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P R O C E E D I N G S1

(8:37 a.m.)2

MR. BOYACK:  Charlie Tinkler did offer to go ahead and3

present inside information, background information regarding some4

calculations that --5

MR. TINKLER:  Yeah, and because of the discussion we had6

yesterday about retention in the RCS, and actually it's one I'm a little curious7

about myself, the differences between what appear to be the apparent retention8

factors or what are the retention factors in 1465 and sometimes other9

calculations and the general consistency between all of the general parts of our10

source term given the accident.  I would say that at the start that trying to make11

the source term too consistent with a design basis and accident is probably a12

mistake, okay, because it's not meant to be an accident as representative of13

many accidents as 1465 says. 14

Furthermore, everyone here I think is pretty familiar with the15

regulations in a general sense, so the design basis accident involves recovery16

of the core.  So 1465 was a source term that's broken down by this is how17

many -- this is how much of the vision products make it out of containment18

before vessel failure, this is how much make it as a result of the ex-vessel and19

this is how much comes out as a result of late in-vessel.  There's no talk of20

recovery because that really wasn't on the minds of those developing 146521

which was for the full range of a severe accident.  22

But in regulatory land, we -- you know, our design basis, you23

could presume there was some sort of recovery because it's not a full core24

melt, it's not an ex-vessel reaction and to a certain degree it's a set of -- it's a25
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yard stick by which you evaluate the efficiency and efficacy of the containment1

and those efficient product refuel systems for a design basis.  So trying to2

make it completely consistent may not be, you know, the best path. 3

We tried to achieve general consistency.  We don't want to4

make clearly inconsistent assumptions in one part of the evaluation with5

another part, but I think we need to be mindful that this is still a source term6

representative of some -- of a collection of sequences.  So I wanted to point7

out, I guess a couple of things.  We've done some calculations recently with8

MELCOR for other reasons but, you know, with the system analysis there are9

huge amounts of information in the calculation and need to be come in mind10

and excavated out of the thing which is sometimes the hardest part but just to11

give you an idea, this is the MELCOR representation of the reactor vessel.12

These are what they call in MELCOR parlance CVH control13

volumes, thermal hydraulic control volumes, not core control volumes and in14

the old base most of this was one control volume, okay, so whether you believe15

it or not, we calculate temperature distributions and flow rates to a much finer16

resolution than we used to.  And we make a much larger effort to model all the17

structures in the vessel and the core in greater detail.  18

Now, I didn't show the rest of the loop but, you know, we have19

a comparable level of detail out in the loop in the steam generators.  This20

calculation actually models natural circulation in the hot leg, so this was a21

mineralization we used for a station black-out.  We did this calculation for22

Sequoyah.  I was very interested in Sequoyah and Green Gulf and a couple of23

those for a variety of reasons.24
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This was a station black-out transient with the pump seal heat1

brakes and dependent on your disposition to believe the leakage of pump seals2

going to different accidents, NUREG 1150 has distribution functions for pump3

seal leakage rates.  Two fifty is the most likely pump seal leak rate, it was the4

oldest seal design.  The newer seal designs are good at higher temperatures.5

And what this shows is the -- your red consistent is higher but6

it varies and starts to dry out because there is no off-seat water so at this point7

the PHEBUS continues to drop because you're circulating through the loops,8

until the seal barriers dry out at which time you re-pressurize.  This is the point9

at which you reach saturation conditions about at the pump seal, the increase10

at pump seal leak rate, and you see a characteristic depressurization of the11

RCS, not a full depressurization, but you depressurize down to the 108 MPA.12

MR. KRESS:  Just about 250 gpm's.13

MR. TINKLER:  Just about 250 gpm per pump.14

MR. KRESS:  That's per pump.15

MR. TINKLER:  That's per pump, that's the valid gpm.  In16

MELCOR your critical flow models tell you the hole is about this big per --17

excuse me, it's a centimeter hole size and that will vary a little bit.18

MR. KRESS:  Well, this is choke flow.19

MR. TINKLER:  This is choke flow, yes.  But when they20

determined this 250 gpm, that's the equivalent volumetric flow rate a normal out21

rate which is the way they measure it when they measure it for the seals.  And22

this is what you might see. You see the depressurization but you're still getting23

current natural circulation through the whole system at these pressures24
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because they're high enough to support enough natural circulation and transfer1

enough energy.  And at this point here --2

MR. KRESS:  Is that flow --3

MR. TINKLER:  This is actually some relocation of the lower4

head.  5

MR. KRESS:  Yeah, is that flow of the pump seal primarily6

coming from the cold leg, in that direction.7

MR. TINKLER:  Yes, yes.8

MR. KRESS:  And the -- counter-current is in the hot leg.9

MR. TINKLER:  In the hot leg, correct.  We do get some10

relocation, some partial relocations to the lower head but we predict hot leg11

failure right about here.  Now, you have heard about service line failure, hot leg12

failure. It's a pretty close race between the two.  In these calculations we13

predict hot leg failure occurs before service line, in part because we have a little14

better treatment of radiation heat transfer in the hot leg. 15

MR. KRESS:  Is that the real capsulation that steep follow-up16

after the hot leg fails or is --17

MR. TINKLER:  No, it's a real calculation but it's a big hole,18

so it's --19

MR. KRESS:  You assume a big hole.20

MR. TINKLER:  Yeah, this is time scale hours, so --21

MR. KRESS:  Oh, yeah.22

MR. TINKLER:  -- this is our time period, okay.  And that can23

give you a general sense of timing, too, just looking at that.  24
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Just, Tom you raised a point about water levels yesterday.1

If you wanted to look at the duration of the release, you can look at this from2

when you actually uncover the core till you know, you start producing and3

release a sufficient amount of fission products because I had commented that4

the oxidation, the oxidation escalation transient is actually -- it's pretty short.5

Okay, but if you measure it from here, and you'll see on the next picture where6

I show the hydrogen generation plot, hydrogen generation begins in earnest7

right around here, but if you look at the total time duration, it's surprisingly close8

to the 1465 number of about 1.3 hours.9

MR. KRESS:  Yeah, I had done that myself and it comes out10

very close every time which is good 11

-- it's a good rule of thumb.12

MR. TINKLER:  Yes, it's a good way to think about it.13

MR. KRESS:  And you can do that easily because all you14

have to know is the K heat level to get the timing.15

MR. TINKLER:  So during this -- and when we get hot leg16

rupture, we get an accumulator injection and a partial recovery and then a17

reboil.  18

And for those that like to look at cladding temperatures, I'm19

sorry I don't have fuel temperatures.  We were looking at hydrogen, so we were20

looking at cladding.  You can see the K heat oxidation, boom, up and the21

reason --22

MR. KRESS:  The K heat up rate, that's about half of AUVAC,23

AUVAC is about one degree --24
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MR. TINKLER:  I think it's a little less than that now, because1

we have more circulation in the core, we convect a little more of it away and2

distribute a little more heat to the upper parts of the vessel.  Normally, I think3

it was about half, but I actually think we're getting a little more and if you're4

interested, I think the MAP folks get a little more than that, too.  I think they get5

a little more circulation.6

And the circulation of steam actually does assist in the boiling7

of water, okay, so but anyway -- and this is only because our relocation criteria8

for cladding or cladding break-out on all events, in part, tuned to PHEBUS and9

in part tuned to other --10

MR. KRESS:  That's hard to tell on that curve, but when the11

zirconium transit fires off, my impression of that heat up rate is like 40 degrees12

--13

MR. TINKLER:  Yeah, actually, we have a plot, all right?  I14

don't have it here.  I can show you here if you're interested later, where we15

compared the K heat with chemical heat.  That's a neat plot to compare heat --16

MR. KRESS:  It's measurable once you 17

get --18

MR. TINKLER:  It goes up, it's a dramatic display of the19

difference between the two.  20

MR. KRESS:  Yeah.  21

MR. TINKLER:  And this is the hydrogen vessel and it starts22

at about three and a half.  It starts at a little more than three, so it really begins23

in earnest about three and a half.  And if you look at the whole duration, oh,24

well, you know, you could say that's -- well, actually this is where the 25
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-- you get the re-location and the cumulator injection hot leg stops it.  The1

whole thing is about an hour, little less than an hour but the lion's share of it is2

over a shorter period of time.  3

These are courser M predictions and okay, those should be4

in color. I guess maybe it looks like it's in color to somebody, not much to me.5

In this case, we assume all the iodine, is cesium iodide. It's just really according6

to MELCOR.  The balance, the bulk of the cesium is just -- we have just shown7

there cesium.  You know, for this calculation, we do that calculation by8

determining how many kilograms are in the fuel and then at some later point9

how many kilograms remain in the fuel and that's how we determine release10

burning.  11

So you know, the volatility of cesium in iodide show12

themselves to be pretty strong.  Although you might argue based on Dr.13

Hidaka's presentation, we're probably -- we may be a little high on those14

releases, too, although they're not terribly inconsistent with some of the15

PHEBUS data either.  We get quite high releases from the pump.  16

MR. POWERS:  Well, I think the issue is that if you look at17

the VEGA tests, they show a suppression because of pressure in going from18

one atmosphere to 10 atmospheres and you're operating at 100 atmospheres,19

with a model that has no pressure suppression in it at all.20

MR. TINKLER:  Right.21

MR. POWERS:  If we think that perhaps we're running at22

roughly the square root of the pressure, you could be a factor of 10 off.23

MR. TINKLER:  Oh, absolutely.  24

MR. POWERS:  Okay, that's significant.25
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MR. TINKLER:  Well, if you believe, though, one over --1

whatever, that's a big deal in this calculation.  You're right, I think your VEGA2

test at one bar you were getting about an 85 percent release of volatiles and3

then it went to 60 percent at a ten bar and like I say, this is a 100 bar stuff, 804

to 100 bar.  5

The point I was going to show here, too, was the release6

fractions to the -- if you look at cesium iodide, this is not FVessel.  This is all the7

factors multiplied together.  Of the total bundle inventory at the drop rate 108

percent of the cesium iodide is on it's way -- it's got a fairly long residents time9

in this calculation because the hot leg failure didn't occur until four hours and10

a lot of this was --11

MR. POWERS:  Well, I think the issue is how long --12

MR. TINKLER:  A lot of this came out a little before that.  13

MR. POWERS:  I think you have to look and say why are you14

calculating deposition?  You're calculating deposition because vapors are15

interacting with structures.  We can have some faith that maybe that happens.16

If you're talking about aerosols depositing on things, then you come back and17

you say well, now why do these models give a factor of two difference on the18

PHEBUS?19

MR. TINKLER:  Well, I agree.  A lot of our deposition is vapor20

condensation over parts of the system.  We -- last night I didn't get a chance21

to separate out vapor condensation from aerosol deposition and what this --22

what were driving these.  I don't know, in the VICTORIA calculations we did for23

steam generator tube rupture, I was thinking vapor condensation was pretty24

important for cesium iodide but I don't know if you recall Jason?25
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MR. SCHAPEROW:  Overall, it was in the -- it was in a tube1

bend.  There was some upper facing surface --2

MR. TINKLER:  Yeah, so we have pretty big upper facing3

than I've seen in generators.  I'm not so sure that this has quite that much,4

okay.  That's a big long bend over there.  And so we were getting a fair amount5

of aerosol deposition there.  6

MR. SCHAPEROW:  Because the temperatures between the7

-- there's no gradient in the system, it was a very slow moving thing, four hours.8

MR. TINKLER:  And frankly, MELCOR doesn't have all the9

deposition mechanisms that come into play.  We don't have a compaction10

model.  We don't really have much in the way of turbine depositions.  So, we've11

got pretty small aerosols.  We've got fairly large, fairly fine bending of aerosols.12

Just talking to the folks in Albuquerque last night, they were generally of the13

persuasion, PHEBUS notwithstanding, that this sequence, depending on -- you14

know, given the resonance time and number of passes these particle circulated15

before they get out, because we may actually be under-predicting deposition16

in the RCS.  That's, you know, a pretty quick sort of analysis but and this shows17

where the stuff was, okay.18

For cesium iodide, we got about 15 percent in the reactor19

vessel, I believe it's about 10 percent in the piping. Yeah, it's about 15 percent20

in the reactor vessel, a little over 10 percent of it is in the piping, the balance21

appears to be in the steam generators.22

MR. KRESS:  I'll tell you what I'm struggling with, Charlie, is23

if I ask myself what are the regulatory uses of a design basis source term, and24

write them all down and put them in some sort of potential order of importance25



11

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

maybe in terms of what they mean with respect to reactor safety, and I ask1

myself how do I develop a source term that's somewhat realistic but covers2

enough of severe accident sequence type things that it satisfies my desire to3

have proper design and a proper operation and whatever the source term uses4

are, then I find very little of the source term uses that ask how much is plated5

out on the surface of a primary system.6

MR. TINKLER:  Oh.7

MR. KRESS:  So, my source -- in my mind, my source term8

ought not really focus on that because it's not one of the important -- real9

important features in terms of what I do with the source term.10

MR. TINKLER:  I agree.11

MR. KRESS:  And that's why I struggle with it.12

MR. TINKLER:  I agree and, look, you don't want a source13

term that so narrowly tailors to certain kinds of sequences where you get very14

high retentions in the RCS.  That defeats one of the primary purposes of the15

source term, the effectiveness of the containment in those systems.  I just kind16

of offer this as some additional information.  17

You know, you've got the uncertainty associated with the18

prediction of aerosol deposition and other dose reduction factors in the RCS19

and reactor vessel.  And you also have the perhaps strong variability depending20

on the exact path of the sequence which may be as important if not more21

important than phenomenological uncertainty because, you know, we've run22

across this lots of times when we compare with industry calculations.  23

You know, we're arguing about, well, generating more24

hydrogen, it's conservative. And the manufacturer said, Be careful now, you25
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generate the hydrogen early, the fission parts come out early and they deposit.1

So when you're worried about consequences, not necessarily so because when2

you start doing these in a consistent way, at least within a sequence,3

conservative doesn't mean -- it's kind of hard to figure out what that means,4

what you're measuring.5

MR. KRESS:  Yeah, it is and you have to be careful with that,6

but let me say this in a little different way.  We have the NUREG 1465 source7

term, which apparently has in it a sizeable fraction for deposition in the primary8

system from looking at it.  Now, we have a number of accident, real accident9

sequences, some if which deposit considerably in the primary system, these10

high pressure ones like this one for example.  11

MR. TINKLER:  Sure.12

MR. KRESS:  And then we have some sequences which don't13

deposit very much at all, low pressure, big breaks, and these sequences have14

different frequencies associated, their probabilities.  And when we were, as a15

panel, now going to be faced with what are we going to assume or what are we16

going to use for a primary system deposition for the new source term.17

We have -- to me was have lots of choices.  One of them is18

use the same thing they used in 1465 which may be the most logical one,19

because we can assume they thought it out and had a reason for that --20

MR. TINKLER:  That's right.21

MR. KRESS:  -- or we can come up with a new reason and22

I'm struggling with why one wants to do a primary system deposition in the23

source term and what one would use that for and that to me is going to color24
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my judgment as to what we ought to use there if we don't fall back on this easy1

one where we just use the same thing that --2

MR. TINKLER:  Oh, well, no, actually I'm not -- I cite this3

because if there's some concern that perhaps retention factors may or may not4

be consistent with all the things we've seen and learned --5

MR. KRESS:  Yeah, I agree with you.6

MR. TINKLER:  -- I'd be tempted to say retention should be --7

the retention considered for high burn-up of MOX should be the retention8

considered in 1465.  I can show you numbers that will be a lot higher.  You can9

probably show me some numbers that are lower but if you're just looking at the10

delta effect of MOX and high burn-up, that's what you should look at.11

MR. KRESS:  Yeah, but you see, it's an obvious choice to12

pick the 1465 because it's something that's there and available to us.13

MR. TINKLER:  Right, right.14

MR. KRESS:  But, my problem is, I need some criteria.  If I15

didn't know 1465 existed and already had a number and I'm telling myself, I16

need to make a choice here and I've got sequences that go through the whole17

gambit and I've got to make a choice of what retention factor to use, I need18

some criteria to judge that, to make that judgment on and I don't have any.19

That's my problem.  I don't know what -- I don't know what 1465 people use20

and I don't know what we're going to use, unless we just use 1465 but that's a21

bit of a cop-out to me because I don't know what they used and I don't know if22

it was the right choice or the right logic. 23

So I'm -- this is what I said right at the start, that I don't know24

how to deal with the RCS retention part of this.  I still don't because I don't have25
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any criteria for why we should use it.  And I think it has to go back to look at the1

potential uses for the source term and make some judgment on how RCS2

retention effects those uses some way and we just haven't done that.  And it3

seems to me like it's something the panel ought to have before it.4

Here's a list of potential uses and then we could say, now5

what does the RCS retention, how does it bear on these uses and then we6

could make some judgment or we could -- I guess we could always fall back --7

use the same faction in there as 1465 already has.  8

MR. TINKLER:  Well, explicitly there's no use for the retention9

factor in the RCS.  The source term is the source term to the containment.  10

MR. KRESS:  Well, there may be some use in the sense that11

you want a quote "realistic" source term to -- for your design basis and that may12

be part of the realism.13

MR. TINKLER:  Well, right, this is meant to be, well, I guess14

we could use the word "representative", the family of severe --15

MR. KRESS:  Yeah, but then I still have the same problem16

because I don't know how realistic you need to be and what realism means in17

this sense.  So I still have the same problem that --18

MR. TINKLER:  Well, my own view is this should be fairly19

realistic because it's coupled to a design basis.20

MR. KRESS:  Yeah, and you don't want to over-design21

things, in some sense.  You don't want to have a real huge clean-up system22

with charcoal filters.  It's just a waste of money and effort.23

MR. TINKLER:  Right.24
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MR. KRESS:  So you don't want to over-design things.  And1

so there's a reason to have realism in there.  I just don't know how much2

realism is -- I don't have to decide how much realism is realism.3

MR. TINKLER:  Well, I understand, but you know, a ball park4

number of -- the vendors, when they do their 5046 calculation, they will tell you5

that the amount of iodine released out of the fuel is one or two percent in6

relations to 40 percent of containment.  That's not the same design basis but7

in a lot of people's mind they think it's the same. They  just don't understand8

that this can -- but the purpose of the source term is to measure the efficiency9

and effectiveness of the containment of the dose system so we add in that10

additional core damage to test those -- to design those systems.  11

But bear in mind, when people talk about design basis, in12

every other way in that reactor design basis is a whole lot less severe than this13

thing.  So that will argue, I think, for some realism in this.  It's a severe fission14

product release but one that shouldn't be so severe as to make the dose15

mitigation systems impractical. 16

So anyway, I don't want to beat this.  I just wanted to show17

you a little bit about this, to show you that at least we see in some cases pretty18

high amount -- you raised some great questions. You know, and we should19

look to see what the implications of PHEBUS and this are.  See, I remember20

some of this stuff from PHEBUS where we were doing a really poor job of21

predicting deposition along the gradient tube in some sections.  22

MR. POWERS:  There you raise another question that I'd like23

-- some day I'd like to understand better.  People put gradient tubes in these24
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experiments all the time.  I have never see one yield anything that I could1

interpret.  2

MR. KRESS:  That's exactly right.3

MR. POWERS:  I mean, they come back and they say, I'm4

going to get --5

MR. KRESS:  You can get negative results out of that.  Like6

I said, this possibly couldn't have been cesium iodide because there's no way7

it would have gone through this thing but you can't say, this was cesium iodide8

because.  Sometimes you get negative results.9

MR. POWERS:  Maybe.10

MR. KRESS:  Yeah.11

MR. POWERS:  I mean that's the most optimistic view I've12

ever seen.  You know, some day I would like to see somebody take a bunch of13

vaporizable species that we know very well and run it through a gradient tube14

and show me that the thing even works.15

MR. KRESS:  Actually, that was done and I can't remember16

their efforts?  Do you?  There was --17

MR. GIESEKE:  I've never seen anyone do the analysis of18

those things which would be a developing velocity profile down the tube and19

developing temperature gradients in the gas phase, I mean, a 3D kind of20

temperature gradients down the tube which are going to control the deposition21

on the surfaces and nobody to my knowledge has ever done that kind of22

analysis.23
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MR. KRESS:  Well, what I've seen is internal gradient tubes1

where the thermal gradient is controlled externally, so the thermal hydraulics --2

3

MR. GIESEKE:  I know but still the gas phase temperature,4

they look at what's deposited at a wall temperature of so many degrees.5

MR. KRESS:  Right.6

MR. GIESEKE:  But and then -- but the material that7

deposited that is way down here at some other temperature because it was on8

a center line.9

MR. KRESS:  Well, it's a mass transfer problem.10

MR. GIESEKE:  It's a mass transfer problem and nobody --11

combined with the thermal problem in the gas phase.12

MR. KRESS:  Well, this reference I'm telling you about did13

that.  14

MR. GIESEKE:  Did that?15

MR. KRESS:  Yeah, and I don't -- I wish to heck I could16

remember now, because, you know, this was 15, 20 years ago I was looking17

at that reference before they decided to use the thermal gradient tube.  That18

was the basis of our choice, is we did have that kind of look at it, but --19

MR. GIESEKE:  The other problem I have is that you have a20

developing velocity profile in the gas phase that takes lots of tube diameters.21

MR. KRESS:  Yeah, the assumption made here was 22

it's a combined flow.23

MR. GIESEKE:  Yeah?24
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MR. KRESS:  That's the assumption and then you have to set1

up your system so you have a flow over here and then you have to deal with it.2

MR. POWERS:  I mean, the challenge I see is a complicated3

analysis.4

MR. KRESS:  Well, it's not really because what you do is you5

use the heat mass transfer analogy and you end up -- for a well-developed flow6

it's almost like a -- it's a turbo flow and you take the Sherwood number instead7

of --8

MR. POWERS:  I think you can make those arguments till9

your blue in the face.  Until I see naphthalene run from a pipe down the tube10

and deposited at 119 degrees, I'm not going to believe the damn things.11

MR. BOYACK:  This is not going to help me to decide12

whether this is really going to help you and help me decide whether this is the13

right thing to be discussing using our time.14

MR. KRESS:  Probably not.15

MR. BOYACK:  Thank you.16

MR. KRESS:  But it's an interesting subject.17

MR. BOYACK:  It is, fascinating.18

MR. TINKLER:  I do have one expert's opinion I might show19

and this is just -- I don't know why I'm showing it by I've got it so I'm going to.20

And the thing is this one here shows the -- I don't know if we need so much21

lowering of in-vessel but ex-vessel comes out, so --22

MR. POWERS:  I have to say that the one fission product23

that's most difficult for me to understand is the one I'm absolutely confident24

comes out during the ex-vessel reaction and the reason --25
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MR. KRESS:  If it's there.1

MR. POWERS:  What did you say?2

MR. KRESS:  If it's there, I think it comes out here in in-3

vessel.4

MR. POWERS:  Well, yeah, it better not come out ex-vessel5

but came out in-vessel, but if you don't get it in-vessel you will definitely get it6

ex-vessel and the reason is real simple.  If you pour hot stuff on the concrete,7

you can smell rotten eggs, so if you're getting sulfur off, you're going to get8

chloride.9

MR. KRESS:  But tellurium itself is pretty volatile and can just10

drive it off by itself --11

MR. POWERS:  The trouble is tellurium is never by itself.  12

MR. KRESS:  I know, if it were pure tellurium, it would come13

off.14

MR. POWERS:  But it never is.  15

MR. KRESS:  I know, and we don't have good chemistry to16

say what it is.17

MR. POWERS:  And that's where -- I mean, we could be18

expert in 1150 and if you look at the things the Jason passed out, one of the19

experts you'll see took a -- it's a diagonal line around, and I said I don't know20

anything about tellurium.  I am so confused by tellurium and the reason is very21

simple.  People will argue till they're blue in the fact that tellurium is tying up the22

clad until it oxidizes but every experiment I've done, every experiment that other23

people have done, the tellerium is still in the end fuel, it's not tying up with24

anything in the clad.25
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MR. KRESS:  It's tying up with something.1

MR. POWERS:  It's tying up with something.  And the only2

thing I can think of is that it's tying up with metallic inclusions and those things3

are going to be abundant in the high burn-up.4

MR. KRESS:  I'll tell you what, I've always viewed this -- you5

know the CORSOR type model that says that the tellurium doesn't come out6

until you get 95 percent of the plant oxidized.  I've always viewed that as an7

empirical relationship that really didn't have much to do with tying up in the8

clad.  It just said tellurium doesn't come out until 95 percent of it's gone and it9

may be tied up in the fuel somewhere else but it's an empirical observation.10

MR. POWERS:  And I think that's the way Ed Beahm cast it --11

MR. KRESS:  Yeah.12

MR. POWERS:  -- when he formulated that argument.13

MR. KRESS:  Yeah, and then people viewed it as gospel as14

being tied up in the clad and I don't think he really meant it to be that.15

MR. POWERS:  I think he just says, you've got to get the16

oxygen in potential clad.17

MR. KRESS:  Yeah, that's right, that was the point and so --18

MR. POWERS:  So when you build up high burn-up fuel, you19

have this really interesting situation; lots of metallic inclusions and high oxygen20

potential.21

MR. BOYACK:  We are going to come back and talk about22

the --23

MR. KRESS:  Yeah, truly one of the problem childs.24
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MR. POWERS:  Well, you have to understand why tellurium1

is important to learn by itself is that if tellurium would just stay tellurium --2

MR. KRESS:  It would be fine but it decays into iodine.3

MR. POWERS:  -- but tellurium decays into iodine.4

MR. KRESS:  Yeah, and that's worse, and it does it at such5

a time when --6

MR. BOYACK:  What we're going to do now is we're going7

to take a little bit of time and return now is to the process and make sure that8

we're all comfortable with how we're going to proceed and to at least try to9

figure out how we're going to proceed.  I had a proposal yesterday.  I'm just10

going to come back and revisit that and show you a couple of hand drafted11

tables that we might work on which, in combination with the recorded12

discussion would lead us to be able to begin to make progress.13

Now, one of the things that's still a bit unclear to me is14

whether we can go through this process and once through, whether we're15

going to have to come back and recycle.  Part of that reason is because I think16

we're going to highlight through the discussion certain points where somebody17

says, as we just heard, "Well, gee, maybe I can remember a piece of data.  I18

can't remember the detail, I think it was this", and between now and the next19

meeting we'll have an action item to go out and find that, quickly summarize it,20

maybe send an e-mail to all of us if that was an appropriate vehicle.21

And then we might need to either have whatever judgments22

we had made during this meeting marked with a flag that says this is a23

temporary finding or whether we would just defer till we have the next meeting.24

In any case, I think what we ought to do is figure how to proceed and this was25



22

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

the approach that I had said we could try yesterday I thought, where we would1

start -- we would pick a plant, PWR, BWR, that type.  2

We would then pick -- begin with high burn-up fuel as3

opposed to MOX.  I think we -- high burn-up fuel and then we would go through4

and begin -- I wasn't clear whether we had any discussion or conversation5

beginning with perhaps coolant activity release.  We'd talk about timing, what6

was similar, what was dissimilar and then we would, I presume, talk about7

releases.  Now this would be for -- these are the phases, so then we could just8

march on through that.  That was what I indicated to you yesterday as a9

possibility and Tom said yes.  He was the only one who nodded his head.  Jim,10

any thoughts?11

MR. GIESEKE:  It seems reasonable to me.12

MR. BOYACK:  Okay, Dr. Hidaka, would you be comfortable13

with this approach of taking -- for instance, talking first about the timing, the14

similarities and dissimilarities for coolant activity release and then after we've15

had that discussion on timing, then we would have discussion about release16

fractions.  Is that okay with -- 17

DR. HIDAKA:  Yes.18

MR. BOYACK:  Dana?19

MR. POWERS:  I don't think we should discuss coolant20

activity releases.21

MR. BOYACK:  Okay, so let me just by-pass this specific one22

and ask about the general process.23

MR. POWERS:  Sure.24

MR. BOYACK:  Okay.  Okay, so now then --25



23

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. SCHAPEROW:  There's a little physical form at the end1

of that and ion chemical form.  You've got timing and it's the last thing we2

should probably talk about at the end.3

MR. KRESS:  My feeling is that we're not going to make any4

judgments on that, on chemical formula that are different than we've already5

made.  6

MR. SCHAPEROW:  Okay.7

MR. KRESS:  I don't know whether the other guys feel that8

way or not.  I don't think that the differences in the fuel and the differences in9

the burn-up are going to effect all we know about the chemistry that much,10

which we don't know much about anyway.11

MR. BOYACK:  So I foresaw during the course of this date12

that we would be doing something like filling in at table like this where we would13

have the table that says, okay, this is PWR, it's high burn-up fuel.  First let me14

ask, is there one reactor type we should start in preference to the other?  I'm15

just always more familiar with PWR, so I tend --16

MR. POWERS:  Yeah, and the situation is kind of this; in this17

country you've got more PWRs than you've got BWRs.  There is, unfortunately,18

a greater diversity of accident sequences when you come to BWRs because19

the accidents for BWRs are different than the ones in Westinghouse and CE,20

whereas the accidents in BWRs at least have the virtue of being about the21

same, whether you're BWR 3, 4, 5 or 6.22

MR. BOYACK:  Is there any preference among the panel for23

beginning with one type or another, that's the question before us.  Are you24

suggesting it may be a little bit easier to do it for BWR as we start?25
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MR. POWERS:  I have a feeling it's going to be easier to do1

the PWR.2

MR. BOYACK:  Okay, well, if that's all right with everybody,3

we'll start out with PWR.  We'll start with high burn-up fuel and then I've listed4

the phases, the gas activity release and I think the phase that you were saying,5

which was coolant activity, right?  We'll come back to that in minute.  Timing,6

so the first thing we would do is talk about the similarities and dissimilarities.7

I would try to capture some of that here, but it would be really reinforced by the8

transcript.  9

And then after we had our discussions on timing, then we'd10

come to release fraction and just draw a line and we would then start down this11

list of Noble gases, halogens, metals, I presume.  Now, this all could take -- I12

have no idea how long this takes but I think if we just embark on it and see13

what the outcome is.14

Okay, any other comments before we begin that?  Okay.15

Now, Dana, your comments on gap activity release, right, because what you're16

saying is let's not do anything with that.  Now, is that -- I'm sorry, coolant17

activity release.18

MR. POWERS:  That's right.19

MR. BOYACK:  And let's -- why don't we get that information,20

your thoughts on the record and here what the panel has to say.21

MR. POWERS:  Coolant activity is governed by tech spec.22

Okay, tech specs are different for every plant.  Twenty years ago you could23

have probably said that they were one microcurie per milliliter and been right24

for 99 percent of the plants.  You can't say that any more.  Every plant25
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practically, especially among PWRs, is different.  Okay, when they do the1

safety notices, how are you going to have them take coolant activity other than2

the tech spec limit?3

There's a tech spec limit -- there is no argument that could4

be advanced by this committee that would change that position.  5

MR. BOYACK:  Okay, I didn't recall this when I first asked it.6

Of course, I recall the linkage to that comment from yesterday in the same vein.7

So I think the thing we do is just talk -- see what the rest of the panel --8

MR. KRESS:  Well, I certainly agree with Dana on that.9

There is this question of the iodine spike that could send the coolant activity10

during certain transients and things to a level higher than tech specs.  And that11

part of it worries me just a little because that has to be factored into some of12

the accidents like steam generator tube rupture accidents, but I think that's a13

separate issue from the source term design basis accidents and probably ought14

not be a part of that really.  To me, it's not part of the source term, so I would15

definitely agree with Dana, we probably shouldn't deal with it.  That is an issue16

that somebody has to deal with in other circumstances.17

MR. BOYACK:  Okay, Jim?18

MR. GIESEKE:  I don't see it as being an issue for the things19

that we're headed towards considering.20

MR. BOYACK:  And Dr. Hidaka, use of tech spec limit on21

coolant activity release, are you comfortable with that?  So we wouldn't have22

any further -- no further discussion of that.  We would move on to the gas23

activity release both on timing and on -- is that okay with you?24

DR. HIDAKA:  Okay.25
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MR. BOYACK:  Let me ask you one other question.  We're1

kind of spread out.  I wonder if Jason, could you move over into my spot.  2

MR. SCHAPEROW:  I'll switch with you.3

MR. BOYACK:  Would you go over there, then you'd all be4

together.  I think that might work.5

MR. KRESS:  He wants to be facing --6

MR. BOYACK:  I want somebody to anchor that line.7

MR. KRESS:  Linebacker.8

MR. BOYACK:  Did anybody watch the game last night?9

Grim.  10

DR. NOURBAKHSH:  I want to make just one comment.11

1465 does not specify any coolant activity, no similarity or dissimilarity, just to12

clarify.13

MR. KRESS:  And rightly so.  I don't think it should have.14

MR. BOYACK:  No, it really didn't.15

MR. SCHAPEROW:  We like to refer to that as core damage16

accidents.  17

MR. POWERS:  Tom raises the issue of the iodine spiking18

which is an interesting one and fraught with its own regulatory challenges.  The19

situation is that the NRC staff has -- there is actual data on the iodine spiking20

from not really accidents but really plant trips.  And the data base has been21

developed reasonably well.22

MR. BOYACK:  Would one of you describe the process of the23

problems that are occurring since I don't know what it is?24
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MR. POWERS:  When you trip a plant, the iodine1

concentration in the coolant goes up.2

MR. KRESS:  Goes up fairly quick.  3

MR. POWERS:  Spike.4

MR. KRESS:  Spike, and it's believed to be -- the upset is5

believed to suck it out of the defective fuel that's already got -- whatever6

fraction of defective fuel it may still have, it comes out of that some way7

because of the pressure differences you get during the transit.8

MR. BOYACK:  Okay, thank you.  9

MR. SCHAPEROW:  The time period is maybe four to eight10

hours, but it doesn't look like a spike, like in an hour, it looks more like this but11

if you look at it up here, like day, it's like -- it goes up by what two orders of12

magnitude. It's a very -- the magnitude is huge but the timing is over quite a13

few hours. 14

MR. KRESS:  Yeah, exactly.15

MR. POWERS:  That's right, and the challenge the staff faces16

right now on the iodine spike isn't -- for regulatory purposes said, okay, we're17

going to take the magnitude, the increase in the iodine concentration as a18

constant, but when you look at the data base in the empirical fashion, it19

appears that that factor, that increase depends on where you started.  I mean,20

it can go anywhere from nine, I think is the lowest data point up to --21

MR. KRESS:  A thousand.22

MR. POWERS:  -- ten thousand.23

MR. KRESS:  Ten thousand.24
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MR. POWERS:  Ten thousand, almost 10,000 is one data1

point, okay.  The phenomenological understanding of the issue has existed for2

a long time.  The -- taking that qualitative understanding and putting in3

quantitative predictions, there are a couple of guys that have actually tried to4

do that and unfortunately, they created a model that involves water going back5

up into the defective clad, sucking out iodine and then being rejected out of the6

clad and a lot of things -- kind of an obvious model and whatnot, and get it to7

work pretty well when they do the calculations, but anybody else takes that8

model and tries to do that calculations, they can't get the code or they get9

iodine disappearing from the system.10

MR. BOYACK:  Well, is there any thought then with for11

instance high burn-up fuel which is in the reactor longer but shuffled, that you12

would expect more fuel failures and more with respect to this iodine spike?13

MR. POWERS:  The fuel failures are going to be controlled14

by your tech spec limit on your coolant activity. And that, in turn, is getting15

controlled now by assuring that you are in compliance with the rules for a16

design basis accident, in other words, a main steam line break and the other17

one is a steam generator tube block.  18

MR. BOYACK:  Okay, is there anything else to be said on this19

particular matter?  I'm not quite sure what to do with it.  Let me ask the20

question explicitly; when we get to the final report, is there some thought that21

we ought to deal with this at all?  I mean, it's not really dealt with, as you say,22

in 1465.  They just have the timing.  They don't have anything to do with23

release fraction.  So would you expect any difference in the duration?24
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MR. POWERS:  I think there's an issue for accidents and1

they don't progress as rapidly as the one's we're thinking about.2

MR. BOYACK:  Is this issue just separate, I guess, from3

source terms?  That is, has it been handled --4

MR. KRESS:  Well, I think it's technical because it doesn't5

add significantly to gap activity release.  This would be an obvious place to put6

it, to say this is part of the gap activity release and needs to be added in but if7

you look at the general magnitude of the activity, it doesn't make a significant8

difference in the gap, in the magnitude of the gap activity.  I, for one, don't think9

we ought to deal with it here, subject to another regulation.10

MR. BOYACK:  Okay.  All right, if there are no other11

comments on that, then, I propose then that we go ahead and move onto gap12

activity release, which you might recall from Dana's comments is where he13

sees a major discussion or a longer lived discussion.  And so according to the14

approach that we just talked about, we would go ahead and talk first about15

timing and we would discuss similarities and dissimilarities and try to get the16

essence of those. 17

Actually, the table is something to just keep me occupied18

during the course of the meeting.   But to the extent that I do end up capturing19

the similarities and dissimilarities, I think it moves the process along.  So, with20

that in mind, and with the thought that we're now talking about gap activity21

release, we're talking about high burn-up fuel, yesterday we said the following22

about high burn-up fuel, I think.  That -- and let's just confirm this and make23

sure that we're all talking about the same thing.  Are we indeed talking about24

75 gigawatt per days per ton on the peak, or is it something different than that?25
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MR. KRESS:  I think that's an NRC choice.1

MR. BOYACK:  Okay.  And --2

MR. KRESS:  It's probably a good choice.3

MR. BOYACK:  And the average, we had some discussion4

about whether it's two-thirds or it's greater than two-thirds but does this -- does5

it have to be precisely stated for the panel or can they just say, okay, we6

understand that the average is some fraction of the peak?  Do we need to be7

more precise is what I'm asking?8

MR. POWERS:  Let's go back to your last question.  I think9

what we limit is dictated by what kind of maximum burn-up you can achieve in10

fuel without exceeding five percent burn-up.11

MR. BOYACK:  Okay.12

MR. POWERS:  Okay, because I think right now the industry13

is reluctant to go above five percent enrichment member.  Okay, they are14

anxious to go to as high a burn-up as they possibly can but they don't want to15

step out of that five percent enrichment member.  That doesn't mean they16

won't.  I mean, there are certainly people looking at seven and 10 percent17

enriched fuel.  But right now, I would say there's no 18

-- I don't, in my limited interactions detect any interest in going over five percent19

enrichment.  So now the question is what kind of levels of burn-up can you20

achieve and stay below the five percent enrichment?  21

The general rule on this is 75 gigawatt days but I don't know22

that for a fact.  23

MR. BOYACK:  Okay, but it is a reasonable basis and the24

NRC has come up with that.  And the second question just had to deal with the25
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core average and does the panel need to have a number or can they just work1

with your own perception of what that might be even though it might individually2

vary somewhat?3

MR. KRESS:  Well, it depends on what our metal model of4

correlation is for the effects of burn-up.  If it's linear, our metal model is linear,5

then we don't need that precise number.  You can always put it in, just multiply6

it by a fraction later because it is the average we're dealing with in terms of7

source terms.  If our model for effective burn-up is not linear, then we made8

need to know a little bit better what the fraction is. 9

MR. BOYACK:  Well, you pose that in an interesting way.10

You say, the panel members, so have you reached the conclusion in your mind11

as to the answer to that there?12

MR. KRESS:  I firmly believe it's not linear.13

MR. BOYACK:  Not linear, okay.14

MR. POWERS:  Non-linear in the gap release and linear in15

the rest of it.16

MR. KRESS:  I don't even think it's linear in the rest of it, but17

it may be closer to linear.18

MR. POWERS:  Closer to linear.19

MR. KRESS:  Yeah, much closer and linear may be a20

reasonable approximation but --21

MR. POWERS:  But definitely non-linear in the gap release.22

23

MR. BOYACK:  So given that that is the situation as what24

we're talking now, do you want to specify some core average burn-out?25
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MR. POWERS:  I think we really ought to -- and even if it's1

linear, we really ought to because we're going to want to -- that's going to be --2

when we put the number to the table, that's going to be -- we're going to put in3

the -- we're going to kind of integrate --4

MR. POWERS:  Yes.5

MR. KRESS:  -- over all of the burn-up.6

MR. POWERS:  Sure.7

MR. KRESS:  That's what we want to do, and get an integral8

average.9

MR. POWERS:  The alternative is --10

MR. KRESS:  So then you could just multiply the fractions11

and if it's non-linear, that interval is -- maybe depends on the modeling that you12

have.13

MR. POWERS:  Well, I mean, the alternative is to specify14

release is the function of burn-up and the reason for that and being interesting15

in that, is the average is going to depend very much on your fuel management16

strategy.  And the plants just don't have similarity in phases.  Right now you've17

got plants running one-year, 18-month and 24-month cycles.18

MR. KRESS:  And --19

MR. POWERS:  And within each one of those -- within the20

18-month there are at least two major strategies for fuel management.  So I21

think the average becomes a complicated thing.22

MR. KRESS:  Yeah, here's the case where I'd fall back on23

picking out the worst ones or the most -- either the most representative one or24

the ones that would be likely.25
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MR. POWERS:  Yeah, in that case the Schaperow model is1

not a bad one to pursue that.2

MR. KRESS:  Yeah, and I think he has -- right, and I don't3

know if he's -- his two-third is precise or not, you know, that was sort of his rule4

of thumb.5

MR. BOYACK:  Is this also a case -- we talked about the NRC6

being able to specify certain parameters and one of them we was, we talked7

a little about how core average -- Charlie, was this discussion focused on the8

same thing that we were --9

MR. TINKLER:  Oh, yes.  Since one of our stakeholders, one10

of our important stakeholders is NRR, we were just wondering whether or not,11

or I was wondering, you know, rather than trying to determine what an average12

is, what if we just asked the panel to assess source term from fuel that's at 75,13

and then assume that the entire core is uniform at 75.  It couldn't get worse14

than that.15

MR. KRESS:  But you wouldn't want that to be replacement16

in the 1465 table, would you?17

MR. TINKLER:  Well, it would -- from a regulatory standpoint,18

it would give the most flexibility in assessing different fuel management19

schemes.  But then again, if that's an onerous penalty, then you wouldn't want20

to be -- you wouldn't want to assume that the entire core is at 75 gigawatt per21

metric ton.22

MR. BOYACK:  Maybe we should reassess the position on --23

MR. TINKLER:  That's a tough one.24
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MR. LaVIE:  Steve LaVie.  I talked to Charlie on this, is I1

believe, if we take the assumption that Charlie's proposed, 75 on all2

assemblies, that does away with the need to worry about rating peaking factors3

and all this other stuff in a fuel manning accident and so forth because the core4

is burned at the same level is an assumption.  So I don't think that's a problem.5

6

Now, if you look at the LOCA and if the end point is going to7

be the same, you have a certain amount of core inventory to start with, you're8

going to reach the same end point.  We're assuming in the design basis9

calculation it goes to melt and that the gap fraction is always going to be a10

small portion of the in-vessel release of the fraction.  So I don't think that11

Charlie's proposal has an impact, a significant impact on the LOCA but it12

certainly helps out with the other sequences.13

MR. KRESS:  Yeah, but the down side of it is, well, we'll just14

say the whole core is at 75.  Your source terms are going to be hard to live15

with.16

MR. TINKLER:  Yeah, that's --17

MR. KRESS:  You don't have high source terms.18

MR. TINKLER:  Well, see, I'm not saying necessarily you19

assume it from the standpoint of inventory but you assume it from the --20

MR. KRESS:  I'm talking about the release fractions.21

MR. TINKLER:  Release fractions.22

MR. KRESS:  I don't think you want to go there.23
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MR. TINKLER:  You don't think you want to go there?  Okay.1

Well, that was an important consideration for me in suggesting that and2

otherwise I kind of --3

MR. KRESS:   Yeah, my feeling is 75 gigawatt days, if you4

use an extrapolation from what data I have on effective burn-up, I get all above5

release but I don't personally believe that extrapolation.  I think there's a limit6

to how much you can actually release and I would cut if off at somewhere like7

75, 80 percent.  I don't think you can get the rest of it out, it's tied up in a8

different way.  9

But if you went to 75 gigawatt days and did this extrapolation10

and even put a limit on it, you're only volatiles in the table are only like 8011

percent after releasing fuel and I don't know what I'm going to do about RCS12

but that's the kind of levels I think we're talking about.13

MR. TINKLER:  Well, I'm not opposed to the Schaperow14

model either.  Okay, we've taken an average across the core.  It's probably the15

more reasoned representation of the cores.16

MR. KRESS:  We need a basis for picking the number if we17

go to an average and the basis allows Jason's concept of how --18

MR. TINKLER:  How it's --19

MR. KRESS:  -- but we'd have to look at that and come up20

with some basis for what is a representative or a controlling type fuel21

management.22

MR. BOYACK:  What I'm trying to get a sense of, is this23

something we have to pin down before we can proceed today?  And there is24

question one. Question two is given this core averaging process and the fact25
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that there are differences in I guess the implementation, do you want to end up1

bound to what we're doing?  That is, if it's 66 percent or 70 percent, do you2

somehow want to get a number that effectively bounds a core average per3

what we're doing on this source term applicability? Those are the two4

questions?  Do we have to do it today, in which case today becomes a little --5

if the answer is yes, and we can't figure out how to do it, then this becomes a6

little bit of a training session where we go through the process once and get a7

sense of shaking it out what works and what doesn't.8

But if we can figure it out, then we just get on with it.  But then9

the next question is, do we have to at least -- or I guess the original statement,10

the guidance in the 1465 may offer us a little bit of help.  There was a phrase11

here where they talked about how they viewed this which wasn't conservative.12

It just intended to be representative. 13

So if we went after the concept of representative also here,14

what might we use?  Would we use the two-thirds?15

MR. KRESS:  We'd do something like that.16

MR. BOYACK:  So if I used here approximately two-thirds,17

and then if we need to fine tune that then we can come back and do it?  Would18

that be all right with the NRC?19

MR. KRESS:  Even without that number we could go through20

the list of differences and similarities.21

MR. BOYACK:  Yes, yes, we can.22

MR. TINKLER:  As Steve pointed to me that really that's the23

way we treated it in the REG guide so far.  That was part of the basis for going24
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to 62 was 1465 said it was okay to 40.  So there's a certain consistency there,1

whether it's rigorous or not.2

MR. BOYACK:  Now, what about the cladding; there were two3

that were listed, M5 and ZIRLO, I don't know whether I spelled that right, but4

is there sufficient difference between these events, claddings to say that we5

really ought to just deal with one as we start this process?  Any help on that6

from anybody?  If you can't tell -- the reason I do this is I try to avoid7

bifurcations that confuse at this time until we get through the process once.8

And so the question is, is there a significant difference between M5 and9

ZIRLO?10

MR. KRESS:  Well, it certainly will only matter in my mind on11

the gap release pump.  I think in terms of -- for example, in terms of tellurium12

release, I think the effect on the oxygen potential in the fuel will probably be13

about the same.14

MR. POWERS:  Well, that's what I think the -- there is a15

mechanical issue associated with the clads at high burn-up that I think we16

agreed yesterday we were going to allow somebody else to figure out.  And17

then the next thing you asked about is what is the capacity for the clad, the18

inner surface of the clad to absorb the excess oxygen produced in burn-up.19

Okay, and I think that's where these clads as a group are going to differ from20

the zircoloids and the internal oxidation of the zircoloids gets pretty high as you21

move to high burn-up and so you've got a big oxide layer there and22

consequently its chemotic capacity to absorb that oxygen that's being produced23

as you burn up the fuel starts flagging off pretty badly whereas these24

presumably remain hot.25
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MR. KRESS:  And I think that would have an effect on the --1

MR. POWERS:  Okay, now that's more of a guess on my part2

than it is an actual -- than I know something about it.  Okay, now the question3

is, is there a big difference between zero and ZIRLO and M5 and which do you4

predict?  Well, it's actually a pretty simple question and that answer is there is5

no fuel in the United States that has M5 on it, okay, that's French clad. 6

MR. KRESS:  Okay.7

MR. POWERS:  Okay, I mean, on the other hand -- and in8

fact, the only clad that's called out in the regulations right now is ZIRLO.9

MR. BOYACK:  Well, I think it was Jack Rosenthal that10

somebody asked a question yesterday and Jack came back with these two and11

but we whittled it down to ZIRLO?12

MR. GIESEKE:  Why would you want M5?13

MR. POWERS:  M5 is going to be used.  14

MR. GIESEKE:  There are a lot of things like that --15

MR. BOYACK:  How far out in the future do you want to16

imagine?17

MR. POWERS:  Not too far.18

MR. GIESEKE:  I don't think so because somebody may19

change their mind tomorrow.  20

MR. POWERS:  It's not too far in the future, I would say.  21

DR. BOYACK:  You mean before they're use?22

MR. POWERS:  Yeah, I mean front end.  The framatone in23

the high burnup fuel is going to release  a modified cloud, I'm sure of that.24

When do we put first framatone quota?  I don't know probably this year some25
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time.  I mean, it won't take very long.  Distinctions between the two is that M51

is little bit of niobium and zirconium whereas ZIRLO is a little bit of niobium and2

a little bit of tin.3

MR. KRESS:  Is there enough of those in there to really effect4

that oxygen potential?5

MR. POWERS:  It seems to effect the kinetics on the6

cladding.7

MR. KRESS:  So it catalyzes it or something?8

MR. POWERS:  I mean, here's what I know.  The oxide9

coatings on a high burn-up zircoloid tend to get up over 100 micron thick.10

MR. KRESS:  Yeah, and I was assuming that  the same thing11

would happen with M5 and zirconium.12

MR. POWERS:  The M5 tends to be around 20 or 40.  I13

mean, they're just not oxidizing as much in the water as the tin elements do.14

That's what -- I mean, that's the one thing I'm fairly sure of.  I am less certain15

about what's going on the inside of the clad.  There are some very complicated16

B-plex clads now being looked at by Siemens particularly and I really know17

nothing about them.   18

MR. KRESS:  My original feeling was that oxide thickness on19

the outside would affect the ability of the clad to withstand temperature and that20

would determine, would have an influence on whether the clad failed and timing21

to the gap release, but I didn't think -- so I was saying that the type of clad22

would have an effect on the timing of the gap release, but I didn't think it would23

influence the fission product release during the rest of the phases because I24

thought there was so much ZIRLO zirconium in both clads that it would25
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overwhelm these other constituents in terms of what it does to the oxygen1

potential of fuel, but I could very well be wrong because I don't know. That was2

just an assumption.3

MR. POWERS:  When you get up to these levels of burn-up,4

when you get up to 75 gigawatt days and I have to admit I've never seen5

anything on 75 fuel.  I mean, I've seen 64 and that's about the highest I've ever6

seen, when you get that high with the zircoloid clads, you almost have no ability7

to pull oxygen, okay, so you're starting to go hyper-strachymetric in your fuel.8

And I mean, that's a problem, the clad is becoming brittle.  It is -- 9

MR. KRESS:  Wouldn't that be the same for the M5 and the10

ZIRLO?11

MR. POWERS:  Well, see that's -- what you know absolutely12

is you're not saturating the M5 from the external oxidation.  It's just not oxidizing13

as much in the water. 14

MR. KRESS:  The external and the internal are related?15

MR. POWERS:  Well, it's how much oxygen you can absorb16

before you go out of the core region.17

MR. BOYACK:  Now ZIRLO is in use in U.S. plants at the18

present time?19

MR. POWERS:  I believe so, yeah.20

MR. BOYACK:  Okay, I'm going to ask the NRC.21

(Conversation off the record.)22

MR. TINKLER:  If you're talking about influencing the gap23

release, if we think there's a potential for there to be a difference, I guess we've24

got to consider both.25
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MR. LEE:  Because under the fuel program we asked them1

for both type of claddings to be provided to us for testing on the other fuel2

issues.3

MR. BOYACK:  Okay.4

MR. LEE:  These are coming down the road.5

MR. TINKLER:  I say that with some trepidation because, you6

know, yesterday I gave my view that I'm -- you know, this is a core damage7

event where SCAP plus early in-vessel, so I hate to keep -- I hate to stumble8

and invest a lot of intellectual agonizing over the gap but that's me.  9

MR. BOYACK:  Okay, so basically what I've heard is we're in10

a situation where we have to look at both clads, ZIRLO and M5.  What I11

propose we do is start out with ZIRLO and go through the discussions.  If I12

heard it correct, it's only a factor -- is it perceived to be a factor only for the gap13

activity release phase?14

MR. POWERS:  No, no.15

MR. KRESS:  It changes the chemistry within the fuel which16

may effect the forms of the fission products of the two and their release17

potential.18

MR. BOYACK:  Well, I don't know if the panel will be able to19

keep track of all this but I do know from -- when I think about getting a report20

out at the other end, to have -- unless we focus on something, that it's bound21

to cause difficulties.  So what I propose is we talk about ZIRLO, then come22

back through the process again for M5.  23

MR. GIESEKE:  Let me ask a question then.  The differences24

between these two are -- is there anybody that knows enough about the25
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differences between these two and the effect on the chemistry that it makes1

any sense to try to distinguish between these two?  I mean, the questions that2

are being raised are just relative to zircoloid and my question is, do we know3

enough about these two to distinguish between them?  Perhaps we can make4

some judgments or I would hope we could make some judgments relative to5

zircoloid but I don't know about the two of these.  Do you think you can?  Can6

you, Dana?7

MR. POWERS:  I don't have the data on M5.8

MR. GIESEKE:  That's what I was saying, is there information9

out there on these two that makes it worth considering we'll put them both on10

the table or to distinguish between them or try to distinguish between them?11

MR. BOYACK:  Well, what I did here by inference is that you12

at least could go through the process for ZIRLO and the question then about13

M5 maybe stays open for a period of time because the question is certainly14

valid, and that is, does the panel have enough insights to deal with that?  Now,15

next meeting Clement or Gerard will be here representing the French and they,16

I presume, would have insights about M5, hopefully, right?  17

Okay, well, with that in mind, let's begin with ZIRLO.  What18

about the rest of the things that we talked about here?  Are we still in the low19

pressure scenario?  This was the question that came up about scenarios, okay.20

And I had only put linear heat right there because of the discussion with BWR21

but is there anything with respect to fuel management strategy that we have to22

deal with? 23

Yesterday, Dana mentioned the fact that if you pursue your24

burn-up in either a slow or a fast, that that can create a difference.  There was25
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some -- I think a point brought up from the audience.  I was going to say1

congregation but I thought that wasn't quite right.  2

(Laughter.)3

MR. BOYACK:  About the Westinghouse strategy to move the4

high burn-up fuel to the center of the core.  So the real question here is just an5

overall question, is there anything to ground the panel in the same area that we6

have to say with respect to today's fuel management activities?7

MR. POWERS:  The strategy I know is where the fuel is8

operated at lower linear heating rate initially first cycle. The second cycle it's9

moved to a higher heating rate and third cycle it's moved back into a lower10

heating rate.11

MR. KRESS:  My feeling is that for our purposes we view12

those kind of fuels as having and operating at their higher linear heating rate13

and that the gap activity that would take us there is due to that higher linear14

feet rate.  The reason I say that is I don't -- the amount in the gap is a balance15

between diffusion out of the out of the fuel and to the pores and cracks and the16

clad, and going down the temperature gradient, of course, in the clad.  And17

once it gets in the clad, it may or may not do things like interact with the clad18

or interact with each other but I don't think it's going to go back into the fuel. 19

And I think the amount time it's in the higher linear heat rate20

will be long enough to get kind of an equilibrium between this balance.  And21

when I think about what's going to be in the gap to get released, it's going to22

be governed in my mind by the maximum linear heat rate that that particular23

fuel has been in during its burn-up period.  And that would be the way I would24

view that.  25
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MR. BOYACK:  Can I interrupt a minute to welcome Ralph1

Meyer.  Evidently, he was sought from the higher floors and were you given any2

briefing about the discussions down here?3

MR. MEYER:  Well, I was told you wanted to ask a question4

about M5 and ZIRLO.5

MR. POWERS:  Ralph, can you tell us what the internal6

oxidation of M5 and ZIRLO looks like as you move toward high burn-up?7

MR. MEYER:  No.8

MR. POWERS:  Well, what the hell good are you?9

(Laughter.)10

MR. MEYER:  I can tell you what the composition of M5 is,11

but you probably already know that.  12

MR. KRESS:  That would be good.13

MR. MEYER:  Basically, zircoloid is zirconium and one14

percent tin, more or less, and a couple tenths percent oxygen.  Oxygen is an15

element in zircoloid and it continues to play that role in M5 and ZIRLO.  M5 is16

essentially, zircoloid with tin replaced by niobium, so it's zirconium with a17

percent niobium and about 10 percent oxygen.  18

It's very similar to the Russia alloy E-100.  The only difference19

between those two alloys in terms of the major chemical components is that M520

has about twice as much oxygen in it as an alloy elementthan E-110 does.  E-21

110 has about seven-tenths of a percent and M5 has about -- I'm sorry, E-11022

has about .07 and M5 has about .1 or .12.  I think those are the right numbers.23

ZIRLO is basically zirconium with one percent tin and one24

percent niobium and a couple of tenths percent oxygen.  So it's zircoloid with25
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niobium added where as M5 is zircoloid with niobium substituted for tin.  The1

French have examined M5 at high burn-up and we may have access to some2

metallography.  I really don't know.   The amount of high burn-up work done in3

any of these is very limited.4

MR. KRESS:  Niobium makes it more ductile; is that the5

reason?6

MR. MEYER:  Niobium reduces the corrosion during normal7

operation.  Niobium-bearing alloys have less oxidation during normal8

operations and as a result of that, they have problems at the end of their burn-9

up lifetime if you don't ramp them up in temperature and through an oxidation10

transient like a LOCA, but if you take it straight out after its burn-up and test it,11

it would have a higher ductility than zircoloid, largely or entirely because of the12

lower amount of oxidation and hence, the lower amount of hydrogen absorbed13

into the cladding.  That's about all I know.14

MR. POWERS:  Not only does the niobium suppress the15

external corrosion, it also seems to reduce the fraction of that hydrogen16

reduced by a given erosion event that goes into the clad.  17

MR. MEYER:  No, I'm not sure that the fraction is altered.  I18

don't know the answer.  If you know the answer, then, that's fine, but it certainly19

-- by virtue of the fact that the amount of oxidation is reduced, then the amount20

of hydrogen absorption is reduced even if the fraction is the same.  The fraction21

is normally around 15 percent of the -- of the released hydrogen that's been22

absorbed in the -- in zircoloid and I was under the impression that that fraction23

was about the same for M5 and ZIRLO but just off the cuff here, I don't know.24

MR. POWERS:  There are thems that argue contrary.25
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MR. MEYER:  Okay.1

MR. POWERS:  I mean, I haven't oxidation each one of them,2

so I --3

MR. MEYER:  There are some other things that happen in --4

at higher temperatures when you look at the phase transformations and things5

that are of interest for LOCA and therefore, I guess for severe accidents.  And6

I'm not really an expert on this but I've been around Yi Chung long enough to7

remember some of his works, but the niobium and tin have different effects in8

promoting the growth of alpha or beta phases during the transformation.  9

And so I'll see if I can get it straight.  I think that niobium10

tends to stabilize the alpha and, therefore slow down the growth of the beta in11

the phase transformation and so you get the phase transformation at12

somewhat different temperatures.  And in LOCA analysis the thing that we're13

looking at that's a consequence of that would be the boning deformation,14

because if you've looked at LOCA models for boning deformation which are15

then used for flow area reduction in the thermal hydraulic analysis, you see this16

double hump strain curve as a function of temperature where the valley in the17

strain curve is at a temperature that corresponds to a mixture of alpha and beta18

phases as it's transforming from alpha phase to beta phase and in that mixed19

phase region it has less ductility than it has in either the pure alpha or the pure20

beta phases.21

And if that shifts, if the temperature of that shifts, then this22

alters your model and some fuel is designed very cleverly to burst at the valley23

of that double hump curve, so that you  have small strains.  And you can -- I24

mean, this is almost possible.  When we first saw Exxon claiming to do this 2025
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some odd years ago, we thought that they were thinking a little wishfully, but1

if you design your plant size and fill pressure and anticipate there is a gas2

release, you can pretty much design the temperature at which it's going to3

rupture.4

MR. KRESS:  We put temperature into MELCOR for when5

the clad ruptures.  That temperature corresponds to that transition?6

MR. MEYER:  No, not necessarily.  It would if you designed --7

if you were flagrant enough to design the fuel, but it's in that temperature8

range.  The rupture --9

MR. KRESS:  It's close to it.10

MR. MEYER:  The rupture occurs somewhere in the range11

of eight to 900 degrees centigrade.  And exactly where it occurs is going to12

depend on the lot pressure, so you know, it's a stress --13

MR. KRESS:  It's a stress calculation.14

MR. MEYER:  It's a nice correlation between stress and15

temperature, which by the way we do not have mapped out yet for high burn-up16

materials.  We simply haven't done the test.  But that would be one thing that17

we hope to discover.18

MR. KRESS:  And that would effect the timing of the gap19

release, for example.20

MR. MEYER:  Would effect the timing of the gap release but21

I would think that the effect in time is very small because you're on a heating22

ramp of what, five degrees a second or something like that?  And so, you23

know, you might be --24
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MR. KRESS:  Yeah, the seconds matter in the gap release1

though.2

MR. MEYER:  Huh?3

MR. KRESS:  Seconds matter in the gap release.  It's like a4

half a degree a second, I think.5

MR. SCHAPEROW:  The gap release is the -- starts at 106

seconds, 10 to 30 seconds, so we're not talking too many seconds.  It would7

start at eight seconds instead of 10 seconds, maybe, I don't know.  8

MR. MEYER:  Uncertainties in the design parameters I would9

think could affect -- could shift the rupture temperature by as much as 5010

degrees in something like that which is 10 seconds.11

MR. KRESS:   It's more like 100.  I think the ramp is like a12

hundred degrees.13

MR. MEYER:  Oh, is that right?14

MR. KRESS:  Yeah.15

MR. MEYER:  Okay, then it's a smaller amount of time.16

MR. KRESS:  You know, and that's a substantial difference17

in timing, right.  We're talking about things like closures times and oxidation18

times.  It may have a substantial difference but it would bear looking into.19

MR. BOYACK:  Are there any other questions for Ralph?20

Okay, let's take a break, 15 minutes and come back at 20 after.21

MR. KRESS:  I wanted to correct -- I misspoke a little bit22

awhile ago when I talked about using the maximum heat rate to determine23

what's in the gap.  I don't think that applies to iodine.  It applies only to the24

cesium because it's a balance between decay rate and diffusion rate and the25
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iodine is going to be governed by the least heat rates in where the cesium will1

be governed by the maximum and so I kind of misspoke on that.2

MR. VICTOR:  Dana, you've got a comment?3

MR. POWERS:  Yeah, Ralph, if you ever get any micro-4

structure data that shows us the interior oxidation on M5 and ZIRLO at high5

burn-up, I wonder if you could share it with us.6

MR. MEYER:  Okay, I'll go send an e-mail to Yi Chung and7

ask him if he's seen any.  So you're looking for some micrographs of ID8

oxidation at high burn-up in --9

MR. POWERS:  ZIRLO or M5.10

MR. MEYER:  Or ZIRLO.11

MR. POWERS:  Any one of them, either one or both.12

MR. MEYER:  Okay.13

MR. BOYACK:  Anything else?  Okay, 15 minutes, 20 after.14

(A brief recess was taken.)15

MR. BOYACK:  I'm going to come back to the one issue.  I16

have sort of two customers and I'd like to deal with issues raised by both17

customers both on the panel and by the NRC.  And there's been some prior18

discussion and I want to come back to it a little bit based upon the discussion19

I've had during the break.  And that -- I'm going to try to parrot the words a little20

bit, that's to start the discussion.  And that is that there's been a fair amount of21

focus thus far on gap release.22

Of course, we really haven't started yet but we'll get on to that23

immediately following this discussion.  And as -- the comment is that for the24

large majority of the serious events that are going to occur, you're going to end25
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up through at least early in-vessel release and we need to look, in some sense1

talk about the details of gap release and early in-vessel but it may be the total2

that is really the more important parameter.3

And so I wanted to go ahead and identify that as a discussion4

topic, take maybe five or 10 minutes to let the comments flow back and forth5

and use that to sensitize us as far as the process of going forward as we begin6

the gap release discussion.7

MR. KRESS:  I think the first input in gap release duration is8

probably an important one by itself in terms of the uses of the resources.9

MR. BOYACK:  All right, Charlie, did you want to weigh in any10

more or --11

MR. TINKLER:  Well, I guess on the duration of the gap12

release, if it's timing, duration of the gap release, I guess maybe --13

MR. KRESS:  Well, I'm interpreting that to mean when it14

happens.15

MR. TINKLER:  When it happens.16

MR. KRESS:  The start of it here.17

MR. TINKLER:  Well, when it happens is actually -- in 146518

land is at the end of the cooling activity phase which is 10 to 30 seconds,19

because it's tied to the double-ended pipe break.  That's duration, okay.20

MR. KRESS:  What I thought that was, was how long it takes21

the heat-up rate to reach the clad failure temperature.  That's what that .5 is.22

That's what that .5 is.23

MR. SCHAPEROW:  The .5 represents how close from  here24

--25
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MR. KRESS:  It's like an hour, right?1

MR. SCHAPEROW:  The duration is when the fuel pellet bulk2

temperature has raised sufficiently that significant amounts of fission products3

can no longer be retained in the fuel.4

MR. KRESS:  That's a misstatement, I'm pretty sure.  What5

that is, is how long it takes the ramp rate due to decay heat to heat the clad up6

to the point where it fails due to the internal gas pressure and the hoop stress7

at that temperature.  And that's what that half an hour is, I'm pretty sure.8

MR. SCHAPEROW:  This is the point where you start getting9

big fission product releases --10

MR. KRESS:  No, it's the gap, all you get is -- the clad fails11

at that point and releases what's in the gap.  And, of course, it doesn't come12

out all at once but I think the assumption is that --13

MR. POWERS:  You have two things to recognize, the14

duration of gap, one it doesn't heat up uniformly, it heats up such that the inner15

rods rupture first and then you get a progression of rupturing going on and as16

that progression goes on, you get a venting.  And the second thing you have17

to do is when they blow a given rod, once it ruptures, you have two things going18

on, is the gap depressurizes and then you get a flow coming out and the rod19

is continuing to heat up during that duration.  At some point you have to say,20

okay, this is the end of gap release and then we have the start of diffusion21

release.22

Historically, the way that was done was real simply, Tony23

Malenesca said after 10 minutes it's diffusion release.  So you have that going24

on as well.  Now, whether you want to change that 10 minutes or the high burn-25
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up fuel depends a little bit on how you see flow in a rod that has a very tight fit1

most of the way except for the ruptured region.2

But I think most of that half hour is actually just progression3

of event across the core.4

MR. BOYACK:  As shown on the table here, the gap release5

is generally a small fraction of an early vessel release and the thought was that6

we shouldn't spend an inordinate amount of time and effort on the gap release7

and that was the issue.  You're welcome to address or challenge that but that8

was the thought.9

MR. POWERS:  We will look at Japanese data which show10

gap inventories on the order of 22 percent of the krypton inventory.  We're11

going to look at French data that shows similarly high gap inventories of the12

Noble gases and then you're going to have to understand that as you go up in13

burn-up, the progression of the zone where you had restructuring of the14

crystallization is going expedentially on the order of 60 gigawatt day fuel.  The15

RAM is on the order of 150 to 200 microns thick.  At 75 gigawatt days, it's doing16

to be on the order of 1600 microns thick.  17

MR. KRESS:  Which is a lot bigger than the grain sizes.18

MR. POWERS:  What was that again?19

MR. KRESS:  It's a lot bigger than the grain sizes.20

MR. POWERS:  Oh, yeah, yeah, this is -- I mean the grain21

sizes on typical fuel nowadays run around about 20 microns, and the grain size22

of the restructured things are all sub-micron in size.  The perception then borne23

of a history of working with low burn-up fuel with a gap inventory is on the order24

of five percent or less.  25
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It is high burn-up material.  That's just not proof.  That speaks1

to the Noble gases.  Where there's more of an argument to be made is when2

you speak to the cesiums and iodines.  I just don't have as much data on that.3

4

MR. TINKLER:  I guess, we've talked about this with people5

that are involved in the fuels issue.  I guess frankly, we have trouble going from6

krypton at 95 to 20 percent to cesium at 20 percent, okay.  We think there is7

a world of difference between those two.  8

Just as -- the last I want to say about this is the duration.  I9

understand what you say how it was -- how it's customarily interpreted and I10

also appreciate Dana's remarks that that duration could reflect propagation of11

damage across the entire core.  In typical sequence kinds of calculations from12

the time of core uncovery to MELCOR's prediction of gap release which is tied13

to a temperature customarily around 900 to 1,000 degrees C, from top of core14

uncovery to first prediction of gap release is about 60 minutes on the15

calculation I showed you.16

MR. KRESS:  60?17

MR. TINKLER:  60, so, you know, it takes awhile, you know,18

just to -- at those boil off rates and so forth so --19

MR. POWERS:  You have to get the core open at about two-20

thirds of its depth before you get -- before the steam cooling.21

MR. TINKLER:  Yeah, the core level has got to drop low22

before you heat her up to the point of getting those kinds of temperatures but23

in 1465, again, the timing is decoupled from magnitudes.  The timing of gap24
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and cooling activity is still tied to the LOCA, so it's a curious sort of combination1

of accidents in that regard.  2

MR. BOYACK:  Okay, let's go ahead and what I'd like to do3

now is proceed along the path that we talked.  We're going to be talking about4

PWR high burn-up fuel, peak at 75 gigawatt days per ton, core average burn-5

up approximately two-thirds, cladding is ZIRLO, it's a low pressure scenario6

and we're beginning with the gap activity release phase and we're going to talk7

about timing.8

And so I found out that these things, they erase easily but it's9

hard to erase precisely.  So what I'm going to do is try to hear the points10

regarding similarities and differences on timing during the gap activity release11

phase.  When we get far enough in, I'm going to come back and I'm going to12

put a few bullets down here as you help me identify those.  So let's begin with13

the timing similarities with respect to gap activity release.14

MR. KRESS:  Can we start with the differences?15

MR. BOYACK:  Sure.16

MR. KRESS:  It's a lot easier to deal with differences.17

MR. BOYACK:  Okay, and then if there's anything left, we'll18

go into similarities and we can put them down, sure.  That would be fine, Tom.19

MR. KRESS:  I think that's a better way to go.  So you have20

higher internal gas pressure.  You have a difference in the amount of oxidation21

in the clad, different between zircoloid and then -- and ZIRLO.22

MR. BOYACK:  Okay, so --23

MR. KRESS:  It's probably less, less oxidizing.  You have a24

different strength curve, tensile stress versus temperature.25
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MR. BOYACK:  So this is a different, I guess it's a material1

properties or behavior.2

MR. KRESS:  And you might possibly just think about a3

different heat up rate because the linear power is different, it's higher.  And that4

means the decay heat level is probably higher.5

MR. POWERS:  That could be the fuel.6

MR. KRESS:  And the different thermal conductivity of the7

fuel.8

MR. POWERS:  So you have a thinner gap.  9

MR. KRESS:  You may have a thinner gap.  You definitely10

have a perception of a thinner gap.  11

MR. BOYACK:  Okay, so if I've got these right, higher internal12

fission gas pressure, less oxidation with ZIRLO, different -- and this is the one13

I bolloxed up but different strength versus strain curve, one --14

MR. KRESS:  Yeah, I think zircoloid, there is a tensile15

strength versus temperature.16

MR. BOYACK:  Versus temperature.17

MR. KRESS:  Which is temperature dependent and I think it18

will be different for ZIRLO and M5.  How much different, I don't know.  19

MR. BOYACK:  Different stress versus temperature curve. 20

MR. KRESS:  Ultimate strength, tensile strength.21

MR. BOYACK:  Tensile strength, thanks.  Different heat up22

rate which could be related to the differing thermal conductivity of the fuel, the23

heat up rate and then you had -- I put as separate the smaller gap.24
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MR. KRESS:  Mostly my perception was is each -- the high1

burn-up will give you a different heat but I'm not really sure of how much2

difference that is.  3

MR. BOYACK:  Okay, does anybody else -- and this doesn't4

require necessarily for this similarities and differences, if there are other people5

here in the room that have thoughts about differences, feel free to weigh in.6

The panel eventually can buy off on this or not but I think that the comments7

are welcome from anybody.  8

Gee, that must have been a great summary.9

MR. POWERS:  It seems to me that you still need to wrestle10

with this -- if you look at what comes out after you rupture the clad, you get a11

sharp jump and then a tailoff and your temperature is still going up, so that12

tailoff starts turning around and climbing up as the temperature goes up.  You13

need to decide where you're going to -- or where does the gap release stop14

and I suspect that that depends very much on the structure of the fuel.15

MR. KRESS:  We could call up Tony Malenesca.16

MR. POWERS:  Tony's never seen high-burnup rod, that's17

the problem.18

MR. KRESS:  That is going to be a difficulty.  I don't know19

how we can arrive at that.20

MR. BOYACK:  So you're talking about the movement of21

fission gases through the fuel that is related to the fuel micro-structure.22

MR. POWERS:  You have a gas volume, but you don't have23

a real sharp boundary of the fuel.  There's a pore structure in there.  Things24

have got to come out of that pore structure into this flow that's coming out and25
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how much you take out of that pore structure is gap release.  How much you1

would take in a subsequent diffusion release, I mean, it's continuum.  2

MR. BOYACK:  Well, the thing I wanted to ask is, does the3

diffusion release, is that part of the early in-vessel release so it's that boundary4

that you're talking about.5

MR. POWERS:  I mean, there is -- it's not like you release the6

gap and then there's a stop and nothing happens for awhile and then you start7

releasing again.  It's really a continuous process.  8

MR. BOYACK:  The diffusion release I'm thinking of is9

diffusion out of pores, not out of the fuel drains.  10

MR. POWERS:  Yeah, that's what it is.11

MR. KRESS:  Yeah, and pretty soon, though, you'll get12

enough of a temperature that you're going to start diffusing stuff out of the13

drains also and so you've got several processes going on.  The release never14

stops.  It just keeps going but it changes and the first one, the first one is a15

pressure driven flow, it's a flow because you've dropped the pressure here the16

clad breaks and it's locally a lower pressure and then a higher pressure is in17

different parts of the gap and pores and it's pushing the stuff out thermo-18

hydraulically and that's being -- as that pressure starts to even out, so that you19

aren't driving it out of there, then you start this diffusion out of the pores and --20

MR. BOYACK:  Which is concentration.21

MR. KRESS:  -- which is concentration driven and I don't22

know how -- I'm like Dana.  I don't know where you draw the line as to which23

those are but my -- the way I would have drawn the line is I would have ignored24

any diffusion release and just said when my pressures get to the point that are25
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driven out to a P of something like 90 percent of my P is gone or I've picked up1

some number that says I'm no longer driving it out with pressure, that's when2

I would quit and say that's -- this is probably what Tony Malenesca did, that's3

when the duration of the gap release ends.4

And what we're doing now is a slow diffusion rate driven by5

mass transfer differences and I would have kind of lumped that in with the6

diffusion in-vessel release and the diffusion from the fuel itself.7

MR. POWERS:  All right, now the question occurs to me is8

you now have been describing or trying to define --9

MR. KRESS:  A process.10

MR. POWERS:  -- the definition of where this boundary11

occurs without worrying about the seconds.  You're just talking about how you12

would determine if you had the underlying technical input.13

MR. KRESS:  Yeah.14

MR. POWERS:  Now, is that different or same --15

MR. KRESS:  It's different because what you have to do to16

get this decay of the pressure to some difference not that you're not going to17

worry about it any more, is you have to know the flow resistance of the --18

MR. POWERS:  Okay.19

MR. KRESS:  And that's driven by closing up the gap and20

then causing the fuel to crack and the number of pores you get and so I don't --21

it's different.  I don't know how to define these differences.22

MR. POWERS:  Okay, I didn't ask the question very clearly.23

You defined a process for determining the boundary.  Is that the process that24

was used for regular burn-up fuel?25
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MR. KRESS:  I don't think so.  I think Tony Malenesca looked1

at the test data and said it looks like it stops about this amount of time.2

MR. POWERS:  Well, I think he took 10 minutes.3

MR. KRESS:  Yeah, I think he based it on some sort of test4

that he --5

MR. POWERS:  I think he looked at his flow as a function of6

time for a couple of tests and said it's about 10 minutes, so I'll take 10 minutes7

as the gap release and --8

MR. KRESS:  I don't think we have the equivalent data base9

for high burn-up.10

MR. POWERS:  The problem is, I mean, what you basically11

have is a plenum up here at the top of the fuel rods about 18 cubic centimeters.12

MR. KRESS:  That's where a lot of the stuff is at.13

MR. POWERS:  That's where, yeah, nearly everything, all the14

fission gases are up there.  Okay, and then you're going to flow it down a pore,15

flow through a porous medium down to a brick.  Okay, what he did -- low burn-16

up fuel doesn't take very long.  The gap hadn't closed and things like that.  And17

I mean, low burn-up fuel is -- I think the highest fuel they had was 17 gigawatt18

fuel.  Now, you're dealing with a gap that not only has the fuel pellets that the19

clad has crept in on, so it's really pretty tight and --20

MR. KRESS:  And the fuel itself may have cracked.21

MR. POWERS:  Well, what you get is the fuel cracks up for22

a lot of reasons, not the least of which is because they keep running the power23

up and down, but then as the rim develops, the rim provides a healing, okay.24

So how much of that cracking -- the cracking still exists, in fact, it's worse now.25
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In fact, you can see three zones and typically you see kind of a pore zone and1

then a -- that's typically badly cracked and then a region of a few cracks and2

then you get this rim region that really isn't cracked at all.  I mean, it's kind of3

healed a little bit.  4

MR. KRESS:  But that's experimental data.  I don't know how5

to quantify the flow resistance relationships for those -- I don't know how we6

arrive at the same -- my feeling is that -- I know which way it goes, it slows7

down the process probably so that the duration is longer, that's about all I can8

say.  I don't know how much I'm --9

DR. NOURBAKHSH:  Can I add something here?  The10

thought process for 1465 really this release duration was the onset of11

significant in-vessel release because for simplicity we wanted to have a12

continuous function.  We didn't want to have for 30 seconds gap release and13

then nothing happens and then -- we basically simplified it.  What happened14

over there that you see that table is not really -- the thought process for that15

was not the duration of the gap release.  We recognize that.16

MR. KRESS:  Okay, I have a problem with that because if I17

would take a Victoria-like model fission product release out of fuel that's -- it's18

a diffusion light model, like a Fast Grass but if you look at that and as the fuel19

starts coming up, you get fission product releases coming up in sort of an20

expediential fashion.  Now where do I say that that's the significant -- where do21

I draw this line that says it's a significant in-vessel release?22

DR. NOURBAKHSH:  Yeah, that's how --23

MR. KRESS:  I can make that duration change a whole lot by24

where I draw that line.25
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DR. NOURBAKHSH:  Yeah, but --1

MR. KRESS:  And I don't know how to do that.2

DR. NOURBAKHSH:  We looked at exactly the expediential3

plots of some of these results and you could see really at some point it's4

picking up.  It picked up at that point, that's really when it -- it goes slowly.  You5

don't see really anything in the --6

MR. KRESS:  Well, I'll tell you --7

MR. NOURBAKHSH:  Suddenly --8

MR. KRESS:  Probably the reason for that was you didn't get9

much release during the heat-up ramp that's driven by decay and you've10

suddenly got a lot of release when you start -- 11

MR. NOURBAKHSH:  Oxidation.12

MR. KRESS:  -- oxidation and you would have seen a kind of13

thing like that.  I'm not so sure you want to have that -- the kind of flexibility with14

the high burn-up.  I think you will start seeing release during the heat-up ramp15

that's during the decay.  And if so, you may have a little different problem in16

trying to decide where that point is.  But that would be a good --17

MR. NOURBAKHSH:  But, okay, yeah, you may see it for --18

you may see these differences for -- all of these releases they have different19

timing.  20

MR. KRESS:  Yeah, oh, yeah.21

DR. NOURBAKHSH:  You may see it for iodine but you may22

not see it for -- do you feel the tellurium release would be the same thing?23
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MR. KRESS:  I think iodine, cesium and the Noble gases1

probably now are going to start coming out significantly during the decay heat2

rim.3

MR. NOURBAKHSH:  Okay, but in that table, that onset of4

release for early in-vessel is really when the significant releases and all of these5

you would see because you put them on those blocks.  It's iodine, cesium,6

tellurium, ruthenium, even non-volatiles in-vessel.  So that's really more -- the7

thought process is not really that the case of the gap failure.  We recognize8

that.  It was more for simplifying a submission.  This is the signature of the9

significant early in-vessel release into the containment.10

MR. KRESS:  But what I'm saying is you don't have a11

signature for that, for high burn-up because you were able to do that from a low12

burn-up because it only started when you had the oxidation rate, the same13

oxidation rate.  Now, I'm saying that that's no longer the luxury you're going to14

have, but you're going to start significant releases during the heat-up during the15

decay.  Now, why do I say that, it's because I'm extrapolating -- I've got a16

mental model of what the burn-up does to the fission product release rates.  It's17

a mental model and then I'm extrapolating it from data, the meager amount of18

data that we have and it looks to me like if I use that burn-up mental model and19

there's also a mental model that has the release rates as a function of20

temperature, I put those two together, then I start seeing significant releases21

in my mind during the ramp driven by the decay heat and you don't have to wait22

till you get to this -- the fast ramp due to the oxidation.23

And if that's the case and we don't have this luxury of saying24

where is the significance point?  You can't just draw a sharp line any more and25
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you have a problem figuring it out.  And it's that point lower than we've talked1

about before, so that shortens this time you're talking about.  It's going to2

shorten this time on the table which is --3

DR. NOURBAKHSH:  Do you feel the decay heat is4

significant increase that the -- compared to the oxidation rate?5

MR. KRESS:  No, it's not a significant increase in the --6

DR. NOURBAKHSH:  So why the heat-up rate increases7

then?8

MR. KRESS:  Because -- the heat-up rate doesn't.  I'm saying9

that the release of fission product starts over here.10

DR. NOURBAKHSH:  But that depends on the temperature.11

MR. KRESS:  Yeah, but it starts at a lower temperature12

because now you're going to effect it by burn-up.  Burn-up -- you've got two13

independent variables, burn-up and temperature and the burn-up has a big14

enough increase that significant releases will start at a lower temperature and15

this lower temperature is in the range of the heat-up gap before you set -- in the16

range before you set off the oxidation and that's my problem.  17

And I say that just based on a mental model that I have.18

MR. GIESEKE:  So you're saying the pressure is higher at the19

onset.20

MR. KRESS:  Yeah, that's true, but that -- I'm assuming the21

facts and it doesn't effect this in-vessel release.  22

MR. GIESEKE:  You're talking about the GAP release, you're23

saying it starts earlier?24
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MR. KRESS:  I'm saying that if this number is right, that the1

time at which you start getting significant in-vessel release, I'm saying that will2

be shortened because you'll start getting significant in-vessel release at high3

burn-up at a much lower temperature.  That's what I was saying.4

MR. GIESEKE:  Okay, because of the --5

MR. KRESS:  Because of the effect of burn-up on release6

rate.  7

MR. GIESEKE:  And also --8

MR. KRESS:  But you won't see this in --9

MR. GIESEKE:  -- increase in brittlement. 10

MR. KRESS:  No.11

MR. GIESEKE:  -- high pressures, all those are the same. 12

MR. KRESS:  Yeah, I don't think that matters.  If his concept13

is right, I don't think those things really matter because you've already --14

MR. GIESEKE:  Let's play devil's advocate for a minute and15

maybe borrowing what Charlie was saying.  Let's say you could plot this out for16

your high burn-up and you could see an increase but it didn't relate to the gap17

release, you're saying it might relate to the composition, let's say.  18

MR. KRESS:  So all the plants --19

MR. GIESEKE:  So what you're saying is that there may be20

a change, but there will be some difference in rate but the compositions aren't21

characterized by just the high volatiles released as a puff, if you want to think22

of it that way.  So the composition would change.  Well, why would you want23

to draw a line and maybe there should be no line.  You said awhile ago that24

there should be.25
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MR. KRESS:  Well, there is a line because the regulatory use1

of the duration has to do with how fast you isolate containment and there's a2

few other minor things but it makes a big difference to licensees because if3

they have to isolate really fast, they have to have people across the line, they4

have to test them under very fast conditions.  So it makes a difference to them5

and the question is, should you, should you require them to do it based on --6

MR. GIESEKE:  So that's a source term of a different -- horse7

of a different color, so to speak, a source term of a different -- for a different8

purpose.9

MR. KRESS:  It's one of the uses of the source term.10

DR. NOURBAKHSH:  But isolation of closure depends on the11

onset of release, not duration of release.12

MR. KRESS:  So that would be effective then.13

MR. TINKLER:  But not the duration of it.14

DR. NOURBAKHSH:  It's 20 seconds.15

MR. KRESS:  So the duration then is not very important.  16

MR. GIESEKE:  That's what onset is, the onset would be17

effected.18

MR. TINKLER:  The onset, yeah.  That's why when people19

were arguing about five second valve closure times and we told them, you've20

got 30 seconds and they said, well, that's like all day long to close a valve, you21

know, compared to five, the big butterfly valves, but the duration.  That's why22

I said yesterday that for Part 100 calculations, it's really the two times23

combined, early in-vessel plus gap duration that allows the sprays to work and24

aerosol settling to work and things like that.  25
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MR. KRESS:  The important input in our table is the onset1

time for gap release.2

MR. GIESEKE:  Yes.  3

MR. KRESS:  That will be affected by these clad differences4

and burn-up differences. 5

MR. GIESEKE:  Yeah, but that's a different number.6

MR. KRESS:  That number is not in the table at all.7

MR. GIESEKE:  That's in another table.  Okay, so we'll8

expand for you about that.9

MR. TINKLER:  That's what Ralph and Argonne are testing.10

MR. KRESS:  So it's not real important that we get this11

duration.12

DR. NOURBAKHSH:  Yeah, the duration is just -- 13

MR. GIESEKE:  And it's even more difficult and maybe more14

meaningless if there's not a break that you can identify anyway.15

MR. KRESS:  Yeah, and there's not going to be.16

MR. GIESEKE:  And if it's going to be a smooth function and17

there's no need for that, why draw a line anywhere?18

MR. KRESS:  Because they use linear.  Things are all linear,19

what's going in the --20

MR. GIESEKE:  Yeah, you're right.21

DR. NOURBAKHSH:  In terms of mental calculation only what22

is really important is decay divided by row CP out there, quote unquote, in a23

simplified way.24
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MR. TINKLER:  Yeah, but the argument is the high burn-up1

fuel has greater porosity, releases it's fission products at lower temperatures2

because of that high porosity, so instead of waiting to 14, 1500 degrees C and3

getting the oxidation installation transit at 1400 degrees C maybe your4

releasing a lot more than you were before.5

MR. KRESS:  That's my argument.  6

MR. GIESEKE:  That's your argument.  I understand that.7

MR. KRESS:  And I've seen that in some of the data but the8

data is not a big data set.  9

MR. SCHAPEROW:  It seems that there's going to be a lower10

limit to that, too, because of the vapor pressures for these chemicals, whatever11

they are.12

MR. KRESS:  Yeah, whatever they are is sewed up in the13

data.14

MR. BOYACK:  Let me tell you what I've heard out of this15

conversation.  The following five points regarding differences of ZIRLO to the16

zircoloid clad fuel, the lower burn-up, I should say.  Higher internal fission gas17

pressure, thinner gap, less oxidation of the cladding, different heat-up rate due18

to fuel thermal conductivity differences and decay heat differences and then19

grain size, high porosity as it effects fission gas release over temperatures.20

MR. GIESEKE:  Okay, I have a question about grain size and21

porosity and I don't know what it does to flow.  Would you say for -- let's take22

the fuel inside of a long cylinder obviously and then we'll fill that with different23

sized pellets.  Okay.  Now would you imagine that -- we have a fixed tube --24

that the height in that tube is going to be different depending on how finely we25
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grind up what we put in there?  And the answer is going to be, no. It's going to1

be very much the same because it's not a function of grain size.  If you pack2

spheres, for instance, into a container, the void volume is always about the3

same and it's not really a function of the overall size.4

It can be a function of the size distribution.  If you have a5

broader distribution of particles that you put -- or sphere sizes that you put in6

a fixed container, you can pack it more densely but generally speaking, it's not7

a function of size.  It can be a function of distribution but not, per se, of size. 8

Now, that doesn't say anything about the flow.  But what it9

says is that your area for flow may be the same whether it's cracked or not10

cracked more, because you don't create any more volume.  You know, you11

have a fixed volume and you have more cracks but they're smaller, the same12

void size.13

MR. BOYACK:  But there is a surface area difference.14

MR. GIESEKE:  There is a surface area difference and I'm15

not saying that the flow's not going to be different.  The flow may be totally16

different but I think it's a step beyond just saying that if it's cracked more, the17

flow will be higher through there.  18

MR. KRESS:  But I think we just decided that all of these19

things we listed there are a problem for somebody else and have to do with the20

onset of clad.21

MR. GIESEKE:  Yeah.22

MR. KRESS:  And it's not for us to deal with.  So we can --23

you can use your eraser on those.24
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MR. BOYACK:  So you're basically saying these are all onset1

not duration?2

MR. KRESS:  Yeah, yeah.  3

MR. BOYACK:  Let me do this, I won't erase.  It's easier to4

add than erase.  5

MR. KRESS:  We don't have to deal with it on this panel. 6

MR. SCHAPEROW:  I think we are interested in onset7

somewhat.  We did have a couple issues there with the BWR.8

MR. KRESS:  Yeah, but they're not in the tables.  9

MR. SCHAPEROW:  No.  They are in Table 3.6.10

MR. KRESS:  Oh, are they?11

MR. SCHAPEROW:  It's in a different table and we do use12

10 seconds for PWR and two minutes for BWR.13

MR. KRESS:  Okay, so it is a number we --14

MR. SCHAPEROW:  It is an issue.15

MR. KRESS:  Okay, okay, so those things would deal with16

that.  17

MR. BOYACK:  So now there is -- as I understand where18

we're trying to go here, we're trying to ask ourselves for a PWR, the question19

of duration and either to revise the table or to list the set of activities that would20

be required to lead to the information to revise the tables.21

MR. SCHAPEROW:  I want to split that into onset and22

duration.23

MR. KRESS:  Yeah. 24

MR. SCHAPEROW:  I think there is timing.25
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MR. KRESS:  Yeah, I think that definitely needs to be --1

they're entirely two different things.2

MR. TINKLER:  On the left-hand side you've got to pull out3

where it says timing.4

MR. BOYACK:  Pardon me?5

MR. TINKLER:  The block on the left-hand side that says6

timing, whether you want to split that into something that says onset and7

duration.8

MR. BOYACK:  Okay, I see what you're saying.  9

MR. SCHAPEROW:  Especially this very first one.10

MR. LEE:  On the onset, about two years ago we did some11

calculation for the BWR holders' group, they came in and said that the main12

steam isolation volume should be set at 120 seconds.  We checked that13

calculation and we did a series of calculations under worst condition which is14

the beginning of life for the fuels which has the highest power and we came up15

with an estimation of 150 seconds before the onset of the cladding function.16

It was a calculation with FRAPCON 3 coupled with the --17

MR. KRESS:  Okay, you did use FRAPCON 3.18

MR. LEE:  FRACON, right, so we had about 150 seconds, I19

mean, 120 seconds for the whole group, here we said about 30 seconds.20

MR. KRESS:  Well, it's interesting because I expect this clad,21

this different clad, that the temperature is going to be -- I mean, at times so it22

has to be a little bit longer which we could almost say use the same one23

because it's already acceptably long enough.24
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MR. BOYACK:  So what you're saying is that the fact that1

you've got higher gas pressure in the gap but you'd lower the cladding, less2

oxidation affects ductility, the heat-up rate, fuel expansion, et cetera, I don't3

know about this last one, but all those effects -- have an effect on when you4

finally fail the clad; is that -- is that initial onset long enough?5

MR. TINKLER:  Cladding properties, effective burn-up on the6

cladding we expect to effect the onset.  Changes to the fuel would effect the7

duration of the gap release.8

MR. KRESS:  Yes, exactly.9

MR. TINKLER:  That's the way I would --10

MR. KRESS:  Yeah, that's a good characterization.11

MR. TINKLER:  -- guess it --12

MR. BOYACK:  So if we went back through here -- so let me13

use an O or a D.  So the higher internal fission gas present --14

MR. KRESS:  It lowers --15

MR. BOYACK:  For onset or duration?  I just want to go16

through --17

MR. KRESS:  Onset that higher pressure would lower the18

onset time.19

MR. TINKLER:  That's an O, I think, the first one, it effects20

onset.21

MR. KRESS:  Yeah, definitely onset. 22

MR. BOYACK:  Okay, thinner gap.23

MR. KRESS:  That's a D.24

MR. BOYACK:  That's duration?25
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MR. KRESS:  Yeah.1

MR. BOYACK:  I'm just waiting till -- I'll give it a little pause2

here to make sure that -- okay, and less oxidation of the ZIRLO cladding?3

MR. KRESS:  That's onset.  4

MR. BOYACK:  Different heat-up rate, we had fuel thermal5

conductivity?6

MR. KRESS:  That's onset, too, but I have a feeling that both7

of them are high enough -- the fuel time is high enough that it won't make a lot8

of difference.  9

MR. BOYACK:  Okay, so you're really saying that that might10

be similar to --11

MR. KRESS:  Yeah, and I think the decay heat probably is12

relatively similar, too.13

MR. BOYACK:  That these are -- pardon me, sometimes my14

mind goes off when we start thinking of something else, but for onset or15

duration, so let me get that.16

MR. KRESS:  What you're looking for is how fast does the17

clad heat up to the point where it fails and it's driven by thermal conductivity18

and decay heat, so those are onset issues.  19

MR. BOYACK:  Okay.20

MR. KRESS:  I don't know how important they are.  And I21

don't know if that last one or not ought to be in there.22

MR. BOYACK:  You're wondering whether it even ought to be23

there?24

MR. KRESS:  What is it, grain size?25
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MR. BOYACK:  Well, the reason I'm curious about it is I'm1

looking at the definition --2

MR. KRESS:  It's probably fixed duration.3

MR. BOYACK:  Let me read the definition that's in 1465.4

"The gap activity release phase begins when fuel cladding failure commences.5

This phase involves the radioactivity that has collected in the gap between the6

fuel pellet and cladding".  7

Now, so what about the fission gas chamber and what about8

--9

MR. KRESS:  That's all part of -- the gap is an ill-defined10

thing.11

MR. BOYACK:  But that's included so basically it's an open12

volume.13

MR. KRESS:  Yes.14

MR. BOYACK:  Okay, all right, so this one it would seem to15

me to be the duration.16

MR. KRESS:  Yeah, because it effects how -- there was17

some feeling that you could grow the fuel until it was providing stresses on the18

clad also in addition to the internal gas pressure but I think most people kind19

of discounted that as a failure mechanism.20

MR. BOYACK:  Okay, so now the next question is, all this is21

our testing, we're testing the process to see what we can do and what we can't22

and we're now into asking ourselves the question about timing as it relates to23

the 1465 release phase duration for cooling activity and would we change that24

and so what.25
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MR. KRESS:  You're talking about duration now?1

MR. BOYACK:  Well, help me on the onset.  Where is the2

onset here?3

MR. SCHAPEROW:  I think there was some kind of4

disagreement.5

MR. MEYER:  The table is not -- onset is not in the table.6

MR. BOYACK:  All I see is duration.7

MR. TINKLER:  That's all you see.  The onset is clarified by8

Table 3.6, okay, which lists the duration of the coolant activity and then at the9

end of the cooling activity --10

MR. BOYACK:  So, they give you the length but if you stack11

the lengths together.12

MR. TINKLER:  Yeah, exactly.  And we interpolate and use13

averages over those durations for convenience.14

MR. SCHAPEROW:  I don't think we -- I think there's a15

misunderstanding or maybe a disagreement over the beginning and the end16

points of the gap activity release phase.  I think we're still struggling with that.17

I am.18

MR. KRESS:  Yeah, because his interpretation was, it starts19

at the onset, and it ends when you get significant fission gas release due to the20

normal heat in the fission gas release processes.  And he says that's21

significant, was determined because you had a curve that sort of did that and22

you could draw a line.  And so if that's the case, these things we've listed as23

part of the duration don't have anything to do with it except possibly the grain24

size.25
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MR. SCHAPEROW:  Another way to look at it is the onset of1

the gap activity release phase is the large break LOCA when the rods rupture2

for a large break LOCA and the end of the gap release phases when the rods3

break from the small break LOCA.4

MR. KRESS:  Well, you know, a design basis accident, that's5

not a ridiculous thought.  I mean, you do have --6

MR. SCHAPEROW:  I may have a misunderstanding.7

MR. KRESS:  No, that's an interesting thought because8

design base accidents are often done that way.9

MR. BOYACK:  Let me return to the 1465 right after the end10

of the gap activity phase and just ask what was meant here.  "The gap activity11

phase ends when the fuel pellet bulk temperature has raised sufficiently that12

a significant amount of fission products can no longer be retained in the fuel".13

DR. NOURBAKHSH:  Yes, but at the same time the end of14

the gap activity is the beginning of early in-vessel release, so in order to make15

that continue on when they put the assumptions there, that half an hour of16

duration is not the duration of gap release.  It's not.17

MR. KRESS:  Yeah, it's not.18

DR. NOURBAKHSH:  They pick it up, I mean, what do the19

5747 reported as the onset of in-vessel release was that duration that I20

explained to you.  That was -- we've defined it as onset of significant in-vessel21

release.  So they pick up that time, they made it duration of gap release.22

MR. KRESS:  And the reason is, there's not much uses for23

that --24

DR. NOURBAKHSH:  Right, and simplicity continues --25
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MR. TINKLER:  Let me -- I want to confirm a statement.  For1

accidents work, all you assume is the gap  release.2

MR. BOYACK:  Yes.3

MR. TINKLER:  For those accidents, we assume the gap4

release is instantaneous. This duration in here is only used because we tie it5

with the in-vessel.  And again, I'll tell you, it's the total time that really is what6

is involved here.  It's a way of tying it and I think -- I think probably, you know,7

at that point they probably looked at when the oxidation transient became8

important and they attached -- they said, well, okay, that's kind of a9

demarcation.  And it's probably not any good for high burn-up fuel.  It's just a10

question -- it's probably less mechanistically appropriate.11

The question is whether or not we -- whether or not we need12

to do something about that or whether or not we think the time from the onset13

of gap release through in-vessel is changed sufficiently that we need to adjust14

one or both in concert, I would argue.15

MR. KRESS:  And then if you change it, what difference16

would it make because it's mostly the end number you'd use.17

MR. TINKLER:  Yeah.18

MR. SCHAPEROW:  That magnitude.19

MR. KRESS:  That magnitude.  20

MR. SCHAPEROW:  That 40 percent iodine or whatever.21

MR. KRESS:  Yeah.22

MR. BOYACK:  Well, another question I have in mind is since23

the phenomenological marker that was used for 1465 is perhaps not as clear --24

MR. KRESS:  That's my point.25



77

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. BOYACK:  -- then the question I would ask is, is there1

another phenomenological marker that one can at least acknowledge?2

MR. KRESS:  I would say probably not because it's a smooth3

curve and I don't know where to put it and the most logical one is, leave it at4

where the oxidation transient takes off.  It doesn't demark anything but it gives5

you -- at least you know what it is.  And in that case it would be about the same6

depending on the -- whether -- it won't be exactly the same because I presume7

we're -- got a higher decay heat level but --8

MR. LaVIE:  I'm wondering if we're maybe reading more into9

this gap release phase than is intended.  The bulk of the activity that's released10

in the gap release phase is that activity that accumulated during normal power11

operation.  It's in the gap and if the timing we're seeing here is not more12

migration out of the fuel pellet as much as it's more fuel rods fail as the event13

continues.14

DR. NOURBAKHSH:  Yes, but for the same reason, we --15

4881, I mean, 1988, I think, we calculated -- we used the SPCP and for16

curiosity, just we wanted to check the temperature when the peak temperature17

get to the failure temperature of what it was at the time, 800, when the core18

average get to that temperature which was we thought that's a good indication19

of gap release duration.  20

MR. KRESS:  That would be one way to do it.21

DR. NOURBAKHSH:  Yes.  I mean, I want to just explain to22

you the thought process has gone to these numbers.23

MR. KRESS:  Yeah, yeah.24



78

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

DR. NOURBAKHSH:  It may not be reflected in that --1

everything in the final report, but when we looked at that, the number, I2

remember, it was like for a large break -- that again depends on sequence.  For3

a large break LOCA, we looked at I think AG, it was like 27 seconds.4

MR. KRESS:  Yeah, which is, you know, you just throw it5

away.6

DR. NOURBAKHSH:  Yeah, we recognized that but again,7

for simplification we wanted to have a uniform timing for all radionuclides8

because we are looking at non-volatiles, tellurium, it's not only the gap release9

composition.  We wanted to get the timing for early in-vessel release so the10

choice that we made at the time was to make -- because the gap release, as11

Charlie said, in order to use it, they use it instantaneous.  Just in order to make12

a continuous release to the containment, we make that happen over based on13

zircoloid getting up.14

Actually, we did a lot of calculations.  We used CORSOR15

model.  We kept a different temperature to see how much diffusion release is.16

I remember it took nine hours, if you keep it at large break -- because you17

recover emergency, we put it at the peak temperature required on the scales.18

We run nine hours until we get the same amount of gap release.  So we --19

MR. KRESS:  You could just ignore that.20

DR. NOURBAKHSH:  Yeah, we ignore the diffusion, yeah.21

MR. KRESS:  That's what I was saying earlier, you just didn't22

--23

DR. NOURBAKHSH:  Yeah, yeah.24



79

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. BOYACK:  Are we about to the point where we can try1

to make a statement of what the duration is, which is the first thing I heard, and2

only Tom has spoken so far, is that we just use the same transition point3

because it's not all that phenomenologically characteristic anyway but just to4

get through the dual phases which are the gap activity and then the early in-5

vessel release because that's not a real clear demarcation.  6

And so it was the temperature -- the cladding temperature7

increases as oxidation takes off; is that right?8

MR. KRESS:  Yeah, let me -- you don't have a clear one9

there, do you?10

MR. BOYACK:  Oh, I do have a clear one.11

MR. KRESS:  And the kind of fuel we're in right releases this12

-- you're going to come along, you're going to get a little bit of gap release and13

then it's going to come down like this and then it's going to come back up.  And14

then you're going to get sort of an -- this is sort of a general fission product15

release curve. 16

Now, what he's saying is the duration was this right here17

because you had this little break here and that's what went into that curve as18

the duration.  now, what I'm saying is, that curve changes with burn-up.  Now,19

the fission product release is going to come along.  Now, this onset is probably20

going to come just a little earlier like this and then you're going to do this sort21

of thing, more like this and it's going to go up real high.  So you don't have this22

thing right here.  You don't know where to put this line to get this duration23

because this part now has become significant where there was nothing over24

that period before. 25
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And what I was saying is, if we're going to put in a duration,1

and make the curve an artificial curve which is the artificial curve looks like this,2

that's the gap release, that's the in-vessel release and the ex-vessel release.3

You're going to have three straight lines and you've got a time and rate in4

there.  If you're going to do that, the question is, how do you represent this5

curve in this?6

Well, one way you can do it is just take the two end points,7

here and you can take the end point and say it happens here and set this -- set8

this point at the same place where the onset of oxidation was, and your artificial9

curve, then, looks like this again.  It looks a lot like the other curve did but it's10

artificial now and it's a lot more artificial than the previous one was and I don't11

know if we want to introduce that sort of artificiality into it.  12

Do you understand what I'm saying?  If we say -- if we say13

the duration is when the oxidation takes off, that is now divorced from the14

fission product curve so much that it's an artificiality in the source term15

specification that I don't know if you want to live with or not.  16

MR. BOYACK:  The first thing I want to do is thank you for17

making my drawings look good.18

MR. KRESS:  I never good draw.  But the point is the fission19

product release curve is changed from the top one to the second one and now20

how to deal with specifying those linear characterization.21

MR. BOYACK:  So from the NRC standpoint as long as the22

end points are the same, does this create a big difference?  That was exact23

and now the point is, I guess, clarified.  That's what's being asked, if these24

differences are significant.25
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MR. MEYER:  See, if in other arenas we don't attach undue1

influence or undue significance to gap release, I'd say, well, you can consider2

the gap and in-vessel combined and put them over whatever appropriate3

interval you think.  4

MR. KRESS:  Boy, that would make things easier, wouldn't5

it?6

MR. TINKLER:  Okay, but then, you know, then what7

somebody used for a separate gap release for those accidents where there's8

only a gap release.  If you, although I guess we could -- you could take --9

assume it's not at the same rate, construct a time interval and construct a time10

interval such, if you wanted to, that is a constant rate.  You know the two11

amounts, you pick a duration so that --12

MR. KRESS:  In principle what I would have liked to have13

done is know what this curve looks like for most of the -- a different curve for14

a different fission product but this one probably represents krypton, xenon --15

krypton, xenon and cesium iodide.  I would have liked to have done this sort of16

thing; maximum, relatively representative slope here on most of it and say this17

represents the curve because it's representative of that curve.  I would like to18

have done that and this would have been the point I would put it in and this19

would have been the end point. 20

I would like to have done that.  I'm not sure without having the21

good relationship between the effective burn-up, I'm not sure how to get that22

curve, but that's how I would have -- in principle that's what I would have liked23

to  have seen, sort of match the slope with the curve a little bit and get the total24

amount.  25
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MR. BOYACK:  So this is the initial release just because1

we've got the pre-volumes and have a past and --2

MR. KRESS:  Yeah, this comes out.3

MR. BOYACK:  And what is happening during this phase4

here?  Is this a --5

MR. KRESS:  Well, probably a little bit of diffusion but not6

much so that little blip is probably going back down to zero and then you're7

starting to heat up by the decay heat and it takes awhile before you get up to8

temperatures that you're starting to release --9

MR. BOYACK:  Where you start to drive it out?10

MR. KRESS:  Yeah, now during -- with the current fuel we11

have, you never release very much at all until you light off the zircoloid steam12

reaction during the decay heat and that happens for about 1500 C.  So up to13

1500 C this gap release down here is around 1200 C, somewhere around the14

area and if I'm down to 1500 C hardly anything happens and then you suddenly15

light off this 40 degree per second ramp right, and all at once things start16

getting released fairly quickly because you're getting up where the temperature17

drives it out.18

What I'm saying now is long before you get to this 150019

degree C, you're going to start seeing real significant releases of the volatiles.20

And I don't know how significant they are.21

MR. BOYACK:  And this is due to the grain structure.22

MR. KRESS:  The fact the burn-up effected things.23

MR. BOYACK:  Yeah, okay.  I'm a little unclear on  how to24

move off of dead center now.25
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MR. KRESS:  Yeah, me too.1

MR. TINKLER:  I was just thinking, another way to approach2

this is to simply release the gap inventory over a -- what you think is an3

appropriate gap puff release that signifies a cladding failure over a shorter4

period of time and then use a constant rate for the remainder of the in-vessel,5

early in-vessel.  6

MR. KRESS:  Constant rate up to a maximum.7

MR. TINKLER:  Yeah, up to the maximum we think.  You8

know, instead of having that half hour gap release, take a shorter -- it's not9

going to make -- I don't think it's going to make any difference frankly.  For10

those accidents it's instantaneous, for the other accidents, you're still going to11

be more controlled by the total of the early in-vessel and the interval over which12

it is released.  And if it's in the neighborhood of, you know, an hour and a half,13

two hours, which it is now in 1465, there's no reason to believe that's going to --14

MR. BOYACK:  Okay, so you're saying go ahead and tag it15

to a little more clearer mark which is puff release.16

MR. TINKLER:  Puff release and then that release that you17

think occurs between 1100 C and 1500 C or 1600 C the larger release you18

attach to high burn-up over those temperature ranges.  Put that all in the early19

in-vessel over a constant -- a constant release rate over an interval and make20

it part of that interval.  21

MR. KRESS:  Yeah, I think what you're saying on this curve22

is to start this line here and just say the ramp looks like that.23

MR. TINKLER:  Yeah, that --24

MR. KRESS:  Makes a lot of sense.25
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MR. TINKLER:  That's what I was thinking.1

MR. KRESS:  That probably makes a lot of sense.2

MR. BOYACK:  Okay, so how would you define this -- I mean,3

what would be the definition of this puff release.  It was -- I mean, it's a fixed4

time, right?5

MR. KRESS:  Yes.6

DR. NOURBAKHSH:  But no matter what we do, it is still unrealistic7

because the endpoint of that curve is not pointing to significant release ends.8

It's vessel failure.  You see, you cannot do -- if you wanted to simplify constant9

rate, you cannot do it for volatiles and non-volatiles and everything at that same10

constant rate.  The shape - I mean, making the representation is not realistic11

anyway because you are looking -- you draw those curves.  The endpoint was12

the end of significant release.  The release is very fast.13

And for high pressure -- again, it's much more realistic for low14

pressure.  For high pressure, most of these releases -- a puff release would be15

a significant release compared to an in-vessel release at the vessel failure16

basically.  So if you wanted to make a simplification, so this is going to improve17

the presentation but, again, to realistically presentation we cannot really18

achieve if we really wanted to define the way that, we'd define the duration from19

the significant release to vessel failure and vessel failure -- you want to make20

it constant over that period of time.  That's why we call it in-vessel release rate.21

MR. KRESS:  That's a good point.22

MR. BOYACK:  Dana, you've been silent for a while now on23

this matter.  Still struggling with it?24

MR. POWERS:  I'm not struggling with this at all.25
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MR. BOYACK:  No, it's a desire to move it to a number1

because as --2

MR. POWERS:  I think the duration of in-vessel releases is3

actually a pretty simple problem to work with.  You take that duration to be the4

larger of two numbers.  One number is the amount of time it takes to5

depressurize an 18 cubic centimeter volume at 150 bars through the gap six6

feet long.  The other number is the amount of time it takes to heat the core up7

to the point that all the rods have ruptured or some fraction or reasonable8

fraction of the rods, like 90 percent, because the 80 was not uniform across the9

core.  Whichever one of those is larger, that's the duration of your gap release.10

I mean, what you're struggling with is an event-driven marker.11

Right?  Those are the markers.  The difficulty in calculating the first number is12

I've got to know what the permeability of the gap is.  I think it exists; I just don't13

have them in my head.  I know what the volume of the plenum is.  It starts off14

with 27 cubic meters.  By the time you get up to the fuel operated, the volume15

actually shrinks down to about 18 cubic centimeters and I know what the16

pressure is.  It runs right at 150 bars.  Okay.  So all I need -- and I know what17

the flow area is.  All I need is the permeability now.  And I don't know how long18

it takes the rod to connect.19

MR. BOYACK:  Okay.  So if you had this information for PWR20

reactors and these two times, and there is some distribution of these times,21

then you would look at that and you would say I'll pick a representative time for22

what we're doing here.23

MR. GIESEKE:  Does that assume then, Dana, that the24

rupture occurs at 150 bars? Is that what you're saying?25
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MR. POWERS:  The internal pressure?1

MR. GIESEKE:  Yes.  Is that what you're saying?2

MR. POWERS:  Yes, the internal pressure is roughly 1503

bars.4

MR. GIESEKE:  Is that going to change with burn-up, I guess,5

or is it different for these other clads?6

MR. POWERS:  I don't think it makes that much difference.7

MR. KRESS:  At a higher burn-up, there would be more8

internal gas generated and probably a higher -- 9

MR. POWERS:  No.  The gas is dominated by the fill gases.10

MR. KRESS:  Oh, that's right.11

MR. POWERS:  The fission gas constitutes about -- I can't12

remember for one isotope.  It's a few percent of the total gas.13

MR. KRESS:  Yes.  You're right.14

MR. POWERS:  The rest of it is the helium fill gas.15

MR. KRESS:  Yes.  That's right.16

MR. BOYACK:  Tom, you might just a be a little bit too far17

from the microphone anymore.  18

MR. KRESS:  Sorry about that.19

MR. BOYACK:  And if you go outside the gate, you're20

definitely too far.  21

MR. GIESEKE:  He doesn't have anything important to say.22

MR. KRESS:  Sorry about that.  23

MR. BOYACK:  So let me check back here with the NRC for24

that.  We're struggling given the phenomenology to come up with a25
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characteristic time.  Dana says, well, there's a way to go through a process and1

come up with that, but that would not be in this meeting.  And I'm not sure.  I2

haven't heard from the rest of the panel that they've said, yeah, that sounds all3

right to me.  4

MR. KRESS:  Well, let's take Dana's two markers.  One of5

them was when the first fuel fails compared to when the last one, the cladding,6

fails.  And I think you said you looked at that and that's only like 20 seconds or7

something.8

DR. NOURBAKHSH:  The duration between the peak and the9

core average is about 30 seconds.10

MR. KRESS:  Yes.  So that doesn't sound like a good choice11

for a marker.  The other choice he said has to do with how fast you12

depressurize the --13

MR. POWERS:  First of all, I didn't understand what code14

you're talking about.15

DR. NOURBAKHSH:  Just using the STPC code he talked16

about.  17

MR. POWERS:  The problem is that is uniform data.  And we18

need to have one that has good heat velocities on it.19

MR. KRESS:  So it may be longer, a lot longer.20

DR. NOURBAKHSH:  It's going to be longer.21

MR. POWERS:  Yes, I think -- I know the guy who is doing22

moat work didn't pay attention to rod ruptures, I mean, because it's a trivial23

event compared to a severe accident.  So I'd just ask him what is the tank24
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temperature.  Twelve hundred F for the rupture temperature, 800 degrees1

centigrade?  Something like that.2

MR. KRESS:  Yes, I think that's what it is.3

MR. POWERS:  Something like that and just ask him how4

that progresses across the --5

MR. TINKLER:  Oh, it takes awhile.  6

MR. POWERS:  I think it takes awhile.7

MR. TINKLER:  Now this is not for double-ended pipe break?8

9

MR. KRESS:  No, no, no.10

MR. TINKLER:  For a double-ended pipe break, where you11

empty the whole vessel quick, the differential is not quite as -- I'm not saying12

it's 30 seconds, but for us, where we slowly boil down, it takes -- oh, it probably13

takes over a half an hour to propagate fuel failures from the high-power rings14

to the lower power rings.  In the calculation I showed you, ring one fuel failure --15

we use 1000 degrees C typically as our marker for cladding failure. 16

From ring one to ring two was about 20 minutes and that17

wasn't -- ring three takes another 10 minutes.  So we're talking pretty close to18

25, 30 minutes.19

MR. KRESS:  What kind of sequence was it?20

MR. TINKLER:  This was a, you know, boil-down with a pump21

seal leak.  I mean --22

MR. KRESS:  High pressurization.23

MR. TINKLER:  High pressure.  So that we're at about -- this24

is with the pump seal leaks, we're at about half system operation.25
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MR. KRESS:  And if you've got a large break LOCA, it's a1

different kind of sequence.  That time is, like, seconds.  2

MR. TINKLER:  Well, it's going to be shorter but, you know,3

we still show that the lower powered stuff takes longer.4

MR. POWERS:  You've got a lot of peak capacity here.5

MR. TINKLER:  Right, it takes --6

MR. POWERS:  And you have substantial heat losses as you7

get out to the primary core.  Whether you've blown it down completely or not,8

you still have those heat losses.9

MR. TINKLER:  Yes, you're right.  The periphery of the core10

takes longer.11

MR. POWERS:  And, in fact, I suspect that, if we'd look, we'd12

find out that the completely outside one takes forever.  You know?  So you say,13

okay, I'll take 80 percent of it or something like that and I calculate that time for14

my representative accidents.  If I wanted to do low pressure accidents with a15

double-ended guillotine pipe break, that's going to tend be an adiematic heat-16

up in the center and somewhat lower on the inside.  But I get a time and that's17

the duration of the gap that is occurring all the time, if that is long compared to18

the depressurization time in the first place.19

MR. KRESS:  I think it probably is.  I guess.20

MR. POWERS:  My guess is it is.  But, clearly, the21

depressurization time can go from zero to infinity depending on permeability of22

essentially six feet of annulus.23
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MR. KRESS:  But the first one you talked about was the1

difference in failure time at different locations. It's a lot easier to get your hands2

on --3

MR. POWERS:  Well, they're the calculational tool.  They're4

going to tell us how it is.5

MR. KRESS:  Yes.  So I'm leaning in that direction because6

it's a lot easier to get your hands on, and it makes as much sense as the other.7

MR. POWERS:  And if somebody wants to make an8

argument for how to change it, there's a good technical basis for deciding how9

to change it.  Okay.  And it does not depend on a fairly difficult measurement,10

which is the permeability of the gap.  I mean, that just turns out to be a fairly11

difficult thing to do.  Okay.  That's how I would set the time.12

The more interesting question that comes about is:  What13

gets released during the gap release?14

MR. KRESS:  That's the next session.15

MR. BOYACK:  That's the afternoon session.16

MR. TINKLER:  Remember, this is the source term to the17

containment.  The timing should -- to the extent you care about that.  But then18

it's still the duration of release to the containment.19

MR. POWERS:  I understand that, but I can't get to the20

containment until I know what came out of the rod.21

MR. BOYACK:  Can somebody help me with the wording on22

duration here because there have been a lot of words said.  But basically what23

I think we're moving towards is the statement that it's the duration in which the24
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propagation of fuel failures being at the high-power region moves out to the1

outer periphery of the core, and that constitutes this period of time.2

MR. SCHAPEROW:  That's right.3

MR. TINKLER:  But there were a couple, two measures.  The4

other measure is how long it takes to depressurize, blow down, the rod.  5

MR. GIESEKE:  I think that's going to be short.6

MR. POWERS:  Well, my suspicion is that's short.  I'm not7

going to know until I actually look at the number.  I mean, I don't think it's a8

difficult calculation once --9

MR. KRESS:  Once you've got this permeability.10

MR. POWERS:  -- once I have the permeability.  And I11

actually think somebody has measured that.  I just can't remember the number.12

MR. TINKLER:  And we're confident that we know that13

rupture area?14

MR. POWERS:  It doesn't matter.15

MR. TINKLER:  It doesn't matter?16

MR. POWERS:  It doesn't matter at all what the rupture area17

is because, I mean, it's chock full through a coarse medium and I'll take half of18

the rod length.  On the average, the rupture is going to be about halfway up the19

rod, on the average.20

MR. KRESS:  Two-thirds of the way.21

MR. POWERS:  Two-thirds of the way, okay.  So it's four feet22

-- you know, it's depressurizing through an annular region that just doesn't have23

a whole lot of flow on the floor area.  I really don't care what the rupture size is.24
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MR. BOYACK:  Well, let me try this wording then.  The1

duration of time -- I guess it's the largest.  Is that right?  Is that the original2

statement?3

MR. POWERS:   I do think on the first one you do need to4

look at the calculations because that outer ring, outermost ring may not fail.  I5

mean, at TMI, it never failed.6

MR. KRESS:  Right.7

MR. POWERS:  It didn't ever fail.  So you have to take some8

judgment and say okay, at what point do I say enough.  But I think that's pretty9

obvious from the results of the calculation.10

MR. BOYACK:  So the time for HP rod failures from the first11

in the high-power region to the highest in the low-power regions are --12

MR. POWERS:  It's not power regions; it's distance from the13

center of the core because you can actually have more power being generated14

out there than in the center.15

MR. BOYACK:  Okay.  From the center of the core to outer16

periphery?17

MR. POWERS:  Yes.18

MR. BOYACK:  Okay.19

MR. POWERS:  It has to do with heat velocity.20

MR. BOYACK:  Yes.  So if I declare, Let's go to lunch, would21

anybody disagree with me?22

MR. POWERS:  You don't have the criterion for deciding that.23

MR. KRESS:  What kind of criteria do you use to make that24

decision?25
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MR. BOYACK:  That we're at a break point and it's within my1

interval for lunch time.2

(Laughter.)3

MR. POWERS:  Well, maybe in that case, he does have the4

criteria.5

MR. KRESS:  It's a top-down analysis.  We like those.  6

MR. BOYACK:  Well, it was quick, right?  It was a two-part7

event.  So let's come back at quarter to one.8

(Whereupon, at 11:53 a.m., a luncheon recess was taken.)9
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AFTERNOON SESSION1

(1:00 p.m.)2

MR. BOYACK:  Let's go ahead and begin.3

Okay.  Here's where we are.  We've gone ahead after4

discussion.  We've had duration by way of the markers, how to go through it,5

although we don't have the explicit time.6

And now, basically, it's my understanding and thought that7

what we'd do is, for gap release, have the discussion starting with noble gases8

and coming down.  Unless there's some reason for another order, I'm just9

going to go in the order in the table here.  And again what we would do is go10

ahead and fill in the similarities or differences and see where that takes us.  11

So that's the approach, and let me just quickly ask before we12

get started, since this is the first time through it:  Is there any reason to do13

anything other than just go in the order that's in the table?14

MR. GIESEKE:  From the bottom up, right?15

MR. BOYACK:  Yes.  Okay.  Well, with that then let's go16

ahead and --17

MR. POWERS:  Did you have a criterion in deciding to go18

from the bottom to the top?19

MR. GIESEKE:  Tom's in charge of criteria; isn't he?20

MR. POWERS:  Oh, okay.  21

MR. KRESS:  I think you ought to just do the whole thing at22

the same time.23

MR. GIESEKE:  I want to know what we're doing with these24

"Nobel" gases, by the way.  25
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MR. BOYACK:  Well, how about that?  By the time we get to1

the end of the day here... See, that's his chance to go ahead and work me2

over, and we're getting the right atmosphere going here anyway.  3

MR. GIESEKE:  We know he's not a chemist, okay.  We've4

clarified that one.5

MR. BOYACK:  That's why we have spell checkers, but it6

wouldn't do too good on this one.  7

Okay, the noble gases.  Is it easiest to start by focusing on8

the differences between the fuel at 40 gigawatt days per ton and high burn-up9

or the similarities?  It doesn't matter to me, just whatever works for the panel.10

MR. GIESEKE:  The gases are the same for the two, that's11

for sure.  12

MR. KRESS:  I think at high burn-up, the noble gas13

inventories will increase so there will be more of them to release.  14

MR. BOYACK:  And is there a reason why?15

MR. KRESS:  They'll decay.  Half-life is so long that they16

haven't reached equilibrium.  And so as you increase the burn-up, you increase17

the number of fissions and the number produced.  But I don't think the noble18

gases reach equilibrium during the --19

MR. POWERS:  No.  I don't think so either.  They burn -- you20

have to worry about that burning that a little bit in the fuel. 21

MR. KRESS:  So the amount of quantity of noble gas that's22

available for release has probably increased. 23
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MR. BOYACK:  Okay.  And the good thing is I won't write the1

rationale down here, but we do have it in the record, and we'll pick that up.  So2

the statement I have is that inventories have increased. 3

MR. POWERS:  Well, I understand they increase not just4

because there's more pumped in there but because there's restructuring of the5

fuel. 6

MR. KRESS:  More of its gotten out.7

MR. POWERS:  Yeah.  It's a lot more; it's not just a little bit.8

It's not proportional to the burn-up. 9

MR. BOYACK:  So basically what you're saying is there's a10

significant increase, large.11

MR. KRESS:  Dana's seen evidence of 20 percent of the12

inventories, where we've been thinking five, usually. 13

MR. POWERS:  I mean, it depends a little bit on which14

isotope you're talking about.  The short- lived ones don't really go up at all.15

They're born in the grain; they just never get there.  16

MR. BOYACK:  And your reason, the second reason that led17

to not just a small increase but a larger increase other than long life was what?18

MR. POWERS:  Fuel restructuring.19

MR. BOYACK:  Fuel restructuring.  Okay.   Anything else?20

Oh, this is going to be quick.  We'll be done here by the time we get to 3:00.21

We may be able to leave early.  22

Okay.  Noble gases.  So the next question I have is there was23

a .05 gap release here which is what we're about.  So is this the type of thing24

where at this point you're prepared to go ahead and, based on your expertise25
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and experience, say it's going to be not .05, but it's going to be some other1

numerical lag?  Or should we just at this point list the differences and2

similarities and then go on, just pluck the database, if you will?3

MR. KRESS:  Well, the problem is the .05 came out of a4

database for how much was in the gap.  We don't have such a database for5

high burn-up fuel.  There's some evidences like the .2, but I don't know if we6

have the same extended database to make that judgment.  And so I'm not sure7

and it's difficult to quantify the things that the term what is actually in there.8

And these things like fuel restructuring and what effect it has on it and the9

increased inventory. 10

MR. BOYACK:  This is a good place to stop and have an11

overview discussion just for a moment.  Because if we go ahead and get this12

discussion in hand, it will tell me where to go and then I won't spend time going13

down fruitless pass.  14

The basic question is this:  As we started this activity, and you15

remember my objective statements, it was to go in and to mark up Tables 3,16

6, 12 and 13, meaning that there would be different numerical values.  It's not17

clear whether that was achievable or not, but that was the stated objective.18

Then the rest of that was, to the extent that the panel was not able to do that,19

that we identify what else needs to be done.  20

And so is it your -- so this is the first case where we basically21

came up.  There's some fairly straight forward statements that say, okay, we22

know that it's going to increase so we know the trend.  There is going to be a23

higher release fraction, but maybe not enough to go ahead and make a24

statement about how we would mark up the table.  25
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So I'm going to ask this question, sort of a bottom-line1

question.  Do you foresee any circumstance where in any of the tables we2

would be able to replace -- either just accept the existing number or replace it3

with another4

number?5

MR. POWERS:  Yep.6

MR. BOYACK:  Okay.7

MR. POWERS:  I think that at our December meeting, I would8

be in a position to give you replacement numbers for the gap release. 9

MR. BOYACK:  Okay.  So if the others felt that way, then10

what that would tell me is that what we ought to do is for the rest of this11

meeting we ought to just focus on the similarities and differences and any12

actions, and that's how we would proceed with the rest of the meeting, with that13

idea that when we came back in December then we would try to go ahead and14

deal with the values.  Good.  That's helpful to me.15

Okay.  On noble gases, is there anything else?  You'll notice16

the spelling.  The spell checker doesn't work.  A lot of critics here.  And I'm17

particularly worried about Tom.18

MR. KRESS:  The old pot-kettle syndrome. 19

MR. POWERS:  I'm only going to deal with krypton and20

xenon.  I'm not dealing with the "noble" gases.21

MR. KRESS:  He's still on your case.  22

MR. BOYACK:  The problem with coming in and facilitating23

like this is you reveal all your ignorance very quickly.  Poor John.24

Okay.  Halogens, right?25
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MR. GIESEKE:  I have a question about all the new numbers1

that are going to appear in December.2

MR. BOYACK:  Yes.3

MR. GIESEKE:  Where are these coming from?  Other than4

the one Dana has offered to deal with, if they show up --5

MR. BOYACK:  In any case it seems to me that there's a6

reasonable process here, and the process is let's just talk about the trends and7

similarities and dissimilarities.  But it appears to me like we're just going to be8

doing dissimilarities.  Let's talk about the trends, and even that information on9

trends I think is useful, and then what Dana says in one or more -- he just10

volunteered for 11

one.   He believes that he can collect enough additional information to come up12

with a number, and you get the rest.13

MR. GIESEKE:  Oh, good.  I'll paint a picture to show all of14

you.  15

MR. BOYACK:  Paint by numbers?16

MR. GIESEKE:  Yes, I paint by numbers.17

MR. BOYACK:  Just the odd numbers.  18

MR. GIESEKE:  I was wondering if the question was intended19

to suggest that maybe in some cases there are assignments.  They're not our20

assignments that we can take back on, I don't think, other than what Dana has21

offered.  I have no mechanism for generating numbers.22

But do we want to identify where that information comes from23

or suggest it, or just make sure you make a list and hand it back to the NRC so24
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they will provide us with all then numbers come December, the code runs or1

whatever you want?2

MR. BOYACK:  I think the structure that seems to me to work3

is this:  That we're going to go through this discussion of dissimilarities and4

trend lines.  In this particular case Dana said -- well, dissimilarities, trend lines5

and information needed; three things.  And in this case I think I can generate6

it, but in other cases he's not going to do that, you're not going to do that, none7

of the panel numbers.  Then at that point I think it really comes back to NRC,8

either short-term or long-term, to do something with it.  9

Do you have any objection with anything I just said?10

MR. SCHAPEROW:  No.  That's fine.  I think we would be11

very hard pressed to do much notebook calculations right now.  We're right in12

the middle of the work on revising the hydrogen rule.  13

MR. POWERS:  What would be really --14

MR. SCHAPEROW:  Or in this case it would be the15

calculations that the SPNL does for us typically with migration out of fuel.  We16

actually have that number, and, as Dana points out, they are very dependent17

on which isotope you're talking about. 18

I think the Reg Guide recognizes that.  If you look at the Reg19

Guide, Propenity-5 is like 30 percent.  The other ones are ten percent or five20

percent.  So that's a possibility.  We don't have the fuels people here.  I can21

speak with them to see if they can do anything in the next month or two.   That22

is a possibility.23

MR. POWERS:  What would really be useful to get is an24

origin run for 33, 60 and 75 --25
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MR. SCHAPEROW:  That's something that's quite doable I1

think.  We do have people on staff in our branch that can handle that.  2

MR. KRESS:  Because we can't actually do that in our head,3

because it's a balance between the decay rate and the production rate.  4

MR. BOYACK:  Why don't you, just for the record, go ahead5

and repeat that so that we can hear it, Jason?6

MR. LAVIE:  I was just pointing out that Carl Beyer of PNNL7

did a series of origin runs to support the Environmental Impact Statement by8

taking a fuel to 62.  They did runs all the way up to I think it was 85 in the origin9

runs.  That's already published.10

MR. BOYACK:  That's published and -- 11

MR. SCHAPEROW:  That's PNNL.12

MR. BOYACK:  Is there any way that you could get us the13

citation for that?14

MR. LAVIE:  Sure. 15

MR. BOYACK:  Okay.  Before we leave today or if we need16

to just have it e-mailed to me.17

MR. LAVIE:  I can e-mail it to you.18

MR. BOYACK:  Okay.  Because that sounds like --19

MR. LAVIE:  I don't know it off the top of my head.20

MR. BOYACK:  That's the information you're interested in21

receiving; is it not?22

MR. KRESS:  But that's just a start because we'll need to23

know how the various fission product species diffuse through the grains and24

then go to the gap.  And that's balanced by the decay rate, and you end up with25
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an equilibrium value for each fission product which is different because their1

diffusion coefficients are different, and they're decay rates are different.   2

And, again, to some extent that depends on the nature of fuel3

because there's a diffusion pathway in there which may change fuel4

restructures.  But there are codes.  I think FRAPCON deals with that.  In order5

for us to come up with a number for each fission product species in the gap,6

somebody needs to exercise that kind of model.  I don't know if we can do it7

ourselves or not.8

MR. SCHAPEROW:  Let me clarify our previous response.9

Carl Beyer did the origin ones up to 85.  He did FRAPCON ones up to 62.  He10

wouldn't do FRAPCON ones beyond 62 because there was no data to11

benchmark the code beyond 65. 12

MR. KRESS:  But even that would be useful to us. 13

MR. BOYACK:  So that would be a start.  Now, the question14

is since we're now talking about both origin and FRAPCON runs that have been15

made, all documented, although FRAPCON doesn't go as far, are you seeking16

additional information about that?17

MR. KRESS:  I think that, if I had that information, it could18

probably be sufficient to make some judgments on how much I think is going19

to be in the gap even though they didn't go up to the full 75.  At least they've20

got a trend there.  21

MR. BOYACK:  So this is a PNNL report.  The author was?22

MR. SCHAPEROW:  Carl Beyer.23

MR. BOYACK:  Carl Beyer.  And it had an origin and24

FRAPCON run, and it went up to 85 on the origin and --25
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MR. SCHAPEROW:  The FRAPCON is 65.1

MR. BOYACK:  Sixty-five.  Okay.  So we got that listed.2

There's an action and what we'll continue to focus on here for the rest of this3

meeting is for each of the fission products the differences, any trend4

information we think that we have, and then any actions, short- or long-term.5

Short term would be for next meeting; long term would be things that may or6

may not resolve themselves by the time we finish up and prepare our report.7

8

Okay.  So let's move onto the halogens.  9

MR. KRESS:  I think they're all the same.  We need the same10

calculations for every fission product species group. 11

MR. BOYACK:  Okay.  Now, that's as far as what you have12

by way of needs, right?13

MR. KRESS:  Yes.14

MR. BOYACK:  So do you have any -- I'll call them insights.15

That's better than speculations.   -- insights, as you did on the noble gases,16

about either differences or trends?  The actions I understand will be the same.17

We'll accomplish that with one document.  18

MR. KRESS:  They all increase.19

MR. BOYACK:  Okay.  20

MR. POWERS:  It seems to me that if I think about if I start21

with the alkali metals and I say, look, I have a certain vapor pressure in the gap22

at the time the release occurs.  That vapor pressure typically is not going to be23

too high, okay, because it's trying to gravitate toward the lowest vapor pressure24

species that it possibly can within the gap.25
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The reason I get release of that material is because I flow gas out. 1

In the high burn-up fuel, why would the species producing the2

vapor pressure of -- I'm thinking about alkali metals and not about the halogens3

because they're a little more complicated.  Would that be different than I would4

have at a low burn-up one.  Well, it's not obvious to me.  It might be different5

because of the different clad.  6

I know that Kleykamp, when he looked at the speciation in the7

gap, saw cesium-zirconium-tin compounds.  If you don't have any tin, then8

you're not going to have any cesium-tin-zirconium compounds.  But suppose9

it's about the same and the vapor pressure is about the same and the gas10

that's going to flow out is about the same, why wouldn't the release fraction for11

the alkali metals be about the same as what we observed for low burn-up12

fuels?13

MR. KRESS:  I think the amount that is in the gap is well14

below the what you would have in equilibrium with this vapor pressure.  There's15

not that much in there, and what is there is sort of determined by the16

competition between decay rate and how it gets out of the fuel inlet gap, and17

maybe even some of it condenses on the surfaces, but I think the temperature18

there is hot enough and the partial pressure of those spaces in the gap is well,19

well below that that you have for the vapor pressure.20

That's sort of how I would view it, but I'm not sure I'm correct21

on that.  If you actually had then at their saturation vapor pressure for the inside22

temperature of the clad, I think you'd have a lot more than what we generally23

release out there.  24
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MR. POWERS:  What you are saying is that it's not saturated1

in there.  There's no second phase --2

MR. KRESS:  Yes.3

MR. POWERS:  -- at temperature.4

MR. KRESS:  Yes.  I think that's the case.5

MR. BOYACK:  Now, you're using alkali metals as your6

thought process right now; are you not?7

MR. KRESS:  Yes.8

MR. BOYACK:  So why don't we just continue on with that9

one for a minute.  10

Dr. Hidaka, do you have any comments about the alkali11

metals and any differences as we go to higher burn-up that you would care to12

offer?13

MR. HIDAKA:  At the present time, no. 14

MR. BOYACK:  Okay.  If you feel you do, please do.15

MR. POWERS:  Okay.  Well, I guess the question I would16

ask is:  In the NSRR test where they've looked at reactivity transients and17

they've gotten gas releases, noble gas releases, were they able to get anything18

on the cesium and iodine releases in those experiments?19

MR. HIDAKA:  I'm not so familiar with the NSRR experiment,20

but they only focus on the gas releases.21

MR. POWERS:  That's what I thought.  Yes, I'm not aware22

of any gap release data for the metals or for the halogens for high burn-up fuel.23

24
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Now, what Tom is suggesting is that we're not saturated, and1

he could be right.  It would be an interesting exercise to go through and see2

what the saturation partial pressure is for the compounds that Kleykamp has3

identified in his x-ray defraction study of the gap.4

MR. KRESS:  Yes, that would be an interesting exercise.   5

 6

MR. POWERS:  Because, clearly, there are very few cesium7

compounds that have low vapor pressures at a 1,000 degrees centigrade, but8

there are some.  And one of the classics is the zirconate and it's really very9

subtle.  It's surprising.  This is what fools the amateurs in thermodynamic10

calculations, is that you can pretty easily get thermodynamic data for cesium11

zirconate, CS-20OO3, you can find that.  It's not in obvious sources, like12

JANAF Tables or things like that, but you can place it.  13

There's a whole series of compounds which are CS-14

2ZRNO2N plus 1 and n can go up to 13.  And the vapor pressure, the activity15

in cesium in those compounds goes down as that n goes up, and so you have16

to figure out which one of those series that you actually have and have to look17

at the phase diagram. 18

Somewhere in the bowels of the planet, I actually have that19

data, so I presumably could do a calculation on those.  The cesium stanates.20

Somewhere I believe that there are thermodynamic data on those.  I just have21

to look. What I don't know is if there are any cesium niobates.22

Now, I believe there are two or three papers in the literature23

on cesium release from high burn-up fuel.  What I can't remember is whether24

they did the gap release. 25
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MR. KRESS:  It would be interesting to see some data.1

MR. POWERS:  I'll try to find those.  I'm almost positive I2

have the cesium zirconates and I may have the stanates, and if I do the3

calculations are easy to do.4

MR. KRESS:   If I had one piece of data on one of the5

species like cesium, for this high burn-up fuel to have this much cesium in the6

gap, I believe one can use that piece of data to make a pretty good guess7

about what all of the other species are, they're content.  But by using the model8

I was talking about that's in the codes, what that does that calibrates your9

diffusion end rate because you know the cesium decay class.  And if you10

calibrate that diffusion end you can use -- for the other species, that calibrates11

the diffusion pathway to some extent.  12

You can use known values for the diffusion co-efficiency and13

things and if you know what their decay co-efficient is, you can use that to14

make a good guess of what the other species -- how much the burn-up will15

change the quantity of the other species in the gap.16

Don't you think you can do that, Dana, if you had one piece17

of data to calibrate, to tell you something about that diffusion pathway?18

MR. BOYACK:  Dana's talking about several data sets,19

cesium, etc.  Is that the type of data you're looking for?  Is that the data that he20

fed into a code?21

MR. POWERS:  He needs an inventory.  22

MR. KRESS:  I need an inventory, too.23

MR. POWERS:  If he had an inventory then what he's saying24

is that essentially he has a quasi- static equilibrium.25
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MR. BOYACK:  Okay.  And what does it take to get the1

inventory?2

MR. KRESS:  Calculations.  We're getting those from the3

origins. 4

MR. BOYACK:  That's the same document?5

MR. KRESS:  Yes.6

MR. BOYACK:  Okay.  7

MR. KRESS:  And I need some of this data that Dana's8

talking about for what's actually in the gap for at least one species like cesium.9

Then I need to do a lot work on looking at the fission co-efficients.10

MR. POWERS:  Well, you don't really need that.  If you had11

an inventory and if you know a generation rate, decay rate, you can infer a12

fission rate.   And you kind of calibrate that diffusion rate so you wanted to do13

small --14

MR. KRESS:  I don't think they're all in equilibrium though.15

The short half-life ones are for sure.  If you have a long half-life one, the16

amount in the gap is kind of governed by how fast you can get out there.17

MR. POWERS:  What I can guarantee you is that you are18

going to get no inventories for short half-life ones.  19

MR. KRESS:   Yes.  None for short and somewhere in20

between there's an equilibrium of a half-life and then somewhere for long half-21

life, it's just governed by the rate you can go in and the time it spends.  So I22

don't have -- I'm not sure how to make the whole calculation, but what I'm trying23

to do is figure out how to characterize the diffusion pathway and I can do it if24

I  c h a r a c t e r i z e  t h i s  s u c c e s s f u l l y .  25
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MR. BOYACK:  Okay.  With respect to differences, I haven't1

really heard or picked up or understood if there were any dialogue that says at2

this point we know what the differences are.3

MR. KRESS:  They're all going to increase.4

MR. BOYACK:  All?  Okay.  5

MR. KRESS:  Is my opinion, because everything that burn-up6

does to it tends to increase it, I think, because it creates an easier pathway for7

the stuff to get out.  It increases the driving force by the inventory being8

increased, and it doesn't change the decay constants.  So I think it's pretty plain9

that the gap release is going to increase for every one of the fission products.10

11

MR. BOYACK:  Oh, okay.  So it's going to be across the12

board.  13

MR. KRESS:  Yes, they don't have much. 14

MR. BOYACK:  And I need an eraser.  That doesn't work too15

good.  And the actions I've heard are, Dana, you're going to go back and look16

for the data on the one, at least the minimum of one specie and everything you17

can find.  This is for the alkali metals. 18

And then, Tom, assuming that's found, and I hear you say19

that you'll combine that with the information from the Beyer report? 20

MR. KRESS:  Yes.  I'll take a look at how it's developed and21

the methodology and the equations to combine that with the inventories to try22

to at least estimate how much each will increase.  23

MR. BOYACK:  Okay.  So that was the alkali metals.  You24

can sort of see this building up here at the bottom.  What it said is that Dana25
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will look for one specific specie, one specie in the group data.  Tom will1

combine with info in the Beyer report, estimate amount of increase.  2

Down here in the corner here I have the Beyer report called3

out.  We'll get that information as soon as possible, and up here all will increase4

with the burn-up, easier pathway, increases potential.5

Anything else that occurs to you?6

Okay.  Are we able to go back to halogens now?  At some7

point if you want you can just refer me to statements that I've already made in8

any of the other information, but Dana took us to alkali metals because he9

thought that that would help him to slip in the larger picture I presume.  What10

about halogens, differences?11

Okay.  Differences.  Now, I basically heard a standard12

statement on differences; is that correct?  That is it's going to be able to13

increase with burn-up?  Now, if it turns out that there are -- I'm just going to put14

standard statement.  15

MR. KRESS:  Very low volatile materials.16

MR. BOYACK:  Then we ought to come back --17

MR. KRESS:  A general statement because their release rate18

could depend on the oxide potential.  I'm not sure you can always say they're19

going to increase.20

MR. BOYACK:  And that's fine, because we'll take these one21

at a time then.  I'll the ask the question but then you'll direct me otherwise.  So22

the difference is the trends.  23
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Is there any additional action required here or by the time1

we've worked through, I guess, the halogens, tell me are there any actions that2

are required?3

MR. KRESS:  I can do the same thing for the halogens. 4

MR. POWERS:  What you've got to do is understand if the5

iodine there is always present in the gap. 6

MR. KRESS:  I've always assumed it was I-2.7

MR. POWERS:  Okay.  It can't be I-2.  Too hot to be I-2.8

MR. KRESS:  That's right.  I, I mean.  And there is some9

evidence to that and that's important because it gets born as I in the fuel and10

that determines its diffusion characteristics out of the fuel, but that's the first11

assumption I would make and treat it as I. 12

MR. POWERS:  Is there a reason for it not to be I?13

MR. KRESS:  Well, yes.  It's too hot for it to be cesium.14

There's more cesium there.  It could be cesium iodine, but I think it's too hot for15

that.16

MR. POWERS:  It's not especially hot at this point in time, is17

it?  18

MR. KRESS:  It's operating temperature.19

MR. POWERS:  Well, it's a 1,000.  At gap release time, we're20

maybe at a 1,000 degrees centigrade.21

MR. BOYACK:  While you guys are on that, I haven't quite22

decided whether there's anything that I've heard that I recognize as something23

that should go down, but the discussion just a while ago was a form of iodine?24
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MR. KRESS:  Yes.  My view on that is I don't really much care1

what form it is in the end because what I'm doing is taking the form that exists2

in the fuel itself and diffusing it out to the gap and then balancing that by decay3

in the whole process, and decay in the gap.  And so the transport mechanism4

is for the species that exists in the fuel not in the gap, and once it gets in the5

gap it can do whatever it wants to, the way I look at it.  6

So I'm interested in what kind of species it is in the fuel that7

governs the fission characteristics.  8

MR. POWERS:  Well, I think it makes a difference once you9

go into the core structure. 10

MR. KRESS:  It could if that's an important part of the11

diffusion pathway and I'm not sure whether it is or not.  It may very well be.12

Yeah, it definitely would make a difference there because when it gets into13

there it's going to be the same species it is in the atom.  It may change species.14

But my guess is getting out of the grain is causing the controlling pathway in15

terms of mass transport rates.  16

MR. POWERS:  You mean in the course?17

MR. KRESS:  Yeah.  Getting out of the grain into the course.18

Of course, it's born into where the uranium is.  It gets out there. 19

MR. POWERS:  The core length has changed, hasn't it, by20

the grain size change?21

MR. KRESS:  Yes.  That's one reason I've got to have a22

calibration of that by one species. 23

MR. POWERS:  Yeah, at least one species that --24

MR. KRESS:  Just to what that effect is. 25
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MR. POWERS:  See what the core length is.1

MR. KRESS:  Yes.2

MR. BOYACK:  Let me stop for a minute here. 3

MR. KRESS:  Sure. 4

MR. BOYACK:  We're having a hard time with the record. The5

question is:  Is there a way to deal with this.  One of the ways is that you don't6

lean back as much and you move up closer to the table and you have your7

discussions so that we can capture it.  Just raise the voices.  8

MR. KRESS:  We understand your problem.  We'll try to do9

better.  10

MR. BOYACK:  At this point basically all I've heard is that11

there's a standard statement for increase.  You're going to -- I guess the action12

for the alkali metals are the types of things you're going to do here also?13

MR. KRESS:  Uh-huh.14

MR. BOYACK:  And then I think we'll just go on to page 2,15

which looks like this.  So we're on to the tellurium group, and one of the things16

that I'm hopeful to do is to just keep moving on, and to the extent that we're17

able to get an early in-vessel for instance that would be of value to us at this18

time.  19

MR. SCHAPEROW:  I'm sorry.  Before you go on there's one20

issue that really wasn't discussed was the idea of having a retention in the21

RCS.  I don't think we really -- that really didn't enter into the original NUREG-22

1465, but maybe is it appropriate to consider that besides just a release from23

the gap?  Things are pretty cold still out in the RCS.  It seems to be that would24

be a chance for traffic.25
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MR. KRESS:  For the gap releases?1

MR. SCHAPEROW:  Yes.  I don't know what your2

experiences are in that vein.  Especially Jim, I guess you've had a lot of3

experience with trap melt and those types of calculations.  This is pretty early4

in the sequence and things aren't really heated up at all.  5

I mean, Dana's already mentioned that -- Tom's also already6

questioned was the stuff going to be all vapor yet or not.  Once it gets out of7

the system it's going to be colder even.  8

MR. BOYACK:  Because these are releases into the gap.9

MR. SCHAPEROW:  Yeah.  And actually what BOA has done10

in developing the NUREG-1465 is they just went back and said well what's in11

the gap.  That's the way I read it at least.  Maybe the floats are so fast it doesn't12

matter.  I mean it just gets all swept out, because early on you might also have13

pretty high flows too.  14

I wonder if the Committee wants to consider that or not.  15

MR. BOYACK:  We can consider it as long as there's an16

indefinite infinite time to spend on this.  We can continue to consider as many17

things as you want.  So in the case of the situation here we've been literally18

replicating the process or NUREG-1465 in the sense of just focusing on it19

pretty much in the same way. 20

MR. SCHAPEROW:  Yeah, okay.  21

MR. BOYACK:  And well, I'm not saying I can't do it.  It seems22

to me that's a reasonable thing to employ is, or to seek is the additional23

knowledge of that uptake factors that would produce this.  I'm just -- so I24

understand the question I'm not sure about how to go about it. 25
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MR. SCHAPEROW:  Put it as a footnote for now and1

continue on.2

MR. BOYACK:  Maybe that's the thing to do.3

MR. POWERS:  What Jason raises is not a dumb idea by any4

means because it is true the flows are high and the concentrations of sufficient5

products are low.  But what's been recognized now maybe wasn't really6

appreciated thoroughly in the past was robusting control rods about this same7

time.  In fact, that may be even have preceded the gap release.  And so you've8

got a copious quantity of cadmium and indium aerosol in there which will9

collaborate with these things in giving concentrations high enough that you10

probably get some significant depositions really at a relatively high flow rates.11

MR. BOYACK:  Okay.  So what I've done here is that I've12

made a note, different color, but seek consider depletion factors.  I don't know13

what their appropriate term is, but depletion factors when it's safe to develop14

table numbers, and we'll see what we can do on that.  15

MR. POWERS:  There is on the order of 200 kilograms of16

cadmium?17

MR. KRESS:  Uh-huh.  What I would have to do I think is18

determine what temperature the control rods fail compared to what temperature19

the clad fails to assure myself that they're simultaneous events or to some20

extent they're simultaneous, and I'm not sure at this point if they are.  I have a21

question that the control rods failed at a high enough temperature that the gap22

had already been released before they start failing, but I'm not real sure of that23

either. 24
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MR. POWERS:  Well, I think he's right.  If I look at a1

particular region of the core.  2

MR. KRESS:  If you will look at it core wide --3

MR. POWERS:  A progression out here and you start getting4

the control rods busting in the center region at the time I'm releasing in the5

outer ring.  6

MR. KRESS: That can very well be. 7

MR. POWERS:  So you need to think carefully about this.  8

MR. GIESEKE:  Are we assuming that the cap release is9

almost instantaneous then?  We've almost said that in our definition that the10

duration by looking at the time to failure across the core.  If it ends when the11

last one fails then we take no account of times of release from that last failure,12

so we've essentially said zero.  Explicitly we've assumed that it's zero.13

MR. KRESS: Now you've got your problem child up there.  I14

don't know what to do with it. 15

MR. POWERS:  Problem child?  Oh.  Can we put in a16

regulation that says when they -- 17

MR. KRESS:  There shall be no tellurium.18

MR. POWERS:  -- fissions uranium you will not produce19

tellurium anymore?20

MR. KRESS:  Can you guys supply us a regulation?21

MR. POWERS:  You know, if you guys would just put a reg22

in that says you can't produce fission products.  23

MR. BOYACK:  We've discussed this a little bit, but would24

somebody just make a statement, because it's easier to find it if it's25
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approximate to the discussion on the transcript, what the problem with tellurium1

is.2

MR. KRESS:  The problem is it's pretty active with lots of3

things, lots of chemicals, species, metal inclusions, oxygen.  It may -- its4

chemical form in the fuel may very well depend on the oxygen retention locally5

there which is determined to some extent by burn-up and by the number of6

other things that are there that it could latch onto to.  7

So I have no way of knowing what its chemical form is.  I8

have no way of knowing what its volatility is, its diffusion characteristics and the9

only thing I know about it is probably a good idea of it being -- so I don't have10

to deal with it in terms of trying to figure out what it does and how it transports.11

MR. BOYACK:  Do you know relevant to the stand on fuel12

whether you're going to have more of it?13

MR. KRESS:  No.  I don't even know that.  I don't even know14

which way it goes.  15

MR. POWERS:  We are uncertain even with respect to slime.16

MR. KRESS:  That's right.  17

MR. POWERS:  The problem is that if it reacts with metal18

inclusions you've got more metal inclusions than high burn-up fuel.  19

MR. KRESS:  Yeah.  And that would tend to sequester it and20

make it less.  If it reacts with some of the oxygen that would tend to make it21

more volatile. 22

MR. SCHAPEROW:  We can't really get any lower than zero.23

The table has zero in it already, so is there any reason to believe it could be --24

MR. KRESS:  Oh, the table has zero in it?25
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MR. SCHAPEROW:  Oh, yeah.  Zero's for gap releases.1

Yeah, so --2

MR. BOYACK:  We'll work on that one in a second.  3

MR. KRESS:  We know which way it's going to go if it goes4

in.  We've got more information now than we had before.  If it goes anywhere5

it's going in.6

MR. BOYACK:  If it goes anywhere, yeah.  Okay.  That's7

good.  So let me ask a question.  You basically said we don't know what it is,8

so what does it take?  What would it take to get to the point where you can9

address this by way of either additional information currently available or10

future?11

MR. KRESS:  I think we need some data. 12

MR. POWERS:  It's really a problem of -- I can tell you13

exactly what information I need but I've got to be practical.  Can you get me14

that information, and the answer is no. 15

MR. BOYACK:  Okay. 16

MR. POWERS:  And the reason is that when you 17

have -- that you're interest in the gamma signals from anything else are so big18

they swamp it out.  Now, when we did the SFD Tests we were able to find a19

window, and it's not very long, literally minutes after you shut the reactor down20

that you can scan and see tellurium, and we did and unfortunately it hadn't left21

the fuel.  22

After any of the experimental work that I know of that's going23

on it's in the tellurium inventory -- it's got zero, it's just decayed away or you're24

just completely blinded by the cesium europium signals.   25
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MR. KRESS:  So what you really need is some actual data1

on how much tellurium is in the gap of high burn-up fuel?2

MR. POWERS:  Yes.  And I don't know, because by the time3

you can get to the gap you can't see it anymore.  I mean you're just completely4

blinded. 5

MR. KRESS:  I would have tried -- if I were trying to run the6

experiment I would try to infer from the amount of iodine and the speciation of7

the iodine how much of it came from tellurium affects.  That would be tough8

inference to make. 9

MR. POWERS:  Probably as most of the -- we were lucky.10

We had a configuration that allowed us to scan quick and we only do it on one11

experiment.  We lost the configuration after that.  I don't think anybody has a12

configuration now they can get to it before it's gone.  13

MR. BOYACK:  It has a very short half life?14

MR. POWERS:  It's not very short.  The problem is it's what15

88 hours?  It's 80-some hours, something like that. 16

MR. BOYACK:  So if it isn't that it's -- you refer to masking.17

It's --18

MR. POWERS:  Yes.  The cesium europium, cesium 137,19

europium 154 signals just completely blind you to it.  If you try to do a gamma20

spectrometer on it you just won't see anything except a -- 21

MR. SCHAPEROW:  Does that suggest that it's not important22

in outcome?23
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MR. POWERS:  It really is.  It's a pain in the neck, became1

I meant he tellurium itself is really very inconsequential.  It decays the iodine2

though.  3

MR. LAVIE:  On the duration of the gap phase it's only 304

minutes.  Can we create the significant quantity of iodine in that 30 minutes so5

it would be one of the small fraction of the iodine we're already assuming is6

there.7

MR. POWERS:  You're not losing -- from radiological8

consequences you haven't got a problem at all here with it.  I mean setting it9

at zero didn't cause you a headache at all.10

MR. LAVIE:  Right.  11

MR. POWERS:  It's just if you would like to actually have a12

number in there for aesthetic reasons it's very difficult to come up with a13

number, but the regulatory consequences of not having a number is zit.  14

MR. LAVIE:  Right.  I know.  So maybe the gap phase doesn't15

need to be an issue, but maybe something we need to visit when we get to the16

longer phase. 17

MR. KRESS:  It's an issue for me because I said I was going18

to infer how much iodine was in the gap to be released and a contribution to19

that comes from tellurium.  I can get the pure iodine part by the process but I20

can't get the contribution that's due to tellurium, if there is a substantial one. 21

MR. POWERS:  From a chemical point of view it's a small22

fraction.  From a radiological view it's the bad isotope of iodine.  23

MR. KRESS:  The tellurium is going to bet born in the fuel24

and it's going to move out maybe.  It depends on -- I don't know what it's going25
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to do, but assuming it moves out, and it's going to decay into iodine and it's1

going to part of the contribution to the iodine in the gap, and I don't know what2

the contribution is. 3

MR. POWERS:  It's similar --4

MR. KRESS:  And when I set --5

MR. POWERS:  Ten percent.6

MR. KRESS:  How do you know that?  I mean for high burn-7

up fuel I know that.  That's probably true for regular fuel, but I don't know --8

MR. POWERS:  Well, based on the inventories it's 109

percent.  10

MR. KRESS:  The ratio of the inventories?11

MR. POWERS:  Yes. 12

MR. KRESS:  Well, I can make that assumption and I could13

increase the iodine concentration I think that's in the gap by 10 percent and say14

I've taken care of the tellurium.  That would be one suggestion, but if the15

tellurium can get out a lot easier than that --16

MR. POWERS:  No.17

MR. KRESS:  You don't think it can?18

MR. POWERS:  I think the known mechanism, but exploring19

with vast --20

MR. KRESS:  And it doesn't get tied up with these?  The21

conclusion is it just exists as tellurium itself.  22

MR. POWERS:  Then it goes at the same speed.23

MR. KRESS:  Uh-huh.  It just goes at the same speed.  That's24

right.  It would be the same.  It's about the same.  So I guess that would be the25
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reasonable way to treat it then, just ratio the inventories and increase by iodine1

that I think is in there by that ratio, which would be a followed up value as within2

the uncertainty of what I'm doing anyway.  3

MR. NOURBAKHSH:  Can we get the physical upper bond4

for it, what is the maximum possible tellurium release?5

MR. POWERS:  Yes.  That's the method. 6

MR. NOURBAKHSH:  The reason that I'm saying just to be7

consistent with other releases we put a uniform distribution on it.8

MR. KRESS:  I'm going to put it right now my inclination9

would be to put zero in the table for tellurium and adjust my iodine a little bit10

upward, but not very much, to account for what the tellurium did.  11

MR. LEE:  Did we learn anything more tellurium?12

MR. POWERS:  Yeah.  It stayed in the fuel.13

MR. LEE:  It stayed in the fuel then?14

MR. POWERS:  Yeah.  I mean they're still seeing it in the15

fuel, but it looks like it moved around on them, but they go blind as well.  I16

mean they've got a worse problem in that they can't -- they have to scan way17

late.  I mean they're almost a year late.18

MR. KRESS:  That wasn't real high burn-up fuel though.19

MR. POWERS:  Well, it was 38 -- 20

MR. KRESS:  Thirty-eight.21

MR. POWERS: Thirty-eight K and the last one was 40-22

something, wasn't it?  23

MR. KRESS:  That's a long ways from 75.24



123

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. POWERS:  A long ways from 75, but nontrivial burn-up1

fuel.  2

MR. BOYACK:  So basically what I've heard is uncertain with3

respect to increase or decrease but note that the zero in NUREG-1465.4

MR. KRESS:  And I think we just call it a zero.5

MR. BOYACK:  Deviate the time problem with respect to6

correct measurement.  Then you have CC1370 and 154?7

MR. KRESS:  Yeah, that includes the isotopes that blind you.8

MR. BOYACK:  Signals mask so you don't go blind.  The9

case to iodine, during this time the iodine promoter source is much larger,10

contribution inventory, look at operations inventories.  And the ratio is what, the11

ratio of iodine to?12

MR. KRESS:  Iodine to zero.13

MR. POWERS:  There is only one isotope that can really14

interest -- I think it's the 131.15

MR. KRESS:  One thirty-one, I think it is.16

MR. POWERS:  Yes.  17

MR. BOYACK:  Is it TE?18

MR. KRESS:  TE, yeah. 19

MR. BOYACK:  Okay.  Now, these remaining four, you said20

tellurium was the wrong one.  Do we -- these are receivables on the others.  Do21

we actually literally go through these one by one?22

MR. POWERS:  Well, it seems to me that the way I would23

approach it is this way.  I believe the pressures are all low.  How do you release24

these materials?  When Lorenz and Malinowski did their studies at Oak Ridge25



124

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

-- and I recognize the challenges of attaching any voracity to things done in the1

hillbilly countries. 2

MR. KRESS:  I think it has to do with something called White3

Lightening.4

MR. POWERS:  But I think they are responsible in reporting5

what they observed.  Whether the interpretation was worth a damn or not a6

good question.  In every case when they popped a rod they saw fuel finds7

being blown out, and so now you have some fraction of fuel coming out in small8

parts and they have an inventory to them.  What do we ascribe that of being a9

gap release.  For a long time we said no, truno finds a release but these are10

finds in a gross sense, not finds in an aerosol sense.  They tended to be11

biggish sort of things.  12

However, the transportation people have been looking at13

these finds because they're worried about breaking rods in accidents.  So they14

went back and looked at the Lorenz work and they realized they couldn't15

interpret his cesium releases from breaking rods in terms of just a vapor16

release, and so they said gee if we try to interpret that as a mixture of particles17

and vapor where the particles in this case are of aerosol dimensions and they18

found out they could match them very well.  19

So what they were saying is that there is an aerosol20

component to this mechanical release now, and I think it would be worthwhile21

examining that to see if we wanted to change these more refractory materials.22

23

MR. KRESS:  It would be the inventory has the quantity of24

finds released for each one.25
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MR. POWERS:  Well, that's where it gets more difficult, and1

this is the same problem.  I mean this is nothing new.  This is vapor.  He says2

what do I do about these finds.  He worked with one meter rod sections as I3

recall, and the real rods 14 feet long or 12 feet long in some cases.  I guess4

they're 12 feet.  Some people want to go to 14. 5

Okay.  He has a ruptured end here.  He sees X grams come6

out.  Does that mean he takes four times X from the full rod or is it still X?7

MR. KRESS:  Yeah, good question.  8

MR. POWERS:  And I think most people in thinking about it9

it's not text, that you're not going to pull an aerosol part from the top of this rod10

and run it all the way down to this opening and out.  11

MR. KRESS:  And then on the other hand four times X is not12

what we're talking about --13

MR. POWERS:  Yeah, it's all kind of the same number.14

You're right.  That's a good point.  15

Well, it seems to me whether we end up putting in zero in16

there or not, because it's going to be a small number, it seems to be we ought17

to be responsible and give them some statement about these particulates that18

come out, because -- and the trouble is it's written in -- I mean Malinowski and19

Lorenz both reported it in papers that people can read.  And so then the NRC20

says okay, we better take the zero.  Somebody's going to say look that's not21

right because you're ignoring what's in the scientific literature, and even if you22

put the zero in the table and say for regulatory purposes we're going to do the23

zero because it's a small number, you ought to have a footnote to say well it's24
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not really zero, it's some other number but that's so small we can ignore it in1

the face of all these other carries. 2

MR. NOURBAKHSH:  Actually we put three times 10 minus3

5.  That's the Lorenz number for the (Unintelligible), and then we made it4

(unintelligible).  So in 4881 we put three times 10 minus 5, that's .003. 5

MR. POWERS:  Yeah.  And I think we have to do that.  What6

you have to do is come back now and say give that the fuel has restructured7

and you have this rim region of very fine grains, does the Lorenz number8

change?9

MR. SCHAPEROW:  I'm glad you raised this because this is10

something that we had -- Charlie Tinkler and I had discussed that before we11

started.  As you can imagine the people that deal with spent fuel are very12

interested with this type of thing and our initial thoughts to them were we're13

going to have enough trouble getting through the reaction to the core damage14

accidents and we weren't sure how we'd be able to tackle any of these issues,15

because I spoke with a man from equipment and whatever, and they were16

yeah, yeah, give us some numbers for those if you can.  What can you tell us.17

That's a good point though because it's all the same fuel.  18

MR. NOURBAKHSH:  But we looked at the same numbers19

when we developed.  I don't know whether it's the fuels or not but the same fuel20

pool developed sources as a part of that. 21

MR. SCHAPEROW:  We just weren't sure whether we'd be22

able to get through all of it. 23
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MR. NOURBAKHSH:  But the only thing one of the numbers1

change because I remember we looked at the saturation pressure of all of them2

and some of them the bonds may be a little bit more.  3

MR. BOYACK:  What was the docket number where you4

actually have numbers?5

MR. NOURBAKHSH:  It is a small group that worked on it,6

but it was recorded as a letter that we wrote to people who were doing7

shutdown.  I can give you the NUREG CR.  But for the -- I mean Lorenz work8

is there, what we reported it in 4881, NUREG-CR4881.9

MR. SCHAPEROW: We have nothing against pursuing it I10

just don't know how far we'll be able to go time-wise to get to try to accomplish11

the other things we want to do.  I think generally the NRC is very interested in12

that, the issue of going to high burn-up for these accidents where you just have13

fuel finds to burn, those types of events.     14

MR. POWERS:  I think the issue is really 15

-- well, there are other things that I know.  I know for instance that the fracture16

of the fuel -- as you go across the diameter and you come to the rim region it17

actually becomes more fractured tough and is after restructured than it was18

before.  I find that fascinating.  I mean why should this ceramic with more holes19

in it become more fractured tough than a ceramic that doesn't have holes in it?20

And the reason is real simple.  The grain structure is very, very fine and the21

holes are very, very big, and so any crack just gets totally blunted out by it.  22

So that suggests that maybe the rim region doesn't fragment23

up, and so we would expect no worse than what was observed for in the Lorenz24

experiments of low burn-up.  That maybe an upper -- on the particulate release.25
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I haven't looked at it enough to say for sure, but that's certainly the way I would1

start thinking about it.   2

MR. LAVIE:  With regard to the releases under containment3

though, anything -- 4

MR. POWERS:  That depends on the particle size.  When the5

release containment was zip.  Now we recognize there were probably smaller6

particles than that.  Now you come back to exactly the -- I mean it's just another7

aerosol problem.  It's the same issue and we have to address that one, and I8

think the real -- what you have to look at this and say is there anyplace where9

you can impact that is the stagnation in the flow that's going to cause10

impaction.  And if you don't find that then it depends on what the control rods11

are doing, because otherwise the concentration is so low that you're going to12

get almost no sedimentation at all and reasonable -- will raise.13

MR. SCHAPEROW:  The number that Hossein cited of three14

times 10 and the minus 5 that refers to aerosols under 10 microbes.  It's15

actually a bigger release fraction but the other ones are bigger parts.  We're16

not talking about those even. 17

MR. LEE:  I think if you have any thoughts about this it would18

be useful because we are also considering do you need to do some of these19

tests to look at the fuel finds for high burn-up fuel.  20

MR. POWERS:  Yeah, and I think that unfortunately the21

answer is yes, you need to, because I think we can guess.  I don't think -- I22

mean I think that's all it is a guess.23

MR. LEE:  Yeah, because this is a question that really we24

consider would be useful if you can say yes put that in our consideration.25
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MR. POWERS:  My offhand is yes, that Lorenz saw as --1

because he had everything going against him.  Is burn-up fuel in big gaps.2

Now we have fractured tough fuel and no gas.  So I mean nothing can3

transport except around the local brink, and how much can you blow out at that4

point.  I mean that's the way I would guess at it.  5

MR. KRESS:  I think I agree. 6

MR. POWERS:  He not only had gaps, he had balloons.  I7

mean he had sausage kind of ballooning and with these high burn-up -- I mean8

low ductility clad that you're liable to get a high burn-up you're not going to get9

those big sausage balloons, you're going to have little ones.  And so it seems10

to me -- I would write down that he saw as bad as you're ever going to get.  11

MR. BOYACK:  Okay, obviously setting up for the next one.12

MR. POWERS:  There's one other element that needs to be13

thought about in terms of vapor pressure, and it depends a little bit on what we14

calculate for the oxygen potential in the gap.15

MR. KRESS:  When?16

MR. POWERS:  No.  Molybdenum and ruthenium.  I think the17

oxygen potential is low enough that ruthenium is just not going to be an issue,18

but molybdenum is a -- is the strange beast here and it gets to be a strange19

beast for two reasons.  One, these temperatures some of them a little more20

oxide and arbitrarily volatile, and if you form cesium molybdate that is also21

volatile.  22

So we need to -- I mean when the differences for the high23

burn-up fuel is that the oxygen potential is in principle higher than the gap, but24

that depends on what your clad is and that's why we have to -- that's why we're25
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interested in having these micro structures.  You'd like to know what the1

thickness of the oxide is in there and where you've gotten to the point that the2

fuel is controlling the oxygen potential or the clad is controlling the oxygen3

potential of the gap.  4

MR. BOYACK:  Is this your -- your oxygen potential, is that5

specific to these refracturing materials or to the whole range of fission product?6

See, I'm trying to block sentence here and you've made a statement that came7

across fairly general to me, and I just wanted to make sure that I don't get it8

more broadly cast than you intend it.  So how broad around there did you9

attend it?10

MR. POWERS:  I worry about the oxygen potentials really11

only for the release of the oxygen potentials I think are high enough to12

suppress the release of the alkaline -- and tellurium is my great unknown.  I13

have no idea what tellurium is doing.  Don't want to know, want to regulate it14

out of existence.  15

The cesium and iodine I think there's a wide range of16

information that over huge ranges locks potential.  17

MR. BOYACK:  Molybdenum is in which group?18

MR. POWERS:  The fractor notes.19

MR. BOYACK:  Okay.  Thank you.  20

MR. LEE:  It would be the Noble Metals.21

MR. BOYACK:  Okay.  Anything else anybody wants to say22

then regarding gap release before I move us on to the next area?23
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I'm assuming that on Friday where we talked about onset1

duration, the onset is just the end period of the prior one which was on the gap2

release?3

MR. POWERS:  I think you -- I mean you can make that4

definition but that may change how much you define the gap release.  Suppose5

that we look at a calculation for those described accidents and we find yes the6

center rod busted times zero, the 90 percentile rod busted an hour later.  The7

center rod has continued to heat up.  The diffusional release may have started8

before you got the gap release on this.  So I think you need to look at what the9

results of your gap release calculation.10

MR. KRESS:  I think for design basis accident that that's11

probably too refined.  I would just go ahead and use the end of the duration of12

the gap release and say by 13

in-vessel release starts there and goes at a steady rate from there to some14

duration we've got to figure out to 15

the -- which may have to do with when the vessel -- I'm not so sure that's going16

to stay the same in this case because your releasing fission products may be17

a lot faster and you may reach a limit on the fission products that you can18

release before you out that vessel in this case.  19

So I'm not so sure we can stay the same, but that's a likely20

choice though, and I would just -- you know what's the maximum release when21

I get to that point and I'm drawing a line between them.  And for design basis22

purposes that's probably good enough.  23

You guys may have a different view of that.  It's clean that24

way.  You don't have to make any judgments as to when one starts and one25
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ends and you get the same amount of total release.  It just may -- and what I1

think you do is you probably get it a little more earlier with the described way.2

I'm not sure.  3

MR. BOYACK:  Okay.  So this is the early in-vessel release4

phase, and we're talking about a star on the prior NUREG-1465.  This release5

phase ends when the bottom head of the reactor pressure vessel fails. 6

MR. KRESS:  We have to rethink that maybe, and the reason7

is fission products were not coming out faster at a lower temperature for high8

burn-up fuel than they did when that was the case there.  So you may -- for9

example, you may release all of the Noble Gases.  You may release all of the10

iodine and all of the cesium before you fail the head, and the question is should11

we now rethink that duration period and then set it some other -- use some12

other criteria on how to set it. 13

MR. BOYACK:  Then the importance is because if you14

release these materials you don't have -- then you've got mechanism,15

completion mechanisms that can take place during that time.  Is that the16

reasoning why you want to change these definitions, or why?  There's an17

phenomenological, I guess, correctness -- is that STCP?18

The thing I'm trying to understand is because these19

demarcations are highly important with respect to how the source term is used.20

21

MR. KRESS:  Yes.  That's a very good viewpoint to take.  22

MR. BOYACK:  And so the question is does the sequence of23

things and the timing have a large impact on it?24
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MR. KRESS:  Well, I think it does because what we're talking1

about is what goes into containment, and if it goes in faster in containment,2

then you've higher a higher concentration in containment to violate the3

tendency of FAR 100.  4

The timing will affect whether or not you violate 10 CFR, and5

if it goes in faster at a higher rate.6

MR. SCHAPEROW:  To make it clear, in case there's7

anybody who's had any confusion here, our licensing people have made the8

judgment that they were going to use the gap in-vessel release to calculate the9

dose, and that's it.  So as Tom said, if we increase the iodine release with 4010

percent for in-vessel to 80 percent then we're going to have double the dose11

at the site down or control room, and that's very important.  It really is. 12

MR. KRESS:  And it shortens -- you shorten the duration.13

You're always going to have an affect on the dose, but I don't know what the14

affect is going to be because that increases the concentration in containment.15

Combine that with the leak rate you're going to go get more.16

I don't know exactly what it does because it's competing with17

aerosol and fallout and stuff. 18

MR. SCHAPEROW:  Looking back at the work that Hossein19

did -- or excuse me, actually the work that Jim did back in the '80s which20

Hossein tabulated, that the short term code package results show very high21

release fractions into the containment for iodine cesium.  I see numbers of 7522

percent here for a couple of the tables.  23

MR. KRESS:  For some of the sequencing. 24
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MR. SCHAPEROW:  And for the low pressure sequences,1

the two that I'm looking at here.  However, the expert elicitation, the mean value2

came out lower than that.  So we have a little dispute.  There's in my mind a3

little disparity there between them.  I haven't gone through the details of the4

expert elicitation to see why the experts thought it would be less than the STCP5

calculations.  I would expect it to be about the same.  6

MR. KRESS:  Well, it must mean they're looking at more7

RCS.  They're taking the sequences in which the RCS took some of that out8

more into consideration.  9

MR. NOURBAKHSH:  Continuing your elements on timing10

should be considered too, because even though you release -- you may11

revolatize them 12

in-vessel.13

MR. KRESS:  Yes.14

MR. NOURBAKHSH:  Because the temperature is going to15

go up.16

MR. KRESS:  You would bring that up.  17

MR. POWERS:  If you're going to revolatize one point to the18

next then don't you have a chronographic effect on one?19

MR. KRESS:  So it's still there. 20

MR. POWERS:  How many theoretical plates are between the21

core and the breaks?  I bet you don't have a theoretical plate in there.  I bet22

there's not one theoretical plate.  The only thing I can think of that would cause23

me to believe there is a theoretical plate would be the upper core structure. 24

MR. KRESS:  There might be one.  25
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MR. POWERS:  It could be one because of the upper core1

structure's being cool and it's not going to heat up.  But once it revaporized2

from there it's gone for a low pressure accidents.  3

MR. KRESS:  That would be my guess.   So what we're4

arguing or debating over is how much RCS retention to take credit for and what5

to do with revaporization?6

MR. POWERS:  Well, it sounds to me like what we really7

need is -- what is our representative accident, this low pressure accident.  I8

have never seen a melt-core calculation of a low pressured accident.  I've just9

never been interested in low pressure accident sequences, so I've never looked10

at one. 11

MR. KRESS:  I've seen some of the source term code12

packages happen, and they just -- forget the RCS.  It just blows it in.13

MR. BOYACK:  Do you know if there's any existing melt-core14

calculations?15

MR. SCHAPEROW:  We have three that as part of our work16

to implement the revised source chart.  Two of them were done by Sandia.17

One is Surry, one was Zion, both large double ended pipe breaks.  The third18

one was done by Oak Ridge on Grand Golf, which is the BWR.  So we do have19

some of those, but I don't know how much detail we have in the report because20

there's a Sandia report and there's an Oak Ridge report. 21

MR. POWERS:  But if they have --22

MR. SCHAPEROW:  There is some detail, but it's not exactly23

clear. 24
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MR. POWERS:  Two things exist.  One is there is an identi1

file someplace that everything you can possibly want.  I mean everything but2

the calculation it was asked to put out.  And more importantly that means3

there's a deck and they can redo the calculation. 4

MR. SCHAPEROW:  And so it exists.  We did them in 1998.5

MR. POWERS:  1998.6

MR. SCHAPEROW:  When we were on our --7

MR. POWERS:  If you can give me the specifics on it, I mean8

the NUG guys I have some clout with them. 9

MR. SCHAPEROW:  I can give you the report.  I can give you10

both the reports; both the Oak Ridge Report and the Sandia Report.  That's not11

a problem.12

MR. POWERS:  I mean my suspicion is that if they were done13

by MELCOR then Sandia has both decks and you know the problem is they14

may have written up things for one purpose and we may be interested in15

something different, but it's really not much of a problem if decking exists and16

we rerun the calculation. 17

MR. KRESS:  If the one at Oak Ridge was done in '98 there's18

probably one for BAHO. 19

MR. SCHAPEROW:  I have the decks for that 170 disk with20

all the stuff on it.21

MR. KRESS:  You have that, okay.  Because I was starting22

to say he's off doing something else now.23

MR. SCHAPEROW:  Yeah, actually he spent quite a bit of24

effort on that.  I think they did try to look at some of these issues.  They were25
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looking at source -- but I don't know if they'll have all the details you might like1

to have.2

MR. POWERS:  That would definitely be worth looking at3

because I've never looked at the low pressure accesses. 4

MR. KRESS:  Other than the source term code package I5

haven't either.  It would be nice to see that. 6

MR. POWERS:  Low pressure's bad, who cares.  7

MR. KRESS:  I'll tell you what happens though, fuel gets --8

the cooling gets blown out real fast and then you've got a pot there boiling and9

the steam that gets produced is going out real fast because the velocity is high10

and this there's enough steam coming out when you're producing fission11

products and enough hydrogen's being produced at the same time.  Then it all12

goes through the system real fast because the velocity is there and just13

everything gets released, goes out.  And unless you've got an impaction14

somewhere you're not going to get anything.15

MR. POWERS:  You're not going to get anything.16

MR. KRESS:  That's basically how I've seen the calculations17

go. 18

MR. BOYACK:  So, Jason, you're going to provide those19

reports.  Who in the panel wants copies of his reports?  You don't have to raise20

your hand.  21

MR. SCHAPEROW:  That's fine.  Everybody will get them. 22

MR. BOYACK:  Okay.  Everybody gets those, and Dana,23

you're going to see if you can locate the decks and it sounded like you're going24

to have somebody run one?25
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MR. POWERS:  Well, I'll look at the report.  If there's1

anything that we need that's not in there. 2

MR. SCHAPEROW:  It does have a lot of source term3

information because it was for the purpose of source term. 4

MR. KRESS:  The timing is the low down takes place in about5

20 minutes.6

MR. SCHAPEROW:  I remember the TWO went very fast.7

It really caught the peoples' attention at Sandia.  They weren't expecting to see8

such heat up and releases of fission products.9

MR. KRESS:  Yes, and it's boiled down of the rest of the10

residual liquid to uncover the core is just almost driven by the decay heat level.11

MR. SCHAPEROW:  Yes, it doesn't take too long.  The Oak12

Ridge one took -- but Grand Oak took a long longer. 13

I remember it was quite a bit longer.  14

MR. KRESS:  So I think the timing you give they're a lot alike15

what's in the table already.  What is it, 1.8 hours. 16

MR. NOURBAKHSH:  That's up to 1.3 --17

MR. SCHAPEROW:  That might be, but I think we saw a lot18

quicker times if I recall.  I'll get you this stuff.  You can take a look at it.  The19

report's not that long, at least the part that deals with this.20

MR. BOYACK:  So for the high burn-up fuel do you expect21

any differences with respect to duration of this space?  Anything about high22

burn-up fuel right off the bat leads you to say that the duration of this phase23

would be any different than this representative?  24

Now, we're just talking about duration off the fission products.25
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MR. KRESS:  See, the duration that he talked about was how1

long did it take to heat up the core and melt it and fail the lower head.  That2

was the duration you talked about. 3

MR. NOURBAKHSH:  That's what we find in-vessel phase.4

MR. KRESS:  That's not going to change a lot because I don't5

think the decay heat level changes that much with this high burn-up.  It6

changes some but not enough to change this.7

But what I was saying earlier was that the reason you could8

do that is because you're still releasing fission products and they're not all gone9

before this happens.  But now, if you release the fission products a lot faster10

we may get rid of all the volatiles and the Noble Gases considerably before this11

lower head failure comes about.12

MR. BOYACK:  But they could only get out through the break.13

MR. KRESS:  Yeah, but the breaks there.  There's a large14

break local, for example. 15

MR. BOYACK:  But yeah, this is -- so you're still saying16

there's a lot of steam generation and a lot of motion out?17

MR. KRESS:  Yes, just from the pot of water that's boiling.18

And so my concept of the duration of that might be how long did it take to get19

all the volatiles out, rather than how long did it take to melt through the bottom20

of the head.  You know there's two different signatures would be two different21

things. 22

MR. POWERS:  The low pressure accident sequence, is the23

meltdown uniform or is it center-out like in a high pressure accident sequence?24
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MR. SCHAPEROW:  I believe it's center out, but I think most1

of our fuel release, at least the Grand Gulf calculation, was in the center ring.2

We didn't have that fine a anodalization.3

MR. BOYACK:  The reason I was trying to understand this is4

under this mechanism there is a fairly long pathway through the upper steam5

generator out to the cold leg break, correct?6

MR. KRESS:  They put breaks in the cold legs. 7

MR. BOYACK:  But that's the sequence.  I don't think we8

talked about cold leg breaks.  My guess is you've got a cold leg break.9

MR. SCHAPEROW:  But the gas will go the other way.  It will10

got out through the down climber and out through the cold leg.11

MR. BOYACK:  Not till the liquid's gone.12

MR. SCHAPEROW:  Okay.13

MR. BOYACK: So that's what I was trying to understand.14

There's this fairly long pathway, which is through the steam generators, and so15

the one mechanism is that you evolve it and then it drops out the bottom and16

I guess then continues the process in some way.  And then the other one is17

that the processes of evolution are essentially done but they've got to make18

their way out through the break.19

That's what I was trying to get a handle on, because now20

you've got whatever processes are available to go ahead and reduce those21

fractions as they pass through those pipes, which is the question you asked a22

little while ago, depletion factors.  23

I'm just trying to understand the mechanisms here because24

you're talking about two quite different paths it sounds to me like. 25



141

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. KRESS:  In the first place, I don't know why we are1

limiting ourself to a cold leg break.  There are lots of break inclusions.  2

MR. BOYACK:  Well, the one thing I think is all the3

calculations you're going to see are cold leg break.  I'd be very surprised if4

there are hot leg breaks.5

MR. SCHAPEROW:  The BWR one is the resurf line break,6

so that's pretty close to -- that actually put the hole in the down com I think.  7

MR. KRESS:  So that's like not a very --8

MR. SCHAPEROW:  There's not much room for deposition9

there, is there?10

MR. BOYACK:  No.  That one would definitely get rid of the11

requirement for it.  12

MR. POWERS:  It seems to be so damn vulnerable.  They13

o u g h t  t o  f i x  t h a t  d a m n  s u r g e  l i n e .  14

MR. KRESS:  Bulk it up, code it or something.15

MR. BOYACK:  So these are --16

MR. POWERS:  I guess if you're worried about breaking the17

CRDs --18

(Speakers making comments over each other.)19

MR. BOYACK:  So maybe the point to be made here is that20

at this time all I have really down is that we're going to look at reports and take21

a look at them, and if there's any additional information Dana might have to22

take --23

MR. KRESS:  -- do we stick with when the bottom half fails24

or do we use some other signature for the duration.25
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MR. BOYACK:  Now, are we in a position to do that or do we1

have to wait until we see these results?2

MR. KRESS:  I think it would be nice to look at the fission3

product release rates, and you're not going to get it out of these results4

because they're not for high burn-up fuel. 5

MR. POWERS:  Yeah.  And we need to look at -- we need to6

think about the releases because the releases were calculated of course were7

AMS, I suppose, and yesterday we had a presentation that cast aspersions.8

MR. KRESS:  I thought it was the best we had at the time. 9

MR. POWERS: And then the next question is how much10

worse or how different is it we're going to high burn-up.11

MR. KRESS:  Yeah.  And that's the real tough question, and12

we need -- I think we need to take what data we can find on that and try to13

come up with some sort of model on how to adjust the release rates based on14

that data, and get some indication of how it's going to affect the release rates.15

16

MR. POWERS:  It's going to boil down to the same old17

questions that we've always had, is does burn-up affect saturate.  18

MR. BOYACK:  Does the burn-up affect what?19

MR. POWERS:  Saturate.  What we recognized for a long,20

long time was that you have two processes.  You have diffusion out of the grain21

into a pore structure and then from a pore structure to the great out of doors.22

Pretty much like on Dilbert`s little cartoon that he had next to things.  We've got23

slow releases from low burn-up fuel because there is no pore structure that we24
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had building by releasing vapor, things that vaporize from the grain.  You had1

to grow that, that pore structure, and that took time.2

As you burn the fuel and you built that pore structure in the3

question is does that process saturate.4

MR. KRESS:  Good question.5

MR. POWERS:  I mean if you get to the point --6

MR. KRESS:  If it saturates then maybe it will --7

MR. POWERS:  If all grains are communicating with the great8

out of doors equally in a way that there is no weight limitation to it then it9

doesn't matter if I create more channels to the great out of doors, it's still not10

really limited.11

MR. KRESS:  So your release frame won't change anymore,12

and that's the issue I have.  I don't know how to deal with that unless we looked13

at some data. 14

MR. POWERS:  I think we have to look at what we have out15

of VERCOR, and then we have to look at what we have out of micro structures.16

MR. KRESS:  And these VEGA results might be useful for us17

also.  18

MR. POWERS:  Which seem to be flattening the temperature19

dependents. 20

MR. KRESS:  Uh-huh, which is what the question is.21

Then I don't know what we do about this ringer you through at us on the22

pressure affect, taking it the other way.23
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MR. BOYACK:  Are we at a break point on our tieing1

information in, or literally at a break point then?  Let's take 15 minutes and2

come back.  3

(Recess.)4

MR. BOYACK:  We're dealing with PWR high burn-up fuel.5

We're dealing with the early in-vessel phase.  We've gone through the timing6

discussion, and we're ready to go ahead and talk about the releases in the7

containment, and we've been following and I'd like to try to move as rapidly as8

we can in a focused way any differences from the fuel and resistors based in9

1465, any trends and any actions.  10

So those three things are what we'd like to talk about for each11

of the fission gas groups.  12

So the first of these is the Noble Gases and as far as13

differences one of the first questions I have, just a general question is do --14

having gone through the gap release are there different things we need to say15

about this particular phase?16

MR. POWERS:  You've got a higher fuel porosity --17

MR. BOYACK:  Okay.  So we've got a higher fuel porosity,18

and what was the rest of that?19

MR. POWERS:  More porosity, which is almost the same20

thing, and the grains have grown. 21

MR. BOYACK:  Okay.22

MR. POWERS:  Which means you have higher inventories23

on the grain boundaries.  24
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MR. BOYACK:  Okay.  And as far as the in containment1

release then does this -- is this a potential or is it realized that this then moves2

in the in-vessel release phase.  So this tells me the trends and the fuel and the3

inventories, right?  And because you've got a higher inventory is it to be implied4

that that means you'll have a higher release in the containment or in this5

phase?6

MR. POWERS:  I`ll have to think about that.  I would say a7

inventory on the grain boundary.  That's literally all it says because the rest of8

it's on migration to the fuel to the break and from there to the great outdoors,9

and the efficacy with which that happens depends on the sequence you're10

talking about and how much you're getting from the -- how much particulate11

material you're getting from all of the other vaporization processes in the12

reactor. 13

MR. BOYACK:  But all that was going on representative -- all14

those process were going on in the representative transit was used for 1465.15

Is there anything different about the fact that there's an existence or16

nonexistence to these processes?  17

Okay.  So -- eventually we -- the end objective is, whether it's18

one meeting or two meetings and if it's possible to markup the table we mark19

it up.  20

And so having asked the question about differences that exist21

with respect to the fuel or other elements of the system here which you've now22

talked about, are there other of these that anybody else wants to contribute?23

24
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MR. POWERS:  There's another problematical change.1

When we thought about release during the degradation process we used to2

think about clad interacting with the fuel itself and weeping into the crack3

structure.  Clad probably didn't see the crack structure anymore.  It probably4

sees this restructure zone around each one of the fuel pellets.  5

Now, if it were zircoloid cladding I would expect that the6

molten clad would drain out and you would get relatively minimal interaction7

with the fuel itself, because it would be a relatively thick oxide layer.  With M58

and ZIRLO I don't have a good feeling for how thick the inner oxide layer is9

going to be.  On the one hand it can be about the same because none of these10

alloying processes have really changed the kinetics of oxygen interaction with11

the metal.  12

Alloying affects oxidation by liquid and water, not by gas and13

oxygen.  If that's the case then we've got a relatively thick layer of inner oxide14

and you're just not going to get this kind of attack on the fuel that you see for15

the low amount of pellets.  16

MR. BOYACK:  What if you don't know what's on the inside?17

MR. POWERS:  I don't know that.18

MR. KRESS:  And I don't know how that affects release.  We19

used to think it had some effect, we didn't know what. 20

MR. POWERS:  There are two models in the literature.  One21

says it increases it and the other one says it decreases it. 22

MR. BOYACK:  Is there any trend information regarding any23

containment release that you think you can infer  or --24
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MR. KRESS:  The data that's been run by some of the -- the1

VEGA stuff and the Oak Ridge stuff that run at different levels of burn-up show2

increased release rates and increased total release amount as burn-up3

increases.  I mean that's the trend.  4

Now, how far that's going to go is the question because does5

that continue to increase or does it saturate. 6

MR. POWERS:  Breaches in delivery, the release.  The7

oxygen potential is just higher. 8

MR. BOYACK:  Okay.  So what would it take to get a handle9

on these to the point where you could mark up the table?  What would be the10

process to do that?11

MR. KRESS:  Frank I think I need the data.  I need to look at12

what some sort of a release rate as a function of temperature and burn-up and13

what we have in codes as the release rate function of temperature basically.14

And so I need a better model that incorporates the effect of burn-up in some15

sort of explicit way, and as far as I know the only model that has such explicit16

treatment in it right now is the FAST GRASS series, but we have date, some17

data and I don't know if it's enough to develop.  It certainly doesn't go to high18

enough burn-ups to extrapolate.  We have -- model, but it would be useful to19

look at it. 20

MR. POWERS:  How about the ENCI 5.4?  That has an21

explicit burn up dependence in it.  22

MR. KRESS:  Does it?23
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MR. POWERS:  Yeah.  I mean it doesn't get you out of the1

woods, the same question.  Does that saturate out because it's a very small2

amount. 3

MR. KRESS:  Well, somehow we need to incorporate the4

burn-up dependence, a fission product release rate dependence on the burn-5

up, and I don't know how to do that other than data. 6

MR. BOYACK:  Okay.  Now, the question I was going to ask7

is, are you aware of any of -- review any of the test programs that are currently8

planned or under way that would deliver this data you're looking for? 9

MR. KRESS:  Well, VEGA has potential and there is some10

data at the Oak Ride, and I think Sandia has data. 11

MR. POWERS:  VERCOR.  It seems to be like a year ago we12

had a VERCOR report that showed cesium releases for 47 and 64 megawatt13

day fuel.14

MR. KRESS:  And boy, that kind of data would really be15

useful.16

MR. POWERS:  And also we're looking at the releases. 17

MR. KRESS:  Even those two sets of data would really be18

useful, and if we had those we could start making some real judgments I think.19

MR. BOYACK:  Do you know the data we're talking about?20

MR. SCHAPEROW:  We've followed the VERCOR problem21

some, and I think about a year ago -- I'm only aware of one test they did above22

the 47 Gigawatt days per ton burn-up.  I think they've got some others planned.23

They may be doing some today, but about a year ago or so when I was24
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checking into this I only found one test they had done above 47 Gigawatt days1

per ton.  2

They had done one at VERCOR-6 which was at 55 Gigawatt3

days per ton, but we asked them for the results and they said that they didn't4

have the results.  They thought they had a botch up on how they did the5

experiment.6

But when we talked to them about it about a year ago they7

thought there was a lot of interest in it and they were going to go back and see8

what they could draw out of the results of that test.9

The only thing I've got right now is a copy of the conditions10

that they ran the test under.  I don't have the results. 11

MR. KRESS:  The Oak Ridge data only went up to 40.12

MR. SCHAPEROW:  Okay.  I remember it was about 45 or13

47.  There was one that was the highest one.14

MR. KRESS:  I think that was the highest one.  So you know,15

if we can get any or all in the 60s for example, that would make me feel a whole16

lot better in trying to extrapolate this. 17

MR. SCHAPEROW:  I understand that the PHEBUS Program18

was also thinking about doing some high burn-up experiments. 19

MR. KRESS:  Yeah, but that's down the road quite a ways.20

Boy, that one would help if we had that one.  It's a lot higher than 45.21

MR. SCHAPEROW:  Oh, that's the one at air core 6?22

MR. KRESS:  Yes.23

MR. SCHAPEROW:  I'm sorry.  I don't know why I put 55. 24

MR. POWERS:  And RT2, RT7.  25
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MR. KRESS:  These things are at burn-ups that would be1

useful.  At least it's getting us up closer to 75.2

MR. POWERS:  Well, you can see on the last page of this it's3

compared RT2 to RT1, the MOX.  4

MR. KRESS:  Cesium release from the RP1 and 2, and 1 and5

2, what are the --6

MR. POWERS:  Fifty.7

MR. KRESS:  One of them's at 50 and one is at 41.  So the8

fact that the RT2 released more than the RT1, although it's a lower burn-up is9

interesting.10

MR. BOYACK:  Okay.  Just for the record, I've handed out11

some material provided by Richard Lee, the status of the VERCORS tests12

which was presented the 3rd August, 2000, and so the discussions that have13

been going on have been talking about the material that was presented.  So14

perhaps, since I was handing things out, tell me what it was you were seeing15

and what you recall went on.  16

MR. POWERS:  If you'll look at the last page.17

MR. BOYACK:  Okay.18

MR. POWERS:  The bottom of it, it's a comparison of cesium19

releases observed in MOX at 41 Gigawatt day fuel, and in regular UO2 at 5020

gigawatt day.  And what you see is even though the MOX was at lower burn-up21

it released cesium more rapidly than did the regular fuel. 22

Now, the extent of release are the same because you lost it23

all. 24

MR. BOYACK:  Yes.25
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MR. POWERS:  Somewhere I have seen a similar plot with1

the 60 Gigawatt days fuel and my recollection is that it shows a similarly2

enhanced released rate.  3

MR. KRESS:  Yeah.  I would love to have this data without4

the complication of the two different kinds of fuel.  I'd like to have it for the5

same kind of fuel.  6

MR. BOYACK:  At different burn-ups?7

MR. KRESS:  At different burn-ups, because I was expecting8

it to go just the opposite of the way these went.  I'm expecting the higher burn-9

up to have a higher release rate. 10

MR. LEE:  That's the reason we were planning to have --11

these results.12

MR. BOYACK:  I'm presuming we'll be able to do that. 13

MR. KRESS:  That's what they were supposed to come here14

for.  15

MR. LEE:I that we can at least look at the most numbers of16

linear isotopes as possible17

MR. BOYACK:  The second piece of information I handed18

out, I may have you go ahead and characterize it and tell us what it is.  It would19

be better if you did that than if I did.20

MR. LEE:  Before the break I identified the NUREG report21

that had the tables of origin ones.  I could not locate the characteristics for22

today.  What you have in that handout is the cover sheet and the abstract from23

that report.  See if you can find the copies.  Then attached to that too is two24

additional reports I found on the way over to the building that were done by25
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NMSS on high burn-up at Oak Ridge.  Those two reports are on our web site.1

I have not read them myself so I can't characterize them as they'll be helpful to2

the effort.  They evaluated the impact of high burn-up on light water active fuel.3

4

MR. KRESS:  When these people talk about source terms5

they're talking -- than we are.  They're talking about what's in the fuel as a6

source to come out.  So don't get confused.7

MR. BOYACK:  Okay.  And we'll go ahead and make this8

available.  9

The information I recorded for Noble Gas is something like10

this.  It's probably a little bit more difficult for me to extract points, but there was11

a question that was posed by Dana which is the thickness of inner oxide layer12

for ZIRLO.  Discussed the need for data.  Release rate is a function of burn-up13

and temperature. 14

There was a reference to ENCI 5.4, which has an explicit15

model for burn-up dependence.  Is that a correct statement, it was a model?16

17

And then there was -- I asked the question does either18

planned or currently operating experiments, do they or do they plan to provide19

data that will help.  The answer to that was yes.  20

With respect to the Noble Gases and differences we've talked21

about higher fuel porosity, the grain syndrome, prior fission gas inventories on22

grain boundaries, but that's not a statement about release, just about the23

inventories.  And then increased release rates, increased release both with24
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respect to rates and amounts as burn-up increased, and that was shown in1

both Oak Ridge and VEGA data.  2

That's what I kind of heard out of the discussion.  Any3

comments on that?4

MR. POWERS:  It seems to be that the barrier we're running5

into now is that people have in mind a particular scenario for which we have to6

calculate or determine the amount of deposition prior to reaching the7

containment, and I don't know what the scenario is.  8

MR. BOYACK:  And as a thought here, because maybe the9

scenario has a large impact on what might be the outcome.10

MR. POWERS:  Sure.  I mean it definitely does.  You don't11

have any late vaporization release unless you deposit things in the reactor12

cooling system.  Obviously we do because the tables have a revaporization13

release, but when it comes to deposition you've got to know what the flow is to14

have any estimate on what -- I mean you have to know something.  15

MR. KRESS:  This last figure on this stuff, look at the title.16

This is comparing MOX to RT1, which is clad UO2 and moderate to high burn-17

up versus RT2 which is clad MOX at high burn-up.  18

MR. POWERS:  Yes.19

MR. KRESS:  That's inconsistent with this table. 20

MR. POWERS:  Well, you have to understand.  The French21

limit the burn-up on MOX to 35 Gigawatt days per ton.  So high burn-up for22

MOX is anything in the 40s.  23

MR. KRESS:  Well, I would conclude from these titles RT 224

has a higher burn-up that RT1, but this is just the opposite.  I don't understand.25
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MR. POWERS:  It depends on what you're comparing with1

what which is higher.  If I'm comparing these two things here I'm comparing the2

height, you know this to this or this to this.  I bet that's the difference.  It's just3

the way they're viewing it.4

MR. KRESS:  It could be high burn-up or UO2 is a different5

level than high burn-up for MOX, is what you're saying?6

MR. POWERS:  I guess.  They screwed up the title.7

MR. BOYACK:  The burn-up on RT2 was 41 Gigawatt days8

per ton, and the burn-up on what, RT1 I guess was 50.9

MR. KRESS:  According to the table, but the title of this thing10

doesn't sound like that's the case. 11

MR. POWERS:  What I can guarantee you is there's no MOX12

that's been taken up too much higher than 40, because I mean it's a regulatory13

battle that they're fighting right now in France.  The utilities would like the same14

limits for U2 and they do for MOX.  I mean you have MOX at the same limits15

that they have for regular UO2, so they don't have to handle them any16

differently during the refueling operations.  And right now the regulator is17

balking at that.  18

MR. GIESEKE:  So what you're saying is that 41 is a high19

burn-up for MOX?20

MR. POWERS:  That's over the regulatory limit.  21

MR. BOYACK:  So there's a question on the overhead is what22

it is, and that is on this scenario.  One, is it a bad definition to be defined.  23

Now, when the 1465 was done, as I read the document it just24

talks about representative and some old pressure scenario.  They looked at a25
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number of cases, I guess.  So what is it that's different about where we are or1

what is it that's the same?  Is it that we have so little information to look at by2

way or calculational results for a spectrum of low pressure -- I'll call it low3

pressure right now -- but low pressure scenarios?  Is that what makes it4

different, just the database available to -- 1456 and what's available to us now?5

MR. KRESS:  There's not much high burn-up data.  6

MR. BOYACK:  Including calculations?7

MR. POWERS:  Well, it seems to me what we will conclude8

is the release from the fuel is more rapid where the volatiles are probably more9

extensive for the lower volatile materials.  10

MR. KRESS:  That's what I would --11

MR. BOYACK:  Okay.  12

MR. POWERS:  Anyway, as soon as I say that somebody will13

say yeah, but what about the release to the containment, which is what we're14

interested in.15

MR. BOYACK:  Yes.16

MR. POWERS:  Okay.  So now I have to do something with17

my higher releases here.  My suspicion is that the transport process is about18

the same. 19

MR. KRESS:  That's almost for sure. 20

MR. POWERS:  Okay.  So I need to know how much they21

took out of the original releases for deposition in the primary system to tell you.22

23

MR. KRESS:  That's the problem you're going to have, and24

why they did that I don't know.25
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MR. POWERS:  Well, probably because that had something1

to do with the scenario.  So I've got to know what the scenario is.  It's clearly2

not a large break in the cold leg.  So what is the --3

MR. SCHAPEROW:  I'll tell you right now.  According to what4

I've got here is -- pressure, low pressure PWR scenario.  Each expert was5

asked to give Fvessel for the trapped amount for that scenario.  I haven't read6

this in a long time, but it's in here.  7

MR. KRESS:  So the scenario is low pressure, but the experts8

chose to ignore the calculations that said the most that gets out in low pressure9

and decided to take some out or take some credit for some reason.  I don't10

know.  I guess we have to kind of read and see what they're thinking.11

MR. SCHAPEROW:  The detailed rationale they have -- but12

it's in here.  It goes over what sequences they considered, what part is high13

pressure and low pressure. This is that NUREG-CR4551 source term14

elicitation.  15

MR. BOYACK:  So it appears to me that the big difference16

was first off the similarity.  They went to their panel of experts and they got the17

elicitation.  To some extent evidently that`s documented.  Then what appears18

to me to be different is whatever, what the database, the information that's19

available for high burn-up fuel by way of both experimental and calculation.  20

MR. KRESS:  The database for release rates from fuel are21

certainly lacking, but like Dana said for the part where you're talking about how22

much gets left behind in your reactor coolant system the database is the same23

because it the same phenomena and there's no difference.  The burn-up is not24

going to affect --25
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MR. BOYACK:  Okay.1

MR. KRESS:  So whatever their rational was to take some of2

it out in the RCS we can look at and see -- the judgement on the rationale.3

MR. POWERS:  Unless it's very surprising then it's pretty4

easy. 5

MR. KRESS:  Just take the proportionate.6

MR. POWERS:  Yes.  Proportionately.  You can just7

proportionate the release.8

MR. KRESS:  Yeah, that's what I think. 9

MR. POWERS:  So what we have to do is do the release for10

the fuel. 11

MR. KRESS:  And then ratio.12

MR. POWERS:  Yeah.  I mean cesium and iodine -- the end13

result release is the same, so the amount that is going to get into the14

containment is going to be the same. 15

One of the other thing's you're going to get higher releases16

then and you're going to have to futz around with those.  17

MR. GIESEKE:  It's important, I think, to realize that we talked18

about the deposition of primary system and that being the same.  Often one19

says well bigger releases if you have more loss in the primary system, but what20

we're talking about is only an add-on to the large mass of material that's other21

stuff.  22

So when we talk about an additional release amount that23

really is trivial as far as the whole material being transported, and that's why it24

stays the same.25
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MR. KRESS:  You know that might have colored the views of1

the experts too, because generally the feeling was that the release rate2

coefficients and things like source term code package didn't treat that other3

release burn 4

well --5

MR. GIESEKE:  That's possible.6

MR. KRESS:  -- and they might have thought well, there's a7

lot more of that stuff in there.  That's going to enhance the deposition.8

MR. GIESEKE:  That could be.  9

MR. KRESS:  Let's look at their fraction now and see. 10

MR. BOYACK:  What was the NUREG number on the11

document?12

MR. SCHAPEROW:  4551.13

MR. KRESS:  We have that, don't we?14

MR. SCHAPEROW:  I left copies over on the bench.  Volume15

2, Rev. 1, F4 and it gives each of -- they have three experts on this particular16

question of F4 and FVessel.17

MR. BOYACK:  Is that a NUREG or a CR?18

MR. SCHAPEROW:  CR. 19

MR. BOYACK:  Okay.  So what I hear is that the panel will go20

ahead an take the release rate, take the release from the fuel.  We'll use the21

same factor as far as we've used for NUREG-1465, if we agree with the22

rational, and then I put the reference in for what the elicitation results are.  23

MR. SCHAPEROW:  Actually it does say who worked on this24

issue, just as a side note.  Peter B'enairs, Bob Henry, Tom Kress, Dana25
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Powers.   Certainly this was 15 years ago, so I don't know if I ever read this1

before.  2

MR. TINKLER:  Those that where at most of the pie is a3

station blackout experience and the boilers they argue over and over and over4

again that they have no many independent ways of getting the water to the5

vessel that it's pretty hard to come up with a scenario to meltdown of BWR core6

at low pressure, between the diesel driven fire pumps and RHR inner ties, so7

they end up with a lot of -- they end up with an awful lot of them at proceeded8

high pressure, and I don't know.  Who knows.  That's why their core damage9

frequencies are real low.  I sometimes wonder about that particular statement10

and its relevance.  If you think of the IPEs, the Grand Gulf's IPE, the whole pie11

stationed blackout or some variation on it.  Now it's just a question whether or12

not ADS fails in 13

addition to that.14

MR. POWERS:  A typical problem they had in the calculation15

study for the source term clad package was that they would try to hang on to16

the -- avoid depressurization for so long they included the batteries at station17

black out and then they couldn't depressurize, and so long-term station black18

out just became a classic BWR scenario.  19

It turned out to be a relatively low risk scenario because you20

can activate evacuation. 21

MR. TINKLER:  Well, I think we're seeing too a replacement22

of a lot of the short-term sequences with a greater emphasis on long-term,23

especially in the more current PR ratings.  24
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MR. BOYACK:  Well, I can hear you sort of pondering the1

question.  2

MR. TINKLER:  Well, I also wonder whether or not the3

original group pondered that too when they think about -- I know that it's a --4

statements are that this is geared towards a low pressure high burn-up5

calculation but whenever you ponder that you're also mindful of other facts.6

MR. NOURBAKHSH:  I think 1465 refers to a table that looks7

at the fractional sequences of low pressure, high pressure, a discussion on8

that. 9

MR. BOYACK:  Well, I think the tendency here, the objective10

was to come down with a set of tables for this release fraction and that's11

contrast to the idea that when you try to consider everything there's this12

expanding and then whittling down, and so there are judgments involved in13

that.  There's judgments been involved with how much information is available14

and what they think at the time of their perceptions.  15

The question that you may want to think about between this16

meeting and the next meeting is whether you want this process to open and17

then try to come back again, because I just hear you talking.  Literally I hear18

you talking about this idea, these other sequences in the BWRs. 19

Is that what I'm hearing?20

MR. TINKLER:  No, I'm not saying it because I think you21

ought to have the source terminology geared to other sequences per se.  I just22

-- to the extent the source term should reflect the range of sequences then you23

should consider other sequences.  So the source term is again -- source term.24

It's not intended to be a balanced source term.  They picked the one they25
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thought was in a sense risk dominate from -- more representative in terms of1

core damage frequency.2

MR. NOURBAKHSH:  I think the source term should be3

significant. 4

MR. TINKLER:  Okay.  But when they say they looked at it5

looked like most of the sequences are low pressure sequences.  Does that6

mean -- it kind of sounds like core damage frequency to me.  I don't know. 7

MR. NOURBAKHSH:  When you have the time of core8

damage low pressure --9

MR. TINKLER:  No.  I'm just saying when they went back and10

looked at the body of this NUREG-1150 as to what kind of sequence that they11

wanted to focus on it sounded like they were looking at core damage12

frequency.13

MR. NOURBAKHSH:  Core damage frequency. 14

MR. TINKLER:  No.  I'm not saying that.  15

MR. BOYACK:  Well, the reason I'm asking, Ed, is 1150 was16

a very big effort, was it not?17

MR. TINKLER:  Sure.18

MR. BOYACK:  And what we've got here is we've got a small19

effort.  We've got possibly three meetings, and so somehow we have to keep20

working on focus. 21

MR. LAVIE:  Then inasmuch as the intent of the source term22

was to be used for evaluating accidents.  Why would it be useful to include it?23
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MR. TINKLER:  Well, I only say it because the source term1

is meant to be representative of severe accidents at the core damage2

sequences. 3

MR. LAVIE:  But I thought there was language in here4

someplace that said consistent with the design basis. 5

MR. TINKLER:  No.  No.  6

MR. LAVIE:  That's why the one on page 6 that says to7

determine whether a design basis LOCA is a reasonable scenario, and that's8

the type of language they're using with a design basis.    9

MR. BOYACK:  Could you refer to the page?10

MR. LAVIE:  Page 6, underneath the table. 11

MR. TINKLER:  That was just to determine the timing of12

release.  That's the only area where this source term directly links back to the13

LOCA, and that's the timing of --14

MR. SCHAPEROW:  Initial gap.15

MR. TINKLER:  Of the initial gap release.  That's why you've16

got those 10 to 30-second timings, but that's the only are.  17

MR. SCHAPEROW:  That's it.  The rest of it's --18

MR. TINKLER:  The rest of the release intervals are not tied19

to LOCA.  It doesn't take that long.  20

MR. NOURBAKHSH:  The reason was significant because21

closure is only important -- just as the initiation is important.  So their thinking22

seems to be deviated from TID, maybe changing TID that timing may give23

some extension to --24
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MR. TINKLER:  As much as I'd love to have a panel redo1

NUREG-1150, I think we'll pass on that. 2

MR. BOYACK:  Good.  Well, sometimes as these thoughts3

come out --4

MR. TINKLER:  I know.  It's an occupational hazard there. 5

MR. BOYACK:  And we've got 10 years you know, some of6

us have got 5 years. 7

Okay.  Let me tell you where I think this is sort of evolving8

now.  We're approaching the end of the second day, the first meeting.  And it9

appears to be that we've done the following:10

We've had a partial orientation with respect particularly to the11

database.  We're heard the JAERI board and we've had a chance to discuss12

other things.  We've been able to sort of attach ourself to the framework for13

1465 and some of the underlying documents and work that supported that. 14

We're going through right now PWR releases in the15

containment.  We're talking about timing.  We're talking about the releases16

themselves, and in effect we haven't marked up the table.  But what I do hear17

the panel saying is look, having come to this meeting, getting attached, hearing18

the discussion and the dialogue, that they think they can go off and either look19

at documentation data they have in-house or as we identify and provide that to20

them, so that by the time we have the next meeting in December they think21

they're in a position to mark up at least some of the data points on that table.22

May not all, but some of them.23

And that's where I hear that the meeting has gone thus far,24

and the only thing we'll do I think in the remaining hour or little over an hour we25
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have is just continue on down through the early in-vessel discussions and keep1

aware unless something happens we won't discuss 2

ex-vessel and late in-vessel at this meeting.  I don't think we're going to have3

time. 4

That's my kind of summary of where I think we've come from,5

where we're getting to and where we'll go.  Do any of the panel members have6

any other different perspectives on that? 7

MR. POWERS:  In my perspective for the ex-vessel release8

my tendency is to say that nothing's really occurred in that field since this work9

was done to change those numbers, save you might want to increase the10

Noble method release fraction.  I forget what it is.  Is it 5/10ths of a percent?11

MR. BOYACK:  That's for ex-vessel?12

MR. POWERS:  Yeah.13

MR. BOYACK:  .0025 for PWR.  14

MR. POWERS:  So a quarter of a percent.  That's the one15

area where I have seen a remarkable disagreement between the what gets16

calculated by the Code and what the experiments reveal, and it's totally17

understandable.  The Code simply did not recognize the formation of ruthenate18

compounds that can vaporize off the top, and so they were treating with19

ruthenium and molybdenum as strictly metals and they just don't have any20

vapor pressure.  21

And what the experiment showed was that you've got a22

partitioning into the oxide and so you could vaporize --23

MR. KRESS:  How much are we talking about increasing24

that?25
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MR. POWERS:  Well, I doubt it's very much. 1

MR. KRESS:  At those levels it's probably not important in2

terms of the source term uses.  At least I don't know of any important I would3

attach to it.  4

MR. POWERS:  I mean what happens typically in that5

consequence calculation is that things don't make a difference, don't make a6

difference, don't make a difference until you get -- you hit the7

starcastic/nonstarcastic barrier and then it makes a difference.  8

Now, my essential point is that --9

MR. KRESS:  You know, what we're trying to talk about is10

exceeding the TEDE levels and CFR-100 only I think.11

MR. POWERS:  Not on an ex-vessel.  Ex-vessel is only used12

for severe accident analysis.  It's never used for --13

MR. KRESS:  That's right.  That's right.14

MR. POWERS:  It's never used for regulatory purposes.15

MR. KRESS:  We're talking about ex-vessel.  Yeah, you're16

right.  Not even in the regulatory space, is it?  17

MR. POWERS:  That's right.  The essential point I make is18

that there's been very little done on ex-vessel releases since 1465 was19

produced. 20

MR. KRESS:  I guess we conclude that high pressure melt21

ejection has been put to bed with all that good work in Sandia.  22

MR. POWERS:  Well, very little work on this source term23

associated except there is one.  I mean when you blow things out of pressure24
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you get a lot of aerosol production and that aerosol production is mitigative if1

you don't fail containment.  2

MR. KRESS:  So it's an off or on switch almost. 3

MR. POWERS:  A full-blown high melt injection with 254

percent of the core is capable of producing 400 kilograms of aerosol. 5

MR. KRESS:  It's sort of like a spray system.  6

MR. POWERS:  It's like an interval spray.  If you don't pull up7

containment that pumps up so much aerosol concentration it just sweeps in.8

So to the extent the analysis of high pressure melt injection have argued that9

you don't fill containment.  That's a mitigated process and it's one the licensee10

has to take into account.  So there's no increment to doing that.11

MR. BOYACK:  Okay.  Let me do a couple things.  One of the12

things it appears to me is to go ahead and move the next meeting.  It does13

occur to me that we need a 14

three-day meeting if our minds can stand it.  I think we have to do that.15

Generally is what we do is begin on 8:30 the first day.  I propose that that be16

a Tuesday.  I'd rather not travel on Sunday unless I have to.  And that we17

continue on Tuesday, Wednesday and Thursday, and then we would adjourn18

at 3:00 on Thursday afternoon, so you can make your travel plans based on19

that if you wanted to return. 20

MR. POWERS:  You are operating in the field of?21

MR. BOYACK:  September 11th travel -- so well, you're22

saying two hours at the airport isn't enough or are you saying that what you23

propose is just plan on going until 5:00 the three full days?24
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MR. POWERS:  I don't know if we have three full days worth1

of material to cover. 2

MR. BOYACK:  Oh, yeah.  Not four days.  I don't think -- or3

I haven't seen people really be able to handle that very well.  The panel4

members tend to wear out.  The facilitator certainly wears out.   5

So anyway, I propose a three-day meeting and generally the6

thought would be to end up at 3:00 on the last day.  That means we usually7

take a very brief lunch break that last day too and we usually start at 8:00 and8

try to get in a full day. 9

MR. LEE:  Repeat those dates, December 11th --10

MR. BOYACK:  It's the Tuesday, Wednesday, Thursday of11

that, but I can give it to you explicit. 12

MR. LEE:  The 11th, 12th, 13th, isn't it?13

MR. BOYACK:  Yes, it's the 11th.  Tuesday is the 11th; the14

11th, 12th and 13th.  15

Then the other thing that would help me is if the panel would16

each take a couple minutes and let us know what you think is needed to have17

a successful meeting in December.  The reason, if I ask you then I don't have18

to generate out of my own head.  I may not get it right.  But if I can do that,19

have each member of the panel and anybody on the NRC that wishes to20

respond, that will set us up I think for doing at least the maximum we can.  That21

might 22

be -- we've recorded a  little bit of some action items, so if it's anything in23

addition to that.  24
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So I always look at Dana on this side, but Jim's in the middle.1

Shall we let Jim try first?  What do we need next meeting, or do you want a few2

minutes to think about this and then we'll just go on.3

MR. GIESEKE:  Just add them up here.  We can be informal.4

There are some things that we've identified as we've gone through here.  I think5

there was some information.  Dana was -- I don't want to speak for Dana.  Well,6

I don't know, like cross-sections of fuel for higher burn-up didn't -- wouldn't7

some of that available perhaps?8

MR. POWERS:  The answer came back that they had not9

seen any M5 of ZIRLO oxides, internal oxidation results.10

MR. GIESEKE:  Okay.  11

MR. POWERS:  They had not seen any and they did not12

recall any of it being published.13

MR. GIESEKE:  Okay, so that was it.  14

MR. BOYACK:  I think the real key here is that we have a15

certain number of actions, and I've been pretty them on the overhead, and16

those are all right.  We'll capture those.  The real question is if you just sort of17

extrapolate and say okay eventually we're trying to get these marked up tables,18

and the next meeting we would have the French here and they would be able19

to present their data to us.  20

We've heard the Japanese data.  We've been exposed to21

several documents that will be available to you, and I'm going to ask you this.22

Is there anything else that we need to do to set this up to move forward?23

MR. GIESEKE:  So you're looking for things in addition to24

what we've already talked about?25
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MR. BOYACK:  Pretty much, yeah.  And I'm perfectly willing1

to just that be there for a half hour on your head and come back, but I think it's2

worthwhile asking that question to see if you have anything.  It may be that3

nothing immediately jumps to mind but will in a half hour.  So -- but it's4

worthwhile asking the question.  Of course, e-mail is always available so you5

can always send an e-mail to me and then I -- Jason and I keep in touch.  6

MR. GIESEKE:  I think the problems are that there are a lot7

of things that you'd like to see but are probably not available.  Tom wants to8

see fission product released from high burn-up fuels, experimental results. 9

MR. KRESS:  Well, there's some of this in --10

MR. GIESEKE:  There's some there, yeah.11

MR. KRESS:  And there's some in the VEGA.12

MR. BOYACK:  Well, one of the last statements was that you13

really thought that VERCOR and VEGA data will help, but we need access to14

it.  15

MR. KRESS:  Yeah. 16

MR. BOYACK:  Now, is there -- Dr. Hidaka on the spot just17

a little bit, but is there any -- have you gotten everything that you need out of18

the VEGA data by way of the presentation?19

MR. KRESS:  I would like to see the data on release as to20

point of time and temperature occurs for more than just one element.  I think21

we saw cesium.  I'd like to see that one also or some other.  I would like to22

have it for at least two of the groupings. 23

MR. BOYACK:  So Dr. Hidaka, what we're -- the process is24

that there are sort of two sources of experimental data, the French and the25
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JAERI data, and you've presented some information and Tom Kress is saying1

-- I guess what we're asking you is there additional data that are available, and2

specifically you were looking for another material release than the one that you3

showed in your presentation.  You had an example which was?4

MR. KRESS:  We had an example.  I think it was plateaus5

and steps in the temperature and it looked at the time variation of cesium.  6

MR. BOYACK:  Yes.7

MR. KRESS:  If I could have that type of curve or data for at8

least one other of the groupings, and if possible I'd like to have it for antimony9

if they have, but I'll take others. 10

I don't particularly want it for the Noble Gases.  I'd like for you11

got cesium.  I'd like to have it for one of the lower volatile, lesser volatile12

materials.  13

MR. BOYACK:  Okay.14

MR. KRESS:  That's why I've chosen antimony, but you15

know, somewhere a lower volatile materials.  I'd like to have the same kind of16

data.  If I have that kind of information I can do some speculating on what most17

of the fission products are doing based on their volatility, but I need two of them18

to do it. 19

MR. BOYACK:  Now, Dr. Hidaka may have to talk with his20

management about that.  I'm not sure.  Would you be willing to talk with your21

people at JAERI and ask if there's another one of these species release22

information as described by Dr. Kress that could be made available?23

MR. HIDAKA:  Noble Gas.  I would be able to present the24

Nobel Gases data, but no addition product.  And as I presented yesterday the25
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other data six years including here. So most of the (unintelligible) small due to1

radioactive decay. 2

Anyway, (unintelligible) 50 percent I will be able to3

(unintelligible) trend.  So maybe you can over with us the tests (unintelligible)4

I would be able to present.5

MR. KRESS:  That would help. 6

MR. BOYACK:  That would help.  7

MR. LEE:  I think we can also convey to what type of data we8

would like to see to see a result.9

MR. BOYACK:  Yes.10

MR. LEE:  With the elements in different groupings we have11

here, the cesium for example, as many as possible.  Show us what they look12

like -- 13

MR. BOYACK:  Is there anyway that we can perhaps acquire14

that information in advance of the meeting?15

MR. LEE:  I don't know.  We can ask.16

MR. BOYACK:  The real advantage, of course, is if we don't17

do that then we see it at the next meeting then we're into January.18

MR. LEE:  We can ask them.  19

MR. BOYACK:  Depending on when ACRS meets.   20

MR. LEE:  Yes.21

MR. BOYACK:  Okay.  I think that will be well worthwhile22

doing it, and we could certainly explain the background.  23

MR. LEE:  Did he send you any --24

MR. BOYACK:  No.  I did get through all of my 25
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e-mail last night and I had not received a response.1

MR. LEE:  I can call him.2

MR. BOYACK:  I do think that in this case that it's better to3

have the institutional contact with the NRC.  My belief is not very big.  Okay. 4

Tom, any thoughts about next meeting beyond anything at5

all than what we've covered?6

MR. KRESS:  I think we've covered it pretty well for me7

needs.  I don't have anything additional.8

MR. BOYACK: And Dr. Hidaka, is there anything that you9

would like to see or have us present at the next meeting?10

MR. HIDAKA:  Just not any particular matter, but I have to11

ask my boss about that business trip in December.12

MR. BOYACK:  Yes.13

MR. HIDAKA:  So I can't -- at present I cannot make a --14

MR. BOYACK:  Promise or commitment; I understand, but tell15

your boss that we'd like to have you come.  16

MR. KRESS:  I have a mundane question to ask these guys.17

Should we bill you for our travel after every meeting or wait until the whole18

thing's over with. 19

MR. LEE:  You should do it as it occurs.20

MR. BOYACK:  Well, I'll be sending my bill to you shortly21

then.  22

MR. KRESS:  So will I.  23

MR. BOYACK:  Okay, and Dana. 24
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MR. POWERS:  Well, I persist in my belief the big change1

that's going to occur in this source term is going to be associated with the gap2

release, and it seems to me you need a discussion of what the gap inventories3

are, to burn-up that's available in the literature.  I think I'm reasonably familiar4

with that literature. 5

You need some models of how fuel restructuring progresses6

as a function of burn-up, and again I think I'm reasonably familiar with that7

literature. 8

You need some calculations on how cesium and some of the9

other fission products vapor -- what their vapor pressures are in the gap relative10

to saturation, and particularly things like the zirconates and the uranates and11

maybe event he molybdenates, to the extent that we can find things and at12

least report things to do. 13

MR. BOYACK:  Now, when we come to the next meeting it14

sounds to me like it might be well to hear the French data, if we get real lucky15

and we get it in advance.  Then it also appears to me to be worthwhile to let --16

it sounds like Dana and Tom have some time to go ahead and download the17

information and the things that they've come to through the process, right?18

Okay.19

MR. LEE:  Dana, with respect to the cesium compound -- ?20

MR. POWERS:  Yeah, think it's a matter of -- at one time I21

assembled those data bases for cesium fairly comprehensively, and to the22

extent that I could find it in my wonderful filing system then the calculations are23

pretty straightforward to do.  24
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MR. BOYACK:  And we'll go back and spend time just1

continuing on through the tables.  But next meeting any thoughts about what2

we should aim for or how we should do it?  You've sort of heard what we're3

gravitating for, which are some early presentations, nearly a three-day meeting,4

and the hope that we would have enough information in sort of an institutional5

database for the panel to go ahead and start marking up the tables.  6

Now, and that's for high burn-up fuel.  7

MR. TINKLER:  We've got to talk about MOX too. 8

MR. BOYACK:  Yes.  And in fact, I was going to come back9

and just ask that question separately in a moment.10

MR. TINKLER:  My only other point is that if there are areas11

that we think we can address more readily if we try to attack them pretty early12

in the next meeting.  You know, if there's a developing consensus that certain13

areas we can nail down. 14

MR. BOYACK:  Instead of a sequential?15

MR. TINKLER:  Instead of a sequential sometimes.  You16

know, if there are large chunks that we can agree on relatively easily we ought17

to try to address those areas maybe in a nonsequential order because they18

may be important areas for us from the regulatory standpoint.  Maybe not so19

interesting to the panel, but a great deal of interest to us. 20

MR. SCHAPEROW:  Are you referring to like gas form?  You21

mean the aerosol?22

MR. TINKLER:  Not necessarily.  Not necessarily, but I mean23

to the extent we -- I mean I thought I heard a couple times that physical and24

chemical form, at least in some of the fission product groups, was expected to25
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be unchanged by burn-up and MOX inventory, but in other areas where we1

think magnitudes may not be so much changed.  2

I mean if we're releasing a lot of the volatiles out of the fuel3

now how much more are you going to release?  So to the extent we can close4

certain issues and then it will help us narrow down what we got to give our5

attention to, and possibly help demonstrate how important it is too in the overall6

scheme of things, because I'm still of the mind that all the questions we've had7

about duration and timing, I'm still not convinced at all that is terribly, terribly8

important when you go to do a calculation for Teddy and a part 100 calculation.9

10

I'll give as much attention to the gap issues as they deserve11

but I don't want to give them more than they deserve.  12

MR. KRESS:  But you know the old argument about the first13

two hours versus the worst two hours. 14

MR. TINKLER:  It doesn't matter.15

MR. KRESS:  Well, it tells you the timing though is important16

in determining whether you meet 10CFR 100. 17

MR. TINKLER:  The onset doesn't matter though.  We're18

going to make the worst two hours.  You're going to make you use the worst,19

so if you delay it for -- but I think overall the total duration does matter.20

MR. KRESS:  Yes, the total duration matters.  21

MR. TINKLER:  But we've got a total duration that's less than22

two hours now.  I don't guess it's going to be longer than two hours, based on23

what I've heard. 24



176

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. KRESS:  I don't think so.  I think it's shorter, and that1

makes it worse.2

MR. TINKLER:  Yeah, that will make it a little worse, but it3

won't make it -- you know, I still think that in some of these cases remember4

that we're looking at core.  That's another point to remember.  We're looking5

at core wide, not the worst, how fast it comes out, how hot as fuel.  We've got6

to release it out of the whole inventory.7

MR. KRESS:  Yeah.8

MR. TINKLER:  So that stretches it.9

MR. KRESS:  I have a feeling then that translates into a10

release of the volatiles over a shorter time period, and if that were the case that11

makes it tougher to meet CFR 100, but I don't know how much worse it is12

because you already are releasing a lot of volatiles and the time is already13

pretty short.14

MR. TINKLER:  Well, I do think though then when it comes15

to timing like that you can reflect on the range of sequences, and you can16

reflect on things like the rate in which you heat up the whole core.  17

I don't think you've got to be tied.  When you're talking about18

that you don't have to be tied to a double ended pipe break.  You've got a heat19

up of an air cooled core.  So I think you can reflect on that and the20

appropriateness of it.  21

The other point I wanted to make on the ex-vessel stuff.  To22

the extent we have new and improved thinking on fission parts scrubbing as a23

result of water, you could consider that too. 24

MR. KRESS:  I want to bring those numbers down. 25
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MR. TINKLER:  How do we bring those numbers down.  Now,1

that is not going to have any effect for NOR, but I mean if you think for example2

you're going to have higher releases of low volatiles ex-vessel you might3

consider too what you've learned about --4

MR. KRESS:  What I'm worried about is we're dealing with5

the effects of MOX and high burn-up versus regular fuel, and now we're6

bringing in the effects of new information on everything and I worry about7

mixing those up a little bit. 8

MR. TINKLER:  Yeah, I know.  I know.  Generally we try to9

resist that, and I understand that too.  But you know, depending on -- in10

addition to changing numbers you can give some clarifying comments and11

guidance that goes along with this too.  12

MR. BOYACK:  One thing I would like to suggest, if I were a13

member of the panel, which means I had any expertise, and I were thinking14

about coming to the next meeting and I was going to be doing some work15

between now and the next meeting, what I would do is I would take this table16

and I would be primarily marking up for my own purposes those first two17

columns.  18

And so it would be interesting, whether you reveal that19

information or not as you talk to us, if you'd be willing to do that, and even the20

information that says hey at the start of the meeting I'm fairly confident of -- I21

don't know, what are there 14, 20 values there, what are there 19, 18.  You22

know I'm fairly confident to put down a figure for half of those, a quarter of23

those, or all of them.  I think that would be good information to have early in the24
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meeting, and if there's a large diversity amongst the panel members about their1

ability to do that that would be interesting.  2

So whether or not you're inclined to go ahead and review that3

-- reveal that early, I think it would be worthwhile. 4

MR. KRESS:  I would add a comment to that though.  Instead5

of the total early in-vessel I would say this is why it gets released from the fuel6

and this is taken out by the RCS and then this is what's -- and then you end up7

with those two giving you the third column. 8

MR. BOYACK:  I see.  So what you're saying is you would9

decompose those two elements.10

MR. KRESS:  Right. 11

MR. BOYACK:  So release from the core and what is carried12

out at the containment.  Well, surely if you could do that that would be an13

additional set of information that would be helpful.14

MR. SCHAPEROW:  Be even better.15

MR. BOYACK:  Now, the other thing I suggest is that you16

have Hossein or yourself do the same thing just to have your thoughts.  You're17

not panel but it would certainly mean that when you came you would be ready18

to have the dialogue and debate, and I think that would be valuable.  So you19

may consider whether you have your own thoughts, because I know you know20

how to express those.  21

MR. SCHAPEROW:  Well, we can get some of their numbers22

too.23

MR. BOYACK:  I shouldn't say these things.  I'm getting tired.24

25
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MR. TINKLER:  I agree.1

MR. BOYACK:  That would answer your question, go ahead2

and move as much as we could up front, get a sense of where we are, and I3

think that would be worthwhile, and so we would do that at 8:00.  We would4

have that discussion right after the presentation so we'd open up the meeting5

with it. 6

Okay.  With that let's just take a couple more minutes and7

see how much energy you've got for this at this point.  And what we'll have is8

we have about 45 minutes before I turn into a pumpkin.  Now because I have9

any place to go, but at this point I'm just tired.  Maybe Charlie's not, but I am,10

but he took a longer break.  11

Okay.  So let me just see if I can find the prior slide.  Okay,12

the prior slide we dealt with Noble Gases and we had this kind of information.13

We talked about the differences, which the higher fuel cost, grains -- higher14

fission gas inventories, but that was to do with inventory not released.  We15

thought about increased release both on rates and amounts.  We're talking16

about the tracking factor and that came up in your system, Tom, an then we17

talked about the data, and we've had that discussion, so -- 18

MR. KRESS:  -- for Noble Gases?19

MR. BOYACK:  You know, we just had the general comment,20

and so I wrote it down where it occurred because we were on this particular21

portion.22

MR. KRESS:  Okay.  Thank you.  But you know Noble Gases23

are --24
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MR. BOYACK:  Yeah.  So I'm not exactly sure what the1

context is here.  It will be in the transcript.  2

Now, the ACRS members on the panel stay until 8:00 tonight,3

don't they?4

MR. KRESS:  Say what?5

MR. BOYACK:  You stay till 8:00?6

MR. KRESS:  At least till 8:00.7

MR. GIESEKE:  That's when my plane leaves. 8

MR. BOYACK:  But that was just the ACRS.9

Okay, the halogens.  What can you tell me between the10

differences between --11

MR. KRESS:  Just copy what you had from the other one.12

MR. BOYACK:  Same atlas, right?  Okay.  13

MR. KRESS:  Right, Dana?14

MR. POWERS:  Well, as with all things it depends on the15

oxygen potential.  If the oxygen potential of the fuel is high enough, will absorb16

cesium, you will prevent cesium iodide from forming.  Most people suspect that17

the cesium iodide actually forms in the cooling system rather than the fuel.  So18

it may not matter whether it forms in the fuel or not.19

MR. KRESS:  But that was on the list.20

MR. BOYACK:  Well, at an earlier time.  It's been mentioned21

several times, but I'm not sure I've ever written down oxygen potential. 22

One thing I wanted to ask, Dana, is on oxygen potential is23

that associated with a particular component of the fuel system, is it the24

cladding?25
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MR. POWERS:  The system is somewhat complex.  The1

central problem is that when you fission the uranium atom you end of with2

excess oxygen, a little bit.  Okay.  So you've progressed to higher burn-up, of3

course.  You have a lot of -- potentially you have a lot of oxygen.  Now, much4

of that oxygen gets consumed by reaction with the clad, and after a while you5

build up an oxide barrier there, and so that process becomes kinecticly slow.6

7

Most people seem to think that what happens then is you8

start oxidizing the metal inclusions and putting molybdenum into the oxide, and9

so you're dictated by the molybdenum oxide equilibrium.  That's not usually10

very helpful because in order to calculate that you have to know what the11

activity of molybdenum oxide is dissolved in fuel an the activity of molten metal12

and metal inclusions.  So most people operate -- to metric and you use the13

single phase UO2.  14

MR. BOYACK:  Okay.  So the thought here is that the15

difference might be associated with the cladding, cladding uptake and the16

nature of the processes going on in the uptake.  17

MR. POWERS:  That's very important for low burn-up fuel.18

As you move up to higher burn-up presumably there is some point at which that19

uptake of oxygen is no longer efficient for you.20

MR. BOYACK:  Okay.  That was the cladding limit.21

MR. POWERS:  Right.22

MR. BOYACK:  But then maybe I did not understand, beyond23

that where you had the inclusions.  Was that still a process that was ongoing24

after the cladding itself uptake?25



182

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 www.nealrgross.com

MR. POWERS:  Yes.  It's because it's reacting with things1

that are in the fuel itself. 2

MR. BOYACK:  Okay.3

MR. POWERS:  And the reason you worry about oxygen4

potential is it strongly affects the volatility of things.  Strontium and barium5

become depressed in their volatility as the oxygen potential goes up.6

Ruthenium, presumably tellurium and molybdenum volatilities go up as the7

oxygen potential goes up. 8

Lanthanides, the sesquioxides, LA2 or LA3 in principle they go9

up, but in fact it's a relatively small effect. 10

MR. KRESS:  I thought that's the reason you got core11

concrete releases?12

MR. POWERS:  That's because all the core concrete13

releases of the refractors are because you have zirconium and the induction14

potential is down.  LAO is the dominant vapor species.15

MR. KRESS:  I thought when you bubbled --16

MR. POWERS:  That's the sparging effect.17

MR. KRESS:  Sparging effect.  That may make it more18

volatile. 19

MR. POWERS:  It doesn't make it more volatile, it's just that20

it's more efficient mass transit work. 21

MR. KRESS:  Carrying it out.22

MR. POWERS:  Yeah.  You put a large volume of gas23

through the melt and you have a small vapor pressure, you can carry a lot out.24
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MR. KRESS:  I thought that perhaps it converted into LAO in1

the gas phase gave it a pumping effect because of the --2

MR. POWERS:  It makes it into LAO.3

MR. KRESS:  Yeah, but that's not volatility, it's a pumping4

effect because it depresses the concentration driving it back or --5

MR. POWERS:  No.  You're just creating a volatile species.6

MR. KRESS:  Okay.  It's LAO then. 7

MR. BOYACK:  Did this oxygen potential effect, did that also8

apply to Noble Gases?9

MR. KRESS:  No.10

MR. BOYACK:  So this is, as someone said, the same as the11

list of Noble Gases and in addition to the oxygen.  Okay.  12

That moves us on to -- well, do we go to halogens or alkali13

metals?  Oh, the halogens we covered.  Pardon me, alkali metals.  How much14

of this is the same as the thing we just discussed?  What are the differences?15

16

MR. POWERS:  If the oxygen potential is higher you're going17

to depress the release of the alkali metals.  It's going to have a tendency to18

form cesium uranates.19

MR. BOYACK:  In this matter of what you get potentially --20

now, I'm talking about halogens and alkali metals.  What is -- is there data21

that's out there and available that you can look at now?  Is it not available?22

How do you get a handle on this oxygen potential and its impact on releases23

eventually?24
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MR. POWERS:  I think we have data on the stoichiometry of1

-- as a function of the -- which is a measure of oxygen potential.2

MR. BOYACK:  Okay.3

MR. KRESS:  Primarily this is why I want to see some real4

data because if there is a big effect due to that it will show up in the release5

rate data at high burn-up.  You'll see how if you looked at the different release6

rates and the different amounts if that has affected it, and then it will be part of7

the data release.  8

MR. BOYACK:  Okay.  Anything else?9

MR. POWERS:  I suspect when we're going through these10

transients in the in-vessel phase of the release, I don't expect to see it very11

strongly in the alkali metals, because I think they're dominated.  I mean I think12

they're volatile and volatile temperatures are so high they just vaporize.13

MR. KRESS:  That's what I think. 14

MR. POWERS:  So you may get some sharpening up when15

you go through like the oxidation transient you can see a little sharper releases16

and it should just have slightly higher temperatures, which is taken -- I mean17

nearly everything is going to be released and so it took you a little longer and18

different to get there.  19

More you're more likely to see it is effects on the other things20

that are a little less completely released, and you know I would expect this to21

start seeing more with the molybdenum moving around, Ruthenium moving22

around, maybe even tellurium moving around, but similarly I would expect to23

see strontium and barium come down.24
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MR. KRESS:  But I wouldn't know how to factually into my1

thinking if I had experimented later, because none of my models that I know of2

look at actual chemical species in the fuel, and their effects of speciation on the3

release models I have.  I just don't have any models that deal with that for me.4

You know I don't have separate co-efficients for different species and I don't5

have a condensed phase chemical model that tells me how much of each6

species is in there and what form, and so I don't have to deal with it other than7

knowing the general trend of what it might do, but wondering how to look at8

affects on the numbers in the tables.  9

I just have to fall back on experimental data in high burn-up10

and say okay this is what I see coming in, and maybe those things would help11

me explain why I see what I see.  In fact, that's where I would think their value12

is, but I don't know how to go the other way. 13

MR. BOYACK:  Okay.  So the thought is here that on the14

alkali metals that if the oxygen potential is higher it suppressed releases and15

you're going to depend on the availability of data and you'll try to sort some of16

that out. 17

MR. KRESS:  Yeah, but all it's going to do is help me explain18

the data.  I mean it's not -- I won't be able to use it to quantify it.19

MR. BOYACK:  Okay.  When we run tellurium for the gap20

release, the gap activity we had these types of comments that it was uncertain21

with respect to increase or decrease.  It was needed data but there was a22

problem with measurement directly.  We talked about that.  At that time we23

were going to use zero, which was the prior NUREG-1465.  During this phase24

for the 1465 release for tellurium it's .05.25
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We talked about the fact that it was not a -- it was only a1

fractional contribution to iodine in tellurium.  You're going to look at the ration.2

Now, what do we do with tellurium here with respect to this3

phase of the accident, which is the early 4

in-vessel?  Are there new pieces of information that are associated directly with5

this phase that we will want to record?6

MR. POWERS:  You can still encourage the regulatory staff7

to ban it.  Just say we're not going to let you produce any tellurium, and no8

tellurium produced -- don't want to see tellurium.9

MR. BOYACK:  Okay.  Dana's getting to the end of the day10

too.  11

MR. POWERS:  I hate tellurium.  12

MR. BOYACK:  So what is different now from high burn-up13

fuel?14

MR. POWERS:  It has more tellurium.  There is even a bigger15

reason for the staff to ban it.  There are more things for it to react with, make16

its chemistry even more complicated.  17

MR. KRESS:  Now we know even less about what it's going18

to do.  Once again, this apparent little data is worth an awful lot.19

MR. BOYACK:  So really you're basically making the20

statement it's very difficult to make any judgments about this.21

MR. KRESS:  Yeah, and what we've seen in regular fuel and22

regular clad, tellurium gets released but it seems to be delayed in the release23

until you oxidize a lot of the clad and then it gets released pretty fast.  Whether24

or not the burn-up affects that it would be nice to have some data. 25
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MR. BOYACK:  Is there any prospect for more data, because1

based upon --2

MR. KRESS:  Not in the time frames we're interested in, I3

don't think. 4

MR. BOYACK:  But even now, you know, you're dealing with5

these radioactive materials and you've got short times and your -- the real6

question is, is there any prospect ever of doing anything about this?7

MR. KRESS:  You can run experiments and measure8

tellurium.9

MR. BOYACK:  Just focus on that?10

MR. KRESS:  Yes.  It's tough to do but you can do it. 11

MR. BOYACK:  Okay.  Now, what about the refractory12

materials?  Do we need to break them apart or treat them as a group for our13

discussions here?  14

I guess the barium and strontium were at .02, Noble metals15

.0025, cerium group .0005, lanthanides .0012.  So they definitely were different16

release fractions, and before we just treated them -- we just talked about them17

as a group.  Do you want me to take them one at a time or can we talk about18

them in a group since we're tired?19

MR. POWERS:  I guess one of the questions we really want20

to address is there enough different between strontium and barium to treat21

them as separate entities, and do those differences persist as you go up the22

burn-up?23

MR. BOYACK:  Your asking a question which -- before24

they're treated as a group here?25
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MR. POWERS:  I guess they've been treated separately and1

they've been treated together, and I think the experimentalists can treat them2

separately because they have to be measured separately.  Barium you can3

measure 4

with -- but with gamma and strontium it's not so easy to do that.5

MR. BOYACK:  So you go off and you're going to spend until6

early December and you're going to come back with those, possibly a more in7

depth table.  Would you foresee that you'd be able to mark these four or five8

items out by December?  It's just another way of asking the question to see if9

I can energize you enough for another five minutes to get some sense of what10

it is for these refracturing materials?11

MR. KRESS:  Yes, if I can get this data on the effects on the12

release for a couple of species then that would be those two, but if I can get13

enough of the species I can do some extrapolating to the other species, other14

groups.  I think I can. 15

MR. BOYACK:  Okay.  I sense --16

MR. KRESS:  I think it's a little crazy to have numbers in the17

table like .0002 and the next one .0005.  I think those are the same number18

and it doesn't make much difference anyway.  I would have a group called19

others and they would all have the same number.  It would be a low number20

and it wouldn't make much difference anyway. 21

MR. POWERS:  Any place you'd know one in order of22

magnitude better than you do the other one.  An extra significant figure, right,23

two digits?24
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MR. SCHAPEROW:  That would also make up the comment1

why -- at our tables.  2

MR. BOYACK:  Okay.  I think we've come to an end, and I3

think we've pretty well have gone ahead and decided what we'll do for the4

upcoming meeting. 5

Any last comments anybody wish to make before we6

adjourn?7

MR. SCHAPEROW:  If anybody wants anything mailed back8

instead of carrying it back just go ahead and give it me.  Stick your name on it9

and I'll send it to you.10

MR. POWERS:  At what point in the process are we going to11

attack MOX?12

MR. BOYACK:  I didn't hear.13

MR. POWERS:  At what point in the process do they intend14

to attack MOX?15

MR. BOYACK:  When we started -- we started to address16

that.  We didn't finish it.  It would be best if we started the next meeting with it.17

MR. TINKLER:  Absolutely.  Absolutely.  I really think that we18

shouldn't go too far -- 19

MR. BOYACK:  Okay.  Well, we're adjourned.20

(Whereupon, at 4:47 p.m. the examination was concluded.)21

22
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