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LOS ANGELES, CALIFORNIA; FRIDAY, OCTOBER 19, 1984, 8:30 A.M.

MR. OKRENT: The meeting will now reconvene.

I think we agreed that we would next go into items
nine A, B and D, and then item ten. And I don't plan to
use more than two hours for those. So let's see how it
goes. Whenever you are ready.

MR. QUIRK: My name is Joe Quirk from General
Electric. We would like to begin this morning's meeting
then with nine which is New Design Features/Philosophy
Behind Design Changes. And that will include A, which is a
summary of changes and basis. B, the ultimate plant
protection system. And D, containment strength.

(Slide 1 shown.)

MR. QUIRK: I hope to put in perspective the
presentation with this chart. It looks rather complicated,
but I think it will be clear in a minute.

This is a scale of the year and we are going to
talk about the new design features that have been added to
GESSAR since it began and they are basically three periods
of changes. The changes that resulted as a direct result
of the NRC review at the PDA stage. There was a period of
changes that while that design was being detailed and
evolved from a conceptual design to a final design General
Electric Company made some changes to improve and we will

list those changes. There were then changes that resulted
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in this design as a result of the final design approval
review and most recent change have been made since the
severe accident approval review had been initiated by the
staff. So there was a preliminary phase and a final phase.

MR. MICHELSON: The detailed design, was that for
a particular plant in this country as well?

MR. QUIRK: Yes, it was.

MR. MICHELSON: Which one?

MR. QUIRF: For the Hartsville 16 design.

MR. MICHELSON: After Hartsville was postponed and
then eventually canceled did you precede with the design or
had it already been fully completed?

MR. QUIRK: It had been substantially completed.
I'm saying about 90 percent type completed.

MR. MICHELSON: Have you completed it since then?

MR. QUIRK: I believe we haven't completed the
last bit of it, but we have brought our documentation up to
a level of readiness where it is all completed up to that
point and the remainder would be completed.

MR, MICHELSON: So Hartsville essentially is the
design we are dealing with here.

MR. QUIRK: That's right Hartsville and Phipps
Bend were both sister plants if you will,

MR, MICHELSON: One more clarification and this is

essentially the work that was done by your consultant firm
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in Los Angeles?

MR. QUIRK: That's right.

MR. MICHELSON: What was their name?

MR. QUIRK: C. F. Brown.

MR. MICHELSON: They no longer deal with this, do
they?

MR. QUIRK: That's right, as a result of the
cancellation.

MR. MICHELSON: Has all of their documentation
been moved to San Jose or what happened to it?

MR. QUIRK: Yes. We have correlated all the
design documentation and have it available for continuation
if it were to come to that or for reuse if we were to sell
another Nuclear Island design.

This chart summarizes changes that were made as a
result of the preliminary design review. Now, this is not
a complete list because there are many more changes. But
what I tried to do was highlight what I felt were the more
significant changes that were made so that you could get a
feel for what kind of changes resulted at this first stage.

And the first one was the envelope citing
parameters were pretty much increased I would say. Based
on the idea that this is a standard plant design and it
will be designed for most sites in the United States. That

would exclude the Rockies and high seismic area such as
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California. But the idea was to define a site envelope
such that this design could be cited on roughly 85 to 90
percent of the sites in the U.S.

So as a result of that we increase the wind
loading, the snow and ice loading and ground water to agree
with -- to improve the design and make it so that it could
be cited at a large number of sites.

MR. EBERSOLE: Explain the meaning of the
elevation of ground water citing. What implications are
there in the design about that?

MR. QUIRK: The concern here was that you may get
flooding and tend to float the base mat. So they wanted to
assure themselves that there wasn't a hazard such that that
could occur so there was an interface criterion that deals
with that.

MR. EBERSOLE: Thank you.

MR. MICHELSON: Do you require by design to keep
the building dry, then, the auxiliary building?

MR. QUIRK: I'm trying to recall now. This was
early 70's, but I believe the REG guide is one foot below
ground and -- I can't recall that.

MR. EBERSOLE: Let me elaborate a little bit.

A\t Browns Ferry the flood came in and we had to
deal with an eight foot above grade problem -- that's 1968

or 1969. And at that time we attempted to invoke this UPPS
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6
process and were thrown out. The one that you have got now.
In the light of today's adoption of that system are you
going to be able to cope with floods by permitting the
system to flood out rather than build these weird walls and
doors and things around these buildings?

MR. QUIRK: I would say it may come to that
although our design is not to give up the rest of the plant
due to flooding. It is to assume it happens and to prevent
it and if it happens, to deal with it, such that the
remainder of the plant not necessary to shut down is still
available.

MR. EBERSOLE: The problem with that which I
understand exists at Brown's Ferry today is the water level
is pumped down and thus it does not reveal faulting in the
inner four seals. In the concrete they experience down
there when these bump down systems are shut down the ground
water rises for the first time so there is an unreliable
problem there in ascertaining if you can in fact -- and you
don't ever get one.

MR. QUIRK: This has been looked at. I know the
water proving requirements for the portions of the building
below grade and everything was specilied. So it has been
looked at and was not overlooked and dealt with in the
review,

MR. MICHELSON: I yuess you appreciate though what
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Jesse was saying is you don't know that the building
waterproofed after another 20-30 years and there is no
simple way to test it.

MR. QUIRK: I understand.

Another change that was added at this stage of the
review was the leakage control system and basically this
was to deal directly with the bypass leakage concern
through line leakage, through valves and pipes. So the
major penetrations that went into the containment -- we
have an exterior external leakage control system that
pressurizes the space between isolation valves and make the
luétion there higher than the pressure in containment so if
there was any leakage it would be inward. This was a
system that was added at this time.

We also upgraded RCIC system pretty much a paper
exercise as we discussed at another time. To the
engineering and safety feature status. That was a
requirement of the staff at this time. We upgraded fuel
building to withstand threat from tornado missiles and
increased drywell pressure margin, Origirally the drywell
design presure was 25 psi. It was increased during this
stage of the review to 30.

MR. EBERSOLE: Let me ask you: What is the
equivalent to component cooling on your design? You will

call it RB60 heavy that was non-safety single track system,
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Pas anything happened to it?

MR. QUIRK: It is a safety grade in the GESSAR
design. The service water system necessary to accomplish
safety functions has been upgraded as safety class.

MR. EBERSOLE: This is not the service order.

This is closed loop system that has an interposed treated
water loop?

MR. QUIRK: But it .akes the heat loads from the
equipment.

MR. EBERSOLE: It takes the heat out of the
containment in the normal mode through RB60 heavy or do you
use raw service water?

MR. QUIRK: Out of the containment?

MR. EBERSOLE: Yes, You used to use RB60W. You
cooled the seals on the main coolant pumps with this
auxiliary closed loop.

MR. QUIRK: You're right. We have two parts of
the reactant building closed cooling water system that
which is non-safety grade and supports normal operational
loads. And that which is safety grade and is required in a
postulated accident to remove the loads and keep the safety
equipment functioning.

MR. EBERSOLE: 1Is the pump seal cooling safety
grade now.

MR. QUIRK: No, it is not.
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MR. CAMP: What is the drywell pressure capability
for external pressures higher than the 307

MR. QUIRK: That certainly is. For pressure
conditions in the containment that loaded inward?

MR. CAMP: Yes.

MR. QUIRK: Yes, it is significantly higher than
30. Do we have a chart on that?

MR. HOLTZCLAW: It is going to be coming up again.

MR. EBERSOLE: As a practical matter since you say
the main coolant pump seals are not cooled by safety grade
equipment, that does not mean that they are dual track
pumping systems., It's just not upgraded to seismic and all
that I'm trying to address their reliability of the reactor
cooling pump sealed cooling system.

MR. QUIRK: The purpose, of course, is to keep
seals cooled and they would not degrade and leak
excessively and the safety function there is really no
safety function of the recirculation system except the
pressure boundary function, And after postulated loss of
coolant accident the first seconds of the accident we
assume momentum of the water to continue.

8o the coast down feature of the pump for the
first few seconds is defined as safety grade now if you are
going to lose component cooling water it will take time to

degrade those seals and cause failure of those and the
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10
resulting failure is increasingly small and can easily be
made up by the RCIC and other systems.

MR. EBERSOLE: I was just thinking about avoiding
leakage.

MR. QUIRK: We view that as an cperational concern,
because it would result in down time and replacement of
seals. So we paid close atcention to that.

What I tried to do here is give you a flavor that
there were some significant changes made as a result of the
preliminary review stage of the GESSAR.

(Slide 2 shown.)

MR. QUIRK: The next period was what I called the
detailed design phase and that is that the General Electric
Company then took their conceptual plant design and then
detailed it and during that time some changes were made by
General Electric Company and I've listed on this chart some
of the types of changes that we made at that time.

First, we increased the allowable primary
containment leak rate from three tenths of a percent per
day to 1 percent per day. We did this to reflect the
reduction and bypass leakage as a result of the leakage
control system I just talked about earlier. And we also
reduced the magnitude of the safety relief valve loads by
35 percent to reflect in plant test data.

Now what we mean here is that when we went through
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the PDA stage we established some very conservative dynamic
pool swell loads and boundary loads and ir the subsequent
years as plant -- as these types of plants came on line we
did some safety relief valve tests and we were able to
demonstrate the conservativeness of the boundary loads
established and thus we reduced the loads and left an
adequate conservative margin but took out some of the
excessive conservativism.

MR. EBERSCLE: Did you set a standard bypass to
the condensor? There is a great variability to these
*hings. Have you now a standard bypass?

MR. QUIRX: You mean like a third --

MR. EBERSOLE: Whatever.

MR. QUIRK: Yeah we have 30 percent in the GESSAR
design and I think we have an option for higher. But the
base design was 30 percent.

We also incorporated stainless steal clotting of
the containment vessel in the wetted areas of the
suppression pool. We did this to protect against corrosion
and decrease the required maintenance and operatability
improvement. We added a suppression pool cleanup system to
improve the reliability of operations. We incorporated
state of the art buckling methodnloay to improve stability
analysis of the containment vessel.

MR. EBERSOLE: 1Is there a re.ationship between the

N R L e T
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power decrement when you trip the pumps and the bypass so
that you stabilize on bypass if you trip the pumps?

MR. QUIRK: What pumps are we tripping?

MR. EBEFSOLE: Main cooler. You get a puwer
decrement of a substantial amount, right?

MR. QUIRK: That's right.

MR. EBERSOLE: 1Is that in any way related to the
amount of bypass you pirk?

MR. QUIRK: I believe the amount of bypass that we
picked is based on a transient load rejection and that we
then pick a bypass to the steam to the turbine and go on
hot standby and if we can fix the failure.

Now, I think your question is if we trip the
recirc pumps do we go on the bypass mode.

MR. EBERSOLE: Can we sustain that level of power
on bypass?

MR. QUIRK: Anybody know the answer to that?

MR. KNECHT: 1I'm not sure of the exact answer, but
“ust tripping the recirc pumps of course drops the power
way down and we wouldn't really expect the excess -- the
turbine will back off from the turbine control system to
follow that transient.

MR. EBERSOLE: Where you lost the turbine first
and tripped the main pumps and want to go to bypass.

MR. KNECHT: I don't think it is part of the




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

13
design capacity to bypass the system. It is really a
different question.

MR. QUIRK: Getting on these changes the control
out drive return line back to the reactor vessel was
deleted and this was to guard against nozzle cracking. And
we redesigned the heat feedwater starter thermal sleeve to
eliminate failure and leakage and facilitate in service
inspection, These were the types of changes made during
this design period by the General Electric Company.

MR. MICHELSON: 1In the past as I recall the CRD
pumps were considered a source of water for vessel makeup.
Having eliminated the vessel return line they are no longer
a credible source, I guess,

MR. QUIRK: It still does provide makeup.

Reroutes through the feedwater.

MR. MICHELSON: Through the drives themselves,

MR. QUIRK: Well, I believe the discharge lines
connects to feedwater line and goes back to the vessel.

MR. MICHELSON: So they are still a credible
source.

MR. EBERSOLE: I remember a problem because I
think our idea of the RCIC containment cooling pump -~ it
was not seismically competent so the effects of a seismic
event was to lose containment cooling and that rather

promptly caused a high pressure in the drywell, which
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synthesized a loca trip signal. Wwhat did you do about that?

MR. QUIRK: Part of the reactor building closed.
Cooling water system is safety grade and the part that is
not is dropped off and isolated and the other part remains
in operation and removes loads.

Now, the heat removal from the containment
suppression pool is performed by the RHR system, the
suppression pool cooling mode of the RHR system.

MR. EBERSOLE: 1I'm talking about the heat in the
drywell. Where the reactor vessel is, There is a fast
rising temperature when you lose containment cooling which
was sustained by a single track system,

MR. QUIRK: I understand. What we did on that
system is we -- it still in our opinion non-essential,
non-safety grade but we have it so that it can be loaded on
the diesel so that if you are given a loss of off-site
power we can manually assume load a diesel.,

MR. EBERSOLE: So you fix the power input to it
but that's where you stopped?

MR. QUIRK: That's right.

MR, MICHELSON: What did you do about the rapid
temperature rise in the drywell if you remove a.il
atmospheric cooling.

MR. QUIRK: We have analyzed for the worst event

like the loss of coolant in the drywell and have
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environmentally qualified the equipment necessary to
perform the functions.

MR. MICHELSON: Approached temperatures of 550
degrees in there if you don't take any heat out because it
is a very hot vessel and a lot of hot lines. So you are
eventually approaching -- unless you have depressurized the
reactor in the meantime ycu approach the temperature of the
fluid which is about 550.

MR. QUIRK: We have gone through postulated event
sequences for the full spectrum of large locas and small
breaks and defined the worst environmental conditions.

MR. MICHELSON: Those are lower temperature
conditions than simply bottling up a reactor at 550 degrees
and letting the room go into thermal equilibrium with the
reactor eventually.

MR. QUIRK: We have technical specs that would
require specialization.

MR. EBERSOLE: Look at recent activities at the
Hatchet Plant and notice how the operator never did invoke
any kind of technigque to lower pressure and temperature.

8o there was a near disaster.

MR. QUIRK: We are aware of that,

MR. EBERSOLE: I don't know what fell into the
cracks but something did.

(8lide 3 shown,)
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MR. QUIRK: These are a list of changes that we
made during the final design stage of the review and, for
example, as we talked a little bit about yesterday the
addition of redundant remote shutdown station.

We had a remote shutdown station, and we argued
extensively that it did not need to be redundant. But
after going through a final design approval review and a
lot of questions, the staff required us to make that change.

We also changed the piping material to avoid
intragrandular stress corrosion cracking. We gave a
presentation on that yesterday by Doctor Je ry Gordon,

we added requirements for anticipated transients
without scram, and what I mean is we have committed to meet
the rule that has been issued recently. And we have added
redundant and the redundant adverse instrumentation and
added redundant vent and drain valves to the scram
discharge volume as a result of the abnormal operational
occurrence at Brown's Ferry and we also talked a little Dit
about that yesterday.

MR. EBERSOLE: I think that redundant ought to be
amplified., Redundant to close and it is now coincident to
open.,

Am I correct?

MR, QUIRK: Well -~

MR. EBERSOLE: You put two thousand series on the
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drains and vents?

MR. QUIRK: 1I've a picture here.

MR. EBERSOLE: In other words =--

MR. QUIRK: We will have to get back to you. We
have an action =--

(Slide 4 shown.)

MR, QUIRK: -~ diagram of the BWR/6.

MR. EBERSOLE: There they are. They are this,
both of them, so you are more anxious to close than ever?

MR. QUIRK: Oh, yes.

MR. EBERSOLE: That is additive to the thesis that
you will be closed when you want to be closed?

MR. QUIRK: Yes. I hear you now.

We have talked about this before, Mr. Ebersole,
and we have level indication switches here on both sides,
redundant and adverse switches, so we can tell clearly
where the level is at any time in this discharge volume.
And the free volume --

You have heard it before,.

MR. EBERSOLE: I've heard it before.

(Slide 5 shown.)

MR. QUIRK: The review stage that we are
undergoing now is the severe accident approval stage and
there has been a number of changes that have come about as

a result of that.
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We havz made improvements to the BWR/6 design to
meet all tre reg and new reg and SRP requirements that came
about as a result of Three Mile Island. And I have another
chart on :hat in a minute to detail that.

We have upgraded the control room humaan factors
design., Put in the SPDS and have met the latest staff
guidelines on that. And we have gone through a rigorous
cost bzanefit analysis to assess some 83 design changes that
the staff has given to GE. And this is a list that's made
up of just about anything one could conceive, including
what is happening internationally, what happened in Europe,
what were some of the things that happened in Japan, and we
have addressed all of those.

And as a result of that assessment we have
concluded that the natural evolution of BWR has included
about a fourth of those changes that were on that list.
and when we add the ultimate plant protection system it
addresses maybe another fourth., So the design has been
demonstrated to be acceptable.

MR. EBERSOLE: Along about the same time that we
were trying to crank in the system at Brown's Ferry I had
heard but never confirmed that Quad Cities put in a version
of this system. 1Is that true, also for the flood?

MR. QUIRK: I don't know., I don't know.

MR. EBERSOLE: I wonder if you all could ascertain
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whether or not that is so.

MR. QUIRK: Okay. Limerick, for example, I

believe has provisions here.

MR. EBERSOLE: Yes.

MR. QUIRK: To accommodate a lot of this.

MR. EBERSOLE: Years and years ago I understand
Quad Cities was successful, but only under the rigors of a
flood condition.

MR. MICHELSON: One of the interesting things
about an UPPS type system is that you are proposing to use
river water or whatever. Any particular reason why you
didn't try to use as a first choice some nice clean water
sources and . only as a last choice the river?

MR. QUIRK: No., I would say that we looked at
this as a last ditch investment protection system that
should never be used.

MR. MICHELSON: The problem is of course the
poé:tr the water source the greater the reluctance to ever
fall back to it, and maybe one would be inclined to wait
too long., It isn't any harder to put a fire engine up to &
condensate tank than it is to put it to a fire pump. But
Limerick elected to attach it to the fire pump.

Do you have any thoughts on the matter?

MR, QUIRK: My thoughts, Mr., Michelson, are that

there are a compliment of diverse water sources on the BWK
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that are going to be adequate for any -- well, in my
opinion -- would be adequate in any postulated event
including loss of coolant accident and degraded transients,
and that we have the existing ccpability to insure high
quality water during these postuvlated events.

What we are talking about here is really an extra
capability of the design that, given just -~ just wipe out,
you know, existing logic and systems and sources, that you
have the capability given that to still accomplish the
three safety functions.

MR. MICHELSON: Maybe I misunderstood then, I
thought the purpose of “his system was for instance in the
case you have lost your AC power off-site and on-site that
you have qét a means now of getting water to the reactor.
You have got plenty of water in storage but you can't get
any of these sources into the reactor nor have provisions
been made to back up a fire truck and pump it out of the
tanks into the machine., The only provision is to pump it
out of the river into the machine.

(8lide 6 shown.)

MR, QUIRK: 1 was going to get to this. I think
we ought to do it now.

MR. EBERSOLE: Joe, could you giv me a feeling
for when you started the design of this system and how much

manpower and consideration you have given to it up to now?
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I have a feeling, partly because I did not get a full memo
on .t, that you haven't been working on it too long., Am I
correct?

MR. omnx‘: That's correct.

MR, PBERSOLE: Like when did you start it?

MR QUIRK: PFirst of all, it is a conceptual
desiyn right now. That's all it is.

MR. EMERSOLE: When was it conceived of being
worthy of consideration? Like the mid year?

MR. QUTRK: The first part of 'his year we
actively started the debates with NGE.

Mk, EBERSOLE: 1 sort of see it in its infancy.

MR. QUIRK: We are committing to provide it and
the e is a 4.scussion that's going to come up later on -«
insights on PAA's and things like that -~ and 1 think I
would like for some of this discussion for that,

MR, CMERSOLE: Sure.

MR. QUIRK: Let's go through the ultimate plant
protection system, what it is aimed to do, and then I would
like to address Mr, Michelson's concerns on blackout
sapabil ity and how this matched up with that.

MR. MICHELSON: That is the only event for which
it iy presently designed; is that correct? I mean, the
derign ohjective was loss of all AC power,

Let me state it difirerently: What is this system
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for, what events have you specifically designed it for?

MR. QUIRK: Well, let me tell you what it can be.
I don't know how to answer that because it cen do a hell of
a lot, as we observed yesterday, and I don't intend to know
all the postulated events on which we could rely on this,
but they are numerous.

MR, MICHELSON: I was only thinking in terms of
what I've been reading, and I've only found one objective
in your material and that was loss of all AC power.

The probabilities were coming up a little high --
risks, rather, were coming up high. And that's the only
reason I can find for this system going in so far, so
that's why it wasn't designed for fire and so forth.

So what I was asking was: What was your design
objective beyond, let me say, beyond loss of all AC power?
Any other objective presently for which it is being
designed?

There is a lot of usage you might put it to, but
you did not design it for adequate protection for fire.

You can't claim it for flood because it wasn't designed for
flood. So I gather it was only designed for one purpose
and that's the 1loss of all AC power?

MR. QUIRK: That's correct.

The ultimate plant protection system provides core

makeup water with pumping capability provided from outside
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the containment. Now, that is shown here. This is the
makeup pump located outside the containment.

And in our con:eptual design, Mr. Michelson, we
have allowed that the ¢diesel fire pumps can be connected to
this pump and so besicdes the three AC divisions elsewhere

in the plant, you can now have the diesels that run the

fire pumps on the plant be the first source, primary source,

for this pump.

But in the event those diesels are not available
as well, we have auxiliary fire truck connection that could
hookx up to a fire truck and provide cooling and then it
follows this route, goes through the auxiliary building --
this is all a new line here -- and goes in through an air
operated valve that is normally locked, closed and not
utilized.

We would, through air, open this valve and permit
the water to go directly into the reactor, using the L -~
existing LPCS injection path. So that is the flow path of
this system into the reactor vessel.

Because this is an air operated valve it requires
no electrical controls to operate. Not AC dependent or DC
dependent.

In order to use it you must depressurize the
reactor vessel, bottle ai: -upply in the auxiliary building

that would provide source to lift the safety relief valves
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1 and direct the depressurization effluent into the

2 suppression pool. Pneumatic air.

3 It is also independent of any AC or DC power. So
‘ 4 we have accomplished two of these functions, depressurize

5 the vessel and provide makeup without any electric power.

6 The third important function of this system, then,
. 7 besides depressurizing, besides cooling -- providing water

8 into the core, is to remove heat. And we will allow the

9 pool to boil and will vent then the containment and allow

10 the heat to be removed through natural convection process.

11 MR. MICHELSON: 1In view of the slow response

12 required, why did you even bother tn use the air operated
. 13 valve for the injection? Why not just a manually operated

14 valve?

15 MR. QUIRK: I think these are some considerations

16 that we might want to re-visit. Maybe even hydraulic. But --

17 part of our problem here is an air operated actuator and

18 how do you seismically design that and who builds them?

19 And if you want to upgrade, say, consider upgrading the

20 system to seismic we run into these types of problems.

21 MR. EBERSOLE: I suspect you could use the manual
’ 22 wheel as an auxiliary, but that would be driven by the

23 various -- in other words, it could be hydraulic and that

24 eliminates the system. If you have got water to pump you

25 have got water to open the valve.
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MR. OKRENT: Could I ask: The material that's
outside of the fuel building, in some other building or
where is it housed conceptually?

MR. QUIRK: Let's see if I can answer that.

Here is our fuel building and we are showing that
the air bottle supply is located in the fuel building.

This would be the reactor building, containment.
It is outside the auxiliary building such as that
connection and that pump.

MR. OKRENT: The fire truck connection and diesel
driven fire pumps, what kind of a building are they in?

MR. QUIRK: We haven't established that at this
time. I would think this would be external to the building
so that you could just roll the truck up adjacent to it,
connect with it.

Have we located -- have we placed location of that
pump? We haven't.

MR. EBERSOLE: The equipment is scattered around
which could be unified. There is not very much of it. And
it could be encapsulated and protected and numerous other
things. Made immune to fire virtually anyplace in the
plant, and be sort of a last ditch central station to take
it home, if you just apply yourself to it at this time now
and look at it more nearly not as a tack-on but as an

integral design feature.
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Will those levels devices always be functional?

MR. QUIRK: Yes, they will. We have added these
to make them so we don't need electrical power and DC power.

MR. EBERSOLE: I see the beginnings of a small
package which could be re-looked, re-visited as a central
shutdown feature.

MR. OKRENT: One reason why I asked about the
location, if it is out of doors then it is subject to cold
Qeathet, and I can recall a fire at the new McCormick
building in Chicago, which was itself constructed with
reinforced concrete and so forth but burned to the ground
for two reasons. There were flammables inside and it was a
cold winter day and the firemen couldn't get the water
going.

MR. EBERSOLE: From the standpoint of investment
versus functien, I think you have got a big bargain here
that deserves a a little more consideration than just
scattering around the corners.

MR. QUIRK: We are listening very closely to some
of your observations.

MR. EBERSOLE: It is a bargain.

MR. QUIRK: In response to Mr. Michelson's
guestion regarding blackout, I hope all this fits on here.

(Slide 7 shown.)

MR. QUIRK: This is kind of a summary. Let me
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drop off the last column and we will come back and pick it
up.

By the way, this is not in your handout. Sorry.

Wwhat I've down here is identify a time frame and
very arbitrarily I assume zero to four hours than greater
than four hours and the condition is complete loss of
off-site AC power. On-site AC power,

And I have listed the systems, essential safety
functions and instrumentation.

Of the essential safety functions we are going to
talk about core makeup, depressurization and heat removal.
For the first, say, zero to four hours we haven't placed a
steam driven reactor core isolation cooling system safety
grade. It has makeup from the condensate tank or from the
suppression pool.

1t is a high pressure system so it can make up the
vessel under high pressure conditions and all the way down
to about 100, 125 p.s.i. And it really has no containment
heat removal capability. The heat is stored inside
containment during this period and the instrumentation for
this system is DC power operated.

MR. MICHELSON: During that period, now, there is
no requirement to depressurize, is there?

MR. QUIRK: That's right.

MR. MICHELSON: So your entire system is still at
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temperature and pressure?

MR. QUIRK: Right.

MR, KNECHT: That's not quite right. We do rely
on the operator during that four hour period or maybe over
that entire period to slowly depressurize the vessel down
to maybe two hundred pounds or so, not for the operation of
RCIC but to take the heat load off the drywell., So we want
to bring the pressure down and release that temperature.

MR. MICHELSON: Removing the energy over into the
suppression pool, of course?

MR. KNECHT: That's correct.

MR. MICHEr.SON: 1Is there some kind of standing
instruction that says if you are in a power blackout to
start depressurizing?

MR. KNECHT: There will be those operating
instructions that would be established.

MR. MICHELSON: But that is your intent, though,
to upon experiencing a power blackout of 30 minutes
duration or greater --

MR. KNECHT: There is a time period.

MR. MICHELSON: That time period four hours or is
that time period 30 minutes?

MR. KNECHT: More like 30 minutes.

MR. MICHELSON: By the time four hours comes by

will you be down to two hundred pounds?
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MR. KNECHT: Yes.

MR. EBERSOLE: Do you anticipate you can go back
now to the ironclad requirement and relax those somewhat?

It occurs to me if this system was in place at
Brown's Ferry fire they would have put it out in five
minutes because they knew they had a blackout. But they
didn't. So it burned on for six hours.

MR. QUIRK: Can we talk about that on the next
slide, because I do not see the benefit of using this
system for fire protection, that the whole process is to
direct water in on the core, under loss of all electrical
power, AC power, and we are going to look at events in the
design in a minute. And to come up witﬁ a piping scheme
that may direct it out to other areas of the plant may
detract from the simplicity of the system.

MR. EBERSOLE: What do you mean?

MR. QUIRK: When I hear you say fire protection --

MR. EBERSOLE: I'm talking about --

MR. QUIRK: Given a fire can this make up to the
vessel?

MR. EBERSOLE: Irrespective of whether we are
successful or not, I'm going to keep the core cool anyway.

MR. QUIRK: It can indeed do that.

MR. EBERSOLE: I'm not talking about fire

protection.
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MR. QUIRK: I'm sorry. And most of my comments
yesterday were --

MR, EBERSOLE: Yes, I gathered as much.

MR. QUIRK: Let's see. I didn't want to talk
about: this four hour period 'ecause I think there is some
misunderstanding.

Initially in FSAR and GESSAR says two hour
capability, standard review plans say two hour capability,
documented four hour capability. Now, during our review it
became apparent to me if I demonstrate that this system has
a capability much greater than four hours, for example, ten
hours, that a lot of these questions on PRA become less
important, such as initiating event frequencies. You don't
have to argue over data base so much.

So I agreed to provide a report to the commission
that documented what kind of capability our existing plant
had. And that report said ten hours ard it also listed
some modifications that could be made that would facilitate
the operator to conduct this action from the control room.

Now, this was all before any debate on ultimate
plant protection system ever came about. So this ultimate
plant protection system was not on the scene at all, sc I
was trying to show an existing capability around ten hours.

As we evolved through our review process on severe

accidents we started talking about ultimate plant
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protection system. And we have come full circle such that
the General Electric Company on the GESSAR design has
committed to provide the system and we have kept only the
conceptual design here.

As a result of that commitment, I've gone back and
looked at the capability of the RCIC system and I don't
think it should have a capability, arbitrary capability at
ten hours because all we have got to do is survive the near
term, and we have éhe existing capability for that, and we
have indefinite blackout capability.

So I would hope to back off on any changes
suggested of the RCIC system to get it to a ten hour
capability because I've offered something better and I
don't think I need to do both.

MR. EBERSOLE: This is one example of which I was
trying to suggest there might be many where you could back
off.

MR. MICHELSON: Just to expand my understanding a
little bit, in the unlikely event RCIC experiences a single
failure what is the basic plan then? During the power
blackout RCIC fails to start, what is the basic plan at
that point?

MR. EBERSOLE: Well --

MR. MICHELSON: I want his answer. I don't want

yours.
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The reliability of RCIC is not really that great.
It seems like it is a credible single failure during the
power blackout, but is there a plan for that?

MR. QUIRK: I would like Don Knecht to answer that.

MR. KNECHT: Obviously on a station blackout if
the RCIC failed to start we would be left with no injection
with the exception of UPPS. The -~ since we haven't
located it and it is still conceptual, the time it takes to
get the system in operation is still uncertain. But we
believe that within 30 minutes the system should be
operational.

And the operator would know that RCIC has failed
to start and at least have tried it once -to restart it,
which takes just a matter of a few minutes. So within
about 30 minutes we think the system could be on line.

Now, that is sufficient time to avoid core damage
in the boildown process in absence of breaks or something
else that's concurrent with the blackout.

We believe it is a backup, although the timing is
pretty critical. We appreciate that.

MR. MICHELSON: That's why I was wondering if it
was sufficiently credible, it was worthwhile to have an
emergency plan on what do you do if you have a blackout and
RCIC won't run.

MR. KNECHT: The operator is to start going to the
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station or whatever.

MR, MICHELSON: It would be based on enough
analysis to verify that it would keep you out of trouble.

I think it is a credible single failure because
RCIC does not have that sterling a start record.

MR. EBERSOLE: I think we have got to converge on
an issue and settle it.

Power blackout, to me, I thought, was in fact
diverse and would not be treated like Eastern Airlines
treated its ore pumps, you wouldn't maintain it or
otherwise subject it to common load failure, that it could
be excluded from the power blackout configuration, But
then I found unfortunately at River Bend it was getting
coéling water from one of other two diesels, which I'm sure
you will fix.

Now, if you fix it and if you provide diversity
and maintenance and fuel and all the good things that make
it diverse, is it not fair to say it is part of the
blackout complex?

MR. QUIRK: Absolutely.

MR. EBERSOLE: So you would use it first?

MR. QUIRK: Yes. In fact, ygu know, the -- there
is a concern -- General Electric has been in disfavor at
times with their utility customers because we are licensing

a plant here that's designed for the future and I've just




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

34
gone through all the changes that we have made to this
through the review process and the staff sometimes doesn't
differentiate between shoulds and coulds and puts backfit
on cperating plants and it is nct viewed very happily by
the utility that General Electric really was the instigator.

The words may not be right, but we have been in
the doghou;c before.

Now, the question here is backfit and the point
just made. We have made steps in the BWR/6 design to have
the third HPCS diesel generator a different type of
manufacture than the other two, separated from the other
two, and therefore, we believe diverse and independent and
it should be the solution for existing BWR/6 plants for
blackout. And we firmly believe that and we believe it for
the circumstances.

MR. EBERSOLE: In order to realize that of course
it has to be treated entirely differently. It has got to
have a separate flexible network.

MR. QUIRK: Yes. And I can tell you that we have
specified through interface documents in essence what you
just said and these are guidelines for the customer. And
to my knowledge most of them follow them. And in this case
I was surprised, as you know, because I was corrected on
the record.

MR. EBERSOLE: Well, I think it is unfortunate but
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true that the vendors and utilities don't view the line
very well and it is obligatory on GE to come along behind
and scrape up their messes.

MR. QUIRK: I don't believe that to be the case.

I don't think it is obligatory.

MR. EBERSOLE: 1Is the third diesel a diverse
package not to be included in the total station blackout,
provided of course it is so properly designed? Keep the
elec’rical systems completely intact and separated, no
common trays, no whatever?

MR. RUBIN: It is diverse, of course, separate.

We did include the common mode failure in our modeling, the
two similar diesels. Less likely we thought, not
incredible, was common load failure of all three.

MR. EBERSOLE: Do they use common fuel systems?

MR. RUBIN: Separate fuel systems.

MR. MICHELSON: But not separate in the sense that
all are coming from a common source of fuel oil out in the
yard?

MR. EBERSOLE: 1Is that so?

MR. MICHELSON: You don't order separate oil from
separate companies, for instance, to be delivered to the
yard?

MR. RUBIN: We -~

MR. MICHELSON: If there is water in the fuel oil
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there is water in all three?

MR. RUBIN: We had inquired about that and I don't
think we have an answer to that.

MR. MICHELSON: Combustion air is common to all
three, wind storm has come through and there is a lot of
leaves, or whatever, it is common combustion? So even
through they are diverse they are still diesel engines --
certainly not non-existent.

MR. QUIRK: Although the air is of course common.
I don't know how to -- but the intake points are different.

MR. MICHELSON: Admittedly. 1I'm stretching it,
but it is a point.

MR. RUBIN: Certainly a better situation.

MR. EBERSOLE: You don't send the same man the
same day to adjust the governors on all three, would you?

MR. RUBIN: Sure.

MR. MICHELSON: Do you design the heating
ventilating air conditioning as three separate systems?

Let me say that differently.

Is the diesel engine completely separate in terms
of environmental control?

MR. KNECHT: Yes.

MR. MICHELSON: That's part of your scope, isn't
it, and design?

MR. KNECHT: Yes. The HPCS diesel room and the
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other divisional diesc. rooms are all part of the GESSAR
scope and they are in separate buildings and have separate --
totally independent.

MR. EBERSOLE: Why isn't the third diesel radiator
cooled? If you do it then you are independent of service
water. 1Is there any reason it shouldn't be radiator cooled
like the standard industrial big engine?

MR. KNECHT: I don't have an answer. It has its
own dedicated service water. GESSAR design is different.

MR. EBERSOLE: I hear you, but I would rather know
that it has got its own =--

MR. KNECHT: It did have its own loop.

MR. MICHELSON: You can afford the loss of
off-site power, on-site power and RCIC and still survive
with the UPPS system, so that's all you really need to say.

MR. KNECHT: It is just an extra level of
protection.

MR. MICHELSON: That's right, but you do need to
ultimately plan on loss of RCIC and fall back to UPPS and
you say you are takinj care of that?

MR. KNECHT: Yes.

MR. EBERSOLE: 1Isn't the third diesel relatively
smill? Not a monster., It is in the size range why ~-

MR. KNECHT: You are talking =--

MR. EBERSOLE: Yes, it is in the size range where
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radiator cooling is practical.

MR. KNECHT: I believe it is something like four
or five KW.

MR. OKRENT: We have one hour left for our
carryover of yesterday's agenda and you do want to leave
time for items 10 and 9-B, so let's try to keep the
remaining discussion on UPPS as pcinted as we can.

MR. QUIRK: This is the last slide.

(Slide 8 shown.)

MR. QUIRK: It is why we did it. I refer to this
as a chimney chart but what it really is is these are the
postulated degraded events in the plant and this the
assessed frequency of core damage per reactor here.

And the chimney that is shown in white is the
probability of these events without UPPS. And the
crosshatch chimneys are the changes in those probabilities
because of UPPS, as a result of UPPS.

And the bottom line is that we reduced the overall
core melt probability by about a factor of ten. We are
going to talk later about insights and PRA's.

We could not justify the UPP”S system on a cost
benefit basis and that, you know -- that speaks highly, I
think, for the BWR/6 Mark III design, that we have shown it
has a low core melt probability.

Now, Mr. Okrent and other members of the
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subcommittee are skeptical of numbers and I think that's
good, and I think GE engineers are skeptical of numbers.

And when you consider that and uncertainties and
other things, we stepped away from that chart and said,
well, if you could add this system to the extent that we
have talked about today, and get these resu.ts, it just
seems like an enhancement of investment protecticen and
something that is desirable. And we have committed to do
that and that's basically why we have done it.

I would like to address the subject of hydrogen
control. Insights and PRA show us that you shouldn't spend
a nickel on this design with its feature for hydrogen
control. We didn't.

We went in and offered not to do anything in that
area. And in fact one subcommittee member stated yesterday
that if you have a design that may have superior -- I don't
think that was the word -- improved capability for
prevention, does it get some break on mitigation. I don't
think I heard the answer to that guestion yesterday, but we
offered UPPS in that mind that we are doing what we believe
is responsible as engineers in reducing the overall core
melt probability.

We have demonstrated that even if you assume a
hydrogen event occurs, we have done containment structural

analysis to show that failure location in the containment
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wili not drain the pool o: fail the drywell barrier such
that the outside consequences, given pool scrubbing, are
acceptable.

Wny should we put in igniters systems which use AC
power and the dominant sequence is lost of AC power. It
just doesn't appear to be a cost-beneficial thing to do.

So we offered to put in UPPS and hope for consideration of
no igniters. And I would be very interested in hearing
what the subcommittee members think of that proposition.

MR. OKRENT: Well, if I can bring to mind one or
more recent committee letters relating to the gquestion of
severe accident policy and containment and so forth, they
have emphasized, in the committee's opinion, the importance
of defense in-depth and that one should not weaken, let's
say, one aspect of that defense because of a seeming or
perhaps real gain in another area.

The committee has said it believed that prevention
and mitigation are important. As you know, it has been
urging on the staff and the commission that containment
performance criteria be developed. It has, on various
occasions, indicated that it thought it important that
there be a very good containment capability given a core
melt for future plants -- well, for existing plants too,
but certainly for future plants.

So I think the committee in various ways has been
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depth, including defense against severe core accidents,
with containment.

I realize that, to the person who thinks he has
achieved a very small medium estimate of core damage
frequency, he may -- the qguestion can arise: Why do I have
to go through a wide range of scenarios and try to have my
containment cope with the bulk of these, even though I'm
calculating them to be so low in probability, et cetera?

I guess, speaking for myself here, I really think
it is a very considerable need, from the utility's point of
view, to try to get the chance of an accident down. From
the economic point of view, both long down times are very
expensive., And if you can get it down there and -- they
be.'eve it and if the investment community believes it, you
may have a better chance of getting money to build new
plants, I would say.

But from the point of view of public protection,
with the very considerable uncertainties that remain, and
the things that we are unable to treat in the subjectivity
of much of the PRA, and so forth, I think you will find the
reception of the public to a plant that is counting on
prevention and on containment would be almost the wrong
direction to go. That's my own feeling.

In other words, if they were given some kind of a
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choice, unless you could demonstrate unequivocably, you
just can't have an accident. Well, I've seen my --

Let me finish just a bit.

I used te think that if you have a hundred
kilowatt reactor in which you could lose the water and the
reactor would remain cool just from the air, and which had
a limited amount of excess reactivity in the reactor, so
that it wouldn't get into trouble that way, the reactor
like this would be almost like falling off a log to license
or relicense.

I've seen years spent in reviewing safety
questions for such a reactor. So there is a public
interest in what might be released even from reactors as
small as that, and there certainly will be from large
reactors. And there is no way by experience that you are
going to be able to demonstrate the claimed low frequency
of core melt. I mean, it is strictly a calculated number.

MR. QUIRK: Mr. Okrent, the functicn of
containment of course is to protect the health and safety
of the public for very serious degraded core melt events
that we are postulating. And that function can be
accomplished by barriers or by filtration and release.

And I think you are referring implicitly ir your
comments that a containment should be -- should fully

mitigate the postulated hydrogen events with intact
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barriers. Maybe I'm misreading your comments.

MR. OKRENT: What the committee has said is that
it thinks there should be prevention and mitigation. It
has suggested that the staff develop containment
performance criteria, given the core melt accident.

These did not -- the committee never suggested
that there be a criterion of no release, given no matter
what core melt accident occurred. You wouldn't find that
in anything the committee has written, but it has suggested
that there be some containment performance criterion which
would at least provide guidance as to what degree of
protection from the containment, given the range of core
melt scenarios, might at least represent a thréshold of
acceptabilty, if that's what the criterion said, or so
forth.

There inevitably are some physically possible
accidents for which you find it impractical to provide
containment, so one knows there is not going to be a
perfect containment capability, at least not in the current
approach to reactors.

MR. EBERSOLE: Awhile ago you mentioned that the
initial system is subject to the same failure that created
the need for it, and 1 recall yesterday one of my
colleagues said I was in the patching game. I was

identifying a missing elemenc of an integral design.
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That's a different piece of work. But not the patching
game.

But after hearing what this thing will do in the
presence of a meltdown, 1 began to look on the containment,
that is not the drywell portion but the exterior portion,
as something in place that causes me as many problems as it
improves on.

You are saying that if ycu take the effluent
through the suppression pool even in the case of a core
melt you are in pretty good shape. So I began to say what
is the external shell for, because to clcse it is a problem,
in the context the heat rejection, and to simply collect
the effluent from the suppression pool and possibly control
it or effluent processing is worthy of consideration.

You said in essence yesterday I don't need
containment even for the worst case.

MR. QUIRK: I did and I mean it and I believe it.
But that doesn't take me to the concliusion that I ought to
do away with it.

I think the containment is the suspenders and the
prevention systems are the belts, if you will, and that
concept is good. I'm not proposing we delete containment.

What I am proposing is that in the very far
interspectrum low probability events that would threaten

that barrier, I'm saying let it be threatened and follow
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acceptable then say so what?

Now, I don't ever expect td get to that situation
or that series of events so I feel that's an acceptable
answer, but if{ my judgment is wrong and we came there
anyway, with the research that we have done with pool
scrubbing, I believe the pool is the filter and the
resultant release is acceptable, and I feel comfortable
with that position.

MR, EBERSOLE: The containment has always been a
two way sword. For a long, long time people didn't realize
they had to let the heat out.

MR. QUIRK: I was wondering that if -- let me ask
a rhetorical question.

If plants are required to fully mitigate
postulated hydrogen events with intact barriers would those
plants have to have a capability to provide indefinite
blackout? 1 just hope that would be fcod for thought. I
don't really want an answer.

Mr. Michelson, could‘I get your opinion on this
question as to the igniters.

MR. MICHELSON: Well, I think I would have to say
I agree with David Okrent on this, that I'm concerned for
instance with the UPPS system as you proposed it, it is not --

it is not single failure proof obviously. For instance,
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you must get the containment open. We haven't delved into
the prcblems of how do you get the purge valves open, the
line valves. We are dealing with how!do you get these open,
where do you purge, to what pressures do you start at?

There are lots of details that I think until they are
worked out it is hard to get a good comfort on the UPPS
systems. And I can sec a number of places where it might
fail so I still think you have to fall back to defense
in-depth, which means diversity and multiplicity of ways of
handling these events within reason.

Containment and igniters are not necessarily
unreasonable steps. At least they certainly are possible
to do, practical to 4o, and not overly expensive to do. At
least in the igniters part.

MR. EBERSOLE: Joe, let me ask you what the power --
consumption power of the igniters ana if you say more than
ten kilowatts I'm going to be surprised.

MR. QUIRK: Anybody know?

MR. KNECHT: No, I don't know.

MR. EBERSOLE: That's almost a domestic power
plant.

MR. KNECHT: Did you say ten kilowatts?

MR. EBERSOLE: Yes.

MR. KNECHT: No, I don't believe they are that

high. It is just a few kilowatts with well plugs and --
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MR. EBERSOLE: We arz talking about less than one
thousand dollars in a generating unit so it is chicken feed.

MR. KNECHT: Non-qualified non- --

MR. EBERSOLE: Whatever. You can buy them mounted
on springs for running in trucks.

MR. QUIRK: Mr., Ebersole, what do you mean when
you say APU's?

MR. EBERSOLE: That's a standard expression for
any kind of small power unit or vehicles or whatever,
aircraft, that's what runs the aircrafts when it's on the
ground, services.

MR, MICHELSON: I think you also have to recognize
that the UPPS system is not designed for some of these
events where in the core could get into serious trouble
such as a seismic event, wherein you, for one reason or
another, lost both on-site and off-site power. UPPS system
is not designed to put out the kind of heat or also not
available -- I would like to see some things -~ enough
things that ore of them might possibly work.

MR. EBERSOLE: But certainly when you get around
to the UPPS system and look at how simple it is.

MR. MICHELSON: I think it can be upgraded without
undo difficulty and made to provide firm answers. If it
were then I might reconsider whether you need igniters, but

right now it is just another system.
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MR. QUIRK: Now you are talking.

MR. MICHELSON: Now, it's just another non-qualified
system which helps with diversity a;d helps with
multiplicity but it doesn't necessarily help for a common
cause event that gets them all. You have not for instance --

MR. QUIRK: With the present approach and
philosophy there is no incentive for us to do because it
wasn't in our mind -- if there can be an incentive, if we
do say harden this and separate it and using Mr. Ebersole's
words bunker it and seismically qualify it, would that
obviate the needs for igniters, for example.

MR. MICHELSON: That's the time when ycu
reevaluate now whether you really also need the igniters.

MR. QUIRK: We are at a conceptual stage right now
and this is the time to answer those.

MR. EBERSOLE: You seem to have a horror of
igniters yet I can't see a big investment in them. Thay
are really just a bunch of spark pluys. What is the horvor
of igniters; is it just the thesis that you might have to
use them?

MR. QUIRK: I think it is the worst band-aid we
have ever invented. If you have hydrogen, I shudder to
think you are going to turn on igniters because timing is
important, If you are late, what happens then?

MR, EBERSOLE: On the other hand there is probably

. c—
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MR. QUIRK: I suspect that's right. I apologize
for extending this time.

MR. OKRENT: It is perfectly fair for you to ask
questions. We asked quite a wide rauge of questions, so
why not yor have an opportunity.

MR. QUIRK: I couldn'é help but notice with
amusement I thought tables were reversed here. One member
was suggesting deleting containment. And this side was
saying no, w; would be on opposite sides of the table.

MR. OYXRENT: Well, it is. I believe I correctly
have stated what has been a continuing ACSR position and in
fact the NRC used to *alk a great deal about defense
in-depth when the severe accident issue arose to the top of
the pile after Three Mile Island. It was there before, but
1 would say the NRC fluttered around as to just where it
stood on the severe accidents.

My guess is -- now I'm speculating -- in view of
the claims by the large dry containment people that they
bave containments that are really quite effective, given a
core malt, and the claims by GESSAR that it has a
containment that's quite effective -- I include the pool in
this -- given a core melt, that the NRC may in the not too

distant future say, "Yes, and we're also for defense

' in-depth including severe accidents."
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MR. QUIRK: I agree with your statement.

Mk. EBERSOLE: I got to go back to your ace in the
hole, your oasis at the bridye and docn't make him weep.
There is not that much in it to make good.

CHAIRMAN OKRENT: Well, lock, we had better go on.
We have 40 minutes left and we want to cover containment
and --

MR. QUIRK: Let's do that. One slide on
containment strength. These are the changes that we've
made as a result of severe accident review.

(Sslide 9 shown.)

MR. QUIRK: The analysis from our previous
unmodified design was that all areas of the containment
exceed 45 psi service level seal limits except the nuckle
region in the head design. It was less than that and this
was a problem we hcd with the staff. They wanted us to
increase the strength requirements so that all boundary
components of the containment were at least 45 psi we have
committed to make that change by me’’ 'y ng the curvature
characteristics of the head dr " now we meet 45 psi
service level seal for the cor aimmenc boundary.

MR. MICHELSON: Does the containment boundary
include the ventilation valves or outboard isolation valve?

MR. QUIRK: Yes, sir.

MR. MICHELSON: Downstream of that you go to steel
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pipe for awhile then, duct work.

MR. QUIRK: What do you mean outboard? Outside
containment?

MR. MICHELSON: Yes.

MR. QUIRK: The containment barrier would change
at the out board valves.

MR. MICHELSON: So you are going to 45 pounds up
to that point?

MR. QUIRK: Yes, sir.

MR. MICHELSON: Thank you.

MR. CAMP: Are you going to talk about drywell
strength any more?

MR. HOLTZCLAW: I wanted to catch Dr. Camp's
guestion here.

He had asked earlier what the drywell strength was
for pressure exterior to the drywell and the walls in a
portion of the roof slab exceeded 200 psig capability, and
there is an arez of the roof slab that's the weak link of
the drywell but it has a capability of 96 psig.

We are going to be talking about this in a further
meeting when we talk about the overall issue of the
containment structure analysis, because of the fact that we
did make this head design. We have gone back and reanalyzed
the whole containment to reestablish the relationship of

the various pressure capabilities of various containment
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locations.

MR. CAMP: The weak point is the top of the
drywell.

MR. HOLTZCLAW: 1It's a portion of the roof slab.

MR. CAMP: For both external and internal loads
that's the weak point?

MR. HOLTZCLAW: I just got the numbers here for
external loaas but I believe it is the weak point for both
of those.

MR. CAMP: 1Is the effect of whether or not the
pool dumps out important?

MR. HOLTZCLAW: From the standpoint of the
capability it is not as important. It is.important in
looking at the progression of accident scenarios where you
would postulate a failure of the drywell due to say a
global detonation., It would fail that roof slab then you
would have the potential for pouring cold water or the
water in the upper pool on to core debris.

MR. CAMP: Thank you.

(Slide 10 shown.)

MR. QUIRK: And the final discussion item is the
control room human factors design, which I think is a
strong point in our GESSAR design.

When we came out with the GESSAR design it

included the solid state control room implement system that
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GE provides, and since then we have improved it by
upgrading the control room to facilitate emergency response
and we have -- reporting with the staff describing these
features and the capability and they were just closing the
review on that. And that emergency response system
includes the safety parameter display capability.

MR. EBERSOLE: There has been a recent LER come in
that highlights a complex problem using solid state
equipment as intermixed with electromagnetic, the time
coordination of these things, you know, solid state is
instantaneous. 0l1d devices have several time lags, and
there has been some curious evolutions in the field where
they are no longer time coordinated to do things they were
thought to be.

So I thought that was a new thing on the scene
that needs to be looked at. Solid states has produced some
interesting evolutions in the actual experience.

MR. QUIRK: That concludes items 9-A, B and D and
we would be ready to go into item ten at this time.

I would like to introduce Dave Foreman.

MR. FOREMAN: This discussion is non-proprietary,
yes.

I would direct your attention to a letter that was
sent from Mr. Tsutsumi of Tokyo Electric Power Company to

Doctor Faulkner dated September 26, 1984. That's the basis
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for most of the presentation material I have here.
MR. EBERSOLE: Go over those names again. I would
like to track that down.
MR. FOREMAN: That's spelled T-s-u-t-s-u-m-i,
MR. EBERSOLE: From whom to whom?
MR. FOREMAN: Dr. Howard Faulkner of NRC.
MR. MICHELSON: Tokyo Electric Power Company.
MR. FOREMAN: Tokyo Electric Power Company, yes.
So the material I have is fairly recent. I think
it is important for you to understand that we are still in
a design phase and so the information that you will see is
subject to change. And, in fzct, if you had asked this
question a few months ago the answer -- drawings you see
would have been different, and if you ask the gquestion a
few months from now, they probably will be different again.
(Slide 11 shown.)
MR. FOREMAN: The title was gross differences but
I don't know how extensive you want to get into differences
so I've used their letter as a starting point. And I have
used some judgment in trying to determine what kind of
differences you wanted to look at. I think it is important
to understand the project itself so that you can erstand
the configuration that it has.
It started out with an advanced engineering team

to perform a feasibility study through the conceptual
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design of a new type of BWR. It involved five different
BWR makers, including one from Japan, one from the United
States, one from Sweden and one from Italy. The periods of
study were from July of 1978 to June of 1979.

(Slide 12 shown.)

MR. FOREMAN: This was then followed by design
phases, phase two, and we are now into phase three, with
the objective being design and study from an advanced BWR,
based on the results of the feasibility study having two
parts, basic design and optomized design, and a test and
development phase. The basic design was phase two.
Optomized phase, design phase three which we are in now.
And three makers: GE, Hitachi and Toshiba. A joint study
of six electric power companies and three makers.

MR, EBERSOLE: Give me a shred of information
about why there apparently is no interest on the part of
German, French and British components in this business?

MR. FOREMAN: I personally can't answer that
question. It might have something to do with what Tckyo
Electric Power Company is willing to fund.

MR. EBERSOLE: 1 see.

(Slide 13 shown.)

MR. FOREMAN: The objectives of ABWR development
are standardization of plant design, first of all,

improvement of the operatability and load following
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capability, improvement of citing efficiency and
financibility, establishment of 1300MWE class plant, the
improvement of plant capacity factor more than 80 percent,
reduction of exposure to less than two hundred man/rem per
reactor year, improvement of reliability and safetQ‘

So as you go through the design some of these
things will begin to conflict with ore another. Some of
them are harder than others. The establishment of a
1300MWE class plant, for example, is a hard requirement
that you can't easily measure. Some of the others will
have to be traded off.

(Slide 14 shown.)

MR. FOREMAN: I am trying to judge what you mean
by gross differences. I think we can focus on six
technical features of the ABWR which certainly are
different.

The large plant output, 1300MWE class plant,
reactor recirc system with the internal pumps, fine motion
control rod drive mechanism, improved core and fuel -~
although for improved core and fuel you might look on that
as an evolution that you had -- emergency core cooling
systems, reinforced concrete containment vessel.

MR. EBERSOLE: Anything about the refueling cycle
time? 1Is it still about the same as it was?

MR. FOREMAN: Yes.
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(Slide 15 shown.)

MR. MICHELSON: What do you mean by the way it was?
What is it presently postulated for the GESSAR?

MR. EBERSOLE: About a year, isn't it?

MR. MICHauSON: I'm not sure.

MR. FOREMAN: Would you say 18 months is our
standard?

MR. HOLTZCLAW: Yes.

MR. FOREMAN: In fact, if you had to look a:t where
are we moving with longer fuel cycles you would have to
look at the United States.

MR. MICHELSON: 18 months between each refueling
or only the first one? Each one? Thank you.

MR. FOREMAN: 1'll present some information. Most
of it came from the drawings that you see came from that
letter, which you can look up.

In the area of reinforced concrete containment
vessel, I've been in discussion with the team that is in
Japan this week and I've made a judgment that I'll change
that drawing.

(Slide 16 shown.)

MR. FOREMAN: The internal pumps system is already
used in Europe and so the -- there were number of good
reasons for wanting to go to an internal pump system in the

ABWR design. They are outlined on this viewgraph.
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(Slide 17 shown.)

MR. FOREMAN: One of the primary goals for design
in Japan is reduced exposure, so by having no recirc valves
or external pumps you reduce the in-service inspection
requirement and the exposure from the recirc pipe and
reduce operator exposures.

And I'll have another viewgraph that shows the
vessel later, but by having no recirculation pipe you cut
down on the chance for pipe break and tuerefore improve the
safety of the plant.

Without that recirc pipe valve and external pump
you can have a more compact containment, which means it is
going to cost less doliars to build and to finance. And
that has a way of steamrolling itself.

MR. MICHELSON: On the other side of the coin,
haven't you introduced now a potential leak at the bottom
of the vessel in the form of shaft seal?

MR. FOREMAN: That's true.

MR, MICHELSON: How did you view that problem?

MR. FOREMAN: Well, the plants are already
operating in Europe with good results, and so you are
looking at a different kind of problem. It is a seal
problem versus a pipe crack prc:lem.

MR. MICHELSON: Recirc line break of course also

assured a two-third core coverage?
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MR. FOREMAN: You will see in a later viewgraph
that is always not also -- we are assaring a core recovery,
but in this case you have to postulate the failure of a
seal.

MR. MICHELSON: That's right. Which might be of
the order of one to 300 gallons a minute?

MR, FOREMAN: That's right, and that has to be
taken into account when we look at pumping capacity and
that sort of thing in the design.

MR. MICHELSON: This is not an incredible break?
Big pipe breaks, even cracks in -- significantly when they
have leaked?

MR. FOREMAN: Yes.

There is an added advantage in that when you don't
have the pumps to operate, you don't have the jet pump to
pump through, you reduce the power for the system.
Therefore you -- that improves for financing capability
also.

The smaller the inertia of the internal pump you
can Jo to a thyristor inverter and improve your control
response., And in all of these things there are positive
and negative aspects to the change.

MR. EBERSOLE: Was there special attention given
to the seals because of this problem that C. . mentioned,

such as guaranteeing limited flow by maybe having static
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seals which effectively act in a diverse way with the stops,
whatever?

MR. FOREMAN: I can't answer that guestion. I'm
sure the team is reviewing that, but I can't answer that
question,

(Slide 18 shown.)

MR. FOREMAN: 1I've thrown in a picture which shows
the difference between the internal pump system and jet
pump system.

(Slide 19 shown.f

MR. FOREMAN: The next difference which I would
like to address is the fine motion control rod drive. The
fine motion control rod drive includes the diversity of
drive mechanisms, both electric power drive and backup
scram, and then it has a hydraulic drive for the scram. It
is felt that this improves the scram reliability because of
the diversity.

The fine motion drive we feel improves the fuel
integrity because you now are no longer moving in four inch
increments with each movement of the control rod.

The electricity power gang mode drive improves
the plant capacity factor. This is so that you aren't
moving control rods in a different fashion, and you can =--
that way you can move them in gangs and still not come up

against --
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There is no wear seal, so therefore it is

inspection free.

feature for the Japanese.

Once again this is a very important

It also avoids reactor coolant

inflow at scram and reduces exposure during the annual

inspection.

EBERSOLE: What if anything happened to the

rod drop problem?

MR.
problem,

MR.
this awkward

to implement

understand.
MR.
MR.
a time?
MR.
MR.

FOREMAN: I'm not familiar with the rod drop

EBERSOLE: You know the reason that we have
startup, one rod at a time, that takes a day
and prevent gang withdrawal now is, as I
FOREMAN: We have gany withdrawal on the BWR/6.
EBERSOLE: You don't hold with stepout one at
FOREMAN: No.

EBERSOLE: Brown's Ferry comes out one at a

time, doesn't it?

MR.

MR.

MR.

QUIRK: No.
EBERSOLE: You know the rod drop problem?
FOREMAN: Yes. And analyzed for that and

that's one of the design criteria that we established right

up front.

MR.

EBERSO™ E:

Does this thing have to have motion =--
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velocity =--

MR. FOREMAN: This does not have a velocity
limitor.

MR. EBERSOLE: And it comes out gang-wise?

MR. FOREMAN: And ‘t comes out gang-wise.

MR. EBERSOLE: You must have gotten rid of the rod
drop problem,

MR. FOREMAN: We designed it in just like we do on
BWR/6, 5, 4.

MR. MICHELSON: Why do you know longer needed
velocity limitor?

MR. FOREMAN: Because we have the electric fine
motion drive and also we have designed for the case of a
rod drop.

MR. MICHELSON: It is just a lot faster rod drop
without a velocity limitor. That's all.

MR. FOREMAN: Yes.

MR. MICHELSON: You are designing now for a much
faster rod dxop?

MR. FOREMAN: It is within the limitations that
are imposed by the safety requirements.

MR. EBERSOLE: Yo" are going to discuss the
picture of the new drive? 1 see it is in the handout.

MR, FOREMAN: To the extent that I can discuss it,

I will, I'm certainly not an expert on fine motion contro’
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1 rod drive.

2 (Slide 20 shown.)
3 MR. EBERSOLE: That's the place where you know
. 4 when you push it up and when you pull it down it becomes
5 decoupled and comes out too fast and isn't worth too much.
6 There have been many suggestions that there should be a
7 circuit up there that tells you when you decouple.
8 Has it got one?
9 MR. FOREMAN: No. You see, what we have got is we
10 have got -- we have got the rod up against the electric

11 drive and so that's going to be pushing it along, and

12 following.

’ 13 MR. EBERSOLE: 't is the coming out that's the
14 problem?
15 MR. FOREMAN: Right. We have -~
16 MR. EBERSOLE: Drive comes out but the rod stays

17 up? It is still a cruciform rod, isn't it?

18 MR. FOREMAN: Yes.
19 MR. EBERSOLE: It hangs up on the core and
20 sometime later it falls out at high speed and reactive
21 transient results?
. 22 MR. FOREMAN: We take all of that into account in
23 the design, just like we do for the present plans.
24 MR. MICHELSON: In your present plans you have

25 velocity limitors?
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MR. FOREMAN: That's correct.

MR. MICHELSON: How were you able to eliminate it
here? Wwhat did you do to compensate?

MR. FOREMAN: We were able to disign it out. I
can't answer specifically how we are able to do that, but
we were able to look at the temperatures, peak temperatures
that you get to with that kind of an accident and to design
it away. I can't tell you specifically today how that
happened.

MR. EBERSOLE: Does this have to have a water cool
seal at the vessel interface?

MR. FOREMAN: No.

MR. MICHELSON: This doesn't have to have a scram
discharge volume?

MR. FOREMAN: No, it does not have a scram
discharge volume. That's one of the things that's been
eliminated.

MR. MICHELSON: 1Is this similar to the design that
the people in Sweden use?

MR. FOREMAN: Yes.

One of the differences between this ard the design
that S.eden uses is the number of accumlators that we have
for each rod. 1 guess I should say the number of rods
assigned to each accumulator., We are choosing right now at

this time to assign two rods to each accumulator. The
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Swedes choose tu assign more than that.

MR. EBERSOLE: This is a hydraulic motor?

MR. FOREMAN: This is an electric motor.

MR. EBERSOLE: What is that scram inlet that I see?

MR. FOREMAN: There is a hydraulic scram and the
electric motor then -- once the rod scra.s hydraulically --
that's why we have accumulators -- we have a pump of
charges up the accumulators, uses that hydraulic scram as a
primary scram mechQnism. The back up scram is the electric
motor, and it follows along say two minutes later so that
in the case where you weren't able to scram by way of
hydraulics you were able to scram two minutes later with
that electric drive,

MR. EBERSOLE: As the thing is driven up
electrically, does it face again the closed volume control
rod drive accumulator?

MR. FOREMAN: There is no accumulator at the other
end, It goes into the vessel.

MR. EBERSOLE: Okay.

MR. FOREMAN: So you have been able to eliminate
the scram discharge volume with this and that's one reason
you are able to reduce the exposure to the operator.

MR, EBERSOLE: Where does the discharge go in the
normal hydrau.ic scram, discharge water go?

MR. FOREMAN: Into the vessel.
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MR. EBERSOLE: You mean you have an --

MR. FOREMAN: That's correct.

MR. EBERSOLE: You no longer have an requirement
for continued floor for seal cooling at the vessel rod
interface?

MR. FOREMAN: That's correct.

MR. EBERSOLE: Did you improve the seal design or --
550 at that point and it has got to live. Right now you
have got to have water running through it all the time.

MR. FOREMAN: I can't answer the question,

MR. EBERSOLE: This is fine structure maybe we
shouldn't be into.

(Slide 21 shown.)

MR. FOREMAN: You have to understand also I feel a
little bit naked here because I'm without our joint
customers and 1'll answer the question if I can, but --

GE is -- with the joint partners isn't doing all
the design on this, or all of the calculations and that
sort of thing. A lot them are be done by Hitachi, Toshiba.

One area that probably would happen no matter
whether we were working on ABWR or trying to come up with
better fuel, because in addition to building reactors and
nuclear islands and that sort of thing, we do sell fuel.

But one of the things that we are designing is a

reactivity difference between the upper and lower fuel. We
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are going with the control sale core concept by havinc low
reactivity fuel assembly around the control rod for
operation, which you already have seen on domestic plants.

Increased thermal margin caused by adoption of
fine motion control rod drives. Core flow control with
wide flow window -- caused by the high enriched fuel design.
And I've got another slide of differences.

MR. MICHELSON: I guess you felt that you have the
problem solved on how to control the orientation of rods
and so forth during fabrication so you don't get them
upside down. You have non-uniform loading within the
individual rods.

Do you think that would be a non-problem or have
you analyzed what happens if I get a rod in backwards and
put it into the core? Hotter rod?

MR, FOREMAN: I'm certain that's all done.

MR. MICHELSON: I just want to make sure I
understood. Thank you.

(§1ide 22 shown.)

MR, FOREMAN: Here is a side by side comparison of
a typical BWR and ABWR. You can see that we have jet pumps
rather than recirculation systems so these nozzles are not
there. There is some difference in the coupling. We still
have a spray. I can't tell you whether that will be an

overhead spray or perimeter spray. That's one of the
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By eliminating the control rod velocity limitor

one of the things we have been able to do is shrink the

total vessel height so the vessel height will be smaller.

Do you have any guestions?

EBERSOLE:

I would have thought diameter would

have been larger, but it isn't?

MR.

FOREMAN:

MICHELSON:

I believe the diameter is larger.

I think you want to watch the --

from the voiding viewpoint when you inject that cold water,

when you put that nice little loop at top on the sparjer as

well.

FOREMAN:

It is just to complicate the problem, I think.

Certainly that loop up there is

designed to be flexible.

MR.

MICHELSON:

It is also going to be voided as

soon as you depressurize the reactor and before cold spray

water gets to it.

MR.

FOREMAN:

We apply all our normal criteria in

the design of this that we would into any plant.

MR.

EBERSOLE:

-=- where you built all the

substructure under the rods way back in Humbolt Bay?

MR.

present plants.

be shootout steel under investigation,.

MR.

FOREMAN:

EBERSOLE:

We have shootout steel in the

1 don't think ==

1 never heard that term before.

On ABWR the question is whether there will

Is
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that the structure under the rods?

MR. FOREMAN: That's correct.

MR. EBERSOLE: I never heard of that.

MR. FOREMAN: That's maybe a phrase that's used in
the field. But you are talking about the girders
underneath that prevent the projection more than like six
inches.

MR. EBERSOLE: Right,

MR. FOREMAN: I think it is important for you to
understand as we went through this design -~ I'll go ahead
and put up the next slide --

(Slide 23 shown.)

MR. FOREMAN: One of the areas of concern became
cost. When we started out with the AET study, and in phase
two, we had some very high objectives for ABWR. And the
cost just went completely out of sight. And there was -- I
don't think there would be any utility that would have
bought it at the price.

S0 in the process of optomizing the design in
phase two one of the things we have done is try to cut down
that cost so that our objective now hrecomes to have a
higher output plant with greater safety for the same cost.

And one of the ways you do that is by simplifying
the design, In the area of ECCS, which is one of the

largest parts of the cost of a plant, the question became
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how many divisions do you want to have? At one time we had
design to an N minus two capability.

We designed throughout the plant for double
failure. It was just extremely expensive. Our design
basis now is N minus one, a risk less than BWR/S.

The three or four division guestions are still up
in the air. It has not been decided what we will have.
Clearly, if you have three divisions -- well, you could
have --

Go ahead.

MR. EBERSOLE: What do you mean by N?

MR. FOREMAN: That's the number of failures. N
minus one is a single failure, which means that you have
four systems and you have single failure, and you have
three. If you have four systems and you have two failures,
then you still have two. So you can have double failure
and still have 100 percent core cooling capability.

MR. EBERSOLE: I wanted to ask if you discriminate
between the systems which are on line in constant challenge
versus those on standby when you talk about N?

MR. FOREMAN: Yes.

MR. EBERSOLE: So you need more systems if they
are always on line?

MR, FOREMAN: I'm sorry?

MR. EBERSOLE: You need more systems if you are
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always on line because you know they are going to fail?

MR. FOREMAN: No. With N minus two you are able
to have one out of service and one failure.

Maybe 1 said that earlier and misled you.

MR. EBERSOLE: Then what do you have to sustain
the operation? One left?

MR. FOREMAN: 1f you have three divisions you would have
one left, Still have two with four divisions.

MR. EBERSOLE: What do you adopt? What is the
system?

MR. FOREMAN: The system we have is going to have
single failure capability which is either out of service or
a failure.

MR. EBERSOLE: Could you express it to me that in
the number of systems in a systems which is on duty all the
time, not one that's on standby, but on duty.

MR. POREMAN: Let me try to answer your question
in my words.

With ECCS systems you would always want to be able
to provide 100 percent.

MR, EBERSOLE: That's the system that you don't
use except once in a coon's age. I'm talking about the
system that's always on line, like service water. That's a
different cat.

MR. FOREMAN: That will be designed to the same
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single failure criterion that we have now and --

MR. EBERSOLE: What does that mean? How many
systems do you have of service water, as a case in point?
Don't tell me two.

MR. QUIRK: We are kind of approaching it from the
other side of the equation. Instead of defining N, we
define the one or the two. If N is the required necessary
systems in the plant to safely shut down a cooldown, one is
we take away one system -- would result in the loss of a
system.

MR. EBERSO...: I have then as a minimum two
systems even though they -- one or the other is on duty all
the time? That means if one fails and the other has to go
into a transient to meet the new demand it cannot suffer
the random single failure demand on challenge?

It is contradictory to the three channel system
which says when I set up a transient which I have to meet
with residual systems -- mitigating systems?

1 think Lnat's contradictory to the current
interpretation and to the single failure criterion at large
which says that -- I have to complete transients with
single failure privileges,

And certainly always if first failure is due to a
consequence of an accident being mi;igatcd I must then have

the privilege of redundancy after loss of that one.
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MR. FOREMAN: Without getting into the fine
details of what the system looks like, the top level
criterion for the design of ECCS and the wetwell drywell
cooling system was that we would ha either three or four
divisions, so that question is the oue we are addressing
right ncw and -- so when we are going through that design --
the system is going to be -- going to look like it does
otherwise, except it is going to have more divisions to
meet the demands, to meet the demands that you would place
on a two -- the capacity could be less for each division.

MR. EBERSOLE: Staff document about the
interpretation and application of single failure criterion,
are you going to put out a document that reflects your
agreement or disagreement with that? 1977 document.

MR. FOREMAN: Can you address that, Joe?

MR. QUIRK: Tell me more about the document, title
of it,

MR. EBERSOLE: It is dated August 17, 1977. It is
to the commissions from Lee Gossett(phonetic spelling) and
it extends and amplifies the single failure application.
1'l1l give you a copy of this,

MR. QUIRK: You would like our comments?

MR, EBERSOLE: Stick to this or depart from it?

MR. QUIRK: With regard to the ABWR or with regard

to BWR/67
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MR. EBERSOLE: Both, if you will offer it.

MR, FOREMAN: It has to be a GE type response.

MR. QUIRK: I would be happy to respond to that.

MR. MICHELSON: Before I get totally lost, when
you say you might have a four divisional system, as an
example, do you mean that the support systems for each of
those divisions is also separate?

MR. FOREMAN: Yes.

MR. MICHELSON: So that means four divisions cf
water, four divisions of power, et cetera?

MR. FOREMAN: Yes.

MR. MICHELSON: There will be three completely
separate trains all the way back?

MR. FOREMAN: Yes.

MR. MICHELSON: The question is on the lower pump,
recirculation pump, will you be able to replace seal
packages without draining the reactor?

MR. FOREMAN: I can't answer that question.

MR, MICHELSON: I would like a -~ I'm sure you
have given a lot of thought to it.

MR. FOREMAN: We have plants in operation in
Europe.

MR. MICHELSON: 1Isn't it obvious that you have to
drain the reactor? In other words you have to take all the

fuel out in order to replace the fuel package?
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MR. FOREMAN: That's not obvious to me.

MR. MICHELSON: There is a hole in the bottom of
the vessel when you take the package out for -- that's a
little bit different situation, This is not the same. So
that was my question, how do you replace seal packages?

Can you do it without draining the vessel?

MR. FOREMAN: 1I'm sorry but I can't answer that
guestion,

MR. MICHELSON: What kind of radiation levels does
one have to contend with? The Japanese were very worried
about radiation -- unless you unload the core.

MR, FOREMAN: I can assure you all of those things
are taken into consideration and radiation exposure is very
important.

MR. MICHELSON: From experience I think you have
to replace seal packages on your present pumps about every
three years or thereabouts is my understanding.

MR. FOREMAN: You are talking -~ this is a
different kind of design., The pump is internal to the
vessel,

MR. MICHELSON: But seals are not --

MR. FOREMAN: It has water cooling there. That's
included as part of the design,

MR. HICHBPSON: The seal eventually will degrade

and you will have to replace them about every three years,
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MR. FOREMAN: I can't answer your questien, I
could even conceive for seal replacement maybe you could
take it off the top of the vessel. I don't know,

MR. MICHELSON: 1I'm sure there is some good answer.

MR, OKRENT: 1 think we are going to have to move
on and not spend more than about ten more minutes on this
presentation,

MR. FOREMAN: To answer your question about -~

(§lide 24 shown.)

MR. FOREMAN: -~ what would you do with four
divisions, this is a conceptual design of what four
divisions would look like. I don't intend to go into any
great detail on this slide at all. You will also notice on
this particular slide we had conical containment in our
design.

MR. EBERSOLE: What is the international choice of
distribution over three versus four versus twd>? What do
Swedes use? PFour? Do you know?

MR, FOREMAN: I don't know personally. I would
have to go back and look that up.

There are -~ in Europe there are some countries
that believe in full N minus two capability of being able
to take a double failure and one failure and one out of

service, et cetera, and their plants are fully designed for
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that, and when we started this program that was one of our
goals.

Now, 80 you have got -- you have to ask yourself
the question: I'm making all this big investment to come
up with a new product that's very risky. If I now go to
three divisions from four maybe I've eliminated a country
that I can sell it in,

MR. EBERSOLE: For instance, core spray pump is
never needod, . hope. But the service water pump and
component cooling ace uced all the time.

MR. OKRENT: We are going t> have to drop that
subiect, Jesse.

MR. FOREMAN: The last area I want to show you a
deference on was the containment.

(Slide 25 shown.,)

MR. POREMAN: The goal was a working space equal to
what ie called in Japan an .mproved Mark I and Mark II
containment with an individual hatch to the lower drywell.

Oone of the goals was tn include countermeasures
for dynamic loade. We felt it was easily mitigated with
reinforced concrete -- directly installed from the
conteinment restraint structure wail.

There are coutinuing studies going on, Prior to
this week we had a c¢inical coentainmant, 1T was in contact

w'th the project tean that'r in Japan this week and able to
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find out that they have gone to -- they have made a
decision to go to cylindrical type of containment, so I've
changed that particular viewgraph from what you would see
in that September 26th letter.

One of the areas that's still under discussion is
whether this design will have horizontal rather than
vertical vents,

MR. MICHELSON: 1Is it correct to assume that the
refueling is from outside the containment then? It appears
that's the design.

MR. FOREMAN: It appears that's the design.

MR. MICHELSON: So now you have to go back to the
old questions -- drop things into the core and that sort of
thing without containment?

MR. FOREMAN: The design of that upper area you
have to take into account turbine missiles -- well, turbine
missiles and other things, so you have to decide which
pools you are going to fill, which ones you are not going
to fill, how you will reinforce that area.

MR. MICHELSON: One of the classical problems is
lifting all those internal and dropping them in the process
or dropping ==

MR. FOREMAN: That's right.

MR. MICHELSON: It looks like they have gone back

full circle on some of these guestions with this
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modification of Mark III.

MR. FOREMAN: I'm pretty confident that is going
to be a cylindrical containment and certainly that's what
GE feels.

If you were to see a containment drawing -- that's
why I've taken the judgment that I'll change this figure,
but it is always a possibility that we could go back to
conical containment., Design is not done. Of course we
might go to horizontal vents also.

MR. MICHELSON: Refueled from outside the
containment also.

MR. EBERSOLE: Doesn't that design I see there
throw back into the picture the potential of suppression
bypass as a result of pipe failure, which I thought you had
gotten rid of in the Mark III?

MR. FOREMAN: Yes.

MR. EBERSOLE: Don't the Germans use double wall
pipe to go preclude that type of thing?

MR. FOREMAN: I can't answer that question. I
understand, but I don't know what the Germans do. I didn't
know that the Germans used double wall ipe.

MR. MICHELSON: I guess you don't have a weir wall
anymore?

MR. FOREMAN: No.

MR. MICHELSON: You are now going to vent every
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one of those --

MR. EBERSOLE: You know the Brookhaven study that
shows how long you last on a suppression bypass?

MR. FOREMAN: No. I'm not aware of it.

MR. EBERSOLE: It is worth looking at.

MR. QUIRK: I missed the opening remarks, Did you
talk about a little -- about the Japan influence on some of
these features anc -

MR. FOREMAN: VYes, I did.

MR. QUIRK: Thank you.

MR. FOREMAN: 1I've given you another view of what
the overall building looks like --

(slide 26 shown.)

MR. FOREMAN: -- with the cylindrical containment.

MR. MICHELSON: It is really a modified Mark II
now, isn't it, more than a Mark III --

MR. FOREMAN: You could call it a modified Mark
III also or you could call it a modified Mark I.

MR. MICHELSON: But with the vertical as shown
here it looks like it is a Mark II.

MR. FOREMAN: That's correct.

MR. OKRENT: We could call it an ABWR.

MR. MICHELSON: I was just trying to orient my
thinking.

MR. EBERSOLE: Are you going to inert this
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containment?

MR. FOREMAN: Yes.

The current status on t° project is that the
design studies are going to continue to the summer of 1985,
late summer of 1985, like August or September.

Technical aspects currently under review, the
large kind of technical aspects currently under review
increasing thermal power capacity from 3845MWT to 3926MWT
thermal, Adapting to 52 inch turbine generator, four versus
three ECCS Aivisions and containment design, which I've
alread§ talked about.

We also have ongoing studies throughout the plant
for optomization improvement and that sort of thing.

MR. OKRENT: Thank you. I think we better
terminate this part of the discussion. We will take a
ten-minute break and then go into the agenda for today.
Reconvene in ten minutes.

(Recess taken.)

MR. OKRENT: Thes meeting will reconvene.

Let me ask representatives from General Electric,
of the various topics which are vaguely identified on the
agenda with regard to PRA, which of these are clearly not
proprietary in your opinion and which do you think can only
be discussed appropriately in a proprietary fashion?

MR. HOLTZCLAW: Can I show you a chart that we had
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in our modified agenda?

MR. QUIRK: Put it in the overhead.

MR. HOLTZCLAW: We configured our PRA
presentations a little bit differently ir order to try and
get a tlow in the presentations and still be responsive to
all the items on the ACRS agenda, and we have got some
options that I think we can do now as far as presentations
go.

What we would like to do is get into the bulk of
the PRA proper and the front end portion -- I can't
remember the item on the agenda, but it had some specific
issue. I think that can be best handled, though, if we can
go through just a very brief overview that covers some of
the scope and lays some ground work and then go into the
presentation core damage probability and uncertainty
analysis and the so-called front end of the PRA and the
back end of PRA on core melt phenomenon, and go back and
pick up some of the specific issues that we had identified
in response to your specific areas of uncertainty, because
we will he covering a few of those in both of the basis PRA
presentations.

And then I can pick up the specifics following
that presentation -- those two presentations.

MR. OKRENT: Would you repeat again, then, what it

is you are proposing.
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MR. HOLTZCLAW: We would like to give an
introduction that covers the scope and some of the
background and overview, then present -- that's a
non-proprietary presentation -- again into the core damage
probability and phenomenon and back end of the analysis.

| These both contain proprietary information. And
then assessment of specific issues, we follow the basic PRA
presentations.

MR. MICHELSON: Will there be any discussinns of
external events then?

MR, HOLTZCLAW: Yes. We could continue on with --
in that fashion, continue on with the rest of the agenda as
far as we can get.

MR. OKRENT: As far as time permits.

MR. HOLTZCLAW: Right.

MR. OKRENT: Well, it is all right with me to try
it. Why don't we start that way?

When we reach the first subject that is
proprietary, would you let me know whether it can be in
your mind divided into two portions, which are proprietary
and non-proprietary, and if not, just what things are
proprietary.

I see many pages in the GE documentation stamped
proprietary that are academic in nature. I've seen the

same pages in lots of other non-proprietary reports. So I
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need to get a better definition in my own mind.

First, I don't want to at the moment violate
accidentally the agreement of the NRC in proprietary things
by not knowing really what is proprietary and what is not

Why don't we begin and see where we get.

MR. HOLTZCLAW: I would like to give some of the
overview of the probabilistic risk assessmert we perform
for GESSAR II a little bit on “he scope of the program and
then turn over the presentation to Mr. Larry Frederick, who
will present information on core damage probability, which
will also include some of the discussions of input into the
fault tree and event trees, and then Dr. Deborah Hankins
will make a presentation on the back end of the PRA on the
subsequent consequence analysis.

I1'1l be talking here a little bit on the objective.
I think we have seen some base results already so I'll be
fairly brief in that discussion.

I'1]l talk a little bit about the scope, the
methodology that we utilized, specifically the sites
selection we used in the doing of PRA on a standard plant.
And give a kind of road map on what the major tasks are
that will lead into the two following presentations.

(Slide 27 shown.)

(Slide 28 shown.)

MR. HOLTZCLAW: Again, by way of overview, the
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objectives of the study were to quantify the safety of
standard plant design, provide a comprehensive assessment
of public risk resulting from plant operation.

We included in the analysis an evaluation of core
damage frequency and the off-site consequences, identified
the major contributors to risk and our bottom line results
that I think we have talked to this group before in the
last day at least, we believe that the likelihood of an
accident progressing to core damage is well below the
values obtained in the Wash-1400 studies. And in a
subsequent presentation we had plants in comparison to well
below that value. And the risk as well is below the
Wash-1400 results in the interim safety goals.

(Slide 29 shown.)

(Slide 30 shown.)

MR. HOLTZCLAW: Just by way of orientation, the
scope was to perform the analysis of the BWR/6 Mark III
standard plant design, so-called standard 238 plant.

As we have pointed out, we have included
modifications made in response to new reg zero seven three
seven Post-TMI modifications as well as modifications
dictated by the ATWS rule.

We incorporated in our analysis the so-called ATWS
alternate three A. We also made -- incorporated the

modifications that were made in response to ‘h e Brown's
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Ferry partial scram.

Reference Mark III containment, free standing
steel containment building, concrete shield building,
drywell, primary containment and secondary containment.

There was some decision that had to be made on our
part in what we would utilize for reactor site to perform
this study and perform the consequence analysis. We ended
up deciding on using the reactor safety study site six as
far as the site parameters meteorology and demography,
so-called Atlantic coastal site. It is in the population
of 81 point four million people in the five hundred mile
radius.

In comparison to the RSS sites it was probably
most typical of so-called average sites. It was also a
site that we did have some good information as far as a
specific sitc in that we had been doing some work on other
areas and had picked out a site that was within that region,
that is, the New Jersey, Maryland PJM grid experience that
we made use of, and this was essentially an input
assumption.

As a grid within that site six, and this is the
information with regards to its key parameters as far as
loss of cff-site powe:r probability per year and the
recovery capability that's been demonstrated within that

site within the first 12 hours. This was factored in as an
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assumption in the study.

We pointed out as far as the applications of this
study to specific site location that the applicant would
have to perform or re-perform a consequence analysis for
the specific site that reactor would be sited in.

(Slide 31 shown.)

(Slide 32 shown.)

MR. HOLTZCLAW: In terms of the method.ulogy it is
fairly consistent with other PRA's that have been done,
utilizes base Wash-1400 methodology, utilization of fault
tree and event trees.

We did do some specific work in assessing
realistic success criterias, and you will be ha2aring about
this in Mr, Frederick's presentation, that is, identifying
systems required to reach successful termination of an
accident sequence.

We 2iso factored in one of the key results of the
Post-TMI experience as far as the BWR owners are involved,
that is, the use of the BWR owner's group emergency
procedure guidelines. That was a big aid in determining
human error response to specific sequences.

One other significant departure from say the
Wash-1400 reactor safety studies was the utilization of
what we believe to be more realistic product modeling and

this factors in the recent or more recent pool scrubbing
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information from GE test programs. You will also be
hearing about this in the subsequent pre:.tation.

Next =--

(Slide 33 shown.)

MR. HOLTZCLAW: We have a chart here that I think
we showed a year ago and we kind of gave it very much of an
overview of this presentation and it is some of the
comparisons with the Wash-1400 methods.

There has been a change in the frequency of
initiating events. Mr. Frederick will be covering that
with a chart in his presentation.

We believe that the fault trees and event trees
like many other PRA's that have been done since the --
pointed out we think we have more realistic success
criteria. One of these was the credit for feedwater
condensate pumps not included in the RSS study.

With regards to ATWS secuences, there was an
additional ATWS sequence including -- also factored into
the RSS update that was performed by the staff a few years
back.

We utilized more release categories in doing the
fission product retention and release analyses, and we have
been using codes that have been updated since RSS. There
has been just a general improvument in that area.

We have also utilized codes that have been
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developed and utilized internally to General Electric
specifically in looking into the success criteria and the
thermal hydraulics analyses where the BWR being somewhat
indigenous to other reactor designs probably requires a
slightly different analysis of thermal hydraulic effects
than PWR's do, so there is some divergence with the
standard methods available -- since we have to deal with it
in the course of our normal design processes.

(Slide 34 shown.)

MR. HOLTZCLAW: This is a very overview-ish view
of the results. We will be looking at this in more detail
in subsequent presentations. It characterizes the core
melt freguency for our study and came out approximately
five times ten to the minus sixth.

MR. HATCH: Does that include UPPS?

MR. HOLTZCLAW: No. I'm sorry. I piobably didn't
preface this. This is really the internal events portion
of the PRA. We are going to be having some subsequent
presentations on the external events.

We believe our results have attributed to a number
of features of the BWR. Consistent with other recent
studies it is probably a more accurate assessment on the
time to core damage.

I think we have highlighted the BWR capability for

water delivery in the multiple systems and I think that was
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obviously verified in this study. Also hand in hand with
that would be capability is the utilization of more
realistic success criteria.

And the bottom -- loss of contaimment integrity I
think is another importance aspect because in some of the -
sequences it obviously provided the operators with longer
response times and had an impact on human reliability.

(Slide 35 shown.)

MR. HOLTZCLAW: This is a chart that I think has
been shown in a couple other presentations already in the
last two days, chimney charts that shows the types of
sequences and what their relative contributions were in
core damage.

Again, showing the significance of loss of
off-site power initiator and its dominance as far as the
core damage frequency goes. We again will be focusing on
this chart when we do a more thorough discussion of the
results, and it is going to figure also in our discussion
of design modications, beczuse it - a primary input to
that study.

MR. CAMP: For this discussion is there any
difference between core damage and core melt?

MR. HOLTZCLAW: No. I'm sorry.

(Slide 36 shown.)

MR. HOLTZCLAW: I want to lay out one fairly
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overview chart here on what you will be seeing in the next
two presentations.

MR. MICHELSON: Before you do that, can you tell
me just briefly the reason why an inadvartent opening of
safety relief valve is a much higher frequency of core
damage than a small break loca, which is kind of the size
that we are dealing with?

MR, HOLTZCLAW: What was the -- maybe Larry can
answer this.

MR. FREDERICK: Largely in the initiating
frequency. IORV, particularly in models originally in the
PRA, has a higher frequency of occurrence than a pipe break,
small break loca, but it is a much higher --

MR. MICHELSON: Because of frequency of occurrence?

MR. FREDERICK: That's correct.

MR. EBERSOLE: But because it is suppressed, it
goes under the pool, what is the terminal eve.ut? How does
it proceed to cau;e s0 much trouble?

MR. FREDERICK: It doesn't particularly cause a
lot of trouble but there is not an automatic scram with an
IORV. The operator must manually scram the reactor. So
there is an operator error in the analysis.

Does that answer your question?

MR. EBERSOLE: Yes. I'll turn around on that a

while.
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MR. HATCH: One further question, how is the loss
of heat removal different from the station blackout where
you would expect also to have a loss of heat removal?

MR, HOLTZCLAW: As f~r as this chart goes? I'm
sorry? Go ahead and answu:r it,

MS. HANKINS: These are divided up in terms of
initiating evenc. This is initiated by a transient or
loss of heat removal. In other words you have sufficient
core cooling -- the station blackout you do not have core
cooling.

In my presentation I'll be describing how we
divided events up in terms of which goes first, the core or
the containment. Heat removal sequence of the containment
fails before you lose core cooling.

MR. HOLTZCLAW: TQUV for loss of off-site power
initiators or that class of events and the other over here
as a TW.

MR. HQERSOLE: In that inadvertent RSV opening the
discharge has to the suppression posl and the operator, you
say, the operator failure to respond is the problem.

So aren't there inumerable indications that he has
got -- that he has got to do something but not necessarily
too fast?

MR. HOLTZCLAW: The best thing to do would be wait

until we go in to the individual.
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MR. QUIRK: The answer is to his concern that in
and of itself inadvertent open safety relief valve is not a
real significant event without dire consequences. It is
only if that's the first of many subsequent failures, which
you assume all the way to core melt.

MR. EBERSOLE: So that's a composite event? I
would rather not think of SRV as being particularly
impor tant.

MR. QUIRK: I don't like to give the impression to
people that the blackout is a dominant event to core damage.
It isn't, We have systems to mitigate it, but it is the
first step. It is part of communication problem.

MR, MICHELSON: I'm a little surprised that a
scram itself doesn't lead to core damage when you start
compounding all of these, and I thought it would even have
a little bit of length of the bar -- because of a scram you
got into trouble. But it is just -- the first step would
be a scram. The second step is stuck open relieve the
third step operator fails to respond.

Isn't there a finite probability of that scenario
compared with your small break loca, for instance?

MS. HANKINS: Manual shutdown is one of the
initiating events. Mr., Frederick in his presentation will
be describing all the initiating events.

MR. MICHELSON: Why doesn't the scenario I propose
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appear as a bar because I think it has got probably higher
core melt probability maybe than a small break? That's why
we are trying to eliminate scrams.

MR, FREDERICK: All of these initiating events are
initiated by scrams with the exception of the manual
shutdown. The turbine trip is a scram. MSIV closure
events, isolation event, is a scram. All of these are
scrams., And the initiating event frequency based on
operating field operating data as collected based on --

MR. EBERSOLE: I thought you said the --

MR, FREDERICK: RSV is the exception to that but
the turbine trip MSIV closure and loss of feedwater are all
scrams.,

MR. EBERSOLE: If I look at that on the
probability particular basis certainly the inadvertent
opening SRV must be far more probable than any of the rest
of them?

MR. FREDERICK: No, it is not. Turbine trip is by

far --

MR. EBERSOLE: It is not even up there.

MR. FREDERICK: Well, this effects core damage
frequency.

MR. EBERSOLE: I'm looking =--
MR. FREDERICK: We are getting into the

presentations 1'll be making in just a minute.
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(Slide 37 shown.)

MR. HOLTZCLAW: This is kind of a general road map
of the next two presentations.

Mr., Frederick will be talking about frequency of
core damage and Dr. Hankins will be covering release and
the consequence portion of the PRA. That's broken up even
further, I guess, into the steps that we went through in
the next chart. It shows the various blocks and --

(Slide 38 shown.)

MR. HOLTZCLAW: -- where we utilize the standard
plant configuration date, went through the process of
identifying and quantifying the accident initiators and
then factored in the success criteria in order to put
together the accident event trees.

Then identify, quantified, classified sequences
and constructed containment event trees and that interacts
with the fission product transpcrt analysis utilized as the
core damage and containment analysis as input and then does
the release portion of the analyses where consolidated into
release categories, define the frequency of fission product
release. Then out here in the last box did the consequence
analysis and the evaluation of plant risk.

What I would like to do now is turn the presentation over
to Mr. Frederick to cover the evaluations of core damage.

I think in terms of what Dr. Okrent was asking, I
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don't recall how your slides go, Larry, as far as do we
have the bulk of the proprietary information in any one
location?

MR. FREDERICK: Very close to the beginning we
will have success criteria which is proprietary. So we can
cliose off.

MR. QUIRK: I recommend that we close the meeting
at this time, Doctor Okrent.

MR. OKRENT: Well, before we get into that, let me
ask the staff, when will we receive all of the consultant
reports in, I guess what you would call them, final form
with regard to the GESSAR II PRA or when will we receive
some of them in final form and others --

Have you got a schedule?

MR, SCALETTI: Doctor, much of the information
trom Brookhaven you have in draft form. Many of the
reports are not finalized and the schedule for finalizing
these probably would be from two to three weeks to a couple
of months and so you won't have them in the near term. We
have turned over all tne documents that we have relating to --
with the exception, I guess --

Do we have external events documents?

MR. RUBIN: I don't know.

MR. SCALETTI: You have what we have so far.

MR. OKRENT: Since I haven't had the --
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MR. SCALETTI: Excuse me., I'm sorry.

MR. OKRENT: Since I haven't yet had the benefit --
I better put quotes on that -- of seeing all of these
documents, I can't tell, for example, whether a draft
document is a relatively complete document or it is a
document missing a front and a back, which I sometimes have
also seen coming from the staff with six months delay to
the final document on other reviews.

MR. SCALETTI: I believe the internal events that
you have is a relatively complete document from Brookhaven.
Again, with regard to whether these -- I don't know if you
are asking or whether you are going to ask it not -- these
documents do not identify proprietary information,

Now, one of the -- we have not gone through them
yet to identify this information nor has, I guess, General
Electric. Maybe one or two of the documents they have, but -~
the reason when we sent this stuff o the committee on
October 5, we put a note on the package that indicated that
some of this information may contain proprietary
information. Some of these documents -- it has not been
identified as yet.

MR. OKRENT: I see. Now, I'm just trying to
understand now. General Electric mentioned a moment ago
success criteria are proprietary. I guess I'm -- give me

an example of one -- not the answer, but a kind of success
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criterion that's proprietary.

MR. FREDERICK: The success criteria were based on
and derived from transient analysis using General Electric
codes which were developed by General Electric and are
proprietary. The determination of whether one pump, given
a certain set of conditions, whether one pump will
adequately cool the core is determined by a transient
analysis using General Electric proprietary codes.

Does that answer the guestion?

MR. OKRENT: I guess I understand that answer.
What are some of the other kinds of things then that are
considered to be proprietary specifically?

MR. QUIRK: In general, there are two broad
reasons why some information is proprietary.

The first reason is safeguards related information
and one can view fault trees, for example, as a very
specific quantification of the vulnerabilities and
capabilities of an actual plant. And some utility
customers and GE maintain that for that reason this
information is safeguards related and as such should be
withheld.

Another --

MR. OKRENT: Let's not leave that point, because
it is 2 non-trivial point., It is my impression that the

staff has not taken the position that fault trees and event
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trees in PRA's for specific plants should be kept in a --
should be handled in a secu-ity fashion, as relating to
that kind of issue, because I was seeing PRA after PRA with
that material in it,

Can the staff advise me of what their position is
and how they arrived at it? There may be a technical
position and there may be a legal position here. I'm not
sure whether the two are the same.

MR. THOMAS: 1I'm not sure we can add an awful lot
to it. You are correct in your observations, at least as
far as our practice has been we have not considered
vulnerabilities to be information that should be withheld.
I'm not sure we have Larry focused on it, but in our
practice we haven't.

MR. OKRENT: As a matter of fact, you published
Wash-14007?

MR. THOMAS: Yes.

MR. EBERSOLE: I can't see how the numbers could
be proprietary. 1 can see the method by which you achieved
the numbers.

MR. QUIRK: Let me address that,

In our PRA from day one we have made available the
bottom line numbers, the core damage probability numbers

and the events that we have shown, and the conseguence

analysis of fatalities and such. And that information has
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been made available because we think it is an important
conclusion of the study and the public has a right to know

And other information has been been made available

What i1n essence we are withholding are the fault
trees for what I will regard as safeguards related. Event
trees are success criteria, which I think are commercially
related. And I didn't get into developing that thought but
I was saying earlier there are two reasons, safeguards and
the second was going to be commercial.

And what I mean by commercial, typically a lot of
people have done PRA's and they used standard methodology
and standard assumptions, some of which are not
representative of the BWR systems, and they get what I'll
refer to as scary results. Well, in our PRA we use
standard methodology but we took into account actual BWR
capabilities that maybe others that aren't as familiar with
the BWR may not.

And we put in some of our research results and
these considerations led to more realistic results. And
these results were developed with GE resources and I think
are commercially available.

MR. EBERSOLE: Do you mean the numbers are
available?

MR. QUIRK: The methodology.
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MR. EBERSOLE: By which youv got the numbers?

MR. QUIRK: Yes.

MR. EBERSOLE: But not the numbers proper.

MR. QUIRK: It depends on how far down you go.

The overall -- when you get into each specific sequence I
think that's where we say from this point on --

MR. EBERSOLE: The way I hear it, you have
developed certain impediments to progression of an accident,
maybe sequential things that you do that you would rather
not divulge at large?

MR. QUIRK: Yes. I can give you a couple of
examples.

In our PRA work we factor in credit for the fuel
channels. The analyses don't. You know, in the PWR regime
the flow can kind of divert and go around and this results
in a higher hydrogen production. So when we take into
account the fuel channels, it causes blockage and lower
hydrogen production and can change the answer.

Another example of factoring in specific BWR,
which resulted in an opposite effect, a conservative effect
that hadn't been factored in before, is the guide tubes.
Failure of the guide tubes would result in earlioer vessel
melt through which would give us worse results earlier.

And s> there are some of these examples with our detailed

system knowledge and expertise we sharpen the pencil and it




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

102

can alter the answer considerably.

MR. OKRENT: I must confess the example about
failure of the guide tubes seems to me to have been a topic
that was discussed in open meetings when one talked about
different ways in which a core melt might progress and
vessel failure might go, so I'm hard put to see the basic
ideas being proprietary.

MR. QUIRK: It is not the basic idea. We just
talked about it. But what I'm trying to say is that we
have icken the standard methodology, for example, March
code, and we have modified it to reflect unique specific
BWR capabilities and have altered that methodology.

MR. OKRENT: Well, I guess the staff has accepted
in the past that computer codes developed in part or
entirety by vendors can be kept proprietary even if
sometimes they represent a modification of something
previously developed at a national lab for -- sort of for
free.

But we are trying here to understand the rationale
for keeping different parts, and in fact the entire PRA,
pretty much proprietary and at the moment I've heard this
matter on success paths, which I'll grant is something that
could come out of an ind.vidual calculation -- I must
confess, compared to disadvantages I can see in keeping

this PRA proprietary out, I'm not convinced that there is a

el s S he. Ha
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large commensurate commercial disadvantage that way.

Could you help me understand what other kinds of
things you feel are really proprietary, and leaving aside
this -- what I'll call security question -- which is a very
troublesome one, no doubt. But nevertheless the NRC has
followed certain policy in that regard and --

MR. FREDERICK: Dr. Okrent, we feel at General
Electric -- we feel GE is in the best position to do
probabilistic risk assessments on boil water reactors.
There are many other companies that would like to do them.
They have a right to do that. They would like very much to
be able to have the entire -- the entire analysis that we
have done. We presume they would like to have this and to
be able to use it or guote from it, We can't and don't
want to prevent them from doing probabilistic risk
assessments, but we don't have to make the results of our
analysis available to them. It is a commercial
consideration.

MR. OKRENT: Well, your agency, you are well aware,
the proposed severe accident safety policy of the NRC
hinges much of its review on the PRA, and if it is
essentially all proprietary, this pretty much means that
the bulk of the public, including those who could interpret
this and critique }t and review it with sophistication, but

the bulk of the public besides, have no access to what is a
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vital part of the way in which a judgment is arrived at
concerning the adequacy of the safety.

And it seems like there is, you know, there is a
mixture of different kinds of questions here and not easy
to balance one against the other. If there were a question
of spending 50 dollars here and 48 dollars here and that
was it, we would know what to do. But that's why I'm
trying to see really where the true proprietary features or
the more important proprietary features, or whatever it is,
lie and where some may be of lesser importance.

MR. FREDERICK: Mr. Okrent, I think possioly the
whole is greater than the sum of the parts in this case.
The entire analysis altogether is of value.

I've been in this division of Gene:ral Electric for
15 years and during that entire time I've seen an
expenditure of resources by General Electric in the
collection of data, in the performance of reliability
analysis and models of plant safety functions as well the
other functions, and there is considerable investment there.

MR. QUIRK: Dr. Okrent, this may be presumption on
my part, but in my opinion, when you look at the -- not all
the proprietary information -- not all the PRA is
proprietary. We have recently met with the NRC staff and
have developed a version which is just pulling ou’ all the

non-proprietary information in the PRA that was formerly
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Let me explain.

If the significant part of a document is
proprietary, and interminglad rather in the past, rather
than issue two sets of documents our habit was to stamp it
all proprietary and issue it accordingly. 1In today's
environment that's not desirable anymore and we have taken
tha. documeat and extracted the parts of it that are not
proprietary and we are ready to issue that. So that
irformation will soon be available to the public.

A summary form is alxeady available to the public
that they can look at and get the bottom line results. My
point is this, with that version and with the staff's
fairly detailed version, 1 thiik that information would
overwhelm the needs o, tte public to be included, you know,
in how we arrived at what we did and what the basis was.

T chink it is more than ample, more than
sufficient., As I said, that may be presumption on my part
but somevhere along the line you have got to drop the line
and jprotect a lot of work that we have done at our expense
and I think that we haven't made that determination lightly
and I think the available information --

MR. MICHE._.S30N: I would like to comment on the
security aspect.

1 appreciate fully the need for certain commercial
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protection but I am really at a loss in the security area
keeping in mind that the plants that have vulnerability to
sabotage are those in existence, and not on paper, and the
paper plant is long way down the road.

We are not protecting presently the existing
plants which could have a potential sabotage vulnerability.
I can go to a number of PRA's and find out all I need to
know.

They haven't been and therefore the horse is
already out of the barn. And so why and how you could
argue that protecting this information from a security
viewpoint for some future way down the road plant is beyond
my comprehension.

Could you help me a little by how you can really
rationalize there is a security matter involved here,
kzeping in mind that the plant's vulnerability --

MR. QUIRK: I just think that you are providing a
road map on the most vulnerable areas of the plant.

MR. MICHELSON: I have no doubt I could fully
agree with you but I've already got the road map. I can go
to any nurber of PRA's and get that road map.

MR. QUIRK: This design differs from the Wash-1400.

MR. MICHELSON: True, but the one that's out there
today, not one that you are going to build and may be in

operation ten years from now. By that time the potential
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saboteur will be just as smart about that plant. There are
a number of easy ways of getting it. So I don't think vou
have got much of an argument.

Commercial argument, I don't have a problem with
the securnity argument, why they aren't protecting the
present plants from that viewpoint by controlling
information, .

MR. SCALETTI: The staff -- when we agreed that
this information was proprietary was solely from the
standpoint of the commercial consideration and not
safeguards.

MR. MICHELSON: I have no problem. I'm not
guestioning that at all., 1If you started claiming security,
then I've got a real problem understanding it.

MR. EBERSOLE: With the adveut or the UPFS system
I sucgested the staff looks into constraining the details
of design to make it less well known what might be safe
shutdown potentials of the plant which are not so highly
exposed should never have been spread across the public.
You should have a place to go that's secure, which had not
been pre-advertised as a vulnerable part of the design.

MR. OKRENT: I guess that's probably as far as we
can get on this subject now.

Let's see. The request is that we begin now with

the proprietary session, so Mr. Major has asked that GE
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verify whether people sitting on my left are all from GE or
from the ACRS, as I see it, whether the staff can do the
same on their side.

MR. ROSENTHAL: We have one person -- I would like
to just offer this to GE -- Dr. Swanson, who has been a
contractor to the NRC and assigned proprietary withholding
agreements in the past fiscal years and we cannot today
find out if he has signed a proprietary agreement for this
fiscal year.

He is a contractor to the accident evaluation
branch for this year. 1I'm sure he would be glad to leave
his watch with you, but -- he is also employed in the past
on matters such as our RDA contract, on A-45., So he is a
current contractor to AUB, this fiscal year -- he will be.
The paper is floating. He would normally have access. I
just cannot confirm. We can't confirm today that it is in
force.

MR. QUIRK: Well, he is under current contract or
will be soon with the NRC and doesn't that cover the
proprietary information agreement?

Okay, I accept.

MR. OKRENT: Well, let me --

(Discussion held off the record.)
MR. OKRENT: Let me hear what GE thinks, with

their arrangement.
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ABWR DESIGN

AET FEASIBILITY STUDY (PHASE 1)

0 OBJECTIVE OF STUDY

PERFORM FEASIBILITY STUDY THROUGH CONCEPTIONAL DESIGN OF
THE NEW TYPE BWR BY ADVANCED ENGINEERING TEAM (AET)

0 MEMBERS OF STUDY
INTERNATIONAL COOPERATION OF 5 BWR MAKERS
- HITACHI, TOSHIBA (JAPAN)
- GE (U.S.A))
- ASEA ATOM (SWEDEN)
- ANSALDO MECCANICO NUCLEARE (ITALY)

0 PERIODS OF STUDY
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ABWR DESIGN
STUDY OF A-BWR DEVELOPMENT
PHASE II & III

0 OBJECTIVE OF STUDY

DESIGN AND STUDY PERFORMANCE OF ADVANCED BWR (A-BWR) BASED
ON RESULTS OF AET FEASIBILITY STUDY,
- BASIC DESIGN AND OPTIMIZED DESIGN

- TEST AND DEVELOPMENT

0 MEMBERS OF STUDY
- BASIC DESIGN AND OPTIMIZED DESIGN

JOINT STUDY OF TEPCO AND 3 MAKERS (GE, HITACHI,
TOSHIBA)
- TEST AND DEVELOPMENT

JOINT STUDY OF 6 ELECTRIC POWER COMPANIES AND 3 MAKERS

0 PERIOD OF STUDY
- BASIC DESIGN FROM JULY 1981 TO JUNE 1983

- OPTIMIZED DESIGN  ABOUT ONE AND HALF YEARS FROM THE
FIRST OF FISCAL YEAR 1984
- TEST AND DEVELOPMENT . FROM JULY 1981 TO 1986
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OBJECTIVES OF ABWR DEVELOPMENT
STANDARDIZATION OF PLANT DESIGN
IMPROVEMENT OF OPERABILITY AND LOAD-FOLLOWING CAPABILITY
IMPROVEMENT OF SITING EFFICIENCY AND FINANCIABILITY
ESTABLISHMENT OF 1300MWE CLASS PLANT
IMPROVEMENT OF PLANT CAPACITY FACTOR MORE THAN 80%

REDUCTION OF EXPOSURE
200 MAN-REM/PEACTOR YEAR

IMPROVEMENT OF RELIABILITY AND SAFETY
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TECHNICAL FEATURES OF A-BWR

LARGE PLANT OUTPUT
ELECTRICAL OUTPUT 1300MWE CLASS

REACTOR RECIRCULATION SYSTEM WITH INTERNAL PUMP

FINE MOTION CONTROL ROD DRIVE MECHANISM

IMPROVED CORE AND FUEL

EMERGENCY CORE .COOLING SYSTEM

REINFORCED CONCRETE CONTAINMENT VESSEL



MAJOR FEATURES OF INTERNAL PUMP SYSTEM
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>
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[REDUCED EXPOSURE
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FMCRD FEATURES

0O DIVERSITY OF DRIVE MECHANISMS
-  ELECTRIC POWER DRIVE
o FINE MOTION NORMAL DRIVE
0 BACKUP SCRAM
- HYDRAULIC DRIVE
0 SCRAM
- IMPROVED SCRAM RELIABILITY BY DIVERSITY

O CONTROL ROD FINE MOTION DRIVE
- IMPROVED FUEL INTEGRITY

& 0 ELECTRIC POWER GANG MODE DRIVE

- REDUCED START-UP TIME AND IMPROVED PLANT CAPACITY
FACTOR

0 NO WEAR SEAL
- INSPECTION-FREE FOR DRIVE MECHANISM BODY
- REDUCED INSPECTION REQUIREMENTS AND EXPOSURE

0 AVOIDS REACTOR COOLANT INFLOW AT SCRAM
- REDUCED EXPOSURE DURING ANNUAL INSPECTION
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ABWR DESIGN
IMPROVED CORE AND OPTIMIZED FUEL

ADEQUATE REACTIVITY DIFFERENCE BETWEEN UPPER AND LOWER
FUEL

LOW REACTIVITY FUEL ASSEMBLIES AROUND THE CONTROL ROD FOR
OPERATION

INCREASED THERMAL MARGIN CAUSED BY ADOPTION OF FMCRD

CORE FLOW CONTROL WITH WIDE FLOW WINDOW

LONG OPERATION CYCLE CAUSED BY THE HIGH-ENRICHED FUEL
DESIGN
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ABWR DESIGN
ECCS/WDCS

3 OR 4 DIVISION  ECCS/WDCS

&

1, DESIGN BASIS IS N-1
(SINGLE FAILURE)

2, RISK IS LESS THAN BWR-5
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ABWR DESIGN
REINFORCED CONCRETE CONTAINMENT VESSEL

0 TYPE:
PRESSURE SUPPRESSION TYPE CONTAINMENT

0 MATERIAL:
REINFORCED CONCRETE CONTAINMENT WITH STEEL LINER

O MAINTAINABILITY

- WORKING SPACE EQUAL TO IMPROVED MARK I AND MARK 11
CONTAINMENT
- INDIVIDUAL HATCH TO LOWER DRYWELL

0O COUNTERMEASURE FOR DYNAMIC LOAD:
EASILY MITIGATED WITH REINFORCED CONCRETE

0 PIPE WHIP:

DIRECTLY INSTALLED FROM CONTAIMENT RESTRAINT STRUCTURE
WALL

0 CONTINUING STUDIES
HORIZONTAL VERSUS VERTICAL VENTS



ABWR CYLINDRICAL
CONTAINMENT DESIGN
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ABWR CYLINDRICAL
CONTAINMENT DESIGN




ABWR DESIGN
CURRENT STATUS

DESIGN STUDIES CONTINUE TO SUMMER 1985

TECHNICAL ASPECTS CURRENTLY UNDER REVIEW

INCREASING THERMAL FOWER CAPACITY FROM 3845 MwT TO
3926 MWT
ADAPTING TO A 52 INCH TURBINE GENERATOR

FOUR VERSUS THREE ECCS DIVISONS
CONTAINMENT DESIGN



GESSAR II PROBABILISTIC RISK ASSESSMENT

A PRESENTATION TO ACRS SUBCOMMITTEES
ON GESSAR II/RELIABILITY & PROBABILISTIC ASSESSMENT
LOS ANGELES, CALIFORNIA

GENERAL ELECTRIC COMPANY
OCTOBER 18-19, 1984



OVERVIEW

PROBABILISTIC RISK ASSESSMENT (PRA)

0  OBJECTIVE

0 RESULTS

0 SCOPE - DEFINITION OF BWR/6 REACTCR
PLANT

0 PRA METHODOLOGY

0  SITE SELECTION

0  MAJOR TASKS OF THE PRA



GESSAR IT PROBABILISTIC RISK ASSESSMENT

0  OBJECTIVE - QUANTIFY THE SAFETY OF THE BWR/6 STANDARD
PLANT DESIGN

0 PROVIDE A COMPREHENSIVE ASSESSMENT OF PUBLIC
RiSK RESULTING FROM PLANT OPERATION

0 IDENTIFY MAJOR CONTRIBUTORS TO RISK

0 RESULTS

0 LIKELIHOOD OF AN ACCIDENT PROGRESSING TO CORE
DAMAGE WELL BELOW WASH-1400 AND INTERIM
SAFETY GOAL

0 PLANT RISK WELL BELOW WASH-1400 AND INTERIM
SAFETY GOALS




GESSAR 11 PROBABI.ISTIC RISK ASSESSMENT

0 SCOPE - DEFINITION OF BWR/6 REACTUR PLANT

0 STANDARD 238 PLANT, PLuUS

- PosT-TMI MODIFICATIONS
- A™YS ALTERNATE 3A + BF
MODIFICATIONS

0 REFERENCE MARK III CONTAINMENT

- FREE STANDING STEEL CONTAINMENT

- CONCRETE SHIELD BUILDING

- DRYWELL, PRIMARY CONTAINMENT AND
SECONDARY CONTAINMENT

0 RSS SITE #6 METEOROLOGY AND DEMOGRAPHY
B ATLANTIC COASTAL

- 31.4 MiLLIoN PeopLE (IN 500 MILE
RADIUS)

0 ELECTRIC GRID RELIABILITY BASED ON THE PRA -
N.J. = MD (PJM) GRID EXPERIENCE (IN SITE #6)

- .05 LosSES OF OFF-SITE POWER/YEAR
- 99,5% RECOVERY WITHIN 12 HOURS



GESSAR Il PROBABILISTIC RISK ASSESSMENT

0 METHODOLOGY

0 MoDiFIED WASH-1400 (FAULT TREES/EVENT TREES)

0 CONSISTENT WITH PRA PROCEDURES GUIDE
(NUREG/CR-2300)

‘ 0 REALISTIC SUCCESS CRITERIA

0 EMERGENCY OPERATING PROCEDURES

0 REALISTIZ I'1SSION PRODUCT MODELING



MAJOR DIFFERENCES

0 COMPARISON WITH WASH-1400 (RSS) METHODS

0 REDUCTION IN FREQUENCY OF INITIATING EVENTS

0 MORE COMPREHENSIVE FAULT TREES

0 MORE COMPREHENSIVE EVENT TREES

0 MORE REALISTIC SUCCESS CRITERIA

0 CREDIT FOR C“EDWATER AND CONDENSATE PUMPS

0 ADDITIONAL ATWS SEQUENCE INCLUDED

0 MORE RELEASE CATEGORIES

0 IMPROVED CODES




COMPARISON OF ESTIMATED FREQUENCY OF CORE DAMAGE

FREQUENCY OF EVENT
REACTOR PER REACTOR YEAR

RSS BWR/4 MARK I 3 x 10°°

BWR/6 MARK I11 5 x 10 6

0  CORE DAMAGE FREQUENCY BELOW NRC GUIDELINE
(1 x 10”4/YEAR)

0  ATTRIBUTED TO MANY SAFETY FEATURES

0 LonGg TIME TO CORE DAMAGE

0 MULTIPLE AND DIVERSE HIGH AND LOW PRESSURE
Pumps AND POWER SUPPLIES

0 REALISTIC Success CRITERIA

0 MULTIPLE HEAT SINKS AND HEAT REMOVAL MODES

0 SIMPLE ONE LooP OPERATION

0 LonG TIME TO LOoSS OF CONTAINMENT INTEGRITY BY

STEAM OVERPRESSURIZATION
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. CORE DAMAGE FREQUENCY
WASH-1400 3 x 10°%
. BWR/6 4.7 x 107
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Figure 7.1-1

Distribution of Core Damage Events




TASK 1 FREQUENCY OF
CORE DAMAGE

J

TASK 11 FRECUENCY OF
RADIOACTIVE
RELEASE TASK IV
- CONSEQUENCES
OF RADIOACTIVE
o RELEASE
Y
TASK I11 MAGNITUDE OF
RADIOACTIVE
RELEASE
J

MAJOR TASKS OF THE PRA



BWR/6 STANDARD QUANTIFICATION AT
PLANT OF SYSTEM/ AND CONTAINMENT
ONFIGURATION FUNCTIONAL EVENT e
DATA TREE INPUTS
IDENTIFICATION AND CONSTRUCTION IDENTIFICATION, e CONSOLIDATION AND FREQUENCY
QUANTIFICATION OF OF ACCIDENT OUANNHCAY?“ :'00 OF CONTAINMENT OUANRTIFICATION OF OF FISSION
ACCIDENT SEQUENCE CLASSIFICAT =1 " RELEASES INTO PROOUCT
INITIATORS EVENT TREES ACCIDENT SEGUENCES SVEIT Thees CATEGORIES HELEASES

SUCCESS
CRITERIA

FISSION PRODUCT
TRANSPORT
ANALYSIS

Ooverview of Methodology for Assessing Frequency of Core Damage and

Fission Product Releases



. CORE DAMAGE PROBABILITY

A PRESENTATION TO ACRS SUBCOMMITTEES
ON GESSAR II/RELIABILITY & PROBABILISTIC ASSESSMENT

LOS ANGELES, CALIFORNIA

GENERAL ELECTRIC COMPANY
OCTOBER 18-19, 1984



CORE DAMAGE PROBABILITY

OVERVIEW
ACCIDENT SEQUENCE EVENT TREE INPUTS
0 Success CRITERIA
0 INITIATING EVENT FREQUENCIES
ACCIDENT SEQUENCE PROBABILITY DETERMINATION - EXAMPLE
FAULT TREE INPUTS
DOMINANT ACCIDENT SEQUENCES
SUMMARY OF RESULTS

CORE DAMAGE UNCERTAINTY- ANALYSIS

CONTAINMENT EVENT TREES



OVERVIEW

DETERMINATION OF CORE DAMAGE FREQUENCY

0 METHODS
0 WASH-1400
- ACCIDENT INITIATOR
- FAULT TREE
- EVENT TREE

0 PRA PROCEDURES GUIDE (NUREG/CR-2300)

0 CODES
0 WAM CoDeE (FAULT TREE QUANTIFICATION)

0 EVENT TREE QUANTIFICATION CODE

0  DATA SOURCES

0 GE AND INDUSTRY DATA



ACCIDENT SEQUENCE EVENT TREE INPUTS



TYPICAL SUCCESS CRITERIA

0 INITIATING EVENTS: TRANSIENT

0 SYSTEMS NEEDED FOR CORE COOLING
RCIC OR,
HPCS oOR,

1 FEEDWATER PUMP OR,

i LPCS oR,
3S/RV + 4 1 0F 3 LPCI oR,

1 CONDENSATE PUMP

0 SYSTEMS NEEDED ?OR CONTAINMENT HEAT REMOVAL
1 oF 2 RHR LooOPS
OR

MAIN CONDENSER

GENERAL ELECTRIC
PROPRIETARY INFORMATICN



TYPICAL SUCCESS CRITERIA

INITIATING EVENT: TURBINE TRIP WITHOUT SCRAM

SUCCESSFUL COMBINATIONS:
1 SLC + RCIC + RHR
OrR, 1 SLC + HPCS + MAIN CONDENSER
(CoMBINATIONS REQUIRE L8 TRIP OR
MANUAL ACTION, RPT AND FEEDWATER

RUNBACK) ,

RESULTS PRESENTED IN A MANNER THAT RELATES
DIRECTLY TO EVENT TREES

GENERAL ELECTRIC
PROPRIETARY IKFORMATION
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SUMMARY OF BWR/6 STANDARD PLANT
INITIATING EVENT FREQUENCIES

Initiating Event

1. Reactor Shutdown
A. Planned Shutdown
B. Other Scrams

2. Turbine Trip

3. Isolation
A. Feedwater Failure
B. Immediate Isclation

4. Loss of Offsite Power
(LOOP)

5. Inadvertent Open
Safety/Relief Valve
(IORV)

TOTAL

o« < i

NUCLEAR ISLAND
GENERAL ELECTRIC COMPANY
PROPRIETARY INFORMATION
Class III

Table A.1l-1

Frequency
(Events/Year)
2.77
1.96
0.81
1.32
1.97
1.18
0.79
0.05
0.4
6.51

15.D.3-163

Rev.

-2

Where Used-Event
Tree Section in
Appendix C

c.2

C.s

c.6



ACCIDENT SEQUENCY PROBABILITY DETERMINATION

EXAMPLE
0 REACTOR SHUTDOWN EXAMPLE
0 FUNCTIONAL FAULT TREE
. 0 TREATMENT OF DEPENDENCIES BETWEEN SYSTEMS

0  SYSTEM FAULT TREE

0 TREATMENT OF DEPENDENCIES WITHIN SYSTEM




§ = SUCCESS

F = FAILURL

CY2T = CONTAINMENT FAILURE BEFOKE CORE DAMAGE
CT1T = CORE DAMAGE BEFORE CONTAINMENT FAILURE

Figure C.1-2.
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AXINJECT
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PRESSURE PRESSURE
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HPCS SYSTEM ]
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Figure D.2-1. HPCS (High Pressure Core Spray System) (Sheet 1 of 15)




FAULT TREE INPUTS

HARDWARE FAILURE RATE INPUT

TREATMENT OF HUMAN ERROR

COMMON CAUSE FAILURE

UNAVAILABILITY DUE TO MAINTENANCE

PROBABILITY OF RECOVERY

0 Loss OF OFF-SITE POWER

0 RESIDUAL HEAT REMOVAL SYSTEM

0 POWER CONVERSION SYSTEM



FAULT TREE INPUTS

. 0 HARDWARE FAILURE RATE INPUT
0 DATA ARE GENERIC
0 MEAN FAILURE RATES
0 DATA SOURCES
0 NRC DATA
0 GE DATA
@ 0 WASH 1400
0 IEEE 500

0 GOVERMMENT INDUSTRY DATA EXCHANGE
PROGRAM (GIDEP)

0 NUCLEAR POWER RELIABILITY DATA SYSTEM
(NPRDS)

0 MIL-HDBK-217C



FAULT TREE INPUTS

TREATMENT OF HUMAN ERROR

0 USE “HANDBOOK OF HUMAN RELIABILITY ANALYSIS”
A, D. SWAIN/H., E. GUTTMANN

0 CONSIDER STRESS AND DEPENDENCY
EXAMPLE:

0 HUMAN ERROR RATE FOR FAILURE To FoLLOW
ESTABLISHED PROCEDURE x = 0,01

) STRESS LEVEL IS MODERATE (2x)

0 LEVEL OF DEPENDENCE BETWEEN TASKS IF
MODERATE (15%)

0  TREATED AS A COMPONENT IN FAULT TREE

0 SPECIFIC EXAMPLE

0 MISCALIBRATION OF SENSORS



FAULT TREE INPUTS
COMMON CAUSE FAILURE
0 HOW TREATED

0 EQUIPMENT OR SIGNAL COMMALITY
- COMPONENT IN FAULT TREES
0 DivisIONAL SERVICES, I.E., COMMON
PowER SUPPLIES OR SERVICE WATER

- COMPONENT IN FAULT TREE

0 SYSTEM DEPENDENCY

- COMPCNENT FUNCTIONAL FAULT TREE

0 ON-SITE OR OFF-SITE POWER UNAVAILABILITY

- ESTIMATED FROM EXPERIENCE

0 HUMAN ERRURS

- HANDBOOK OF HUMAN RELIABILITY
ANALYSIS



e R R S S R - © ) R

238 NUCLEAR ISLAND Rev.. 2
GENERAL ELECTRIC COMPANY
PROPRIETARY INFORMATION
g Class III

Table A.4-1
ESTIMATED

SYSTEM UNAVAILABILITY UPON DEMAND, Am
ATTRIBUTED TO ON-LINE MAINTENANCE

As Reported by Operating BWR/4's ' Projected

Number Average
of Total Time Reported Total Expected

System Events Hours (hrs) Am/Year Hours An%/Year
HPCI 22 507.0  34.5 0.69 NOT APPLICABLE®
RCIC 20 605.5 30.3 0.82 817.4 ;A
LPCS2 7 86.1 33.3 0.06 135.3 9.1

(per loop)
Lpcr? I 233 18.2 0.15 304.6 0.2

(per loop) (per loop)
RHR? 11 291.0  26.4 0.20 423.3 0.3

(per loop) (per loop)
D/G> 14  111.5 8.0 0.05S 159.3 0.1

(per D/G) (per D/G)
HPCS NOT APPLICABLE® '334.0 0.5
NOTES:

1 In BWR/6, HPCS replaces HPCI
2 Two loops/system
3 Four D/G's

15.D.3=177



SUMMARY OF RESULTS

FREQUENCY OF CORE DAMAGE

INITIATING EVENT FREQUENCY OF CORE DAMAGE
(EVENTS/YEAR)

TRANSIENTS

Loss OF OFFsITE Power 88.0%

INADVERTENT OPEN S/R 9.4%

Loss OF FEEDWATER/ 2,47

ISOLATION

OTHERS ’ 0.2%
LOCA 0.1%
TOTAL 4,7x10-5 1002

WASH-1400 3,x10°°




DOMINANT CORE DAMAGE SEQUENCE

FREQUENCY

INITIATING SYSTEM FAILURE
EVENT IN SEQUENCE

Loss OF OFFSITE HPCS
POWER RCIC
3 LPCI

LPCS

HPCS
RCIC
ADS

TOTAL

FREQUENCY
(EVENTS/YEAR)

4,0x10°°

1.3x10~7

4,1x10°8



GESSAR II INTERNAL EVENT PRA
UNCERTAINTY ANALYSIS



METHODOLOGY

DEFINITION OF UNCERTAINTIES

1. INPUT PARAMETERS (DATA VALUES)

EVENT INITIATING FREQUENCIES
COMPONENT FAILURE RATES

TEST AND MAINTENANCE QUTAGE TIMES
HUMAN ERROR RATES

RECOVERY RATES

O O O O O

2. PHENOMENOLOGICAL MODELING (SUCH AS HYDROGEN
. COMBUSTION PHENOMENA)

0 CONTAINMENT EVENT TREE BRANCH
PROBABILITIES

0 METHOD OF ANALYSIS
1, MonNTE CARLO SIMULATION METHOD USED

. 2. CoMpuTATIONS PERFORMED UsIng “SPASM” CoDE

3, BASED ON THE PROPAGATION OF UNCERTAINTIES IN
THE MEAN VALUE ESTIMATES THROUGH FAULT AND
EVENT TREES




UNCERTAINTY ANALYSIS RESULTS

PARAMETER

MEAN

MEDIAN

5% CONFIDENCE LIMIT, X.05
95% CONFIDENCE LIMIT, X.95

ERROR FACTOR = [ X,95
.05

CORE DAMAGE FREQUENCY
(EVENTS/REACTOR YEAR)

3.17E-6

2 ' quE's

8.91E-7

7.72E-6



CONTAINMENT EVENT TREES

PROVIDE THE MODEL FOR PROPAGATION OF ACCIDENT
SEQUENCES THROUGH THE CONTAINMENT

PROVIDE INPUTS TO CORRAL FOR CALCULATION OF
RADIOACTIVE RELEASE TERMS

PROVIDE FREQUENCY INPUTS TO CRAC FOR CALCULATION
OF RISK
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REVIEW METHODS

- GENERALLY SIMILAR METHODS/TOOLS AS WAS USED IN THE
INDIAN POINT/ZION PRA (MARCH, CORRAL,CRAC) WITH THE FOLLOWING
EXCEPTIONS :

— FISSION PRODUCT RELEASE AS FUNCTION OF CORE TEMPERATURE
-~ PERMANENT RETENTION OF FISSION PRODUCTS IN PRIMARY SYSTEM
— HIGH SUPPRESSION POOL DECONTAMINATION FACTORS (DF) USED

— ASTPO & QUEST INDICATE HIGH UNCERTAINTY IN SOURCE TERMS, THEREFORE
A RANGE OF SOURCE TERMS WAS USED. ALSD, TOTAL PLANT RISK NOT REPORTED.



PREDICTED CONSEQUENCE RESULTS

o STAFF PREDICTS VERY SMALL AVERAGE EARLY FATALITIES AND ONLY
IF HIGH RANGE FISSION PRODUCT RELEASES ARE ASSUMED.

¢ PREDICTED LATENT FATALITIES WERE ALSO LOwW.

REASONS FOR LOW CONSEQUENCES

1. MK-T11 CONTAINMENT FEATURES RESULT IN RELATIVELY LOW FISSION _ ‘
PRODUCT RELEASE FOR ALL INTERNAL EVENT SEQUENCES. \

2. IMPROVED METHODOLOGY WAS USED IN ANALYSIS.
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CLASSIFICATION OF CORE DAMAGE SEQUENCES

CORE DAMAGE AND CONTAINMENT RESPONSE

CONSOLIDATION OF CONTAINMENT RELEASE SEQUENCES

CALCULATION OF FISSION PRODUCT RELEASE

CONSEQUENCE ANALYSIS

RISK RESULTS



CRITERIA FOR CLASSIFICATION OF CORE DAMAGE SEQUENCES

0 THE TIME OF LOSS OF CONTAINMENT INTEGRITY RELATIVE TO
THE TIME OF CORE DAMAGE

0 5 CLAsSSES, Core DAMAGE LEADS TO LoSS OF
CONTAINMENT (ODD ROMAN NUMERAL)

0 S CLASSES, Loss oF CONTAINMENT MAY LEAD TO
Core DAMAGE (EVEN ROMAN NUMERAL)

0 PIPE BREAK SIZE OR TYPE OF TRANSIENT

0 CoRe DAMAGE PHENOMENOLOGY (E.G., TIMING,
HYDROGEN GENERATION RATE)

0 F1ssi1oN PRODUCT RELEASE PATH (E.G., VENTS OR
SRV’Ss)

O  DURATION OF TIME FROM ACCIDENT INITIATION TO LOSS OF
CONTAINMENT INTEGRITY OR CORE DAMAGE

0 CorRe DAMAGE PHENOMENOLOGY (TIMING EITHER FAST
OR SLOW)



Class

Ir

Isa/18

4

11

II

11z
(ATWS)

(ATWS)

vI

LIST OF ACCIDENT CLASSES

Initiating Event

Accident

Sequence __

All transients (represented
by loss of offsite Power
event)

Small break (SB) or Inter-
mediate break (IB) LCCA
in drywell

i

Large break (LB) LOCA
in Dryw .l

" Isolation transient w/

loss of heat removal
but w/adequate core
cooling

No scram, followed by
SLC injection w/loss of
heat removal, but
adegquate core cooling

Drywell LOCA w/loss of
heat removal but w/
adequate core cooling

For all initiators:
No scram and no core
cooling but w/SLC
injection

For all inictiators:
No scram and no SLC
injection, but w/
adequate core cooling

LOCA outside the
primary con“ainment

LOCA outside the drywell
but inside the primary
containment

1 - CRITERIA 1
2 - CRITERIA 2
3 - CRITERIA 3

Core
loss
ment

damage then
of contain-

integrity

Core
loss
!.nt

Core
loss
ment

damage then
of contain-
integrity

damage then
of contain~
integrity

Loss
ment

of contain-
integrity
core damage

Loss
ment
then

Loss
ment
then

Core
loss
ment

Loss
ment
then

Core
less
ment

Loss
ment

of contain~-
integrity
core damage

of contain-
integrity
core damage

damage then
of contain-
integrity

of contain-
integrity
core damage

damage then
of contain-
inteyrity

of contain-
integrity
core damage

RPV
felease
Path

S/RVs

S/RVs
and
Vents

Vencs

S/RVs

S/RVs

Vents

S/RVs

S/RVs

Directed

te
secondary
containment

Directed
to primary
containment

Tlass Unigue
Characteristics

Loss of all core
cooling

Loss of core
cooling (except
cne CRD), flow
through SRV's and
vents

Releases directlv to
drywell, flow only
through vents

Loss of heat
removal may lead
to core damage

Faster containment
Pressurization than
w/Class IIT or IIL

Releases directly to
drywell, flow only
through vents

No core cooling
(except CRD).
Slower effect of
negative activity
than w/Class I.

Blowdown 2 ~15% power
leade to earlier loss
of “~ntainment integ-
rity than IIA

NO containment
isclation

Tnadequate containment
vacuum breakers or
spray

LOSS OF CORE OR CONTAINMENT FIRST
BREAK OR TRANSIENT
SPEED OF EVENT PROGRESSION

GENERAL ELECTRIC

PROPP:ZTARY [KFORMATION



SEVERE ACCIDENT COMPUTER CODES

‘ 0 TRANSIENT CODES QUALIFIED WITH TEST DATA

0 SAFE (VESSEL INVENTORY & SYSTEMS)

0 REDY (TRANSIENT NEUTRONICS-HYDRAULICS, POINT)

0 PRA CODES ADAPTED FOR GESSAR PRA

0 MARCH-CORRAL (UpDATED CONTEMPT-CORRAL)

0 CRAC (0=FsITE CONSEQUENCES)

0  OTHER PHENOMENOLOGY CODES

0 PooL DECONTAMINATION FACTORS

0 CONTAINMENT RESPONSE TO HYDROGEN GENERATION
AND COMBUSTION

' 0 CONTAINMENT STRUCTURAL ANALYSIS



SEQUENCE OF CORE DAMAGE

INITIATING EVENT/CORE UNCOVERY

0 TURBINE TRIP, MSIV CLOSURE
0 WATER LEVEL DIMINISHES
0 STEAM COOLING
CORE DAMAGE
0 FUEL PINS OVERHEAT
0 ONSET OF METAL-WATER REACTION
0 CORE MELT AND SIGNIFICANT FISSION
PRODUCT RELEASE
0 PosSSIBLE CONTAINMENT FAILURE BY HYDROGEN

COMBUSTION

RPV MELT-THRU

0

0

MELTEN CORIUM ATTACKS INSTRUMENT TUBE
OR GUIDE TuBE

CoRIUM POURS THRU PENETRATION INTO
PEDESTAL CAVITY

CORE-CONCRETE REACTION BEGINS

MoLTEN CORIUM ABLATES CONCRETE
PRODUCTION OF NON-CONDENSABLE GASES
FROM CONCRETE

ADDITIONAL FISSION PRODUCT RELEASE AS
GASES SPARGE THRU CORIUM

CONTAINMENT FAILURE BY NON-CONDENSABLE
GAS OVERPRESSURIZATION

EVENT TERMINATED

0

PEDESTAL CAVITY FLOODED

OIO

45 MIN,

50 MIN,

100 Min.

~ 100 MIN,

24 HRS.



MARCH MODEL FOR BWR APPLICATION
INTIALIZATION OF MARCH ANALYSIS

-  WATER LEVEL MODIFIED - CONSISTENT WITH GE SAFE CODE

- ATWS POWER LEVEL DETFRMINED BY HPCS/RCIC FLOW RATES,
GE REDY CODE

- DECAY POWER MODIFIED, INCLUDE HEAVY ELEMENTS, 1979
ANS DECAY POWER

ADJUSTMENTS TO MARCH INPUTS

- SRV SIMULATION

- EPG CONTROLLED DEPRESSURIZATION
- SUPPRESSION POOL HEAT SINK

- FUEL CHANNELS INCLUDED

- CORE MELT/SLUMP PATTERN



(b1 ssey)) 3Jueysuel] I sse[d 103 AI03STH SWTL SINSE3Id JUBWUTeJUO0D

- 2

! (sanuiw) WY HOS WOHS INIL

22A7007

Rev.

SNID3IE 113 360D

.

SIHNLINY AdY

S4nNS 3800

41

it
238 NUCLEAR ISLAND
GENERAL ELECTRIC COMPANY

PROPRIETARY

INFORMATION

Class III

ALIHOILNI AINIWNIVINGD 40 SSOT Sl

15.D.3-549

(8130) 3YNSSIWd




0  DESIGN

0

C

0

REFERENCE MARK III CONTAINMENT

CONCRETE DRYWELL

FREE STANDING STEEL CONTATINMENT

CONCRETE SHIELD BUILDING

0  FAILURE MODES

0

0

OVERPRESSURE FAILURES (STATIC)

- HYDROGEN CorMBUSTION (Loss oF CoRE
CooLING)

- STEAM GENERATION (L0SS OF HEAT
REMOVAL)

- NON-CONDENSIBLE GASES
(Core-CONCRETE)

DYNAMIC FAILURES
-  HYDROGEN DETONATION
- STEAM EXPLOSIONS - MECHANISTICALLY
PRECLUDED

0  FISSION PRODUCT RELEASE PATHWAYS DETERMINATION

0

0

ACCIDENT SEQUENCZ (E.G., CONTAINMENT LOCA)
CONTAINMENT FAILURE MODES

EQUIPMENT FAILURES (E.G., VACUUM BREAKER
FAILURE)

SHIELD BUILDING/SGTS CAPABILITY



a. B
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Q o v 202 -
o Qooo Q QQ. b » 00 6 ‘o S Sad
a = IN.VESSEL STEAM EXPLOSION A CONTINUOUS BURN CAUSES LOSS
g = STEAMEXPLOSION IN CONTAINMENT OF DRYWELL INTEGRITY
¥y =~ STATIC OVERPRESSURE CAUSES LOSS & CONTINUOUS BURN CAUSES RPV

OF CONTAINMENT INTEGRITY

' = CONTINUOUS BURN CAUSES LOSS

OF CONTAINMENT INTEGRITY

" = GLOBAL COMBUSTION CAUSES LOSS

OF CONTAINMENT INTEGRITY

by

PIPING DAMAGE

LOCAL DETONATION CAUSES LOSS
OF CONTAINMENT INTEGRITY
GLOBAL DETONATION CAUSES LOSS
OF DAYWELL AND CONTAINMENT
INTEGRITY

CONTAINMENT LEAXAGE

FIGURE 2-3,

POTENTIAL BWR/6 MARK 111 CONTAINMENT
RELEASE PATHS




EVALUATION OF RISKS DUE TG HYDROGEN COMBUSTION

0 INPUT DATA REQUIRED
0 RATE AND TOTAL HYDROGEN RELEASE
0 LOCATION AND DURATION OF RELEASE

0 MIXING ASSUMED (LOCAL AND GLOBAL)

0 EVALUATION OF POTENTIAL SOURCES OF IGNITION OF MIXTURE
0 AC POWER
0 DC POWER

0 AUTO-IGNITION

0  EVALUATION OF RELATIVE PROBABILITIES OF COMBUSTION OR
DETONATION DEPENDS ON

0 HYDROGEN CONCENTRATION
0 EXTENT OF COMBUSTIBILITY

0 AMOUNT AND NATURE OF DILUENTS, IGNITION
SOURCES AVAILABLE



TIME: ©o<¢é< 1 hour

0.5 continucus burn

Global Detonation ¥
A '\ 0.5 no continuous turn
0.7
Ignition Global Combustion ;iR
.3 _ \ 0.3
0.5
Detonation /
-5 \ 0.5
Local
6 0.7
Cambustion /
5 \ 0.3
Continuous burn multipl® -
PROBABILITY OF: (release time factor) 3
ignition L,
global detonation = 4

global cambustion .5
local detonation - 3
local combustion
continuous burn =

"
(™

GENERAL ELECTRIC C
PROPRIETARY INFORAOAAM;I?D':{Y'

‘



GENERAL ELECTRIC

PROPRIETARY INFORMATICN

STEAM EXPLOSIONS

DEFINITTON: VIOLENT MIXING OF MOLTEN CORIUM AND
WATER THAT RESULTS IN LOSS OF VESSEL OR CONTAINMENT

INTEGRITY

BWR FEATURES PRECLUDE STEAM EXPLOSIONS

0

DisTRIBUTED CORE SupPORT FROM BELOW (No CoRE
PLATE COLLAPSE)

FOREST OF GUIDE TuBES (INHIBITS MIXING)
STRUCTURES ABOVE CORE (DISPERSE MATERIAL,
ATTENUATE ENERGY)

ANALYTICAL EVALUATION

ENERGY REQUIRED >500 MJ

MELT MASS REQUIRED To MIx INTIMATELY 36,000
KGMS

RESULTING COARSE FRAGMENTATION SIZE >3 TIMES
GREATER THAN SPACE BETWEEN GUIDE TUBES
REQUIRED FINE FRAGMENTATION MIXING ENERGY
GREATER THAN AVAILABLE THERMAL ENERGY

EXPERIMENTAL DATA EVALUATION

ANALYSIS VERIFIED AGAINST SANDIA DATA
ARTIFICIAL TRIGGER REQUIRED IN SANDIA CORIUM
EXPERIMENTS

APPLICATION TO REACTOR CONDITIONS SHOWS NO
LosS OF RPV OR CONTAINMENT
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Class III

BWR/6 MARK III CONTAINMENT RELEASE CATEGORIES
FOR CONSOLIDATED RELEASE SEQUENCES

Class IT‘ For Containment Event Tree:

CTl-Pb

Timing of Containment Release

L
E I LATE
Relative Degree EARLY INTERIM @ Loss of
of Release @ Core @ RPV Melt- Containment

Scrubbing

Damage Stage

through Stage

Integrity Stage

1. Some
Suppression Pool
Scrubbing of
Some of the

Releases
2. Most ed . Y°$ vé
ER—— csa ulc‘ Y‘G‘ YG‘
Scrubbing of All €86 y"8 y°8°8 y6-8
Releases until Yy &°
RPV meltth Y 8°¢
rough ué
some scrubbing u6:
afterward ué“s
Continuous :.

Scrubbing of All
Releases
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ASSESSED FREQUENCY OF RELEASE CATEGORIES

~J

10
11

12

13
14
15

Frequency
Release Cause for Dominant (Event Per
Category Class Release Segquence Reactor Ycar)
I-T-L3 I-Transients Slow Pressurization 6.9%x10"7
I-T-E2 I-Transients 82 Global Detonation 2.1x10°7
I-T-E3 I-Transients H, Global Combustion 1.3x10°8
I-T=-12 I-Transients Hz Global Detonation 7.6x10°7
I-T-13 I-Transients Hz Global Combustion ]..7)(].0'6
I-T-L2 I-Transients Slow Pressurization 4x10~°
with local combustion
I-SB~-L3 I-SB LOCA Slow Depressurization ax10~10
I-LB-L3 I-LB LOCA Slow Depressurization 2x10"10
1-S/L8-El 1-SB/LB LOCA H, Global Detonation 7x10"10
1-S/LB-E3 1-SB/LB LOCA H, Global Combustion 1x10”?
1-S/LB-L1 1I-SB/LB LOCA Slow pressurization sx10”12
with local combustion
11-T-B3  II-Transients Loss of containment 2x10~8
integrity and core
cooling leads to
Core Damage
II-L-B3  II-LOCA 1x10"10
1I1-A=B3  II-ATWS 2x10” 4
1V-F3 IV-ATWS 5x10™%

TOTAL

4.7%x10"°



CALCULATION OF FISSION PRODUCT RELEASE
RELEASE FROM FUEL

PASSIVE FISSION PRODUCT RETENTION MECHANISMS - ALWAYS
AVAILABLE

0 AGGLOMERATION
0 GRAVITY SETTLING

0 CONDENSATION/PLATEOUT
0 PooL SCRUBBING

ENGINEERED SAFETY FEATURES (ESFs) - ACTIVE SYSTEMS

AVAILABILITY TREATED PROBABILISTICALLY
[SOLATION SYSTEM

CONTAINMENT SPRAYS

STANDBY GAS TREATMENT

O O O o

DECONTAMINATION FACTORS (DF)

CORRAL CODE

SEVERAL COMPARTMENTS (E.G,, VESSEL, DRYWELL)
NATURAL MECHANISMS (EXCEPT AGGLOMERATION)
ESFs (SoME MoDELED, OTHERS INPUT AS DF)
QuTPUT RELEASE FRACTIONS

O O O O

FISSION PRODUCT RELEASE FRACTIONS (RF)

0 INPUT TO OFFSITE DOSE

~
0 DFoverar = UF nyaturat X DFpoor * DFgsr
MECHAN I SMS
o  RFY CURIES RELEASED FROM FUEL. RELEASE TO
DF ENVIRONMENT

OVERALL



SOURCE TERM (FUEL RELEASES) FOR CORE DAMAGE EVENTS

FUEL RELEASES CALCULATED FROM ORNL MODEL (NUREG-0772,
APPENDIX B)

FISSION PRODUCT RELEASES FUNCTION OF CORE TEMPERATURE
AND TIME

CORE TEMPERATURE PROFILE FROM MARCH CALCULATION



REACTOR

_BREAK PRESSURE
& VESSEL
SRV
DF| OF RPV
ENVIRON
DRYWELL Y SUPPRESS ION PRIMARY B,
° POOL DF ¥ 1 CONTAINMENT
| l
| I
| |
| l
l |
R i 2l POOL a7 SHIELD VIA
BYPASS BUILDING | STACK
AUXILIARY |y VIA
W - BUILDING | CRACKS

BWR MARK III CORRAL CODE



GENERAL CLEGTRIC
PROPRIETARY INFORMATION

DF CALCULATION FOR LEAKAGE PATHS

NO DF FOR PRIMARY CONTAINMENT OR SHIELD BUILDING CRACKS
NO DF FOR DETONATION CAUSED DRYWELL CRACKS

USED CORRAL ANNULUS MODEL FOR LPCI GUARD PIPE

MOREWITZ PLUGGING MODEL FOR NORMAL LEAKAGE PATHS

0 NUREG-0772 P 7.35
0 EMPIRICAL MoDELS DEVELOPED FROM TESTS IN WET
AND DRY ENVIRONMENTS

PROCEDURE

0 CALCULATE AEROSOL LOADING IN RPV AND DRYWELL
0 AMOUNT LEAKED PRIOR TO PLUGGING (M)

M = KD3 WHERE D = CRACK DIAMETER
K = 50 G/cM?

EXAMPLE

0.25 INCH INSTRUMENT LINE FROM RPY
D=0.64 CM

RPV AEROSOL SOURCE TERM - 102 KGM
M (GMS) = 12,8 GMS

pF = 202,000 GMS . g nog

12,8 GMS

O NO CREDIT TAKEN FOR LARGER CRACKS
O  REALISTI® CREDIT FOR SMALL CRACKS




SUMMARY OF DECONTAMINATION FACTORS FOR
BWR/6 PROBABILISTIC RISK ASSESSMENT

URGANIC NOBLE

‘ LOCATION PARTICULATES JODIDE GASES
PRIMARY SYSTEM BEFORE
CORE SLUMP
SMALL. BREAK 10, 1.0 1.0
OR TRANSIENTS
OTHERS 1.0 1.0 1.0
RPV AFTER CORE
SLumMP 1-20 1.0 1.0
SUPPRESSION POOL
SUBCOOLED 600 - 10,000 1.0 1.0
SATURATED 600 - 10,000 1.0 1.0
@ SGTS 1.0 1.0 1.0
CONTAINMENT SPRAY vARIABLE (© 1.0 1.0
DRYWELL (B) VARIABLE ‘A 1.0 1.0
CRACKS
DRYWELL /CONTAINMENT  PLATEOUT CALCULATED BY CORRAL 1.0 1.0

’ NOTE: (A) MAY VARY FROM DF=1 TO INFINITY AND IS A FUNCTION OF BREAK
SIZE, GEOMETRY, AND AEROSOL GENERATION RATE
(B) FROM PRE-EXISTING DRYWELL PENETRATIONS
(C) ACCIDENT SEQUENCE DEPENDENT CALCULATED BY CORRAL CODE

GENERAL ELECTRIC
PROPRIETARY INFORMATIOR
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CONSEQUENCE ANALYSIS METHODOLOGY

0  CRAC CODE ADAPTED FROM 1977 NRC VERSION OF CRAC USED
FOR WASH-1400

0 CODE MODIFICATIONS

0 CORRECTED HEIGHT OF PLUME RELEASE ERROR

0 BASELINE FOR CHRONIC DosSE CALCULATIONS
EXTENDED FROM 10 TO 30 YEARS

0 CORRECTED SUMMATION OF INGESTION DOSE
PATHWAYS FOR CHRONIC CALCULATIONS

0 EFFECT OF MODIFICATIONS ON WASH-1400 RESULTS (WITH
WASH-1400 INPUTS)

0 REDUCE ACUTE FATALITIES BY 5%

0 OVERALL REDUCTION OF 10-20% IN CHRONIC DOSES



DOSE MODEL

THRESHOLD FOR EARLY #ATALITIES

0 320 REM TO BONE MARROW

0 SAME As WASH-1400
INITIALLY LINEAR CHRONIC DOSE MODEL WAS USED FOR LATENT
CANCERS

0 CENTRAL ESTIMATE USED IN WASH-140C

0 LINEAR FACTOR OF 2 TIMES CENTRAL ESTIMATE

FINAL RESULTS CALCULATED USING CENTRAL ESTIMATE DOSE
MODEL



SITE DESCRIPTION

0 SITE SELECTION PROCEDURE

0 WASH-1400 BWR ACCIDENT RELEASES RuN AT ALL
Six SITES

0 REsuLTs CoMPARED TO COMPOSITE SITE

0 SITE 6 RESULTS CLOSEST TO COMPOSITE RESULTS

0 SITE 6 DESCRIPTION
0 ATLANTIC COASTAL SITE
0 AVERAGE RAINFALL AND WEATHER STABILITIES
0 POPULATION
- CoMPOSITE OF ALL ATLANTIC COASTAL
SITE POPULATIONS
- THIRD LARGEST IN OVERALL POPULATION

(81 MILLION WITHIN 500 MILES)

0 AVERAGE GRID RELIABILITY

0 COMPARISON TO WASH-1400 COMPOSITE SITE
0 No DATA FOR DupLICATION OF WASH-1400 CuRVE
0 GE CRAC Cope DIFFERENT THAN WASH=1400 VERSION

0 S1TE 6 CURVE MoST REPRESENTATIVE OF COMPOSITE
SITE CURVE



ASSESSED FREQUENCY (EVENT PER REACTOR YEAR) > X

i

108

w?

WASH 1400 BWR ATSITES

/mnun L

LATENT FATALITIES PER YEAR (X)

Comparison of Risk for the
WASH-1400 BWR and BWR/6

108




ESTIMATED

CORE DAMAGE AND RISK COMPARISON

Assessed
Frequency
of Event
Per Reactor
Event Year
CORE DAMAGE
RSS BWR/4 Mark I -5
@ composite site ~vax10_o
~“4x10
RSS BWR/4 Mark I -5
@ site #6€ v4x10
BWR/6 Mark III ol
@ site #6°€ 5x10
II. U.S. NATURAL
BACKGROUND Continuous
RADIATION

Risk (Per Year)

Early Latent
Fatalities FatalitiesP
a a
x1073¢ "5x1072¢
2.4x10 2.5x10
7.8x10"°¢ 2.1x10"2
-5
") 1.7x10
0 814

8with WASH-1400 Methods (calculated from the reported curves).

hrho total accident-caused fatalities over the lifetime of “.e
exposed population or the calculate? excess cancers in tle same
population from one year of backgrour? _adiation.

Ccomputed with the GE CRAC Code.



