because this is pretty tight in its dvnamic load
capability with all of these loads of chugging and relief
valves, et cetera.

Venting or venting filter containment. I am
coming to the last chart.

MR. OKRENT: So where you say "disadvantages,"” you
mean you wvould need assurance that there vas not?

¥R. LEVY: I wvould vant to make sure the
capability we have committed is very clearly understocd and
that capability does not grow on us and ve are not
committing things ve don't have.

I think Mr. Golddberg will stress that point
clearly in his recommendation, and I will defer toc hinm.

MR. OKRENT: Did you look at any other measures in
the area of increased containment pressure capability? When
you make a change there -- vell, maybe I am incorrect in
that.

M8, LEVY: That still remains the weak point. To

ansver yocur guestion, that still remains the veak point.
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M¥R. OXRENT: I assume therefore it's not easy to
go to the next step.

MR. LEVY: And that's it. I think ve vent as far
as ve felt ve could do, I think, and wve can discuss that.
4e have people from Ebasco, if you are interested in that,
But that is about the way we did it. That was the wveak
point. We took it auout as far as we could and that vas
about it. If we had any more, to my understanding there
wvouldn't be room for a rebar.

But I will pass ap on that point. I am not an
expert in that area.

VYenting or venting filter of containment. We
think that venting or venting filter of the containment
could be used to avoid overpressure fazilure. It only
provides risk reduction after ve've brought the hydrogen
under control. We also see that the vent alone provides the
dominant portion of the risk reduction, due to the presence
of a suppressicn pool.

Based on that, ve also concluded that a vent
filter did not make sense because, as I have said already,
we have a pooi filter already in place. And to go out and
add another vent, another filter, would have a very large
impact on the project. We are concerned about uncertainty
in the technology cf how to design these, and these gases ve

have with hydrogen in them and how to really maintain thenm,
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So we didn‘'t see that the benefit was large. We
felt that vhen ve wvere considering the idea of a vented
filter, the "“enefits wvere small, we were probably entering
into uncertainty in technology. And a final disadvantage ve
show there is obtaining public acceptance.

I want to shov one more chart to explain vhy a
vented filter didn't pay so vell. This is a very simplified
picture of a Mark III containment. I think it shows the dry
vell. And I think, as Steve points ocut, the dry vell design
is a very strong ary wvell, for other reasons.

So what happens is, wvhen ycu go to an overpressure
control load, you actually create the same pressure on the
dry vell and vet well sides, because it can communicate
through toth vacuum breaker and through the pool. End
really, the wet vell is designed for a lover pressure. That
is where the potential failure mode wvould occur.

Well, from many of the scenarios one would look
at, you would still have the suppression pool as a filter to
vork for you.

I think that . is about all I vanted to say. That's
my coverage. I think I have given you quicxly the results
of the study, and I will turn it back to Mr. Goldberg for
additional comments.

MR. GOLDBERG: Nowv vwe get to our conclusions and
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or - recommendations for what we ought to be doing for Allens
Creek. Again, I would only like to repeat tnat our criteria
perhaps is different than other plants. We need to add
generating capacity to our system before the end of this
decade. Ke are counting on Allens Creek.

However, if what ve have to do to Allens Creek
makes that an impessibility, then there won't be an Allens
Creek., We will have to take that money and put it into some
other source of added capacity.

So with that kind of a constraint, and in light of
the early results we have this far, if we vere writing the
rule for Allens Creek wve think it would sound as follows:

We would equip our containment with a post-accident inerting
system to preclude detonation of hvdrcgen resulting from a
10" percent fuel-clad metal-vater reaction.

We would further enhance containment pressure
integrity such that it could accommodate the followvincs
anticipated peak cont: 1ment pressure resulting from a
postulated 100 percent fuel-clad metal-water reaction,
vithout loss of functional integrity.

Further, that the anticipated peak containment
pressure resulting from the accidental initiatiocn of the
post-acting inerting system with the reactor at pover would
no’ result in containment stresses exceeding code allowables

for normal operation.
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And in order to get avay frow this uncertainty of
a process vent, which the staff characterizes aight be as
big as a football field -- and of course, the Houston
Astrcdome is a football field -- we would provide for this
internal isolation condenser. We feel that the scenario of
a total station blackout represents one of the serious
contributing scenarios to degraded core.

And we'd be willing to provide that, but we would
hope that it would buy us some exchange for the millenium of
possible mitigative features that the staff is considering.
That would represent our conclusions, based on cur work to
date, on wvhat ve would do for Allens Creek.

That completes our presentation. We dc have
copies of our suggestions pertaining to the rule, which have
just been handed to the Committee. I guess at this time ve
are open for any further gquestions.

MR. BENDER: You said you would provide inerting
and you would provide the internal condenser. Is that the
sum of what I heard?

¥MR. GOLDBERG: And a strengthened container.

¥R. BENDER: Up to 45 psig, or is that number
still open?

"R. GOLDBERG: That number is still open. But
vhat ve are saying is, wve have a considerable margin on the

steel side. Put what is limiting is our mat. We think it
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is somewvhere around 45. That is the pressure ve believe ve
can sustain without loss of functional integrity.

¥R. BENDER: You consider that preferable to the
external fire water pump, because you cannot assure the fire
vater pump will do the Jjob?

¥R. GOLDBEBRG: I guess what I would say is,
assuming ve postulate we have a hydrogen condition, and
further assuming we would not be able to sustain a pressure
buildup resulting from detonation, our feeling is we ought
to provide for a post-accident inerting system. If ve
provide that system and we take its pressure contritution in
consequence with other sources, vwe believe we can get
pressures in the range of 45 psig.

MR. BENDEE: I haven't been able to go tarough
Levy's scenario completely. But if the postulate is the
existence of hydrogen, which we haven't Jogically
established, I would have to say that the existence of
hydrogen in containments says the containment is open. And
I have to ask ayself, well, hov does that relate to this
closed condensing loop that you are proposing as a f£ix? Are
those things mutually compatible?

MR. GOLDBERGs No. I think it is fair tc = .ggest
this, that if one were to take as a scenario a total station
blackout and therefore all of the current existing emergency

core cooling provisicns are not functional, this systenm is
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basically a passive system and it would function, and it
vould buy us a considerable amount of time to get these
other features back in service. And in effect, it would
represent a preventive device for that scenario, to preclude
getting into a condition of degraded core.

MR. BENDER: But it is instead of creating
hydrogen?

¥BR. GOLDBERG: Yes.

MR. LEVY:s It avoids the occurrence of a degraded
core from either that event, or it avoids the occurrence of
a degraded core from the case in which sc much decay heat is
deposited in the pool that the containment falls and the
containment failure leads to a degraded core. So what that
feature dres is reduce the probability of occurrence of a
degraded core, if vou follow me, in contrast %o the
post-inerting system which deals with the fact that you have
hydrogen.

¥R. BENDER: Thank you.

MR. OKRENT: Have you concluded that the ignition
or ignition with spray vas less effective or vas not
effective or vas more costly or something, compared to
post-inerting?

MR. GOLDBERGs To be honest, we haven't carried
that degree of wvork to that conclusion. Cur initial

feelings about ignition were that we would hauve a
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considerable amount of areas we would have to examine that
that would be an acceptable option. At this point in time I
think it would be fair to characterize it that post-inerting
looked to us to rapresent a lesser challenge to the design
of this particular plant.

Now further work may cause us to change that
feeling. But that is wvhere we are today. I could not say
conclusively, but maybe further work would disclose that the
ignition and burning might prove to be a lesser situation
than we first imagined.

MR. OKRENT: Are the general performance
requirements of this post-inerting system written down in
¥r. Levy's report, in other words, that it is going to get a
certain amount of CC-2 in in a certain time, or hovever it
is specified?

MR. GOLDBERG: No, the system has not been fully
designed. ¥ »n the criteria for the system has not been
estzblishec

HR. 'Ys There is a conceptual description of
the system in the report in terms of the amounts of gas you
need, et cetera, to accomgplish the mission, the time, et
cetera. But I think, to ansver your juestion, there is not
a complete set of criteria. It is not a detailed design.

MR. OXRENT: VNo, I assume not detailed. 3But at

the noment, I have heard a lot of discussion in the last few
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months on ignition systems, as you may understand. I
haven't heard that much on post-inerting systems, and I
vasn't quite sure what requirements they wvere envisaged to
meet and so forth.

MR. LEVY: We can have Chuck Johnson shov you what
it looks like, a sketch.

MR. OKRENT: If we could see a quick sketch, I
would appreciate it. And then if Ebasco could give us a
couple of minutes on containment, where the next veak point

is, et cetera, I think it would be helpful.
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MR. JOHNSON: My name is Chuck Johmson. I vorked
vwith Dr. Levy on this project for Houston Light and Powver.
If you give me a moment I wi'll find a sketch.

Here is the sketch of a physical system as roughed
out by Ebasco. It consists of refrigerated tanks of liguid
carbon dioxide which wvould be energized on demand to drive
the carbon dioxide through a line into the containment at a
peint about 20 feet above the suppression pocl in the wet
wool and then sparged around to lay down a blanket of CO
in that area. The amount of CC 1is taken from :
experimental data that says youzneed about 165 percent in
air; in other words, you have to put about 165 percent, mole
percent, iato 100 percent of air so that you can make sure
the hydrogen and oxygen in the air can't burn.

So we prohibit the possibility of hydrogen
burning, any amounts of hydrogen, by simply diluting the
oxygen to the point that it can't burn.

MR, OKRENT: And you would envisage this needed
amount of CO would enter in what periocd of time
approxiuateli?

MR. JOHNSON: We are planning on a lS-minute
insertion period. There would be a demand signal wvhich has
not been defined yet, how ve generate the demand signal.

There would then bhe a five-minute delay for evacuation of

personnel from the containment, then a 1lS-minute insertion
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pericd.
MR. OKRENT: What would be the approximate cost of
the CO involved in that?

! MR. JOHNSON: I would have to defer tc people at
Ebasco, how much would that be. I never sawv any CC
numbers. :

Do you mean the actual CO itself?
¥R. OKRENT: Yes. Not th: system.
MR. JOHNSON: I don't know. I didn’'t see any
numbers on the study.
MR. OKRENT: Is it a trivial amount of money?
MB. JOHNSON: It is quite a bit less than Halon.
VOICE: Half a million feet of CO , is that what
you said? y
MR. JOHNSON: Did I miss the point? Did you say
dollars cr quantity?
MR. LEVY: How many dollars are tied into the
CO itself, not the tanks, not the systenm.
) MR. JOHNSON: Nc. I don't have that number.
MR. OKRENT: Okay.
MR. JOHNSON: That is not the criteria for the
CO , the cost of the gase.
; MR. OKRENT: Let's see. You would have the

capacity to achieve this concentration throughout the vet

well or whatever it is called?
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¥R. JOHNSON;: Yes. There is sufficient gas in the
system tc completely dilute all of the gas in the dry well
and vwet wvell. We have got to do some more work on whether
that sparging system will actually do the mixing required
and get 2 uniformity of concentration that ve need.

¥R. CKRENT: Are there any gquesticns on this at
the moment?

(No response.)

MR. BENDER: Tliere is one, Dave, I wvant to aske.
When vou put the coq in vhat is its pressure contribution?

¥R, JOHRS&N; A simple way of thinking about it is
if you say it takes 165 percent, mole percent to dilute,
then that is 1.63 atmospheres. So you can take 1.53 times
14.7 psi and ycu get 22 psi. Now, that is not exactly wvhat
happens, of course, because the temperature is higher and
there is hydrogen in the air; so if you calculate what
happens in an accident, it will be greater thanm 22 psi.

MR. BENDER: But it is of that order,

¥R, JOHNSON: That is right.

¥R. OKRENT: Could we hear a little bit on the
containment?

¥3. SULLIVAN: Yes, sir. My name is Ray Sullivan
from Ebasco Services, Sup.vvising Civil Engineers.

PR. OKRENT: I thought maybe you could just lead

us through what =--
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¥R. SULLIVAN: I thought you had a specific
questiocne. '

¥R. OXRENT: What we heard was the wveak pcint wvas
vhat you would call a hinge or a joint, d that also after
you strengthened it, it still remained a weak point. Could
you tell us a little bit more about why ycu ran into a
roadblock there in strengthening it further and so forth?

NR. SULLIVAN: Okay. The containment shell itself
had a capability of higher than 45 pounds.

¥R. OKRENT: How much?

¥BR. SULLIVAN: Upwards, arcund 60 to 65 pounds.

We are talking yield stress linmit. In the concrete
foundation ve are talking the Division 2 code for concrete
containments, stress limits for the factored accident
conditions.

We found that the anchorage capability due to
anchorage 4epth and the thickness of our mat, to go beyond
45 would reguire possibly thickening the mat and otherwvise
reconceiving the anchorage detail. We have an embedded
skirt. We added additional shear reinforcing to the mat to
go from that 38 to the 45, and the reinforcing decomes guite
crovded, in our judgment. We stopped at that pcint because
ve thought that is the point we would get into wvhat we would
call a sajor modification of that area.

BR. OKRENT: Just so I understand it a little
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better -- designing concrete structures is not my business
-- in fact, if you wvere to try to make that joint egquivalent
in its capability, whatever that means, to the shell, what
wvould be the avenue you would follow?

MR. SULLIVAN: We would investigate making a
deeper embedmeant, possibly thickening the mat.

MR. OKRENT: Are you talking about one foot
thicker ocut of 12 feet or 20 feet added to two feet, or wvhat
is it that you mean when you talk about thickening the mat?

MR. SULLIVAN: I would have to guess, because I
want to emphasize our study stopped there, that particular
study. If I were to make an estimate, you would probably be
talking of a minimum of four feet.

WR. OKRENT: Adding four feet?

HR. SULLIVAN: That's correct.

MBR. OKRENT: To how many?

WR. SULLIVAN: Presently it is 12. The embednment
is six feet into the 12.

ME. BENDER: And that is to get the pressure from
vhat to what, 45 psig to where?

MR. SULLIVAN: Up to the range where you had the
capability already on the upper shell, wvhich would be in the
area of 60 to 65 pounds.

M3. OKRENT: Do ycu have any other gquestions in

this area now?
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MR. SULLIVAN: Maybe I could clarify why that
becane our stopping point. If wve make such a medification
to the foundation mat, it puts us back into remcdeling from
a soil structure analysis, remodeling the reactor building
for the pool dynamics analysis, and a very substantial
reanalysis because of making that kind of a basic change.

MB. OKRENT: If I understand correctly what you
are telling me, as far as you can see, this is the avenue
you would need to follow if you were going tc try to
increase the capacity at that region of the containment.

You don®t have an alternative that does not get you into
this major redesign, reanalysis.

MR. SULLIVAN: At this time I do not, sir, no.

MR, OKRENT: Okay. Are there other guestions that
the subcomaittee members may have with regard to any cf the
speakers froam Allen's Creek?

MR. BENDER:¢ Dave, I would like to ask one further
question about the isoclation condenser.

¥R. OKRENT: Go ahead.

¥R. BENDER: This gives you a closed loop. It
still leaves the suppression pocol, as I understand it, as
heat. Have you given any thought to ways of taking heat out
of the heat sink?

¥R. LEVY: Let me make sure I first undecrstand

your gquestion. If you use the isolation condenser, ve don't
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use the suppression pool. We use another pcol which is an
upper pool. It's another pool, a fuel storage pool.

Some of the early alternatives wve looked at, in
some of the early studies ve did we looked at ways to maybe
add systems to improve the heat removal capability from the
suppressicn pool. We actually locked at the idea of adding
another system. It did not make the first cut because wve
vere concerned about comaon mode failure. They look so much
like the ones we have that we felt we were not biting, so
maybe it was just a matter of judgment, but we decided to go
for something different that utilized another place to store
energy.

MR. BENDER: The fuel storage pool, I think -- I
may be wreang =-- is relatively small, I think, compared to
the suppression pocl in terms cf volume of vater.

¥R. LEVYs It turns out to be a pretty goocd-sized
pool.

MR. BENDER: Is it about the same size?

MR. JOHNSON: No. It is about 4 1/2 million
versus 8 million for the suppression poocl. It's about half
the size.

¥R. BENDER: Tha' is a pretty good size, I agree
with you, but it has a coolingy system associated with it
alreaiy.

MR. LEVY: And it has a cooling system associated
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vith just removal of whatever elements are in there.

MR. BENDER: I don't knowvw howv capable that heat
removal system is, but I can envision that it amaight be
fairly small at the moment.

MB. LEYY: That is correct.

MB. PENDER: And if I wanted to reinforce it, I
might still think about whether that is the place *to tie the
firevater system in or some such thing as that, so that it
would be, therefore, a long time. It might be operated with
a gasoline pump or some such thing as that.

Are those kinds of things out of the realm of --

MR. LEVY: We went with the idea that we could use
that pool and eventually even turn it to steam. Our basic
approach was to think of something that doesn't use any
pover, but I ar not saying the options you describe =--

MR. BENDER: If you could use steam, that would be
great. I hadn't thought of that. You understand my thrust.

MR. LEVY: Yes. I must say ve have not locked at
that. You have to understand what we are saying. We are
saying ve've got to make a provision for this, and I think
there is nothing that says one could nct lock at some other
refinement; but for the time ve had we tried to work this 1in
in vhat made sense, so it's a combination.

¥R. BENDERs I am just looking at things isolated

from the accident and are not vulnerable to accident
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conditions that I can get to in a hurry. I think the idea
of having alternative heat sinks like that are very
attractive; but I would like to see that it has longternm
continulftye.

¥R. LEVY: It has a fair amount of capability, as
you can sense already.

MR. BENDER: All right. I have asked all of the
gquestions I want to ask.

¥R. OKRENT: All right. Well, why don't we go on
to the next part of the agenda. We may think of some more
things either tonight or by Friday. I lbelieve General
Electric is up next.

ME. BUCHHOLZ: Xy name is Robert Buccholz, and wve
are here today, General Electric is, to provide you
informat.on regarding the containment capability of the
BWR-6 Mark III standard plant under postulated degraded core
conditions.

We recognize you are in the process of
deliberation regarding the need for additional requirements
for hydrogen control for the near-term construction permit
plants, NTCP plants as they call 1%; and we want to bring to
your attention some generic information just as wve did
yesterday with the staff, some generic information about the
features of the BWR which both reduce the potential for

degraded core conditions and mitigate the conseguences
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should they occur.

We will present the information in three principal
parts and areas. Folloving my introduction, Steve Stark
will talk about these and summarize bdriefly the results in
these three areas: first of all, the results of a risk
assessment wve did or the BWR-6 Mark III; then talk about the
results of a structural evaluation of the containment we did
vhere ve were trying to get at the actual capability of the
containment versus simply identifying the design
requirements and design pressures; and third, talk about
some work ve have done in terms of hydrogen control options.

Now, since time 1s short and the day is coming to
a close, vhat I would like to dc¢ is put on a summary chart
that will help focus our thoughts for the discussion. As I
said, ve have performed a risk assessment for the Mark III
design whizh accounts for several things, namely the first
two bullets here.

As a result of the 3WR design and its evolution,
there have been incorporated in that design several features
wvhich mitigate the consequences as vell as avoid in total
the degraded core condition. These features start with such
things as ~- such basics really as our natural circulation
capability and having a single pressure vessel with beiling
going on already. They go on tc the ability to keep the

core coveraed both at high and low pressure, and for us to
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depressurize.

Novw, there vere several things that came up as a
result of this study that we particularly vant to point out,
and Steve will do that shortly. The tvwec areas really are
the fact that the suppression pool allows us to scrub the
vater and scrud the fission products should they come about,
and the fact that the dry wvell will also remain intact. I
think Dr. Levy touched on the iaportance of that in his
presentation already.

We have also incorporated in this risk aissessaent
the results of the efforts since TMI, and ve will shov a
chart, Steve will show a chart as to vhat the iaprovements
for each cf these steps are relative to WASH-14CO0.

The dottom line is that in terms of core damage ve
consider that there has been a factor of 20 reduction in
core melt probability relative to the WASH-1400 EWR.
Carrying that through to risk, that probability, that ratio
vould bde a factor of about 200. We could provide more
details when Stark gets up to chat.

Qur conclusion, though, is that ve vould not
expect it to be necessary to make any significant design
changes to the Mark III design in order to meet a safety
goal.

Now, I think I am forced to comment at this point

on the staff's requirement £for addition of an isolation
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condenser in the BWR design. We see no basis for that
requirement as a result of the work ve have done to date,
and it is certainiy not associated with a rule on hydrogen
control; so that we do not endorse at this point in time or
find it necessary to require an addition of an isolation
condenser to the BWR design.

Notwithstanding the results of our risk
assessment, we did look at hydrogen control, and the next
chart summarizes the results that Stark will provide you the
basis for shortly.

First of all, ve found mitigation already exists
in the BWR for hydrogen contrcl, when you take the pocl, the
dry vell, and the containment together as a triad. The
containment function is likely tc be maintained in our most
probable accident scenarios, and having contained that
containment function -- that is, having maintained the
suppression pool water intact -- we have the suppressicn
pool to act as a filter vent, if you will.

I have identified on the chart the actual static
capability of, in the first two bullets, the 22 and 41, of
the cont: ument, the wet wvell containmeat.

The third aumber, the 70 psi, is equivalent tc the
service level, our estimate of service level C, working
backwards trying to calculate vhat the service level C

pressure vould be for the dry wvell.
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de have locoked at containment strengtherning and
even in the standard plant design where we have done
considerable wvork already, ve don't consider it practical
nor, as Stark will show, is there any significant change in
the risk, any significant reduction in the risk due to the
strengthening »f the containment above these levels.

If it is judged ultimately that additional
hydrogen control requirements are to be imposed, then wve
have identified that wve consider there are two options
availables the post-event inerting we will discuss in
detail, and the igniters. We frankly foccused our efforts on
post-event inerting because it seems l1ike the rest of the
vorld is vorking on igniters, and insofar as Jjust using our
manpover, ve think it is most effective for us to look at
post-event inerting, and that is why ve are concentrating on
that area. And in particular., our discussion today will
focus more on that than anything else.

This chart summarizes the points that Stark will
make now, and ve will come back to the chart at the end of
the presentation to focus and make sure that we have
clarified our basis for that.

MR. BENDER: Before you leave, let me find out
first wvhether there is going to be any further discussion of
the filtering capability of the suppressicn pool. Will

there be more?
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MR. BUCCHOLZ: Yes. He has a chart. I don’'t
think ve eliminated it in shortening the presentation.

MR. STARK: That is correct.

MR. BAYs Just for clarification I would like to
make sure I understocod. Your lack of endorsement of the
isolation condenser is based upon the unnecessary nature of
it, not its effectiveness as a means of cooling, its
feasibility. It is not that yocu feel it is not feasible.

MR. BUCCHOLZ: No, certainly not. It is Jjust our
judgment of where the safety ball is likely to end up tells
us that this design already meets that. Therefore, there is
no established need for it. Would be that things could be
taken out 2f the plants as easily as they are put into the
glant, right?

¥R. BAY: Another question, it passed pretty fast,
and I did not grasp it. Why dc¢ you say the dry well plus
pool plus containment mitigates or effectively provides
hydrogen control?

MR. BUCCHOLZ: Steve will take you through that.
He was pointing to himself there to ansver the guestion.

Why don't ve let him take you through? I think it is his
first chart.

¥R. OKRENT: Go ahead.

MR, STARK: My name is Steve Stark. I am manager

of PWR evaluation programs at General Electric.
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During the last several months as wve have been
preparing the risk assessment for the BWR-6 Mark III, ve
have of course reviewed the plant design in order to
identify and develop the items needed for the risk
assessment.

This has led us through the preccess, of course, of
identifying those features in the plant that have
significant influence on the plant risk for degraded
conditionse.

The configuration of the Mark III containment,
which of course includes a dry vell, a suppression pool with
one million gallons of water, 10 million pounds, and a vet
vell, and a steel containment surrounding that.

¥y remarks will be addressed to our standard plant
design. Of course, a plant containment configuration varies
from one plant to another, but we have information
specifically for the standard plant which I think wvould be
very helpful.

In our standard plant ve have in its design a
freestanding steel sheel, and then surrounding that we have
a concrete shield. What these three features of the Yark
III containment provide is both a hydrogen control and
fission product control.

What I mean by hydrogen control is if there vere

to be hydr.’'je: detonation within the wet well, we vould
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still expect toc have maintained in the ccntainment the dry
vell and the suppression pool. Those we expect for most
accident sequences to remain intact and provide wvater
€iltering for any possible releases of fission products.

So let's look at what might happen if hydrogen
were to be generated in the reactor core. We would not
expect combustion to occur in the dry well. The reason for
this is that the hydrogen is piped ocut to the vet well. Feor
cases of transients, which would probably be the most likely
cause of degraded conditions, the hydrogen is piped to the
suppression pool directly through the safety relief valves.

For the case of a LOCA, the hydrogen would escate
along with the saturated wvater and steam from the reactor
vessel directly into the dry well; but by that time the dry
vell would be purged of its initial atmosphere, and the
hydrogen would be entering a steam atmosphere. So because
of that the hydrogen will eventually end up over in the
containment, and it is most likely if there wvere to be
detonation, the detonation or combustion weould cccur there.
That is vhere the majority of the electrical equipment is
that could lead to a spark to give some combustion.

As ts fission product control, with the dry wvell
intact and the possibility of release of fission products
from the ccre, the majority of thenm vould end up in a

suppression pool, especially the iodine and the particulates
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for a risk assessnent.

We have performed the conseguence calculations
assuming the noble gases escape into the environs. If the
break is a transient that caused the degraded conditlions,
then the fission products will end up in the suppressicn

1

pocl via the safety lve. If it is a LOCA that
caused the degraded conditicn, then the fission products
vill eventually end up in the suppressicn pocol after they
through the dry vell.
Novw I would like to move on and provide some
information on what type of effectiveness we expect 1in

retaining fission products in the suppression gool.

Like I said, we have a rather large suppression

pecol, a million gallons, and it is not only a irce fcr ou

pressure suppression system, but wve expect 1in B
degraded conditions it would give significant scrubbing of
the fission products.

Now, there has been a lot of attention in

area, and most of the literature s supporting

decontamination factors for cesiu iodide and particulates,

for example, of 1,000 %o 100,000, if the fissio
are to be directed a large bedy of wvater like
suppression pool.

We have gone ahead and performed our risk

assessment using the lower end ¢of this range cf pcssible
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decontamination factors. We have used a DF factor of 1,000
for the cesium iodide, and for the particulates for the
noble gases ve have assumed that they pass right through the
suppression poocl.

MR. WARD: Excuse me, Steve.

M3. STARK: VYes.

MR. WARD: For the iodine you have assumed there
is no elemental iodine released, is that it? You have taken
1,000 for =--

MR. STARK: I think maybe Roger ¥cCandless can
best ansver that guestion.

MR. MC CANDLESS: Yes. My name is Roger
¥cCandless from General Electric.

The modeling assumed that only one-tenth of one
percent of all the iodine vas released, none of it in the
diatomic form.

¥R. BENDER: What does that mean, that most of the
iodine is still in the fuel?

MR. ¥C CANDLESS: It means that most of the iodine
is left in the pool.

MBR. RENDER: As alemental iodine or as cesiun
iodldoj

®R. MC CANDLESS: Cesium iodide.

¥R. BENDER: I think the gquestion is what is the

basis for assuming it exists as a cesium iocdide?
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ER. MC CANDLESS: I don't have the specific
literature here to cite.

¥BR. WARD: Well, .sn't that a little optimistic in
the present state? I know this is an evolving issue and
there are certainly some strong indications that ycu may be
able to make this sort of optimistic assumption; but okay,
all of the rest of your numbers are based on this, though.

MBR. STARK: That is correct. We do plan soon,
this month to have an interchange with the staff to provide
the bases for the decontamination factor calculations wve
have performed and the consequence analyses.

MR. BENDER: Let me try one more guestion in the
same area as long as ve have started. The decontamination
fact- " going to be a function of when the iocdine comes
thre .n the system and vhether it is carried through with
the hydioqcn as opposed to coming cut by itself. And I
don't have any opinion about it, but it seems to me, for
exarple, that if there were a bubble of hydrogen coming out
and it was carrying the cesium iodide with it, ycu might not
be able to make the case for the intimate contact with wvater
needed tc get the decontamination capability.

Has all of that been sorted out in this review?

MR, BUCCHOLZ: Let me try to answer that. First
of all, it wvas our intent in establishing the

decontamination factor of 1,000 to be on the non-optimistic
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side of realism. We based the 1,000 on a lot of contact
vith the people at EPRI and the people who are involved in
trying to estaslish realistic bounds for these parameters.

In particular to your gquestion, though, I guess
for the scenarios most probable, that is, the transient
scenarios, you will get the discharge into the suppression
pocl through the safety relief valves, and there wvill be
intimsate contact through the juenchers.

This has a design for those quenchers on the end
of the safety relief valve discharge lines, and that contact
there is very intimate.

MR. BENDEPF: It depends upon wvhat's coming out and
when. The gquenchers are put in there to take care of a
circumstance vhere you are bloving down steam. This is not
by comparison a large volume of gas, but it is an inert
gas. And I guess I am not really sure that I know what it
is carrying throughe.

Don‘'t misunderstand me. T am not trying to tear
apart your basis, but I think you have to look at the
physical phenomena well enough to be sure that when the
iodine comes through, it is not prevented from contacting
the vater by the fact that there are inert gases there.

Now, that is the end of ay dissertaticn.

MR. BUCCHCLZ: We wvwill be better prepared the next

time we chat to discuss it.
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SR. STAR¥: This is probably a good time to
highlight that of course this is a preliminary assessment,
and there¢ ‘s gquite a bit of work that ve see for ourselves
tc do. And I am sure addressing the guestions ycu raised
vill be a part of that wvork before this is a £final risk
assessment.

We have carried through these assusptions into our
consequence calculations, and ve have one example result
here that is rather illustrative. If wve go ahead and assume
there is a hydrogen detonation in the containment and that
the containment is ruptured dut the dry well and pool remain
intact, and ve take credit for a decontamination factor of
1,000, in that particular situation consequence evaluation
shows that there wvould be no early fatalities, the reason
for that being that the release of fission products to the
environs and the doses to the population wvould be below a
threshold dose.

MRB. OXRENT: Can I ask some gquestions there?

YR. STARK: Yes.

MR, OKRENT: First, I guess it is not completely
clear to me, but if you had a detonation, it would be
logical to assume that the pool stays there and the wvater
stays in the pool, at least for a longer period of time if
not for a shorter period of time.

Should that be obvious to me?
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NB. STARK: Let me give some supportive reasoning
for why ve believe the dry well and pool should remain
intact. There are about three contributing factors to that
relief.

MR, CKRENT: Where is ground level on this
picture, by the wvay, usually?

MBR. STARK: I can only show agproximately abouat
right here, I wvould say (indicating).

Joe, is that correct? Yes, there are about three
contributing factors for vhy it is most likely that the dry
vell and pool would remain intact. Of course, we have
accocunted for in our risk analysis other containment failure
paths that lead to the failure of the dry vell and releases
that weuld not de filtered through the pool or miniaunm
filtering through the pcol. But the greatest number or the
highest probability of failure paths leave the dry vell and
the suppression pool intac:.

First of all, I have already indicated that most
of the hydrogen is gecing to finally be ending up in the
containment. If it enters the dry well, it will be entering
a dry wvell filled with steam. As it passes up out of the
suppression pool, it will pass areas like the hydraulic
control units for the control rod drive system that have a
lot of electrical equipment attached to it. And if there is

going to be an ignition, that is where it would probably
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occure.

Finally, wve should look at what the relative
structural characteristics are of the dry vell and of the
steel shell. I will get into this in detail in Jjust a
little bit, but let me just summarize to say if there vere
to be a hydrogen combustion inside the dry vell, the yield
strength of the dry well for detonation pressures is on the
order of 200 psig. If the hydrogen combustion vere to be in
the containment, the yield strength of the dry well for
external loading on the concrete is 200 psig and 70 psig for
the dry wvell pit, which is steel.

The yield strength is much lover for the
containment. It is approximately 4l psige. So if a pressure
pulse is going to occur like fast-burning to last several
seconds in the containment, that would give -- and something
vere to give, we would expect the containment to give first
and then relieve the pressure by that route, leaving the dry
vell and pool intact.

MR. OKRENT: In the first place, I can't teil
vhethar you would fail structurally at a point you could
lose vater, and ancther thing is I don‘'t know whether you
will fail equipment you will need o keep the pool cool.

Maybe there are other things. In other vords, you
have made an assumption which in fact you may have good

reason to make, but at the moment I have to remain
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skeptical, let me put it that wvay.

MR. STARX: I am sure this, as vell as
decontamination factors,; will take time.

NR. OKRENT: The trouble is if you lose the wvater,
if you lose it half a day later, your cesium presumably and
other things will move. Ffome of your icdine may have
decayed.

MR. STARK: You did raise a couple of good
questions, though, and let me at least give them 2 very
brief response.

If ve vere to have a failure of the containment,
vhere would it most likely fail? That's a real gocod
juestion. Would it fail low down so *hat it aight endanger
the integrity cf the pool, or would it be higher up?

Our calculations show that the veakest point in
standard plant design is up tovard the dome. We would
expect for a gross pressure pulse from combusticn in the
containment, the rupture would occur high up rather than low
down.

MR. OXRENT: A roment ago we heard of a design
that seemed to have a different point. Anyvay, I have to
assume if you have detonation, you may not knov guite where
the loads are the most severe; so maybe it is a random thing

at the moment.

MR, STARX: Let me finish up on the scrubbing. We
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have talked adbout early fatalities. For latent effects,
Looking over a 30-year period, we would see latent
fatalities of less than one percent of that expected due to
natural background radiation.

¥R, BUCCHOLZ: Steve, while you are putting up
that chart let me just clarify to Dr. Ckrent that wvhat you
have seen is a difference in design, not an inconsistency.
The tvwo designs are different in that respect you noted
regarding --

MR. OKRENT: I understand it's a difference in
design, but I den't think that is sufficient to conclude
that you know that given hydrogen detonation, where it would
fail, for a variety of reasons.

¥R. BUCCHOLZ: I understand your point. T Jjust
vanted to aake sure. Okay.

¥R. STARK: Let's look at an example from the
results of the prelisminary risk assessaent, 2 more global
view of what the results are. We looked, of course, at the
probability of core damage, and ve see an evolutionary
ismprovesent in the BWR design so that in moving from the
WASH-1400 B%B-u4 reference plant to the BWR-6 with the
post-T¥I iaprovements that have beer made to the standarad
plant both in response to items like Lessons lLearned and
also itess ve have identified curselves within General

flectric, ve see a reduction in probability of core damage
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of a factor of 20.

Maybe T had better explain here wvhat m»y format of
presentation is here. I call base case A the WASH-1400
reference plan, and then I shcwv the prebabilities of core
damage and the total risks on the lefthand side. And then
just to make our mathematics a little easier, I have shown
the reduction in probability or in risk as relative to case
A.

So ve see a reduction of a factor of 20 with a
BWR-6 standard plant with the improvements we plan to nmake
for the standard plant.

Now, that reduction in probability of core damage
has, of course, carried on over into the risk picture as
vell, so ve see a reduction in risk, but ve see the
reduction in risk of greater than a factor of 20, and the
reason for this is because of the additional mitigative
effects that you get of the Mark III design relative to the
Mark I design, the greater probability of retaining a dry
vell and a suppression pool intact in case of these events.

Also, ir the improvements we lave made or plan to
make for our BWR-6, ve have included venting as a backup for
loss of decay heat removal, as a loss of total RHR decay
heat removal. And this knocks out one of the contributing
sequences that vas identified in WASH-1400. So that is alsc

a reason for reduction in the total risk picture. So we see
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a reduction of a factor of 200 for the BWR-6, and then ve
have also 4done some examination of what possible additional
reductions in risk ve could get Dby introducing additional
mitigative features.

We loock, one, at putting in a stronger
containment, making modifications there. What wve loocked at
specifically vas increasing the pressure by approxisately a
factorrof two. We show here in rounded off numbers no
isprovement. Actually, if ve carry out a few significant
figures here, ve get approximately a ten percent reduction
in risk for doubling the containment strength.

Ve have looked also at post-event inerting and
hydrogen igniters here. We see a more measurable relative
improvement relative to case C and approximately equal
improvements for the introduction of either post-event
inerting or the hydrogen igniters.

In dbringing our preliminary risk assessment to
this point, ve have come to several conclusions. COne is
that the Mark III containment configuration yields
substantial capability relative to both protectinsg against
core damage and also mitigating the effects of pecssible
hydrogen generatione.

Byt just if wve go ahead and assume that hydrogen
generation does occur and ve have combustion, ve do not

expect that the combustion would fail the dry well. If
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combustion did occur in the containment, wve would mcst
likely expect the failure to occur at the dome level.

We would expect not only the dry well to remain
intact but also the suppression pool, and thus ve would
expect a significant scrubbing result.

And finallv, in responding to another one of your
questions, Dr. Okrent, we believe because of the location of
the ECCS equipment and the section locations, etcetera, the
ECCS function would be retained with decay heat removal. So
our overall conclusion is with these features maintaired and
having a dry well and suppression pool, and in essence
containment function would be retained, so would still have,
although some fission products would be released, there
would be a significant reduction or limit to the release of
those fission products, even for a degraded case.

So with that significant reduction in risk for the
BWR-6 belowv WASH-1400 -- I must again indicate this is a
preliminary risk assessment. We expect to carry cn
additional vork here so we can confirm the conclusions, and
I an sure ve will have continued discussions as vell.

But right now if ve look at the vork we have and
assume it can be justified by additiocnal work, ve see that
ve cannot identify any basis for justifying further design
changes to further reduce risks. We think we have already

accomplished gquite a bit of risk reduction in the E4dR-6 Mark
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III design.

Now I would like to move from the risk assessment
area to the containment structural area and provide soase
information on the structural capabilities for the Mark III
standard plant.

MR. BENDERs: Before you go =--

4R. STARXK: VTYes.

¥R. BENDER: Having listened to the Houston Fowver
and Light discussion a little while ago, I find your
presentation essentially devoid of a number of the things
that vere suggested. And one of the things that occurs to
me is to ask having seen the Browns Ferry fire and recalling
that one of the contingencies that had to be dealt with
there vas the need to open the ADS system by some kind of
special operator action that involved smarter cperators than
some I know about, I have tc ask myself well, wvhat thoughts
have been given to assuring the ability to depressurize the
reactor system beyond what now exists?

YR, STARK: Well, one improvement that has been
made to the BWR-6 design has been a response both to the
Lessons Learned and to a need identified by ourselves; and
that is to automate the ADS system for some events where
currently ve would assume the cperator actually ADS.

Those particular cases are for a stuck open relief

valve vhere your high pressure systems are assumed not to
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come on, or for a loss of feedvater wvhere the high pressure
systems are assumed not to come on, but specifically those
events not generating high, dry well pressure.

MR. BENDER: And they all rely on the same
electrical circuitry to get the valves open.

MR. DUNCAN: Jack Duncan, General Electric.

Steve's second indication that says “"with
improvements” include a number of improvements, both the one
he mentioned about the automatic depressurizaticn system
logic change, and the same system Dr. Levv talked about in
vhich the non-ADS, the SRVs, vhich are not deiicated to the
ADS functiosn, have another way of opening th.m which is
manual. The operator opens a valve and bleeds air to those
valves to open for just the reason you mentioned, and there
are others included in that.

MR. BENDER: Okay. Thank you.
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MR. STARK: I will move alcng to the results of
our structural evaluation. The noninal design pressure for
the Mark III standard plant, based on ASME Code Section 3,
subsection NE, is 15 psig. If ve do an evaluation of what
its capability would be using the same ccde for service
level A, vhere we use the actual thicknesses of steel in the
containment and don't include an additional load
combination, other lcads like seismic, then ve see a
capability for service level A, a 22 psig for
pressurization.

If we go beyond the Code and lock at expected
capabilities, the next step would be to start to look at the
yield strength, using a yield criteria based upon ASNME
service level C. Then wve find a capability of approximately
41 psig for pressurizaticn.

So we can see the realistic expected capability cf
the containment is well above the 15 psig. Still, ve are
just at yield. If ve take it a step further and loock at
vhat ve could ultimately expect based upon ultimate
strengths of the materials for static loading conditicas,
then ve have 60 psig. Of course, as vwe get to higher and
higher pressures, the dynamic loading functicon Lecomes more
important, especially for pressure pulses as a result of
detonation.

As ve get to detonation, the period of the loading
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gets very short, in the duration of approximately S
milliseconds. For a triangular pulse wave of S ailliseconds
maxisum duration, ve see a capability for the Nark III
containment of approximately 150 psig. So there is a very
significant capability existing in the standard plant design
of the Nark III.

Now, the numbers for other plants with ¥ark III
containments will vary because of the specifics of the
detailed design of the containment.

¥R. WARD: Are the differences here with the
nuabers that wvere quoted a little earlier for Allens Creek
reconcilable readily?

¥R. STAEX: Joe love?

¥R. LOVE: I am Joe Love of General Electric
Conpany. I am responsible for structural design in our
engineering greoupe.

Those differences can be rationalized. We have
not done so because we have not had access to the details cof
the Allens Creek design. But in talking to the Ebasco
engineer in the last couple of days, he and I wvould agree ve
could find our way to a common ground and could say, this is
vhy these plants differ one from another.

¥8. ¥ARD: Thank you.

MR. STARPK: Let's move, then, from the

free-standing steel containment into the dry wvell. I have
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said that for hydrogen combustion we expect the dry well to
remain intact. I think I need to provide you with a basis
for why we believe that.

First of all, the nominal design pressures fot
internal pressure, the design is 30 psi actually
differential, not gauge but differential pressures; for the
external loading, 21 psi differential. That is wvhat the
design values are. This is the design basis.

The actual capability based upcen yield strengths
of the materials are, for internal pressures they showv a
rather stout dry well, 200 psig for the dry well head and
approximately 190 psig for the concrete wall; for external
pressures, again a rather high capability, 70 psig for the
4ry well, for the concrete greater than 2{0 psig. And these
are for static loadings.

If you vere to apply dynamic icadings for a short
duration of the pressure response, then thase capabilities
vould be even higher.

Now, the staff has been considering, or wvas
considering, a requirement to increase the design pressure
of the containment. And in response tc their guestions, ve
have looked at this some and this is what ve see would have
to be done to the standard plant in order to increase its
structural capability.

Now, these are changes which, on a practical
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basis, could only be really achisved at the design
initiation of a new plant., I think that all three NTCP's cor
BEWR's have already purchased a lot of equipment for their
structural containment, and that is a significant
consideration on a financ al basis.

Sut moving along to what we would have tc do, ve
would have to change the head design from elliptical to
hemispherical. Currently the standard plant has an
elliptical head. These of course, once again, are items
vhich change from plant to plant.

And cylindrical wall thickness; we cculd get some
iaprovement by increasing the wall thickness up to one and
three-quarter inches. That is as thick as you could get on
a practical bdasis, because going to thicknesses greater than
zhat would require post-veld heat treatment. ®Right now
there are some elements in the standard plan that have a
vall thickness of one and cone-gquarter inches. So the
greatest increase would be half an inch.

The results of these tvo major changes, as vell as
detailed modifications that would have toc be made, wvhere
appropriate, would be to give a service level A capability
of 45 psig and service level C capability of 79 pesig. It
vas these values we used to plug into our risk assessment to
see how sensitive the risk would be to making such changes.

And ve sav approximately a ten percent reduction in risk,
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rather minimal compared to the other hydrogen control |

options we looked at. 5till, even thcse vere not really ‘
greatly significant.

Nov I would like to move along ==

MR. CKRENT: Excuse me. I would Just like to
suggest that in future presentations you be, first, very
careful that you define the term “"risk"™ as you are using it,
because it is not always used the same wvay. And then, I
assume you are using it in terms of a WASH-1400 risk, not
the definition Dr. levy used.

MR. STARXK: Let me clarify the definition ve are
using. We are adding both early fatalities and latent
fatalities. The figures I gave vere on a per-year basis.

¥R, OKRENTs All right. Then let me, using that
term or the tvo categories separated -- I strongly suggest
that you do not use these risk reduction factors loosely,
that you don't present the information in a vay which can be
in fact reversed if one looks more deeply into the
assumptions or wvhatever.

What I am urging is that one act, in presenting

it. Okay?
MR. STARK: Thank you.
MR, OKRENT: In other words, you should have

risk reduction numbers, like his reputation depends upon
\
yourself envisaged what assumptions ycu are making in !
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wvhatever it is you are presenting and either put them all
out front and say, these may change my nu.bers, or have
satisfied yourself that they won't and say that they wvon't.
But don't leave it for someone else to have to pick it
apart, because this is now becoming -- let me say it is a
line of argument that is being used. If it is abused too
such, it is going to create a2 lot of problens.

¥R3. BUCHHOLZ: Dr. Ckrent, it certainly wvasn't our
intent to abuse it.

MR. OKRENT: No, I am not saying that. I am Jjust
saying this as a general caution. I said the same thing to
the staff. We have had some numbers brought into this rocoms
within the last year %hat ycu could look at and see didn't
make sense. Now, sometimes it's more subtle and they still
don't make sense.

And I think it's nov time for reople to use a lot
of caution in displaying risk reduction numbers. And let e
leave it that way. And I say to act like your reputaticn
and the reputation of your company and, in a sense, the
businss rests on it.

¥R. RUCKHHOLZ: It certainly would e our Intent to
act in that marnner.

¥R. CKRENT: Fine.

MR, STARKs I would like to susmarize briefly to

provide you the results of our examination of a variety of
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hydrogen control opticas.

We started cut, you might say, in a brainstorming
session, or several of them, trying to put tcgether an
extensive list of ideas that could possibly in the future
show some promise in providing additional hydrogen control.
And once identifying the possible alternatives, ve initiated

:+ screening process and tested each cne of these

alternatives and its feasibility, howvw much risk reduction it

vould be expected tc yield, wvhat its cost wvas, et cetera.

Coming out of this process, we concluded that ve
could identify twoc options that shoved some Qiqnificant
promise for hydrogen control, and those are the igniters and
post-event inerting. We have focused our efforts ou the
post-event inerting because effort is deing applied already
outside GE gquite extensively on the igniter system.

And for the post-event inerting, ve have taken it
and tried to develop a design basis for it. We have
described the concept in some detail, evaluaced the design
considerations for it, and identified open issues which ve
vant to follow up in the future to assure that we can bring
ther to a satisfactory resolution.

MR. BENDERs It is understandable that you might
not want to dilute your effort by working on something
soneone else is working on already. But sometimes ve have

to come to grips with the matter of whether inerting is
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Is it your plan to address that at some time?

MR. STARK: There are several utilities with BWER's
that are locking at the igniter concept and addressing it
that way, and ve will be following their development and
also the work the national labs are doin'. #e have done
some vork on distributed ignition systems to identify for
t'.e NP what type of functions would have tc be satisfied
for such a system.

We would think that the glow plugs would probably
be the bdest ignition source and should be located for the
Mark III configuration containment both in the containment
and dry vell. And they should assure that the hydrcgen is
ignited at sufficiently low ccncentrations so that ve do not
get sigrificant pressure lcading frcm them. They should bde
actuated both automatically and manually by the operator.

When necessary, for the automatic initiaticn system, ve

wvould see it prob-bly being on low water le.els in tae

reactor, probably using level cne, which is the same signal
used for the lov pressure ECCS signal and part cf the input
<ignal to call on ADS.

We would probably want to assure that the contents
in the containment wvere well-mixed, so that you would have a
gnifors mixture and minimal pocketing. ¥We would want to

assure ther2 vas not such a significant heat generation and
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buildup in the containment due to this ignition that ycu
could overpressurize the containaent by that mode.

And then, finally, you would vant to assure that
the equipment that is located in the containment would be
protected against pressure and teamperature conditions.

MR. BENDER: Leave that up for just 2 moment.
There .re a few points about it I might as vell raise.

One of the things that is not discussed at all in
that list up there is wvhere the hydrogen sheuld de burned.

I think you suggested something that is maybe right ncwv hard
to accept, and that is there will be unifcrm mixing
associated with hydrogen burning. I think mcst of us are
thinking in terms of the hydrogen starting to burn in the
place where it comes out, and I amaight even consider whether
it would burn in the dry wvell, as opposed to burning in the
external containment system.

Is any thought being given to vhere the burning
occurs and hovw it occurs, if you wvant to use that avenue?

¥R. STARK: At the conceptual stage, you mentioned
one important factor, and that is it should be burned at the
location vhere it is released. And of course, ve see the
principal release location as being in the suppressicn
pool. So it would probably make the most sense to at least
concentrate some of your igniters above the suppressicn pcol

and *o have the burning occur there befcre it escapes any
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further and vhile it is concentrated.

Of course, it probably would also =-- veil, with
the remaining glov plugs, you would probably want to
distribute them throughout the rest of the dry vell.

MR, WABD: If you had a pipe bhreak, it wouldn't
necessarily be in the suppression pool, would it?

MR. STARK: It will eventually get to the
suppression pool. With a pipe break, of course, not only
would you probably be releasing the hydrogen, you would
probably be releasing saturated water and steam from the
vessel as vell. And that wvould tend to purge any of the
initial atmosphere in the dry wvell over tc the containment.
So you would be oxygen depleted in the dry vell, and it
vould probably be rather improbable that you would have a
combustion in the dry wvell. S

That is why I said eventually it will get over to
the suppression pool.

MB. BEND"L: You would displace the air right
avay.

¥R. STABK: Yes, very, very rapidly. For a DBA
LOCA, it takes approximately one second to purge the air on
over.

MB. OKRENT: You don't have a vacuum relief
betveen dry well and wvet well in this systenm?

¥R, STARX: There is a vacuum breaker betwveen the
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containment and the dry vell.

¥R. OKRENT: There is?

¥R. STARK: VYes, yes. So there is a potential
flov path back into the dry well from that vacuunm breaker.
That would conclude =-- you would also vant to just back
yourself up and put them in the dry well, if you vere to put
them in.

On post-event inerting, as I said, this is vhere
ve have put most of our emphasis. We have seen a PLID for
the system., There the liguid CC-2 vas stored cutside the
containment. Fecllowing au event wvhere you savw it wvas
appropriate to inject the C0-2, it would e injected,
probably over the suppress.cn pool.

Our evaluation of this particular aggroach would
be to initiate the injection, again either by an automatic
signal or a manual signal, again probably using lowv vater
level. It would te important to inciu“e a time delay on the
system to ensure that any cperations personnel in the
containment would have time to evacuate and get out of the
containment prior to the injection of CO-2.

And probtably it would be zppropria*e, then, to put
a five or ten-minute delay on the injection, in order to
ensure that that is accomplished. So we would see the CO-2
being injected -- probably, ycu would vant to design it so

it is injected approximately 15 minutes after the initlating
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signal or the manual activation signal. And then it is
taking approximately 15 minutes to reach a 61 percent
concentration of CO-2 in the total containment, sc as to
preclude any combustion.

MR. OKRENT: A problem, of course, is one of your
lines there says, "Ligquid CO-2 rapidly injected into
containment before hydrogen formed and transported inte
containl;nt.'

At T¥I the hydrogen had been formed and
transported to the containment really before it vas
recognized that this had occurred. In other wvords, it is
easier to design some of these features for wvell-defined
scenarios than it is for what you didn't think of.

¥R. STARX: We would see it also as important to
inject it as rapidly as ve can. So we would plan on getting
it injected wvithin the first 30 minutes. For most of the
evaluations ve have performzed on core heat-up, ve believe
the most probably sequences would, even under degraded
conditions, not give significant hydrogen generation until
after 30 or 45 minutes. We believe we would be in a fully
inerted condition by that tinme.

¥R. DUNCAN: Steve, let nme add something directly
addressing Dr. Okrent's point. There the operatcer didn't
realize he vas threatening the core. He didn't have an

indication his core vas uncovered.
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In cur viev, our direct water level indicaticn
provides that wvarning to the operator, and that is tae
signal ve are considering to be t"2 initiator of this.

MR. NKBENT: Would this alsc put CO-2 intoc the dry
vell at the same time, or is it a vet well system?

“E. STARX: As you pointed out, it would naturally
enter the dry wvell through the vacuum breaker.

MR. OKRENT: Well, DDD, I can think of scenarics
vhere it will enter too late if you force me to. So let me
just leave it at that. You better think some mcre.

¥R. STARK: As far as pressure response, ve would
vant to make sure that the pressure in the containment that
vould result from the presence of the CO-2 and possibly the
hydrocgen would be within the containment capability. If ve
were to inject the C0-2 to the desired concentration, 61
percent molar concentration, and if the hydrogen were to be
generated from 100 percent metal-vater reaction of the fuel
cladding, then the contcinment pressure we calculate is
approximately 35 psig.

For comparison sake, recall service level C for
the standard plan of 45 -- ve are belov yield conditien -~
or service level C for the expected pressure.

If the system were actuated, but the CO-2 never
evolved because the ECCS system worked as you expected it

to, then the containment pressure would be approximately 22
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psig or about equav.:lent to the service level A condition
for low combinations.

Then the final point I want to make is, of course
it would still be necessary to provide heat removal for the
containment., Of course, you vould expect in this situation
for your RHR system to be available.

So that is the end of my prepared presentation.
Do you have any guestion?

MR. CKRENT:; I have a gquestion which I will
address toc you and to Mr. Levy and Houston Power and also to
the staff. It's my understanding that in some cf the
European countries -- and this may also be true in Japan,
but in some of the European countries with nev BWR's they
have more capability, if you want to define it that wvay,
toth for cooling the supprassion pool and I think for
getting water into the primary system than is available on
the standard BWR in the U.S.

This is ay impression for I think Switzerland and
Germany, for whatever reason, perhaps in Sveden. I don't
think any of them happen to be providing it the wvay Houston
Pover, for example, has chosen as a possible wvay of
augmenting the current systems.

I am not currently prepared to judge that one of
these is better than another. But I do wonder whether

General Flectric or Houston Power and its consultants cor the
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staff have loocked at vhat is being done in this regard in

some of the never European ER3's, and do they have a bdasis
for judging that -- I suppose GE might say none of these are
necessary, but at least for telling me how I could Judge
vhat isprovement gives you more and why.

MR, LEVY: I will go first. I am familiar with
those systeams, having had to participate in designing one of
then.

WR. OKRENT: Why don't you define the one you're
talking about?

MR, LZVY: The one I anm talking about -- as you
know, these systems are not supposed to be descrided in
considerable detail.

MR. OKRENT: In general.

WR. LEVY: In general, the country I am talking
about is another RHR systea, which is made completely
independent. #hat it does is take water from a containment
pool, takes it out of a heat exchanger. It has another
source of wvater to take the heat froam the heat exchanger.
It is all bunkered up and set up that wvay.

T think to my knovledge that plant does nct have
any additional provision to provide aore wvater to the core.
That is, the only feature that is provided is additional

containment pooling.

I am also familiar that there are similar systenms
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used in another country, in which actually the ECCS systesms
are a little different than the bolling water reactors.

They may have a little more high pressure coolant injection
capability, but a little less lov pressure. They don't have
as much “9v pressure as the BWR's we are talking about.

I think, as I say, ve looked a little kit at that
system in the sense of looking at another RHR train, and
considered it with that realization in ;ind. And it wvould
provide some risk reduction.

I think our concern with it, as I indicated, vas
one that it has =-- it looks in many vaye similar to the
present RHR's that «re provided on these plants. I think
the second thing that those systems have in thenm is
considerable powver capability. There are a lot of pumps to
be turned out in the system I described, for example, in
Switzerland.

So we vent tovard this thing because it had this
capability of running with natural circulation on the site.
It has the capability without dealing =-- it deals with a
total blackout. It does many of the same things that can be
accomplished with that. It is Jjust a deczy heat removal
system.

As you probably know, Sandia has carried out
extensive studies of that area with different contractors to

look at different kinds of systems to be added. I had .the
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M
opportunity to look at some of the preliminary results from
that, and T think you get some benefits cut of it. There
are some risk reductions.

But the point I vant to leave you with is the
concept ve presented does many of the same things. We feel
it has this blackout advantage, vhich helps you on the otier
side. And this is a little bit vhy ve tipped tovard it. I
am not saying ycu could not devise a system as used in
Switzerland, probably with a different pover source. You
vould have to hook it toc like a2 gas turbine to get scne
diversity. I wouldn’t say good engineers could not
accomplish the same objective and do it the way they did
it.

Sut T think if the primary purpose of bunkering
and so on 1s it is highly oriented toward another issue,
which I think is one of the reasons these systems are nade
so independent. SO bunkered.

Does that answer your question?

MR. CKRENTs Well, it is a beginning. T wouldn't
say it gives me a definitive ansver.

One of the things I have in aind is, the staff has
put before the Subcommittee and plans, if I understand it
correctly, on Friday, glans to put before the full Committee
a specific proposal vhich encompasses in fact not only, for

example, improving the capability of cocoling the containment
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and of also improving the capability of getting water Dback
to the core, but it says do this.

It may de in fact the right thing or the best
thing %o 4do. But at the moment I myself don't have enough
knowledge to know that that is the choice. And although I
am clearly in favor of trying to augment these plants’
ability in this general regard -- well, maybe ¥r. Purple
vants to add some color.

(Laughter.)

¥R. PURPLE: Other than in our handout and in our
proposed position, other than the requiring of the
in-containment isclation condenser, all the cther features
of that litany of things are things dealing wvith the
containment structure.

MR. CKRENT: I am addressing that one specific
one.

MB. PURPLE: I know. Let me first say our main
approach has deen only tcward containment, not foreclosing
the major structural features that would get built wvhea the
construction begane.

Our general apprcach has deen, at least in the
last month, to defer tc both the degraded core rulemaking
and to things like the dedicated heat removal system, USI,
for more of the system kind of changes that might be

reguired. Ye certainly have made no concerted study cf all
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the various options as you have mentioned and said, this is
the option that makes sense.

It vas an option described to us as recently as
yesterday. It appeared to be reasonable. It appeared to be
reasonably achievable and was at least part of a program
plan of at least one of the vendors. On that basis ve said,
well, it is practical, it seems to offer significant
improvement. I will avoid the word "risk.” Therefore ve
decided to put it in as a requirement.

Ye are also depending upen the probabilistic risk
assessment, which is item one of the set of requirements for
this set of CP*'s, to perhaps turn up other ideas, and those
may end up being requirements that need to be put in further
down the line if they shoved great gain for small cost. So
ve haven't foreczlosed anything, nor is that one item in
there intended to de that's it and that's all you need.

MR. OKRENT: We have one more presentation. I
+hink we should take a break so that ve can listen with more
vigor to the BWR presentation. So why don't wve come back in
seven minutes.

(Recess.)

¥E. BUTLER: I am Robert Butler of Boston Edison
Company, the project engineer for Pilgrim 2. We were asked
to come here today through the staff to describe our

containment capability and vays of dealing with increased
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quantities of hydrogen from a degraded core.

Boston Edison asked our containment designer about
a year ago to look at those very gquestions. A study wvas
initiated and completed in May. And I have with me today
Ron Jagels cf Bechtel, a project engineer for safety systems
and licensing, who will give you a summary of the results of
that studye.

MRE. JAGELS: What I would like to share with you
today is a summary of the hydroger analysis conducted for
the Pilgrim 2 project, and alsoc give you some preliminary
figures on our assessment cf the containment pressure
capability.

The Pilgrim 2 containment is a prestressed
post-tensioned concrete ccntainment. We have a free volume
of some 2-1/2 million cubic feet. The containment is
designed for a pressure of some 60 ponnds gauge, and this is
based upon a LCCA calculated pressure of some 54 pounds
gauge. Physically, the containment building itself will be
pressure tested to some 63 pounds gauge.

In conducting the hydrogen analysis, we first
identified the sources of hydrogen inside the containment
building, and then calculated the hydrogen concentrations
that would result from various percentages of metal-vater
reaction with the fuel cladding. What ve have plotted on

this chart along the bottom is a percentage of the
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metal-vwater reaction with the fuel cladding from zero to 100
percent reaction.

And plotted here we have the hydrogen
concentration in percentage. The lines here (Indicating)
:epresgnt the initial temperature conditions within the
containment. The 120 would correspond to a relatively dry
containment atmosphere. The 282 degrees would correspond
more to a LOCA-type environment, wvhere you have more steanm
dilution and hence vould realize lower hydrogen
concentrationse.

The point I wvant to make with this figure is, with
all of the cases we have looked at and assuming we have
gnifora mixing within the containment building itself, none
of the hydrogen concentrations would exceed 18 percent,
which would be the detonation point of the hydrcogen.

Next we took a lock at what the cont' inment peak
pressures would be if ve made some assumptionrs On 2 hydrogen
burn. So again, we locked at a range of initial containment
conditions, and those pressures are shown here by the bottom
dotted line.

Here we have a low temperature, relatively dry
containment atmosphere. As wve move to the right, ve have
more and more steam in the containment atmosphere. So here,
at the 282 degree range, wve would be again close to a

LOCA-type environment, the second dashed line. And the
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1ifference here would indicate a difference in pressure due
to the addition of the hydrogen. We have not yet taken a
burn over this peoint.

We then looked at what would be the pressure
increase as a result of the hydrogen burn, again at various
aetal-vater reactions. We have plotted here 40 percent
setal-vater reaction, 50, 60. I have colored in the interis
rule requirements, 80 and 100.

We have made some assumptions in calculating these
pressures. First of all, ve have taken credit for the
limits on hydrogen flaamability. For aydrogen
concentrations under focur percent, we have assuped ve wculd
aot have a combustion. For hydrogen concentra“vions in the
range of four to eight percent, we have assumed a partial
combustion. And for concentrations greater than 80 percent,
ve have assumed complete combustion.

The other thing we have done here i1s taken a lock
at the effect of steam dilution on the flamsability of rhe
hydrogen. What you would see here is a vetting down, a
reduction of prassure as ve come to vetter and vetter
containment atmosphere conditionse.

Now, these peak pressures correspond to a rapid
burn. We are looking at a burn on the order of second.
here, as we plotted peak pressures.

If you vere to look at a hydrogen mitigation

ALDERSON REPORTING COMPANY NG
400 VIRGINIA AVE., S W, WASHINGTON, D C. 20024 (202) 554-2348



10

1

12

13

14

1§

18

17

18

173
device, such as an igniter, you would see a reduction in the
pressure, because ve would be either igniting it at lover
concentrations of hydrogen or we would be perhags extending
the duration of the burn, and these would all tend to reduce
the pressure.

T would like to overlay on this figure the
containment test of pressure, which is some 84 psia or 69
pounds gauge, ar T have shown on ay first figure. As you
can see by this overlay, just with the containment test
pressure ve will cover a lot of the hydrogen burn in the
cases we have studied.

YR. OKRENT: Resind me. That four percent figure
is for no combustion independent of the amount of steam?

¥R. JAGELSs That is correct.

¥R. NKRENT: That is the operating ground rule?

¥R. JAGELS: That is correct.

Shown on this fiocure is a cross-sectional view of
the Pilgriam 2 containment vessel. As I mentioned earlier,
ve have a prestressed, post-tension containment, cylindrical
in this portion, with a hemispherical head. The basemat is
of conventional reinforced concrete design and is not
prestressed.

We have a 143-foot inside diameter, 200 feet
overall height, a guarter-inch liner plate on the inside,

and several equipament hatches. Shown here we have a large
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equipment hatch., We have a small equipment double-door
hatch here, and alsc a smaller personnel airlock at a lowver
elevation.

We have made some preliminary assessment on the
containment pressure capability. And to establish a
reference point, we looked at two points. One would be the
75 percent metal-water reaction. We have shown the results
of that cn this figure.- The resulting containment pressure
wvould be roughly 80 pounds gauge. And at that point ve
vould be at less than vield on the primary structural
elements inside the containment.

If ve looked at 100 percent metal-water reaction,
vith the use of hydrogen igniters, ve would feel we wculd
also be able to keep this pressure under 80 pounds 7auge,
and hence would alsc be at less than yield.

MB. BENDER: Roughly what is yield? Do you have
any idea?

MR. JAGELSs I will be coming to that.

MR. BENDER: All right.

¥R. JAGELS: We have also made some very
preliminary checks on what ve feel the yield point or
capability of the containment would be. I would caution
that these are very preliminary numbers, and we expect that,
vith the discontinuities we have in equipment hatches and

the joint ot the basemat to the vertical wall in the
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containment, we would find that we would lie scmewvhere in
this range, 105 to 110 psia.

I would also hasten to add that this is based on
the ASTE or ASME material properties. You have heard other
people mention today that they have looked at the actual
material properties and would be able to realize slightly
higher values by utilizing the actual material properties.
If we vent to that length and refined our analysis, I expect
you would see some shift upward in this.

MR. BENDER: Where is the design pressure, again?

MR, JAGFLS: The design pressure is 60 pounds. So
that vould put us at about 65 psia, which woal. fsil :bout
here wvhere I have the pointer (Indicating).

MR, BENDERs That chart is psia?

MR. JAGELS: This is psia, that is correct. I am
sorry, I have been switching back and forth.

So really, the bottom line in the case cf the
Pilgri® 2 containment is, with the existing design ve feel
ve have a large capability to withstand the hydrogen burn
scenarios we have looked at. And in addition, based upon
some preliminary numbers, we feel that with some refinement
ve could go wvell towvards enveloping a lot of the scenarios.

MR. BUTLERs Just to be sure that is clear, the
data on the curves do not reflect the utilization of

hydrogen ignition systems. With the hydrogen ignition
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systems, ve expect something less than 8C psig, below the
yield, as he showed on a previous slide

MR. BENDER: Does that analysis take into account
all of the reinforcement?

MR. JAGELS: All of the reinforcement?

MR. BENDER: Yes.

NR. JAGELSs We looked at the primary
reinforcing. If you tcok a cross-sectional area through the
pressure membrane, you would have the liner, the reinforcing
bar, and in places the tendons.

¥R. BENDER: Are all of those in or Jjust the
primary reinforcement?

MR. JAGELS: No, those three were considered in
the preliminary numbers.

¥R. BENDEBR: Did you say they were or vere not?

¥R. JAGELS: Were.

¥R. BENDER: There is steel in there for
temperature purposes? That wvasn't added in, I take it?

MR. JAGELS: Are there any other guestions or
comments?

(No response.)

MR. JAGELS: If not, that concludes the
presentation we had for Pilgrim.

MR. OKRENT: Thank you.

Are there any further comments you would like to

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




10

1"

12

13

14

1§

16

17

18

19

21

5

24

make this evening, ¥r. Purple?

MR. PURPLE: I don't believe so, thank you.

¥B. OKRENT: Well, on Friday I think we have three
hours shown on the agenda. I suspect it may be useful to
have some kind of report from the Subcommittee meeting, Jjust
to indicate to the full Committee what we think they are
going to hear or at least as we understand it tcday, since
there may be some changes.

I guess ay inclination -- and I am looking tc the
Subcommittee to see what they think -- would be to allow a
reasonable amount of time for the staff to tell us what
their position is and why, and that probably should come
after the Subcommittee repcrt. And then T would be
inclined, I think, tc have a perhaps short presentation frona
Offshore Power, only giving what wvas new, because I think
the Committee has heard from them.

So I think I would suggest, I don't knocw, five
minutes on containment capability and five minutes cn
venting, or ten minutes divided up in some way. Put if I
recall correctly, those are the tvo major new items; am I
right?

KER. HAGA: Are you interested in the venting
system at all?

MR. OKRENT: Yes. I think the Committee vould

want to hear that, plus what your latest lock at ccntainment
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capability tells you. Put I hope we can keep that not too
lengthy.

I would like to give Houston Power, let's say, an
hour for a presentatlion if there were not questions, which
there are going to be. So that means I think ve must assume
an hour and a half of the three hours for that.

The guestion that comes up is, are there things ve
vould like to have GE present, if so what, and think cn
that. And can we summarize what ve have heard on the large
dry containment, which sounds roughly like what I might have
anticipated for its capability.

It wvas interesting to hear that this is what you
get, dut it sort of falls into the area that cne might have
anticipated. Fayde there wve don't need a presentation
unless the utility wants to make a presentaticn, a summary
one.

MB. BUTLER: It is your pleasure.

¥Re. CKRENT: I see.

MR. WARD: You could summarize that.

MR. OKRENT: I think I could summarize that and wve
could save some time there.

MR. WARD: What about your ten questions to the
staff?

MR. OKRENT: I assume that ve are going to get

something, perhaps in writing beforehand. And we can then
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see. We will have it available to the Committee and see if
they have any guestions for the staff that arise.

By the way, those wvere prepared when ve didn't
know gquite what we would be having at this meeting. All we
had was a recommendation for 60 psi in wvriting, and it wvas
not clear who we would have in, also. I think the
information is still relevant background information. We
don't have the kind of time GE used today for a
presentation,

¥R. WARD: If you give them an hecur, you've got
about 30 minutes left for GE.

MBE. CKRENT: At the most.

Are there major points you feel in what GE
presented that you would like to have them present to the
Committee?

HR. BENDER: Dave, I think the key pcints that GE
could elaborate on -- I don't know that we accepted them in
total, but the decontamination effectiveness of that
suppression pool I think is an important consideration, and
I think it may be the amaost important thing that ve heard
today from GE. The rest of it sounded a lot like Houston
Pover & Light, with some exceptions to what they were
villing to do.

MR. OXBENT: Well, if you get into a discussion on

decontamination effectiveness and if you think yocu have a
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factor of 1,000 to talk about, that is a big facter. And
nov you have to start looking at what are the wvays in which
you bypassed it or you lose the water or so forth. And if
ve are going tc have a presentation, [ think we will vant a
balanced presentation; let me put it that wvaye.

¥R. BENDER: My point is to get the issues out
vhere you can see them. I think you are right, we wouldn't
vant to have it without being able to look at all aspects of
the question.

MR. WARD: The assumption of cesium iodide as
opposed toc elemental iodide makes a dig difference in how
effective the vater pool is gecing to te, to my knowledge.

So if they are going to present that they should have a
fairly sophisticated presentation, I think.

¥R. OKRENT: I suggest to GE they prepare a
ten-msinute presentation which will compliment what we think
ve are going to have heard from Houston Powver and not repeat
it. For example, if your containment is a little different
than the standard one, then you can say that it's different
and these are the results, but not go through the details.
So you pick out what you think is the most relevant and
reasonably plausible, as it were. And ve will rely on your
judgment.

Assume it may be only ten minutes, becaus~ 2y

experience tells me time will be eaten up. And furthermore,

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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it comes, I think, after vhat is going to be a hard day,
because there are going to be some difficult issues early on
in the day.

Anyway, ve will assume there will be a not too
long Subcommittee report. I don't know how long we will
meet for the staff. That will depend upon the discussion.
But I hope they give us a reasoned position or alternatives,
if that's what they are, or whatever. And Houston Powver
assumes that they have an hour for their presentation if
they are not interrupted, and GE assumes it only has ten
minutes, which may go, and ten minutes, I think, for
Qffshore Powver, which may go.

I can't anticipate where the Committee is going to
vant to go. This is just a guess, obviously. T tried to
leave a little bit of time for the Ccmmittee to move into.

i‘re there any other comments? If not, I will
thank you all. I apologize for running this late in the
evening, but T guess it was a little bit unavoidable.

(Whereupon, at 9310 pem., the Subcommittee was

ad journed.)

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE., S W., WASHINGTON, D.C. 20024 (202) 554-2345
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3:30 pm

3:45-4:30

4:30-5:15

5:15-7:00

7:00-C0B

PROPOSED MEETING AGENDA
FOR THE
ACRS SUBCOMMITTEE
SAFETY PHILOSOPHY, TECHNOLCGY, AND CRITERIA
1717 H ST NW, WASH, DC., RM 1046

EXECUTIVE SESSION

STATUS REPORT ON THE NRC DEVELOPMENT OF
NTCP REQUIREMENTS - (NRC) :

PRESENTATION BY OFFSHORE POWER SYSTEMS ON
PROPOSED SAFETY IMPROVEMENTS FOR THE FNP

PRESENTATION BY HOUSTON LIGHTING & POMWER

(A) INTRODuUCTION=(5 MIN)

(8) DescripTion oF HLP Stupy AND
PrinciPAL RESULTS-(40 mIN)

(¢) GeneraL Discussion-(45 MIN)

PRESENTATION FROM NTCP APPLICANTS

15 miw

45 MIN

45 min

1 HR 45 mMIN



OPS PRESENTATION TO

. ACRS SUBCOMMITTEE

2/4/81

DISCUSSION OF MANUFACTURING LICENSE REQUIREMENTS

RELATED TO

CONTAINMENT CAPABILITIES
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ESTIMATED CONTAINMENT BOUNDARY FATLURE PRESSURES

ESTIMATE SEPT 1979

SUBMITTED IN RESPONSE TO ACRS QUESTIONS ON 9-14-79

LIMITING CAPABILITY IN TOP SHELL COURSE OF 49 PSIG

CALCULATIONS USED ACTUAL YIELD = 1207 OF MINIMUM YIELD

PLATFORM CAPABILITIES CONSERVATIVELY ESTIMAVED BY ELASTIC ANALYSIS

ESTIMATE FEEB 1981

SHELL CAPABILITY BASED ON VON MISES YIELD CRITERION INSTEAD OF TRESCA

HAND CALCULATIONS ON SHELL, SMEARING OUT HOOP STIFFENERS, VERIFIED BY FINITE
ELEMERT ELASTO-PLASTIC ANALYSES OF PANELS ON SEQUOYAH AND MCGUIRE

PLATFORM CAPABILITY RECA_CULATED USING PLASTIC ANALYSIS METHODS

DETATLED REVIEW OF SHELL/PLATFORM INTERFACE

LINITING CAPABILITY IN TOP SHELL COURSE AND EQUIPMENT ACCESS HATCH = 55 PSIG

I



| |
! T S '
oy o _Z____L___ __;__._‘ L;ewyys
a @ | MAIN SUPPORT
| | JUNCTIONS BETWEEN
THE CONTAINMENT SHELL
PO N i f’?_Tﬂﬂf_“fT___XL_vffa._
h |
| Y | '
| |
Lok § 8 ki)
\LCONTAINMEml 1]
SHELL | COUTAINMENT l
|R‘l(fof '
@_______L_____.__J_ i ‘“‘@/UZ o4 _
I .l A
I\ g N / /
' \@ &I §l / s l Bulo AR b
Bt B Selnh Slts Sl B S e A
Wi et o
BT e
A k‘ A 3
| -l 'l




L/ N -

e ———[——— ==
e e i o e i L LI
B L, e Br A e e R P T S B
y——— — —
———— " — —
W,
W ] M

ANZINrvivivod NA.







fl’l’l|l




EXISTING  BACK UP STRUCTURE

FOR CONTAINMENT SHELL
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PRESSURE CAPABILITY OF CONTAINMENT SHELL-PLATFORM JUNCTION

|
SUPPORT SUPPORT L BETWEEN SUPPORT LOCATIONS
LOCATION AREA " TEQUIV. SHELL EQUIV. PRESSURE
FROM | THICKNESS TO PRODUCE YIELD
DWGS. I IN THE SHELL
| (IN%) : (IN) (PS1)
A 256
, ! .79 99 44
8 126 *
| | 49 61.86
| c 215 f
| c1 207 l
| x | 1.09 137.09
- c2 g 207 -
D ; 215
' | 49 61.86
E ' 126
79 99 44
F 256
58 72.85
| G 276
5 89 87.39
! H . 126
i 50 63.24
,' | g 222 | ‘
; | i 76 95.90 f
' J | 218 i
; ; 76 95.90
X . 222 ;
| . 50 63.24
L 126
{ 69 87.39
M 276 ;
i 58 72.85
| A - '
L
A thru F 1608. n 89.49
GthruM 1466. 65 81.58

ESTIMATED PRESSURE CAPABILITY = 80 psig
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CONTAINMENT MODIFICATIONS REUIRED FOR 80 PSIG CAPABILITY

1. INCREASE THICKNESS OF SHELL (ELEVATION 199°4" TO 244°0") FROM 5/8" TO 1.

2. INCREASE THICKNESS OF SHELL (ELEVATION 162°2" TO 199°4") FROM 7/8" 10 1”,

3, INCREASE CAPABILITY OF EQUIPMENT HATCH COVER BY ONE OF THE FOLLOWING:

A) INCREASE THILKNESS FROM 1-3/8" T0O 1-3/4",

B) ADD STIFFENERS TO PREVENT BUCKLING.

C) REVERSE ORIENTATION SO THAT PRESSURE ON COVER IS INTERNAL PRESSURE.



CONTAINMENT BOUNDARY CAPABILITY

SUMMARY

1. CAPABILITY OF EXISTING CONTAINMENT

55 PSIG,

2, CAPABILITY OF SHELL/PLATFORM INTERFACE 80 PSIG,

L

3. CONTAINMENT CAN BE MODIFIED TO INCREASE CAPABILITY TO 80 PSIG,



PEAK CONTAINMENT PRESSURE (PSIG)

90 5

80+

70-

CLASIX ANALYSIS OF A
UNIFORMLY MIXED Ha BURN

ADIABATIC

2200 100% ZR-Hp0
P — e s
500 1000 1500 2000
MASS OF HNDROGEN IN CONTAINMENT
AT 'GNITION (LBM)




FNP Hp VENT RESULTS
UNIFORMLY MIXED, 6 FPS FLAME SPEED

30 FT SUBMERGENCE

VENT PEAK PRESSURE

AREA 30 FT Hp O IN PIPE 3 FT Hy0 IN PIPE

%2Zr-Hy0 (F12) 45 PSIG RUPTURE 22 PSIG RUPTURE 22 PSIG RUPTURE
25 0 457 45.7 45.7
5 455 429 42.8
10 455 404 401
50 0 83.1 83.1 83.1
5 76.2 749 74.9
10 700 67.9 67.9
75 0 1149 1149 1149
5 1015 100.8 100 6
10 904 89.3 89.2
106 0 1426 1426 1426
5 126 122.3 122.1

10 107.0 1051 104.7



PEAK CONTAINMENT PRESSURE (PSIG)

CLASIX ANALYSIS OF A
UN!SORMLY MIXED Hp BURN

Q0 +
ADIABATIC PASSIVE HEAT SINKS
80+
FULL SAFEGUARDS
PASSIVE HEAT SINKS
70- g \ NO ICE
60+
50 -
40+ FULL SAFEGUARDS
YTASSIVE HEAT SINKS

T —

T Y e —
0 500 1000 1500 2000
MASS OF HNDROGEN IN CONTAINMENT
AT IGNITION (LBM)

% l 2200 100% ZR-H;0



CLASIX ANALYSIS ASSUMPTIONS

UNIFORM H; RELEASE RATES, 05 TC 5 LBM/SEC

2200 # OR 100% Zr H2 O EQUIVALENT

FUILL CONTAINMENT SAFEGUARDS

PASSIVE HEAT SINKS — NO RADIANT HEAT TRANSFER

DISTRIBUTED IGNITION SOURCES

100% BURN OUT WITH IGNITION AT 10 V/g



CLASIX COMPARTMENTED ANALYSIS

PEAK CONTAINMENT PRESSURE AS A FUNCTION OF Hy RELEASE RATE

RATE TIME PEAK PRESSURE COMMENTS

(#/SEC) (SEC) (PSIG)

05 4400 12 NO BURNS iN UPPER COMPARTMENT
1.0 2200 25 MARCH S;D MAXIMUM

20 1100 24

3.0 767 25

40 550 34

50 440 30



CONCLUSIONS

o VENTS INEFFECTIVE FOR CONTROLLING H2 BURN TRANSIENTS

o PEAK PRESSURES WELL WITHIN CONTAINMENT
FUNCTIONAL CAPABILITY WITH SAFEGUARDS

AND DISTRIBUTED IGNITION SOURCES



PROPOSED DEGRADED CORE HYDROGEN REQUIREMENTS - MANUFACTURING LICENSE

DEGRADED CORE ACCIDENT SIMILAR TO TMI UP TO 50% ZR-H2 0 REACTION

. HYDROGEN RELEASE RATES UP TO MAXIMUM UNIFORM RATE OF 1.0 LBS./SEC.

. CONTAINMENT PRESHUREI TAILCULATIONS RESULTING FROM HYDROGEN COMBUSTION (IF ANY)
A. REALISTIC ME HODS OF ANALYSIS
REALISTIC HEAT LOSSES TO HEAT SINKS

REALISTIC ASSUMPTIONS FOR OPERATION OF SAFEGUARDS AND MITIGATION FEATURES

°c o =

BURN INITIATED BY DISTRIBUTED IGNITION SOURCES, IF PROVIDED
E. ONE SINGLE ACTIVE FAILURE OF CONTAINMENT SAFEGUARDS

F. ELECTRIC POWER IS AVAILABLE

. CALCULATED CONTAINMENT PRESSURE SHALL BE LESS THAN FUNCTIONAL CAPABILITY DEFINED BY:
A. PLASTIC ANALYSIS METHODS INCLUDING CONSIDERATION OF EFFECTS OF DEFORMATIONS

B. ACTUAL MATERIAL PROPERTIES



REQUIREMENT

NUREG-0718

REL ABILITY EVALUATION

PROVISION FOR FLANGED
CONNECTION IN DESIGN

CONTAINMENT PRESSURE CAPABILITY

SITING, EVACUATION

STATUS OF MANUFACTURING LICENSING APPLICATION WITH RESPECT "O NRC REQUIREMENTS

STATUS

WESPONSES SUBMITTED 7/80. MINOR UPDATE
REVISION REQUIRED.

COMMITTED TOPERFORM RELIABILITY ASSESSMENT 7/80.
RELIABILITY EVALUATION WILL BE FACTORED INTO FINAL
DESIGN PROCESS.

WILL BE PROVIDED, IF REQUIRED.

CURRENT 15 PSIG DESIGN
55 PSIG FUNCTIONAL CAPABILITY
POTENTIAL 25 PSIG DESIGN

80 PSIG FUNCTIONAL CAPABILITY

NOT APPLICABLE FOR FNP APPLICATION.



STAFF POSITION RE. CP REQUIRCMENT WITH
RESPLCT 7O UCGRADED CORE RULCMAKING

1. For A1l Pending CP's

1. .Comnit to performing a site/plant probabilistic risk assessment and
incorporating the results of the assessment into the design of the
facility. The commitment must include a program plan, accentable to
the staff, that demonstrates how the risk assessment program will be

scheduled so as to influence system designs as they are being develooed.

2. Demonstrate by analysis, that the containment and associated systems
will provide reasonable assurance that uniformly - distributed hydrogen
concentraticns do not exceed 10% following an accident that releases
hydrogen generated from 1002 fuel clad metal-water reaction, or demonsirate

that the post-accident atmosphere will not supnort hydrogen c~nbustion.

3. Demonstrate, by analysis, that containment intagrity (based or. "3ME
Code yield criteria and on ASME Service Lavel C assuming 2 single load
condition) will be maintained fellowing an accident that rezleases hiydrogen
generated frcm a 100% fue? 124 matz]-water reaction accomoanied by the
more severe condition of either hydrogen burning or the adced pressure
from post-accident inerting assuming carbon-dioxide is the inertiing agent.
Systems necessa’y 0 ensure containment integrity shall also be demonstrated

to perform their function under these conditions.

4. Demonstrate, by analysis and test, that containment structure loadings

produced by 2n ir . o/ertent full inerting (assuming carbon dioxide), plus

mechanical and other stress-producing loadings, (but not including seismic




Te

or design basis accident loadings) do not produce stresses in excess

of the acceptable maximum spe~ified in ASME Ccde Section 111, Subsection ME.

Also demonstrate, by analysis and test, that the inadvertent full inerting
while at operation can be safely accommodated. The containment shall
be pressurc-tested at 1.15 times the oressure calculated to result from

jnadvertent full inerting (assuming ca~won dioxide).

5. Containment design shall irclude provisions for one or more dedicated
penctrations, eouivalent in size to 2 single 3-foot diameter
opening, to accomnodate 2 future possible requirement to vent the

containment.

For BYR'S

- & . - P - . » » -
ACOTDATELE & otmuiniidaiairs wing capability for.aa@veo6+-g-eo-e-deaoeo-ﬂneu-ani-;—
L G s - i a3 S s DY including an in-cont2inment isolation

condenser as a backuo to the oCIC and HPCS, caocable of operating with Toss

of AC power.

for Ice Condenser and Large Ory Containments

As part of the required probabilistic risk assessment, evaluate the feasibility
o
of incorporating aw aeeesemsd capability, functionally similar to the

in-containment isclation condenser being provided in BWR's for Grevensim

WWU))";T; moisaz paan Ry Rerasa ¥ ““*Urd
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Presentation
by
Houston Lighting and Power
Before the
ACRS Subcommittee on
Safety, Philosophy, Technology and Criteria
February 4, 1981

Introduction

We appreciate the opportunity to appear before the sub-
committee and give our views on the proposed rule by the NRC
St2:° for pending construction cermit applications and to in-
form you of the studies we hav: underway as a result of the
proposal.

We have been concerned for sometime by the delays which
the Allens Creek Nuclear Generating Station has experienced in
attempting to receive a construction permit. The delays are now
threatening the ability of my company to support our future loads
while at the same time adding hundreds of millions of dollars of
unwarranted costs to the projsct.

The Fuel Use Act of 1978  prohibits HL&P from cons.ructing
new power plants that use either petroleum or natural gas, and pro-
hibits natural gas from being used as a primary energy source in
any existing power plant after January 1, 1990. As a result, nuclear
pcwer does represe~* a viable alternate to our generation capacity

requirements for the future.

*/ 42 U.S.C. §§ 8301 et seq.
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The ability to use the nuclear option =-- in our case --
is highly dependent on the timeliness of getting on with the
construction of our Allens Creek project and its ultimate opera-
tion. Allens Creek is presently three years behind the beginning
of ¢ .s+.uction, and is presently scheduled for operation by mid-
year 1989. 1If Allens Creek is to be part of my company's future
we must have a construction permit by March 1982. The next few months
are critical decision making months. Depending on the outcome of NRC's
position on near-term construction permits and the commitment to

supportive resources, we will decide whether to proceed with the

project or terminate it. If we are to proceed with Allens Creek the
approach for resolving the degraded core issue for pending construction
permits must be concluded without further delav.

We feel this can happen, if NRC regulatory actions containr
the following:

: I Clear criteria for meeting degraded
core concerns;

r A licensing basis which assures that
meeting the criteria will result in
issuance of a construction permit;

33 Design stability during the period of
construction and some assurance that
the design will be sufficient for
issuance of an c::rating license; and

4. Sufficient NRC staff for reviewing
T™I-related submittals without delay.

T~ achieve 12gulatory actions which contain “hese elements,
i+ see . to us .hat one mi 3t proceed on the basis of a sound

safety philosophy rather than by trying now co predict the




outcome of rulemaking proceedings and other regulatory actions
which are likely to take years to complete.

I cannot predict the outcome of the degraded core rulemaking
proceeding, and I do not know anyone who can. Neither can I
forecast now what safety goal may be established at some time
in the future. I do know, however, that these are highly con-
troversial areas and that these pending applications will never
result in the issuance of construction permits if we are forced
to try to resclve those matters in licensing hearings.

As 1980 progressed, HL&P became increasingly concerned with
the delay of Allens Creek and the lack of a licensing basis from
the NRC including degraded cores. Publication of the proposed
NTCP rule in October only heightened our concern. We saw no
underlyving safety philosophy in the proposal and the elements
which we consider essential for licensing were missing. The
different versions of the NTCP rule which we have seen since
October do not resolve our concerns.

Ccasequently, we decided to try to formulate a clear,
straightforward basis for licensing Allens Creek which would account
for the degraded core concern but also aveoid attempting to resolve
now those matters which are clearly the subjects of future rule-
making activities.

we believe that the guiding safety philosophy should be risk
reduction. We asked whether it 1is possible to develop a balanced
approach to the recduction ~nf the risk of a degraded core by re-

ducing the probability of transients leading to a ‘egraded core




and by mitigating the consequences of a degraded core. We
thought that if this could be accomplished it would be far more
meaningful than trying to predict what might happen i.. future
proceedings.

Wwhen I refer to risk reduction, I want it to be clear
that I believe the Allens (Creek plant as currently designed is
fully adequate for licensirg. I think that the constant addition
of new design features and aiditional minute rec latory require-
ments may be more of a deterrent to safety than an improvement
to safety. But in the real world of lice- ing nuclear plants
today the technical merits too often get lost in other considera-
tion.

But risk reduction can be discussed technically, and I hope
that at least we can get everyosne to agree that reducing risks is
a desirable goai. The ric  reduction I am referring to is
relative risk raduction. It is not appropriate to ask the gques-
tion "How safe is safe enough?", for that will be resolved in
setting the safety goal, and not on the Allens Creek docket.

Allens Creek is already designed to reduce risks orders
of magnitude below those of the BWR studied in WASH-1400, as
will be shown later in our presentation. Nevertheless, we set
out in our studies to determine whether risks associated with the

degraded core concern could be reduced even further.



Relatiocship of the Study to Other Regulatory Activities

In undertaking these studies, we recogni ed that tiere are
three levels of regulatory activity underway concerning degraded
cores. The first is the long-term degraded core rulemaking. As
we understand it now, this proceeding will explore the basic
phenomena associated with degraded cores and seek to determine
whether additional regulatory action is reqguired regarding the
fundamental design of nuclear plants. This proceeding is expected
t last several years, regquire a massive effort by both NRC and
tane industry, and cost many millions of dollars.

The second level of regulatory activity is the proposed
interim rule on hydrogen control and degraded core considerations.
The proposed rule, if adopted in substantially the form as pro-
posed, would require extensive studies on hydrogen which, in
the case of Allens Creek, would not be reguired until docketing
of the operating license =-- an event which will not take place
for several years. The NRC also anticipates that these studies
will reguire formation of industry groups and an extensive effort
to complete.

The third level of activity concerns the degraded core
considerations for pending construction permits. 1In undertaking
our studies, we considered that we could not reasonably resolve
in a matter of weeks the gquestions involved in the first two

levels of regulatory activity =-- guestions which NRC contemplates

will take years to answer.




Our studies seek instead to provide the engineering informa-
tion essential to formulate a risk reduction strategy which would
form the basis of a rational licensing plan for Allens Creek and
at the same time anticipate reascnable actions which could accom-
mocdate the outcome of the long-term degraded core rulemaking and the
hydrogen studies.

We have also avoided cetting into the safety goal area when
considering risk reduction. Relative risk reduction seems to us
to be a reascnable way to proceed until a quantitative safety goal

is available.
Conclusion

I believe that we have been diligent in moving forward to
assist in establishing a sound licensing basis for the Allens Creek
plant.

Mr. Goldberg, our Vice President, Nuclear Engineering/Con=-
struction will lead ti: discussion on the degraded core studies

which we have underway.



DRAFT
2/4/81

HOUSTON LIGHTING & POWER COMPANY'S
PROPOSED RULE CONSIDERATIONS

The containment shall be egquipped with a post accident
inerting system to preclude detonation of hydrogen re-
sulting from a 100% fuel clad metal water reaction.

The containment pressure integrity should be such
that it can accommodate:

a. The anticipated peak containment pressure
resulting from a postulated 100% fuel clad metal
water reactlion without loss of functional integrity.

b. The anticipated peak containment pressure
resulting from the accidental initiation
of the post accident inerting system with
the reactor at power without resulting in
the containment stresses exceeding code
allowables for normal operation.

A provision for a preventive feature should be allowed
in place of additional mitigative features. For example,
a provision for an isolation condenser for decay heat
removal should be accepted in place of a three foot
diameter dedicated penetration for a processed vent and
other potential mitigative features.
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AGENDA

BWR/6 MARK II1 PRELIMINARY RISK ASSESSMENT

CONTAINMENT STRUCTURAL EVALUATION

HYDROGEN CONTROL OPTIONS

SUMMARY




SUBSTA
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I

TIAL IMPROVEMENTS ALREADY INCORPORATED
6 MARK 111

N
R/

ADDITIONAL POST TMI IMPROVEMENTS INCORPORATED
IN STARDARD PLANT

SIGNIFICANT REDUCTION IN PROBABILITY GF CORE
DAMAGE AND RISK RELATIVE TO WASH 1400




SUMMARY (Cont’D)

MITIGATION EXISTS FOR HYDROGEN CONTROL

- DRYMELL + POOL + CONTAINMENT
- CONTAINMENT FUNCTION MAINTAINED

CONTAINMENT HAS SUBSTANTIAL STATIC AND DYNAMIC
CAPABILITY
- 22 ps16 (NOT 15) FOR ASME SERVICE LEVEL A
- 41 ps16 FOR ASME SERVICE LEVEL C
- 70 ps16 FOR DRYWELL

SIGNIFICANT CONTAINMENT STRENGTHENING OMLY
PRACTICAL AT NEW PLANT DESIGN INITIATION

IF ADDITIONAL HYDROGEN CONTROL REQUIRED ...
TWO OPTIONS IDENTIFIED

- POST EVENT INERTING
- IGNITCRS



G 1003291

PILGRIM 2 CONTAINMENT
(1200 MWe PWR)

® PRESTRESSED CONCRETE

e FREE VOLUME: 2.5 X 10° cu. FT.
® DESIGN PRESSURE: 60 PSIG

® TEST PRESSURE: 69 PSIG



gen Concentration Vs, Metal Water
Reaction at Various Initial Temperatures
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Pressure, psia

Equilibrium Pressure Vs. Initial
Temperature at Various Metal Water
Reactions - Adiabatic Partial Com-
bustion Above NRC Flammability Limit
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Pilgrim Station — Unit 2 Job 8791

CONTAINMENT GENERAL
ARRANGEMENT

- CONTAINMENT
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CONTAINMENT DESCRIPTION

® PRESTRESSED, POST-TENSIONED CYLINDER AND
HEMISPHERICAL DOME

® NON-PRESTRESSED BASEMAT
® 147 INS. DIAMETER X 200-10” OVERALL HEIGHT

@ CYLINDER WALL — 48" THICK
DOME — 3'4” THICK
BASEMAT — 28’ THICK (NOM.)

® LOCKS AND HATCH —
19’ DIAMETER BOLTED HATCH
2 DOUBLE DOOR LOCKS
1 — 16°' DIAMETER IN HATCH COVER
1 — 10° MMAMETER. THROUGH CONCRETE

® LINER — 1/4” THICK



CONTAINMENT CAPABILITY

CONTAINMENT

CONDITION PRESSURE STRESS LEVEL
75% METAL L N80 PSIG <YIELD
WATER
REACTION
100% METAL <80 PSIG <VYIELD
WATER
REACTION
WITH H>

IGNITORS



PRESENTATION
ALLENS CREEK
TECHNICAL STUDIES
ON DEGRADED CORES

FOR

HOUSTON LIGHTING AND POWER COMPANY

BY

S. LEVY

FEBRUARY 1981



OGJECTIVES OF STUDIES

RESPOND TO NRC REQUIRCMENTS FOR DEGRADED CORES FOR NTCP APPLICANTS

MINIMIZD IMPACT OF FUTURE RULC MAKING ON DEGRADED CORES AND

HYUROGLN CUNTHRUL

MINIMIZL IMPALT UN PRUJECI

1 17T

CVALUAIL TLASICILITY, EFFECTIVENESS, AND RELATIVE RISK REDUCTIONS OF
SHCTIVE ADDITLONAL PLANT FEATURES

- DIFFICULT SET OF OBJECTIVES
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_LEGEND_

WASH-1400

ESTIMATE FOR ALLENS
CREEK WITH ATWS FIX

AND WITHOUT FEATURES
ADDED

railure to Remove
Decay Heat

(.eads to Contain-
ment Failure)

Failure to Shut
Oown Reactor

(Leads to Contain-
ment Failure)

Failure tb Provide Water
Makeup to Reactor
(Leads to Core Damage)



OBSERVATIONS ON RISKS

RISK PROBABILITIES AND CONSEQUENCES BELOW WASH-1400

RISN PROGACILITY REDUCTION FACTORS ARE LIMITED

. LLIMINATL ALL FAILUKLS TO PROVIDE WATER
MANLUP TU KLACTOK = 1.3 RPRF

. LLIMINATL ALL FALILURES TO REMOVE
OLCAY HEAT = 2.0 RPRF

. LU UMINATL ALL FAILURES TO PROVIDE WATER
MANCUP TO RCACTOR AND ALL FAILURES TO

i MOVE DLCAY HCAT = 8.5 RPRF

LR LL Tl MITIGATION OF ALL FAILURES TO

PRJVICL WATER MAKEUP TO REACTOR = 1.3 RPRF

RISKS ARE BELOW WASH-1400
UCGRADED CORE CAUSING CONTAINMENT
| FAILURE NOT DOMINATE RISK




FEATURES STUDIED

PROVENTING
. FAILURE TO REMOVE DECAY HEAT
. IM’ROVCD ON-SITC POWCK SOURCE
. CONTAINMONT PROSSURL RCLIEF

LXTERNAL ISULATION CONDEMSER
. CATLUKL 1O PROVIDC WATER MAKEUP TO THC REACTOR

. iMPRUVED ON-SITE POWER SCURCE

. RCACTOR VLSSCL DEPRESSURIZATION AUGMENTATION

. CUMUINCU CONTAINMENT PRCSSURE RELIEF AND REACTOR
JEPRUSSURIZATION AUGMC4T2TION

. HYURUGLN CONTROL
. CONTAINMUNT PRE-INERTING
. CONTAINMENT POST-INERTING
. CUNTKOLLLD HYDROGEN BURNING
. INCREASED CONTAINMENT PRESSURE CAPABILITY
. OVERPRESSURE CONTROL
. VENTING OR VENTING/FILTER OF CONTAINMENT
. LOw CARBON CONCRETE
. BASEMAT PENITRATION
. FLOODING OF CONTAINMENT ‘" MOLTEN CORE CATCHER
AND LADLES



" 3ST SCREENING OF FEATURES

PREVENTION

1. CONTAINMENT PRESSURE RELIEF (2)

2.  INTERNAL ISOLATION CONDENSER (5)

; WEACTUR VESSLL DUPRLSSURIZATION AUGMENIATION (1.1)
<. COMBINATION OF (1) and (3) ABOVE (3)

MITIGATION
CONTAINMENT PQOST INERTING (< 1.3)
<. CONTROLLED HYDROGEN BURNING WITH PRESENT CONTAINMENT SPRAY (< 1.3)
INCILASLD CUNTAINMUNT PLSSUKRE CAPABILITY (< 1.3)
q. VINTING OF CONTAINMENT (< 1.3)



CONTAINMENT PRESSURE RELIEF

FCATURE
VENTING TO AVOLD OVERPRESSURE FAILURE DURING FAILURE

TO REMOVE RESIDUAL HEAT

PUUL MAKLUP Wl FIKEHOSE DELAYS VENTING AND TIME FOR
WLACIHLNG PURE STEAM ATMOSPHERE IN CONTAINMENT

Ay A ALY C
ADVANTALL S

SIMPLE FIX WITHIN CURRENT PRACTICE

PROVISION COSTS NEGLIGIBLE

SMALL IMPACT On PROJECT

SUSSTANTIAL RISK PROBABILITY REDUCTION OF 2

0 1SADVANTAGLS

SUPPRESSION POOL LOADS IF POOL ALLOWED TO
REACH SATURATION TEMPERATURE

EXCESSIVE WATER POOL ADDITION



INTERNAL ISCLATION CONDENSER

FEATURE

ISOLATION CONDENSER BACKUP TO RCIC AND HPCS

INTERNAL TYPE (CONDENSING COIL LOCATED iN UPPER

CONTAINMENT POOL)

ADVANTAGES
INDEPENDENCE FROM PRESENT SYSTEMS AND SUPPRESSION POOL
EFFECTIVE FOR TOTAL LOSS OF AC POWER

PROVIDES ANOTHER BARRIER BETWEEN AIACTOR AND CONTAINMENT

SUBSTANTIAL RISK PROBABILITY REDUCTION FACTOR OF 5

DISADVANTAGES

INTERNAL TYPE HAS MEDIUM IMPACT ON PROJECT

ADDITIONAL STUDIES NECESSARY FOR INTERNAL TYPE TO AVOID
SURPRISES

INTERNAL TYPE WILL INTERFERE WITH REFUELING AMD UPPEP
POOL USAGE



REACTOR VESSEL DEPRESSURIZATION AUGMENTATION

FEATURE

CLOCTRONIC CHIANGLS AND ENERGY SOURCE ADDITIONS TU ALLOW
JLPRLSSURIZATION OF PLANT -- USE OF LOW PRESSUKE SYLIEMS FOR

NON-LOCA CVENTS

ADVANTAGES
SIMPLL TIX, CASY TO PROVIDE FOR
SHMALL IMPACT ON PRNOJECT

DISADVANTAGES

RiON PRUBABILLITY REDUCTION FACTOR MINIMAL (ABOUT 1.1)
INAUVLRTENT QPERATION IMPACT NOT FULLY ASSESSED

COULD DEGRADE AUTOMATIC DEPRESSURIZATION SYSTEM RELIABILITY



CONTAINMENT POST INERTIN,

CCOAY nr
VAL URNL
—

AJD GAS (MALON OR CO2) TO PRECLUDE WYDROGEN BURN

B anha W A "
LALER AL LY o,

SUcvis HYDROGEN PROBLEM IF ACTUATED PROPERLY

NCRLASES CONTAINMENT PRESSURE (6.5 PSI MIN FOR MALON
22 PS1 MIN FOR C02)

ALTLVD SYSTEM AND ASSURANCE OF ACTUATION WHEN NEEDED
POTUNTIAL MATCRIAL CORROSION PROBLEMS FOR HALON
SNADVCRTENT ACTUATION

MEoluM IMPACT ON PROJECT



CONTROLLED HYDROGEN BURNING

rEATURL
et

INSTALLATION OF IGNITERS IN CONTAINMENT TO BURN HYDROGEN BEFORE

iT RLACALS EXCLSSIVE CONCONTRATION

R e o
AOVANTAGL S
depc ol d gl A2

MINIMAL IMPACT FOR INAOVERTENT ACTUATIUR

ARVALT AL
DISADVANTAGLS

FAILURE TO IGNITE HYDROGEN AT LOW CONCENTRATION
LUULU LEAD TO CONTAINMENT FAILURE

(MPACT OF BURNING FLAME UPON EQUIPMENT

OEVELOPMENTAL, COULD REQUIRE SPECIAL CONTAINMENT SPRAY WITH

CARGL IMPACT O PROJECT




INCREASED CONTAINMENT PRESSURE CAPABILITY

[CATURC
RAISE CONTA.N*ENT PRESSURE CAPABILITY (CAN INCREASE
FROM 36 to 45 PSIG STATIC CAPABILITY BASED ON MAT
ANCHORAGE ACI CODE 359 - ACCIDENT CONDITION)

AUVANTAGLS
INCREASED OVERPRESSURE FOR HYDROGEN £ONTROL AND
SUBSCQUENT EVENTS

SMALL IMPACT OW PROJECT

DISADVANTAGES

ASSURANCT THAT THERE WILL NOT BE ANY INCREASE IN DYNAMIC LOADS
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VENTING OR VENTING/FILTER OF CONTAINMENT

FEATURE
VENT OR VENT/FILTER TO AVOID OVERPRESSURE FAILURE

ADVANTAGES

RISK REDUCTION ONLY AFTER HYDROGEN CONTROI. ACCOMPLISHED

VENT ALONE PROVIDES DOMINANT PORTION OF RISK REDUCTION

DUE TO PRESENCE COF SUPPRESSION POOL

DISADVANTAGES

VENT/FILTER-LARGE IMPACT ON PROJECT, UNCERTAINTY IN

TECHENOLOGY AND LITTLE ADDED BENEFIT

VENTING-PUBLIC ACCEPTANCE
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KEY BWR SAFETY FEATURES

"o HYDROGEN CONTROL

= COMBUSTICN NOT EXPECTED

IN DRYWELL

“ HWYDROGEN PIPED TO POOL FOR TRANSIENTS
= HYDROGEN ENTERS PURGED DRYWELL FOR LOCAs

- FOR BURNING/DETONATION ABOVE POOL, DRYWELL
EXPECTED TO REMAIN INTACT

¢ FISSION PRODUCT CONTRO
- WITH DRYWELL INTACT

- ASSUME CORE DAMAGE RELEASES FISSION PRODUCTS
- INSIDE VESSEL: DIRECTED TO SUPPRESSION POOL

VIA RELIEF VALVES

= CUTSIDE VESSEL: DIRECTED TO SUPPRESSION FOOL
YIA DRYWELL, HORIZONTAL VENTS
- MCST IQDINE, PARTICULATES REMAIN IN SUPPRESSION

POOL

1 0SSOF COOLANT AccsDEN'_]

-

CONTAINMENT —=

Elin,

DRYWELL-\ §

BREAK =

N,

RECIRCULATION
PUMP\
V/EIR WALL\

HORIZONTAL ||
VENTS —!

SAFETY/RELIEF VALVE UILKCHATCE

SAFETY/RELIEF
|4 VALYE

rMA?N STEAM LiNE

DISCHARGE LINE
SUPPRESSION PCOL
QUENCHER

15
<°g = RESIDUAL KEAT

REMOVAL SYSTEM




0 MILLION GALLCN PRESSURE SUPPRESSION POOL

0 EXPECTED DECONTAMINATION FACTORS (DF) FOR
POOL SCRUBEING

SPECIES DF, 000

Csl 10% - 10°

PASTICULATES  10° - 10°

0 PRESFNT PRELIMINARY RISK ASSESSMENT CONSERVATIVELY
ASSUPED DFpy,, = 1000, MINIMUM DF,,, SUPPORTED
BY LITERATUSE

@ RESULT

FOR H2 DETONATION EVENT (ASSUME IT HAPPENS),
AND CREDIT FOR onLY pooL DF = 1000

= NO EARLY FATALITIES

- LATENT eFFecTS < 1% oF EFFECTS FROM NORMAL
BACKGROUND RADIATION
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BWR/6 MARK 111 RISK ASSESSMENT

PRELIMINARY RESULTS

CORE DAMAGE
DESIGN/CONCEPT PROBABILITY™

WASH-1400 BWR

BWR/6 (AS 1S)

BWR/6 (WITH POST
TMI IMPROVEMENTS)

BWR/6 (WITH POST
TH1 IMPROYEMENTS)

PLUS

= STRONGER CONTAINMENT

= POST-EVENT INERTING

= H2 IGNITERS

. an
e

FREQUENCY PER PLANT YEAR
EXPECTED FATALITIES PER PLANT YEAR

3IX10~5
9x10-6 (a/4)

2x10-6 (a/20)

2x10-6 {(a/20)
2%10-5 (A/20)

2x10-6 (a/20)

TOTAL
R]SKRR

2x10-3
7%10=5 (A/30)

1%10=5 (a/200)

1x10-5 (A/200)
3x10-6 (A/300)

gx10-6 (a/300)



BWR/6 MARK 11 PRELIMINARY RISK ASSESSMENT

CONCLUSIONS

0 SUBSTANTIAL CAPABILITY IN EXISTING DES'GN = ASSUMING
HYDROGEN COMBUSTION

= CCLTAINMENT OVERPRESSURE DOES NOT FAIL DRYWELL
= CONTAINMENT RUPTURE EXPECTED AT DOME LEVEL

= SUPPRESSION POOL SCRUBBING RETAINED

= ECCS FUNCTICN RETAINED

0 ConNTAINMENT FuncTion RETALNED

0 BWR/S Risk BerLow WASH-1400
0 More DeTaiLeD Work ExPecTeD 1O ConrFIRM CoNCLUSIONS

0 Present Yorx SHows No Basis For JusTiFYING FURTHER
Nesien CHANGES To Renuce Risk




CONTAINNENT STRUCTURAL EVALUATION

GENERAL ELECTRIC STANDARD PLANT

CAPABILITY SUMMARY

o NominaL Desicn PRESSURE 15 psi16

o CapaBiLITY BaseD on ASME Cope
Service LeveL A 22 PS1G
NO OTHER LOADS IN COMBINATION

a CapasirLiTy Basep on Cope YieLd CRITERIA 1
PSIG
Basep onN ASME Service Lever C
IT 15 EXPECTED THAT LOCKS, HATCHES, PENETRATIONS AND OTHER
DETAILS ARE NOT LIMITING IN ANY OF THE PRESSURE STATEMENTS

ABOYVE,

©  CapaBiLITY BAseD on ULTIMATE ~ 60 psi6G

Static ConDITIONS
ApPLICABLE TO FAST HYDROGEN BumNniING

o CapaBiLiTy Basep on Dynamic Loapine ~ 150 psia
(5 Ms PuULSE)
THER Mark 111 StzeL CONTAINMENTS WILL VARY FROM THESE VALUES.



CONTAINMENT STRUCTURAL EVALUATION

GENERAL ELECTRIC STANDARD PLANT

REFERENCE DESIGN FOR DRYWELL

©  KOMINAL DESIGN PRESSURE - INTFRNAL 30 psic

©  NOMINAL DESIGN PRESSURE - EXTERWAL 21 psi6

0 DESIGN BASES - WALL:
AMERICAN CONCRETE INSTITUTE CODES
DRYWELL HEAD: ASME CODE

0 STRUCTURE: REINFORCED CONCRETE anD
STEEL FOR DRYWELL HEAD

DRYWELL CAPABILITY

INTERNAL PRESSURE
9 YIELD STRESS LIMIT (DRYWELL HEAD) ~ 200 psi6
0 CONCRETE WALL ~ 120 psi6G

. EXTERNAL PRESSURE
0 YIELD STRESS LIM. (DRYWELL HEAD) ~ 70 psic
0 CONCRETE WALL > 200 ps16




CONTAINMENT STRUCTURAL EVALUATION

DESIGY ADJUSTMENTS TO IMPROVE CAPABILITY OF FUTURE STEEL
CONTAINVYENT (AppLies To GE ReFzRENCC ONLY - WILL DIFFER FOR EACH
PROJECT).

0 CHANGE HEAD DESIGN TC HEMISPHERICAL

3 INCREASE CYLINDRICAL WALL THICKNESS

° MODIFY DETAILS AS MECESSARY

0 RESULTS WILL BE:
ASTE CODE SERVICE LEVEL A 45 psic

AS¥E CODE SERVICE LEVEL C 79 Ps1G
THESE CHANGES ARE PRACTICAL ONLY AT A NEW PLANT DESIGN INITIATION,

RISK ASSESSMENT SHOWS MO RISK REDUCTION FOR INCREASED CONTAINMENT
PRESSURE CAPABILITY,

.



BWR/6 - MARK 111

- HYDROGEN CONTROL QPTIONS -

INTRODUCTION
- BACKGROUN
- INITIAL SCREENING
- CONCEPTS EVALUATED
0 IGNITORS

0 POST EVERT IN

rm

RTING

DISCUSSION OF CANDIDATE CONCEPTS
- DESIGN BASIS
- CONCEPT DESCRIPTION
- DESIGN CONSIDERATIONS
- OPEN ISSUES
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CONTROLLED MYDROSEN CONBYSTION

- -

- CONCEPT DESCRIPTION -

MULTPLE DIESEL CHRGINE GLCY PLUGS LOCATED
THROVGHOUT CONTALWAENT AMD DRYHELL IGHITE HYDROGE
AT SUFFICIESTLY LOY CONCENTRATICHS 10 PREVENT
CONTAIIRIEAT OVERPRESSURE AND FAILURE '

SYSTEF AUTCPATICALLY LHITIATED ON REACTOR LEVEL 1
SIGNAL OR FANUALLY BY CPZRATOR

FEANS I COMTALENT AlD pRYMELL TO ASSURE
SUFFICIENTLY UNIFORM HIXIRG

FEAS FOR BOTH LOCAL AID CLOBAL HEAT RE#OVAL FROM
THE CONTAIIMENT ATHOSPHERE |

VITAL EQUIPHENT I¥ CONTAINWERT 1S PROTECTED/OR
WITHSTANDS PRESSURE/TENPERATURE COADITION

 AMAITING RESULTS OF HATIGHAL :
LABS PROGRAM |




POST-EVENT INERTING

- CONCEPT DESCRIPTION -

LIQUID CO, IS STORED CUTSIDE CONTAINMENT

LIQUID CO, RAPIDLY INJECTED INTO CONTAINMENT
- AFTER EVENT  SEQUENCE STARTED

- BEFORE HYDROGEM FORMED & TRANSPORTED TO CONTAINMENT

CO, PREVENTS HYDROGEN COMBUSTION & REDUCES CONTAINMENT
FAILURE PROBABILITY

NORMAL CONTAINWENT HEAT REMQVAL IS NEEDED TO PRECLUDE
VENTING



