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1 P-R-O-C-E-E-D-I-N-G-S

2 8:31 a.m.

3 CHAIRMAN RYAN: On the record. The

4 meeting will come to order please. This is the third

5 of the 168th Meeting of the Advisory Committee on

6 Nuclear Waste. My name is Michael Ryan, Chairman of

7 the ACNW. The other members of the Committee present

8 are Vice Chairman Allen Croff, Ruth Weiner, James

9 Clarke and William Hinze.

10 During today's meeting, the Committee is

11 briefed on recent developments in the modeling of

12 igneous activity in the Yucca Mountain area.

13 Specifically, the Committee will hear a discussion

14 from the NRC Staff and the Center for Nuclear Waste

15 Regulation analysis on the hypothetical scenario in

16 which a geologic repository at Yucca Mount is

17 intersected by a volcanic vent, resulting in the

18 dispersal of contaminated ash. We'll also hear from

19 representatives of the Electric Power Research

20 Institute on their most recent independent study

21 related to the potential consequences of an igneous

22 event in the Yucca Mountain region. And lastly, the

23 Committee will discuss proposed letters and reports

24 from this and earlier ACNW meeting activity from this

25 week and previously.
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1 Neil Coleman is the Designated Federal

2 Officer for today's session.

3 This meeting is being conducted in

4 accordance with the provisions of Federal Advisory

5 Committee Act.

6 We have received no written comments or

7 requests for time to make oral statements from members

8 of the public regarding today's sessions. Should

9 anyone wish to address the Committee, please make your

10 wishes known to one of the Committee staff.

11 It is requested that the speakers use one

12 of the microphones, identify themselves and speak with

13 sufficient clarity and volume so that they can be

14 readily heard. It is also requested that if you have

15 cell phone or pagers, you kindly turn them off. Thank

16 you very much.

17 Do we have any telephone participants?

18 PARTICIPANT: (Inaudible.)

19 CHAIRMAN RYAN: Should we wait a couple

20 minutes? Okay. We'll do that. I guess we're going

21 to hook up folks at the Center and we'll just take

22 maybe a five minute pause in the record, so we can set

23 up the telephone connection. Thank you. Off the

24 record.

25 (Whereupon, the foregoing matter went off
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1 the record at 8:32 a.m. and went back on the record at

2 8:39 a.m.)

3 CHAIRMAN RYAN: On the record. Okay.

4 Thanks. With that, we'll go ahead and reconvene our

5 record when our recorder is ready. We're back on the

6 record. We have read our opening statement, folks at

7 the Center, and we're ready to begin. So without

8 further adieu, I'll turn the meeting over to Professor

9 Bill Hinze who is going to lead this morning's session

10 discussing the developments related to modeling of

11 igneous activity in the Yucca Mountain region. Dr.

12 Hinze.

13 MEMBER HINZE: Thank you, Jim and Ryan.

14 We are pleased to have two different groups making

15 presentations regarding the Modeling of Igneous

16 Activity at Yucca Mountain. The first will be by the

17 NMSS staff. Keith Compton, we welcome you and we're

18 looking forward to hearing about the modeling of the

19 fluid remobilization of possible tephra falls in the

20 vicinity of Yucca Mountain. It's yours and welcome

21 you here and we're looking forward to an update on

22 this work which we heard about some 18 months ago for

23 the first time and we're looking forward to hear what

24 progress has been made and where we are at this point.

25 Thank you.
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1 MR. COMPTON: Good morning. My name is

2 Keith Compton. I am with the Performance Assessment

3 section in the Division of High Level Waste. I'm also

4 the Project Officer for the Integrated -- Team termed

5 Redistribution of Radionuclides in Soil. That's

6 actually the group, the management group, that deals

7 with issues of fluvial remobilization and I will be

8 giving the presentation today instead of Don because

9 I wanted to give Don time to be in the lab and be

10 conducting measurements and preparing for field work.

11 This also had the effect of ensuring that

12 I read the report very carefully. So I'll be giving

13 it. However, I believe that Don and Roland are on the

14 line and can answer technical questions as well as

15 Brett Hill is here. So if there are detailed

16 technical questions that you want to give directly to

17 technical staff we should be able to answer those.

18 The second slide, 'the objectives for my

19 talk today, but the first thing I want to do is to

20 give you an overview of the updated framework for

21 modeling igneous extrusive activity. The fluvial

22 aspect, fluvial remobilization,' is only a component of

23 this. So I wanted to give you some idea of what the

24 broader context into which this fits, but the bulk of

25 my talk will be on discussion of fluvial
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1 remobilization.

2 Slide three. So going just directly to

3 the overall framework, as you may recall the previous

4 versions or current versions of the TPA Code rely on

5 a fixed single direction for the wind and there is no

6 explicit accounting for redistribution and we had

7 identified in our risk insights a number of areas that

8 could be potentially risk significant and we are in

9 the process of updating and refining the model for

10 account for these processes more explicitly. The goal

11 of this is try to increase the realism in the model to

12 allow us to explore what the impact of these processes

13 could be.

14 And I should also mention that this

15 framework was initially laid out in the Risk Analysis

16 for Risk Insights Progress Report. The reference to

17 that is at the end. So if you look at I think Chapter

18 6 in that report it kind of gives the overview of the

19 direction that we're going.

20 And the overall structure as you can see

21 is shown in what's called the ASHREMOB module and just

22 to step through the process, essentially

23 eruption/disruption of the packages could result in

24 entrainment of waste in the tephra. Following the

25 entrainment of the waste, the dispersal and deposition
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1 of the tephra will be modeled by a dispersion model

2 that will allow the wind fields to vary from

3 realization to realization. So it would allow it vary

4 within the realization. So we're relaxing the

5 constraint that you have a single wind field. It

6 would be deposited wherever the wind predicts it will

7 be deposited and there are three sources.

8 So therefore potentially there are three

9 sources by which the RMEI could be exposed to

10 contaminated tephra. The first is of course it could

11 still deposit directly at the RMEI location and you

12 would have a direct. So that's the direct deposition

13 scenario. As well, if the tephra were to deposit in

14 the catch net base on the Fortymile Wash, then it

15 could be carried by water down to the RMEI area and

16 this is the fluvial remobilization. And then finally,

17 over a larger area if it were deposited, it could be

18 carried by wind to the RMEI location. Then once it's

19 in the vicinity of the RMEI it could then be

20 rescinded, breathed, by the RMEI and get a dose. So

21 basically there are three components in the updated

22 model.

23 MEMBER HINZE: Can you give us some idea

24 of when we will be hearing about the Eolian

25 redistributing modeling?
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1 MR. COMPTON: We're working on those

2 reports. What I can do is I can talk to Neil and I

3 get an idea of what the schedule for the deliverable

4 of those reports is so we can get you the schedule for

5 it.

6 MEMBER HINZE: These are so integrally

7 connected that it's much more appropriate, useful, to

8 us to be able to evaluate them together.

9 MR. COMPTON: Yes. Understood and I think

10 that that's why this presentation hopefully will give

11 you, we can go into some of the details of fluvial so

12 that when we go into the others we can take it a piece

13 at a time. But understood and we'll get that to you

14 as soon as we can. We're eager to get it to you. We

15 just need to --

16 And I will mention of course that I'm

17 limited to talking about what is publicly available,

18 what we've already published since some of those

19 things are not yet publicly available, not yet

20 published. We're still talking about them and

21 discussing them. We'll get them out to you as soon as

22 possible.

23 And again, that's the overall context and

24 today the rest of my talk, I'm going to focus on the

25 fluvial, how the fluvial fits into this basically
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1 looking into what are the inputs from the rest of the

2 model and what it outputs to the rest of the model.

3 Next slide. These two figures show a

4 rough idea of the scope of fluvial remobilization. An

5 eruption that penetrated the repository and resulted

6 in entrained waste could result in deposition within

7 the 40 mile watch catchment area. That's shown in the

8 figure on the left and it's maybe a little bit

9 difficult to see in the overhead projection. There

10 should be kind of a yellow outline showing the larger

11 catchment area.

12 Then if that were to be eroded, it could

13 be carried down through Fortymile Wash and deposited

14 in the depositional fan that's something in the

15 neighborhood, I don't recall the exact number, but

16 something in the neighborhood of 18 to 20 kilometers

17 south of the repository.

18 MEMBER HINZE: Could you -- I'm going to

19 keep interrupting.

20 MR. COMPTON: Sure.

21 MEMBER HINZE: Because it really is most

22 appropriate when we have these diagrams in front of

23 us. Can you give us some basis or justification for

24 the limits that you've established?

25 MR. COMPTON: To have a -- withdrawn?
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1 MEMBER HINZE: Yes.

2 MR. COMPTON: It's my understanding, and

3 I will give a cut at it and then I will let everyone

4 jump in before I get too far on. It's my

5 understanding that those were developed based on slope

6 maps, elevation maps, and then the slopes were drawn

7 to identify the base and is Don on the line?

8 MR. HOOPER: Yes, that was for the fluvial

9 basin. That's all done by general GIS methods.

10 MEMBER HINZE: That doesn't tell me very

11 much in terms of the justification for them. That's

12 the method that you used to drive the maps. But how

13 were these lines drawn and in particular what is the

14 outer or the southern limit of the depositional area?

15 It appears to be rather arbitrarily drawn and I'm

16 wondering what's the justification for that?

17 MR. HOOPER: Following old stream patterns

18 and following the contours on the map and things like

19 that.

20 MR. BENKE: Yes, the general shape of the

21 depositional area was obtained from satellite images.

22 I think the --

23 CHAIRMAN RYAN: Excuse me just a second.

24 When you switch speakers at the Center, it's important

25 that you identify yourself so that our record here

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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1 will be clear who's speaking if you don't mind.

2 MR. BENKE: Sure. Understood. Previously

3 it was Don Hooper of the Center. More recently,

4 Roland Benke speaking at the Center.

5 CHAIRMAN RYAN: Thank you.

6 MR. HILL: Okay. This is Brit Hill, NRC

7 staff. I think I can help explain something about

8 what these are.

9 MEMBER HINZE: Please.

10 MR. HILL: Are we looking at the

11 depositional boundary or the catchment boundary?

12 MEMBER HINZE: No, more the depositional

13 boundary.

14 MR. HILL: There really are two boundaries

15 for the depositional system in Fortymile Wash. The

16 first starts where you can see Fortymile going from an

17 incising system to a depositing system and that occurs

18 about right around the southern boundary of the Nevada

19 test site. So you begin to get aggradation in the fan

20 system.

21 The original figure, I'm afraid we can't

22 quite see it on here, but there was an outline that

23 showed the topographic extent of the Fortymile Wash

24 fan system that would be the extent of all alluvium

25 that was coming out Fortymile Wash, the boundaries of

NEAL R. GROSS
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1 which was defined by when it would impinge on the

2 alluvium coming out of another drainage. That would

3 extend all the way down to the California-Nevada

4 boundary line.

5 But if you take a look at the satellite

6 imagery, you can see most that topographic basin is

7 covered by more varnished sediment. This is sediment

8 that has been pretty stable for say the last 10,000

9 years or so. This smaller box, the triangle that

10 we're using, is the zone of active, most active,

11 deposition is the area of Fortymile Wash that doesn't

12 have varnished sediment. There is not stable surface

13 through there.

14 This smaller rectangle, that blue

15 rectangle that you see on the figure on the right-hand

16 side represents the zone of active deposition and by

17 active we mean this is where sediment has been

18 deposited within the last 4,000 to 10,000 years. Now

19 of course, there is some sediment that escapes from

20 that general area and goes down a little bit farther

21 towards the Amargosa River, but the volume of that

22 sediment is incredibly small. It's very fine grain

23 and it doesn't look like there's much active

24 sedimentation through that area.

25 So when you try to make a first pass or a
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1 first order model, where are we capturing, where are

2 we depositing most of the sediment that's coming out

3 of that 800 square kilometer catchment basin to the

4 north? Most of that sediment is being deposited

5 within that roughly 24 square kilometer active part of

6 the Fortymile Wash fan. That's defined again based on

7 topography and based on sediment characteristics.

8 MEMBER HINZE: That's helpful, Brit, but

9 as you're well aware from the exposure scenario, we're

10 particularly interested in the very fine grain

11 components. These are the components that will be

12 most detrimental to the RMEI. So why should we be

13 concerned about the courser grain and the finer grain

14 which are escaping?

15 MR. HILL: Most of the sedimentation

16 during these large scaled flood events which is what

17 we're trying to model, not the very small events, but

18 the large scale events that move a lot of sediment are

19 in a, I don't want to go too far into the

20 sedimentology, but they're in a hyper-concentrated

21 regime. They're very large flow, very large suspended

22 load flow events. When these come out of the confined

23 channel at Fortymile Wash and hit the depositional

24 fan, most of the sediment is going to be deposited

25 whether it's course or fine grain.
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Now there's always some amount of the

allutriated fine suspended material that could

continue on down the drainage. But if you look at the

sediment that occurs in that active part of the fan,

what you'll see is there's also fine grain sediment

that occurs in this, it's called the proximal zone of

the fan. Not all the fines stay in suspension.

The end result, we're just trying to model

the bulk process. We're not trying to model a

particular size fraction because that size fraction

isn't transported in isolation. It's transported as

part of a bulk sediment transport process, the fines

and the course materials.

MEMBER HINZE: That's helpful. I just

want to make certain that you're really incorporating

all of the particle size in the mass balance that

you're developing.

MR. HILL: The mass balance is for all

particulates. It's truly a mass balance approach. We

are not explicitly modeling the hydrofluid dynamics of

discrete particle sizes. We're not trying to say that

the fine particles and the course particles have

different transport tracks or that our understanding

is sufficient to model those explicitly.

In a way, this is really similar to
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1 airborne transport problem where the model makes a

2 bulk approximation for grain size. We're not modeling

3 explicitly the airborne transport of individual

4 particles. We're modeling the mass of material and

5 it's the same thing here for fluvial.

6 MEMBER HINZE: I think we understand that.

7 That's helpful. Thank you very much.

8 MR. COMPTON: That's useful and that

9 actually might help a few slides down the line when we

10 get to that and I'll talk a little bit more about

11 that.

12 MEMBER WEINER: Could I ask a real brief

13 question please? Where is the RMEI on your diagram?

14 MR. COMPTON: The RMEI look -- Well, I

15 can't.

16 MR. HILL: The RMEI would be at the

17 southern boundary of the Nevada test site which is --

18 I'm try to describe it. It would be right around the

19 right-hand side of that blue triangle, towards the

20 apex of the blue triangle. If you look carefully, you

21 can see an east-west line coming across there which is

22 a road.

23 MEMBER WEINER: Thank you. That's

24 helpful.

25 MR. HILL: That would correspond to the
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1 latitude of the RMEI that's in 10 CFR 63.

2 MEMBER WEINER: Thank you.

3 MEMBER HINZE: I think that's an excellent

4 point, Dr. Weiner. It would be very helpful if there

5 were some kind of indication of where the RMEI is on

6 this map to assist the viewer in putting this all into

7 a proper geographic frame work.

8 MR. COMPTON: Sure, and that's something,

9 I actually have to be honest, I was thinking that I

10 would be able to point to it and do my weatherman

11 imitations and say the RMEI is approximately here, but

12 that's correct. That's roughly the location.

13 CHAIRMAN RYAN: Excuse me.

14 MR. COMPTON: I think that's the only one

15 I needed to point to. So going to the next slide,

16 Slide 5, now I'm turning at this point from the

17 physical system to moving towards how our abstraction

18 is going to deal with this process. That's shown on

19 this slide.

20 The abstraction for fluvial remobilization

21 presumes that there will be a constant airborne

22 concentration in the vicinity of the RMEI, but that

23 that airborne concentration would not persist

24 indefinitely. So in our abstraction, there's a number

25 of values, a number of parameters, that we need to
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1 calculate and I'll go into these in more detail and

2 explain the parameters.

3 MEMBER WEINER: Excuse me, Keith.

4 MR. COMPTON: Sure.

5 MEMBER WEINER: Constant concentration of

6 what? Tephra or --

7 MR. COMPTON: The airborne waste

8 concentration is assumed to be constant and that is a

9 function of several parameters. One, it's a function

10 of the mass load. It is a function of the

11 concentration of waste in the tephra in that mass

12 load. It is a function of how much that may have been

13 diluted during transport. So when you get those three

14 things, that gives you if you have a mass load, the

15 activity and the tephra and then how much of that mass

16 load is part of the contaminate of tephra. That will

17 give you the waste concentration. So that gives you

18 the horizontal line.

19 The extent, the time required, is the time

20 that's required to deplete Fortymile Wash of erodible

21 tephra. Essentially once the redistribution process

22 stops, then the contaminated portion is assumed to go

23 to zero.

24 CHAIRMAN RYAN: Just to simplify so I

25 understand you, you said waste. You mean radioactive
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1 material, atoms of radioactivity.

2 MR. COMPTON: Yes, I think it would

3 actually be like grams of uranium. I think that's

4 what the output is.

5 CHAIRMAN RYAN: Grams or curies, either

6 one are the same. It's a constant concentration of

7 radioactive material in a matrix.

8 MR. COMPTON: Right.

9 CHAIRMAN RYAN: So you're assuming that

10 there's complete mixing of a non radioactive substrate

11 with the radioactive material and creating the

12 aerosols. That's the only way you get there.

13 MR. COMPTON: I think so. Yes.

14 CHAIRMAN RYAN: Okay. That's probably not

15 a realistic assumption, but so be it. I just want to

16 be real clear that the radioactive material is

17 uniformly distributed in the non radioactive matrix.

18 MR. COMPTON: Right, and that actually

19 I'll probably get to that.

20 CHAIRMAN RYAN: Okay.

21 MR. COMPTON: That goes back to the *

22 8:59:02 Corporation model is what you're getting at.

23 It's the idea of to what extent --

24 CHAIRMAN RYAN: And I'm being a little

25 picky because I just want to make sure that everybody
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1 is clear that when you say wiaste, waste actually

2 contains radioactive and non radioactive mass. But I

3 think you said was that the radioactive material is

4 uniformly distributed in a solid matrix of which some

5 becomes particle.

6 MR. COMPTON: I'm not making any

7 assumption on kind of at the particle size.

8 CHAIRMAN RYAN: Forget particle size for

9 the moment. Just that there's a uniform concentration

10 of the radioactive material in the solid substrate.

11 MR. COMPTON: And I think that's driven

12 by a number of things, but that's the entrainment

13 part. That's done by the depositional model because

14 it assumes how much waste would be entrained within

15 the tephra and then it partitions that among it.

16 That's another part of the model.

17 CHAIRMAN RYAN: Okay.

18 MR. COMPTON: And it's similar to the

19 approach that we've used before.

20 CHAIRMAN RYAN: But it's a critical one

21 because it basically makes all the radioactive

22 material available to become particles and there's

23 nothing sequestered in any kind of event that's not in

24 the particles.

25 MR. COMPTON: In the tephra.
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1 CHAIRMAN RYAN: In the airborne,

2 potentially airborne particles.

3 MR. COMPTON: Right.

4 CHAIRMAN RYAN: Okay. That's a bounding

5 case.

6 MR. COMPTON: Yes.

7 MEMBER WEINER: Excuse me. Just to

8 clarify. You're using the calculations from the

9 LaPlante and Jarazemba report to determine how much

10 waste, what the density is, what the particle size is,

11 how much is incorporated into the tephra.

12 MR. COMPTON: This is actually, and this

13 gets into one of the things that we're working on

14 right now. But this is basically used by the tephra

15 code.

16 MEMBER WEINER: Okay.

17 MR. COMPTON: And the tephra code --

18 MEMBER WEINER: It's what is being used by

19 the tephra code.

20 MR. COMPTON: The tephra code does that

21 incorporation and determines to what extent the

22 material is incorporated into the tephra.

23 MEMBER WEINER: But you need to put input

24 into the tephra code.

25 MR. COMPTON: That's right and the only
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1 thing that I'll say on that is that's something that

2 we're still working on getting that report out. But

3 the kind of model that's used in the tephra code is

4 similar to the ash plume model. Brit, is that a fair

5 statement?

6 MR. HILL: Brit Hill, NRC Staff. We're

7 using the same ring sizes for the high level waste

8 particles as was used in the airborne transport. Now

9 in reality we know that once that material has been

10 incorporated into a volcanic eruption, transported

11 through the atmosphere and sat for some amount of time

12 on the surface, there is likely going to be some

13 modification to the waste form. We do not have a

14 technical basis to evaluate what the waste form will

15 be following transport and deposition from a volcanic

16 eruption.

17 We use for transparency. We use the same

18 grain size distribution as we have during the volcanic

19 eruption and that material is assumed to be

20 distributed uniformly through the redistributed or

21 remobilized deposit. So when we talk about waste in

22 terms of the mass load, it's concentration per unit

23 area assuming a uniform distribution of that mass

24 through the mass of redistributed material.

25 MEMBER HINZE: Thank you, Brit.
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1 MR. HILL: One other very quick point, if

2 we have a very thin deposit that includes more

3 dilution of the concentration of radionuclide than in

4 a thick deposit, once you're having a deposit of less

5 than about three millimeters, you're going to be in of

6 course entraining the substrate or the underlying

7 noncontaminated material. So the model is accounting

8 for radionuclide concentration in the bulk deposit and

9 recognizing that thin deposits are not going to have

10 a uniform concentration. They're going to have lower

11 concentrations of entrained material.

12 MEMBER WEINER: Thank you.

13 MEMBER HINZE: Do I understand correctly

14 and if you don't mind, Keith, I'll follow up with a

15 question to Brit, do I understand correctly that the

16 assumption here is that there is a uniform

17 distribution of the tephra over the collection zone?

18 MR. HILL: No, the tephra is distributed

19 non-uniformly based on the distribution patterns that

20 would come about from the ash plume modeling code. So

21 they're much thicker towards the vent and much thinner

22 away from the vent.

23 MEMBER HINZE: Okay. How is that taken

24 into account in this? Will we hear about that?

25 MR. COMPTON: Yes. Maybe if I go through.
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1 You're actually anticipating a number of things I want

2 to talk about.

3 MEMBER HINZE: Okay. Very good.

4 MR. COMPTON: So hopefully I can.

5 MEMBER HINZE: Well, let us not get in

6 your way then.

7 MR. COMPTON: I will hopefully key into

8 some things. The first question, I mentioned before,

9 those were the four parameters that the model needs,

10 the mass loading, concentration of the waste or of the

11 material --

12 CHAIRMAN RYAN: Again, when you say

13 "waste" I just want to be real clear. You mean just

14 the radioactive material.

15 MR. COMPTON: It is the mass I think of

16 the grams of uranium and then to get activity you

17 would have to multiply it by the activity.

18 CHAIRMAN RYAN: Grams of activity is the

19 same as activity. Uranium and curies are whatever you

20 want, becquerels, but it's not diluted in any

21 nonradioactive substrate except for the tephra.

22 MR. COMPTON: Except for tephra.

23 CHAIRMAN RYAN: Right. Okay. So it's not

24 waste. It's radionuclide or radioactive material.

25 MR. COMPTON: Sure, and in particular, I
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1 think the input is the amount of heavy metal basically

2 that's brought in and to get activity, you figure out

3 how much of each particular nuclide is in that.

4 CHAIRMAN RYAN: Yes, ratio to uranium.

5 I'm with you. That's fine.

6 MR. COMPTON: So the first of those

7 assumptions, mass loading is obviously a critical

8 assumption. The key assumption here is that your

9 episodic fluvial redistribution events. Those of

10 course occur episodically not continuously. But they

11 are sufficiently frequent so that they sustain roughly

12 a constant mass loading in the depositional area as

13 long as you have tephra available.

14 However, once the tephra is depleted from

15 the catchment basin, once you've eroded away all the

16 erodible material and you're not supplying

17 contaminated tephra, it's assumed that ambient

18 sediments from the other areas, the unaffected areas

19 would cover that area and therefore you would get no

20 resuspension of contaminated tephra.

21 Then the mass loading is a function of how

22 resuspendible is the redistribution at the level of

23 activity, so heavy or light activity. I know that's

24 something that would be of great interest, but we

25 don't have that parameter for you yet. So I'll just
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1 say at this point that that's to be determined.

2 That's one of the things that is going to need to go

3 into the model. But the assumption is there. The

4 question is just what's the value.

5 Next slide, Slide 7, I think this is going

6 to the question that was asked about the

7 concentration, what's the mixing in the tephra or

8 what's the concentration that's used. It's a simple

9 assumption. The deposition model will predict. It

10 will actually predict a pattern. It will generate the

11 isopachs for different eruptions and then within the

12 area of Fortymile Wash catchment basin, you would sum

13 up and determine how much waste, how much uranium is

14 deposited within that catchment basin, how much tephra

15 was deposited within that catchment basin and then you

16 would make the assumption that that's uniformly mixed.

17 By the time it gets down to the, by the time it's been

18 redistributed and brought down to the depositional

19 area you would assume that mixing would cause that to

20 be an equal mixing. So the assumption is fairly

21 straightforward.

22 Next property we talked about, we've

23 talked about the mass loading and we've talked about

24 the concentration. The next is to what extent could

25 you get dilution with ambient sediments. Of course,
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1 when the blanket falls, it's probably not going to

2 cover the entire catchment basin. So you're going to

3 get clean sediments as well that are being brought

4 down the wash and the question is what amount of

5 dilution would you expect to get from that.

6 The approach is fairly simply. The

7 dilution is simply what proportion of the

8 redistributed material is contaminated tephra, so the

9 ratio of tephra to the total redistributed volume.

10 And again this is a simple mass balance approach. You

11 have a certain amount of material that's deposited in

12 the catchment basin. Tephra will erode from the area

13 covered by tephra at its erosion rate. The ambient

14 sediment will erode from the unaffected areas at its

15 rate. They'll be mixed during the transport. So both

16 will be brought down and brought into the depositional

17 area and then finally as I said, when there is no

18 tephra left, you stop that process and you get just

19 clean sediment coming down and depositing on top.

20 I'm not going to go into the derivation,

21 but the form on the right, there are some things that

22 I'll draw your attention. One is that there's two

23 ratios in this. One is the ratio of the yields, the

24 ambient sediment yields and the tephra erosive yields.

25 So it's the ratio of those two that drives the
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dilution and that kind of makes sense. What that's

saying in that if the tephra is more erodible, then

supplying more material, a relatively larger fraction

of that, what's deposited in the depositional basin

would be tephra and therefore there would be less

dilution.

The second ratio is the area covered by

ash to the area of the total basin and again, it also

makes sense that the more area that's blanketed by

tephra, the less dilution you would get because you

would presume that most of that erosion is coming for

most of that material is tephra. I won't go into

modeling that aerial fraction. The area of the basin

comes from the mapping process. The area covered by

tephra is an output of the tephra model, the

depositional model.

MEMBER WEINER: Are the units of yield

mass units or curies?

MR. COMPTON: The units of these, I'm

sorry. I should have put those on there. The units

of these, and again I can be corrected if I'm wrong,

would be kilograms of sediment or tephra per square

meter of the basin per time. Is that correct?

MEMBER HINZE: Kilometer probably.

MR. COMPTON: Yes.
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1 MEMBER WEINER: Okay.

2 MR. BENKE: I'd like to say something.

3 This is Roland Benke at the Center. Keith, the only

4 change would be that for sediment yield in the model

5 is the volume of the sediment per area per event. So

6 that would be meters3 divided by meters2 to give a

7 unit of a single meter.

8 MR. COMPTON: Okay. In that case, I'm

9 sorry, then it would be corrected by density.

10 MEMBER WEINER: Okay. Thank you.

11 MEMBER HINZE: Go ahead, Bruce.

12 DR. MARSH: I have a quick question.

13 Bruce Marsh here. In this equation here, Keith, the

14 last term, the area of the basin over the area of the

15 catchment area, the two areas, if they're near each

16 other, then that term is zero. So this whole thing

17 goes to one. So it means that D is equal to one. It

18 means the volume of the ash is equal to the volume of

19 the sediment plus the ash.

20 MR. COMPTON: I believe -- Let's see. I

21 should be very careful of ever trying to do math in

22 front of an audience. But I think what you're saying

23 is that would go to one. The dilution factor would go

24 to one and, yes, I think maybe that's the key point.

25 The dilution factor is a multiplier on the
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concentration. So that would represent that 100

percent of the material is tephra.

DR. MARSH: Okay. So the volume of the

sediment would be zero essentially to make this

consistent in that case.

MR. COMPTON: Right.

MEMBER HINZE: And how are you obtaining

the ratio of the sediment to the ash? What's in that?

MR. COMPTON: Based on the relative yield.

MEMBER HINZE: Yes.

MR. COMPTON: I'll go into that. That's

part of what Don's work was about was to try and get

an idea what the range of that might be. Next slide,

I think we're on Slide 9, is the next part is the time

required for the flow events to deplete the initial

deposit. That's a pretty straightforward calculation

and in this equation, it's the number of depletion

events that's required times the recurrence interval

between them.

Just without going into the derivation, it

should be fairly straightforward. The more material

you deposit into the basin the longer it might take to

erode it, everything else being constant. The higher

the ash yield, so the more erodible the ash is, the

faster it would be eroded and the shorter amount of
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1 time it would take to deplete it.

2 MEMBER CLARKE: The area of the ash, if I

3 understood what you said in your introduction based on

4 past work we heard in Las Vegas, you're using an

5 airborne release model that has different wind

6 directions. The wind is varying wind directions. Is

7 that correct?

8 MR. COMPTON: That's right.

9 MEMBER CLARKE: So depending on when the

10 event occurs, the area of the ash will be different.

11 MR. COMPTON: Would vary from realization

12 to realization.

13 MEMBER CLARKE: Yes, so you're running

14 this as a -- Is there a distribution associated with

15 this?

16 MR. COMPTON: This would be when it's

17 implemented, there you would pick up, you would

18 sample, different values. Again, I don't want to at

19 this point too much into the different models.

20 MEMBER CLARKE: I understand it might be

21 premature, but I just wondered.

22 MR. COMPTON: But it would help because I

23 think if you have the whole, everything laid out, no.

24 It might take a long time to go through it, but if you

25 had everything laid out you could take it from
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1 beginning to end. But basically you're right. You do

2 a model. You calculate a deposition from that. You

3 get what fraction is covered, how much material was

4 it, how much waste was deposited.

5 MEMBER CLARKE: So using a distribution of

6 wind directions, you would have a corresponding

7 distribution of areas of ash deposition.

8 MR. COMPTON: Right.

9 DR. MARSH: What N in here?

10 MR. COMPTON: N is the number of events

11 required to deplete the wash.

12 MEMBER WEINER: I would like to get back

13 to Dr. Clarke's question for a moment. If you are

14 taking into account wind direction, you will have wind

15 that blows in the opposite direction from Fortymile

16 Wash. Does your distribution take that into account?

17 MR. COMPTON: We intend to put in a

18 realistic wind distribution, so yes. The point is

19 remember, the reason that we're going towards this, is

20 previously we had fixed the wind to blow south at the

21 RMEI all the time. We're trying to get away from that

22 and no, I can't go into more details of that until --

23 But hopefully we should get a report out to you so

24 that you can understand what that part of the modeling

25 does and I think things will make more --
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1 MEMBER CLARKE: Ruth, I could have asked

2 that question better, but I'm focusing on the area of

3 ash that's within the basin.

4 MR. COMPTON: Yes, you overlie the two

5 because it's not in the basin does not --

6 MEMBER HINZE: Brit, do you have a

7 comment?

8 MR. HILL: Brit Hill, NRC staff. Very

9 quickly, yes, the idea would be that for each

10 realization you sample a wind field based on NTS or

11 Yucca Mountain type data. Some realizations, the wind

12 may be blowing completely away from the catchment

13 basin in which case for that realization there would

14 be no material in the depositional basin and in all

15 likelihood there would be tephra deposited at the RMEI

16 location. So the airborne release would likely have

17 a zero dose for that realization.

18 MEMBER CLARKE: Thanks, Brit. That's what

19 I was asking.

20 MR. COMPTON: And again, the one thing

21 that I wanted to say on this slide, again the model is

22 fairly straightforward, high erosion rates or shorter

23 times. More material is larger times. One thing

24 that's worth bearing in mind is the effect of the ash

25 yield on both of these parameters. It works in kind
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1 of in opposite directions. If you have higher ash

2 yields, if the ash is more erodible and is eroding

3 faster, you'll get less pollution. You'll get less

4 mixing of that with clean sediments, but it also won't

5 last as long. And vise versa, if the ash is not

6 eroding very quickly, it may be able to erode for a

7 long time, but it would be relatively more polluted.

8 It's just a point that's worth keeping in mind.

9 DR. MARSH: So the units on Y in the ash -

10 - The units on Y, there must be some thickness or it

11 must be a link scale to make the units match in there.

12 MR. COMPTON: The units of this --

13 DR. MARSH: Of Y ash. So it would be mass

14 on the top and you have area. -

15 MR. COMPTON: You have a mass that's

16 determined on the bottom.

17 DR. MARSH: Yes, so Y is measured in some

18 sort of length of thickness, I guess.

19 MR. COMPTON: I think of it in terms of an

20 amount of material per area of the basin per time.

21 DR. MARSH: Okay. Thickness.

22 MR. COMPTON: I'm not quite sure whether

23 it's --

24 DR. MARSH: It's a length of some sort.

25 MR. COMPTON: If it's measured in volume,
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1 it would be a length. Yes.

2 MEMBER HINZE: That's what it is in the

3 equation.

4 MR. COMPTON: Yes, and then you have to

5 compare that to the mass because you're given then in

6 the numerator you have a mass of ash. You have the --

7 to make that.

8 So now I'm going to turn a little bit.

9 That was the abstraction model. I've given you how we

10 get at the four parameters we use in the abstraction

11 model and two of those I gave you the explanation for

12 already. Now we need to explain how we get to

13 dilution factor and depletion time. So we need more

14 parameters, to figure out what those might be and

15 there are four. There's the recurrence interval of

16 the flood events, it basically just converts the

17 episodic flood events to a per year basis, the density

18 of the ash deposits and then the pre eruption

19 settlement yield and the post eruption settlement

20 yield.

21 Moving right along, Slide 11, the first

22 two are fairly straightforward. The recurrence

23 interval is about four years. So it's based on

24 observations of flood events that there would be a

25 redistributing event about every four years and the
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1 destiny of the tephra is based on Cerro Negro

2 positive.

3 MEMBER HINZE: Is there any consideration

4 of climactic shifts and changes and as we look at this

5 relatively short time period of 30 years?

6 MR. COMPTON: I'll turn that over to Don

7 if I can to let him answer that. I don't believe that

8 we're basing this reference interval and we're

9 extending it forward. I would have -- So basically

10 we're assuming that that --

11 MEMBER HINZE: Extrapolating.

12 MR. COMPTON: We're extrapolating.

13 MEMBER HINZE: On the basis of the 20 year

14 time frame.

15 MR. COMPTON: Right. What I would have to

16 do is look through the equations and see how that

17 would play out through the whole equations, in other

18 words, would you have --

19 MEMBER HINZE: As part of your sensitivity

20 studies?

21 MR. COMPTON: I would say, to answer your

22 question, I would need to look at that and to see

23 whether that would result effectively in a faster, I

24 presume that could result in effectively a faster or

25 slower yield is I believe the effect that that would
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1 have. If it's happening very frequently, then the

2 yield would be higher. If it was happening very

3 infrequently, the yield would be lower on an annual

4 basis, on an average annual basis.

5 MR. HILL: Brit Hill, NRC Staff. We did

6 not consider any other effects such as climate change

7 in looking at the number of events. We recognize that

8 this is the only observational record we have for

9 flood events of Fortymile Wash, but we are in the

10 position of do some exploratory analyses to see

11 whether or not that is a highly sensitive or

12 relatively insensitive sort of uncertainty.

13 Recognize that a flood event every four

14 years, it would be difficult to have a much dryer

15 climate say and have those events be spaced out longer

16 and longer. Say that you would want to have an event

17 every 100 years. It's possible, but the information

18 would be a little difficult to do that. Most of the

19 uncertainty we would consider would be for a wetter

20 climate and more frequent flood events.

21 MEMBER HINZE: Thank you.

22 MEMBER WEINER: Excuse my ignorance, but

23 what do you define, how is a flood defined here?

24 MR. HILL: I'm sorry I used that term a

25 little loosely. It is an event that is sufficient to
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1 cause flow within the Fortymile Wash drainage system

2 so that you would have active flow at this location in

3 the system. Don Hooper, if you're still on the line,

4 I think you could probably define it a little better.

5 MR. HOOPER: Yes, this is Don Hooper at

6 the Center. What was basically used for those 11

7 flood events was just water flowing back to the last

8 flood gate for the basin outlet of Fortymile Wash, the

9 one nearest Highway 95. So there were 11 events over

10 those 30 years recording periods. So that includes

11 the volume flow then moving through that very last

12 stream gate.

13 MEMBER WEINER: So I can take it that when

14 it's not a flood the water never reaches that last

15 flood gate. Is that a correct interpretation?

16 MR. HOOPER: Right. It has to be a flow

17 of water large enough to sustain flow down Fortymile

18 Wash. So that means it's a somewhat larger flood like

19 flow of water you have.

20 MEMBER WEINER: Thank you.

21 MEMBER HINZE: And the intensity of the

22 flow is assumed to be constant in these 11 events or

23 do you have a distribution that you sample?

24 MR. HOOPER: These are just measurements

25 recorded at a solitary state and there are only four
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1 stations along the Watch. So if at the station that

2 was used, you can't really measure variations in

3 velocity well at all. So, no, it's unfortunately

4 fairly poor of data for a single datapoint.

5 MEMBER HINZE: So the assumption here is

6 that they're all the same.

7 MR. HILL: Brit Hill, NRC staff. Yes,

8 that's correct. They're all assumed to be just a

9 single type of a transport event. We're not trying to

10 model hyper concentrated versus normal flow regimes

11 for example.

12 MEMBER HINZE: Thank you.

13 MR. COMPTON: And then again, I would

14 mention that when we have the model running we can go

15 look and see what the sensitivity would be to these

16 parameters and determine whether it would be justified

17 to go and collect more data on that.

18 DR. MARSH: So the duration events are all

19 the same and volume of the events.

20 MEMBER HINZE: Thanks.

21 MR. COMPTON: If you to the next state,

22 the pre eruption sediment yield, the ambient sediment

23 yields are estimated conceptually in a fairly

24 straightforward fashion. Essentially how much

25 sediment has accumulated in the active depositional
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1 area, over what time period that material deposit and

2 then in order to normalize it to area, what is the

3 area from which it originated. So the values that

4 were used in the calculations were shown here and I've

5 shown previously the upper part of the catchment basin

6 has an area of I believe 815 square kilometers.

7 So the next, and this is the last

8 parameter that we need and then after we get this one,

9 we can start going back and get into results, is

10 essentially the relative sediment yield. It's the

11 question of once the tephra falls, at what rate is

12 that going to be eroded? Don's process modeling was

13 really focused on getting some insights into the range

14 of relative yields that you could observe following an

15 eruption. This was done using a diffusion-based

16 erosion model. It was parameterized usually slope

17 data and observations at Lathrop Wells. The two

18 dimensional data was transformed into an equivalent 1-

19 D model and that's what was run to estimate the total

20 sediment yields over time.

21 Just moving to the next slide, this is

22 really where and the model suggests that you would

23 have a period given that the tephra would be more

24 erodible than the ambient sediments. There would be

25 a period of accelerated erosion. You would get a
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1 period where you would expect to see more sediment

2 than before the eruption. That would go up as you

3 caught up more and more of the basin and then

4 eventually it would decline over time to the pre

5 eruption yields and that's a pretty common phenomenon.

6 MEMBER HINZE: It's observed. Right?

7 MR. COMPTON: Right. Say again?

8 MEMBER HINZE: It's observed.

9 MR. COMPTON: Right.

10 MEMBER CLARKE: What are these units,

11 Keith, on the -

12 MR. COMPTON: The relative sediment yield?

13 MEMBER CLARKE: Yes.

14 MR. COMPTON: Don can correct me if I'm

15 wrong but that would be the ratio of the mass, the

16 delivery rate of the mass after the eruption relative

17 to the delivery rate prior to the eruption. Don,

18 could you?

19 MR. HOOPER: Keith, the ground to sediment

20 yield actual units on that is unitless.

21 MR. COMPTON: Right.

22 MEMBER CLARKE: Right.

23 MR. COMPTON: It would depend on what term

24 you took.

25 MEMBER HINZE: It's a multiplication
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1 factor.

2 MEMBER CLARKE: Okay. Understand.

3 MR. COMPTON: And the point I guess that

4 I would emphasize on this is that the relative yields

5 are probably within a fairly narrow range. They're

6 not going extremely high. They would be elevated, but

7 they're not going to extremely high numbers.

8 DR. MARSH: So the key result here really

9 is the time delay or the hold off in terms of this

10 time scale here.

11 MR. COMPTON: That's part of it and also

12 the range, the value over which that sediment yield

13 range is in the abstraction model because you recall

14 that I had the expressions that showed the ratio of

15 the ambient yield to the tephra yield. This is close

16 to, I'm not going to say right now whether it's

17 exactly the numerical value, but that's an indicator

18 of what that ratio is.

19 So again kind of past going back to, now

20 I'm going to jump ahead to my results, but again if

21 you have more accelerated erosion, the significance of

22 that is that you would get less pollution because more

23 of that stuff in the depositional basin would be

24 tephra and if you had a lower level of erosion or

25 lower fraction, this is not in this part, but a lower
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1 fraction covered by tephra, then you would get

2 relatively more dilution and then again the effects on

3 the time required for --

4 DR. MARSH: So the key time here, the

5 25,000 years for example, that's pretty much set by

6 the number of events, the type of events.

7 MR. COMPTON: I would have to ask Don to

8 explain the basin. I mean that would have to do with

9 essentially how fast the tephra was able to move

10 through the basin and deplete.

11 DR. MARSH: So the frequently of erosion

12 events in the magnitude of the event.

13 MEMBER CLARKE: Intensity of the event.

14 Go ahead please.

15 MR. HOOPER: Don Hooper at the Center,

16 could you repeat the question please?

17 DR. MARSH: I'm just interested in the

18 decay time here, this 25,000 year decay time, and that

19 should be pretty much set by probably the number of

20 events, the frequency of the events, of erosion and

21 the magnitude of the events.

22 MR. COMPTON: And the erodibility of the

23 tephra.

24 MR. HOOPER: Yes, that's set by the modern

25 erosion rate. That's sort of an underlying guidance.
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1 Yes.

2 MR. BENKE: This is Roland Benke at the

3 Center. In addition to that, it would be dependent on

4 the volume of tephra originally deposited in the

5 Fortymile Wash catchment basin.

6 MEMBER HINZE: While we're on this point,

7 has there been an attempt made to use the tephra from

8 Lathrop Wells that is now in the soils or in the

9 alluvium as a basis of validating all of this?

10 MR. COMPTON: I'll take a cut at it and

11 then I'll let them answer in more detail. I think

12 that one of the things used to constrain the

13 erodibility or to set the erosion of the tephra was

14 based on the Lathrop Wells data. The parameters, the

15 diffusion coefficients, were based on the Lathrop

16 Wells data. Don, can you?

17 MR. HOOPER: This is Don Hooper again.

18 Yes, it was basically based on what was observed at

19 Lathrop Wells. For example, we know that Lathrop

20 Wells erupted 80,000 years ago and there's only a

21 small remnant amount of tephra. So we know that in

22 that 80,000 years obviously the whole deposit has been

23 eroded. So that's one upper bound. But, yes, what

24 was observed in erosion pattern or suspected erosion

25 pattern of tephra at Lathrop Wells was used. Yes.
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1 MEMBER HINZE: Is there any indication of

2 the tephra in the alluvium in Amargosa Valley?

3 MR. HILL: Brit Hill, NRC staff. No,

4 there's been no evidence in any of the drill holes for

5 example or any of the shallow trenching that's

6 occurred immediately down gradient from Lathrop Wells.

7 This has been a question that we've asked the

8 Department of Energy a number of times, where are any

9 and all exposures of the Lathrop Wells tephra. There

10 is enough of the trace of the deposit to say that the

11 bulk of it was distributed to the north.

12 MEMBER HINZE: I think there are some in

13 the trenches we saw up in the --

14 MR. HILL: Approximately 15 kilometers to

15 the north there are some relatively non diluted to

16 very lightly diluted fall deposits that were in trench

17 8 for example and some several other of the

18 intervening trenches. We also can tell from the

19 distribution patterns that there was a fairly thick

20 deposit about 1.5 kilometers south of the volcano at

21 least 1.5 meters thick. There's a preserve little

22 remnant there.

23 So it wasn't all purely distributed to the

24 north. Some of it did go south of the vent, but

25 literally there is nothing south of the vent that has

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



47

1 been recognized with the exception of that one deposit

2 I mentioned. Nothing is out on the alluvium and also

3 in the surrounding hillsides including where we would

4 have expected very thick, meter thick, sorts of

5 deposits from initial deposition, they're completely

6 stripped off fairly low gradient hills.

7 MEMBER HINZE: So we can assume that the

8 lack of evidence for Lathrop Wells tephra in Amargosa

9 Valley is an indication that it has been moved out of

10 the valley or is it a matter of not being able to

11 recognize it or not doing enough work to recognize it.

12 MR. HILL: Another hypothesis might be

13 that it is buried several meters deep. It is possible

14 that there could be appreciable deposits.

15 MEMBER HINZE: Oh, it hasn't been looked

16 for completely.

17 MR. HILL: There has been surface

18 excavations on the order of one to two meters out in

19 that area from just general excavation. It has not

20 encountered to the best of our knowledge any tephra.

21 It could be deeper than that though. But the drill

22 holes have not encountered it either.

23 MEMBER HINZE: You've look at the drill

24 holes in the alluvium for this then?

25 MR. HILL: I've not personally examined
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1 them, but the lift logs, in this area the basaltic

2 tephra is a very characteristic, very easy to

3 identify, very unusual feature. I think we would

4 reasonably expect during drilling if this was

5 encountered it would have been noted in the geological

6 logs. So to the best we can tell, this deposit is

7 probably 99.5 to 99.9 percent removed in 80,000 years.

8 MEMBER HINZE: Thank you.

9 MR. HILL: That's our data point for

10 figuring all this out.

11 MEMBER HINZE: Thank you. Keith.

12 DR. MARSH: I had one last question,

13 Keith. I realize that these are the parameters that

14 go to solving a differentiation equation probably for

15 erosion that's a diffusion style equation. Is that

16 how it's for getting this -

17 MR. COMPTON: These parameters are --

18 DR. MARSH: I realize the model is

19 probably much more involved than we're seeing here.

20 MR. COMPTON: Yes, this is a quick summary

21 of what's in the model and then the --

22 DR. MARSH: Input parameters.

23 MR. COMPTON: And what the input

24 parameters are, not the values of them.

25 DR. MARSH: But the key. There must be a
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1 key differential equation behind this. A diffusion

2 for erosion, that's what many people use. Is that

3 basically at the root of this?

4 MR. COMPTON: Yes, that's the approach.

5 Don, I think you might be able to explain.

6 MR. HOOPER: Yes. This is Don Hooper.

7 Yes, the procedures of the equations have been used in

8 landform degradation, landform erosion, soil erosion,

9 for several decades now. It's a fairly well

10 established piece of --

11 DR. MARSH: Yes, great. Thanks, Don.

12 MR. COMPTON: And again something that I

13 would mention about that is that again when we have

14 the whole model put together what this impacts is the

15 relative yields and once we have some set of results,

16 we can decide whether we're warranted to go towards

17 different types of models or whether we need to

18 explore later.

19 I was on Slide 15, the Sediment Budget

20 Parameters, this just gives you, shows you, what the

21 numbers were. I will then break quickly and go to

22 Slide 16 and indicate some of the results. Actually

23 this should probably say the abstraction modeling

24 outputs.

25 These are the parameters on the previous
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1 slide were put in the abstraction model to compute the

2 degree of dilution that you would expect or the

3 dilution factor rather and the tephra depletion time

4 and again bear in mind, dilution, it might be a little

5 bit confusing just giving it in percentage terms, but

6 that is the percentage of the deposits that are

7 tephra. So 100 percent means that it's 100 percent

8 tephra.

9 What you get out of this, I would just

10 kind of look at it in as fairly broad scale. What you

11 see in these is that the dilution, the extent of

12 dilution, looks like it's going to be somewhat

13 constrained. You would not, given the sediment yields

14 and the relationship between the post eruption yield

15 and the pre eruption yield, it would suggest that you

16 would not get a large degree of mixing with clean

17 sediments. By large, I mean factors of 100 or 1,000.

18 But the depletion time is a little less constrained

19 and can vary over larger amounts. But it does suggest

20 that remobilization could supply tephra to the

21 depositional basin for long periods of time. I'll

22 just say long periods of time you might expect to see

23 tephra being brought down into the depositional area.

24 MEMBER WEINER: Excuse me.

25 MR. COMPTON: Sure.
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MEMBER WEINER: Is this dilution over the

entire fan, the entire deposition fan?

MR. COMPTON: Yes, the assumption is that

what we actually would compute would be the proportion

as it comes into the depositional area what is the

relative ratio of the two. We're not trying to sort

out as it moves down through the depositional fan,

would it change because of different characteristics

of the ambient sediment and the tephra. We're not

trying to track those, how might it sort out and vary

over time. We're just looking at the relative --

CHAIRMAN RYAN: Just a question on that

point. If I look at the chart, and I understand the

differences in time, just kind of eyeballing it, it's

one to one or two to one for mixing, something in that

range. And then for the idea that you're not trying

to account for any difference between the sediments

that are there and what's added, have you explored if

that's a reasonable assumption based on just thought

experiment type approaches, what if? What if there

is a difference and what if there is some preferential

behavior over these times particularly these very long

times to see if that assumption holds up?

MR. COMPTON: Yes, I think what I would

suspect what you might be getting at is the issue of
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1 would maybe the characteristics of the two be quite

2 different. So would the particle size characteristics

3 for example of the ambient versus the tephra be

4 different over time?

5 CHAIRMAN RYAN: Yes, and I appreciate --

6 MR. COMPTON: And right now, we're not

7 doing that, but that's certainly something that we're

8 thinking about as how much error could you introduce

9 by that and what that would get to is would you be

10 somehow bringing down stuff that's more or less

11 resuspendible. I would suggest that's really you

12 would need to focus on.

13 CHAIRMAN RYAN: Sure, and I appreciate the

14 fact that you can't. It's very challenging to think

15 about how you would verify any of those thought

16 experiments in the physical reality, but I think it'.s

17 very important to understand how the results would

18 change if those things were actually shifting one way

19 or another.

20 MR. COMPTON: Yes. Certainly if you were

21 bringing down, mixing it, if the characteristics of

22 the two were quite different and you were bringing

23 down stuff I would suggest that was much more

24 resuspendible that would have one significance. If it

25 was much less -- You could think about that and you
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1 can do thought experiments to figure out what might

2 that, how robust are our results. I mean would they

3 change dramatically.

4 CHAIRMAN RYAN: Sure, and I guess what I'm

5 asking is that that be considered and that's not the

6 subject of what you're presenting today and I

7 appreciate that very much. But I think that's for us

8 from a risk significance point of view, that's where

9 the rubber meets the road of understanding that.

10 MR. COMPTON: Yes, and that's one of the

11 reasons that we're still discussing the model.

12 CHAIRMAN RYAN: Okay. Thanks.

13 MR. COMPTON: And trying to make sure we

14 all are in agreement before we put those to you. So

15 that brings me to the end of my presentation. I think

16 I'm getting in just before 'the finish line. The

17 summary is that I gave you an overview of the process

18 model and the key things that I would suggest to take

19 away from that were that dilution with ambient

20 sediments would probably result in some degree of

21 mixing, some degree of dilution, with ambient, but at

22 least at a bulk level, it does not look like it would

23 be large amounts of dilution and the time required to

24 deplete the tephra deposit is quite long. So again

25 the conclusion is that the redistribution could
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1 continue to supply contaminated sediment onto this fan

2 for a long period of time. I'll just end with the

3 abstracted, the overall model, of how this all fits

4 together is still under development and we're still

5 working on getting the parameters for the rest of the

6 model and then we'll have to exercise it and see what

7 kind of conclusions we get and what we need to find

8 out and what kinds of things we say this is probably

9 good enough and we don't need to go into more detail

10 and what are the things we need to go into more

11 detail.

12 CHAIRMAN RYAN: Just a thought if I may on

13 your second point, you know 600 to 127,000. It's

14 three orders of magnitude. Do you have any plans to

15 do thought experiments to explore that range? And let

16 me ask the second part of the question. The time to

17 deplete the tephra over those time frames, I would

18 guess, I'm not a geologist and I've said that before

19 and I'll say that again, but I would think that a lot

20 more processes might be involved that might add new

21 materials or take away new materials or somehow modify

22 the physics of what's going on over a time span of

23 three orders of magnitude. Over 100 years, I can

24 think about things being fairly constant, but over

25 those other time frames, I'm just wondering how you're
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1 going to explore that. Is that a fair question?

2 MR. COMPTON: It's a fair question. The

3 question is if your results suggested that that was a

4 very important parameter and that it makes a big

5 difference as to whether it's 1,000 years or 10,000

6 years or 100,000 years, then it's something that you

7 might need to look at. But it's hard for me to

8 predict right now what that's going to be because it's

9 a function of all the other things that are going into

10 the equation.

11 CHAIRMAN RYAN: And again I know we're

12 looking ahead a little bit. So I appreciate the fact

13 that you can't answer it today. But again, I think

14 things that help you examine the range of

15 possibilities not using fixed values or not using the

16 assumptions appropriate for a short time frame would

17 be interesting to us and I think helpful to defending

18 what ultimately your case is that you end up with.

19 MR. COMPTON: I think once we get the

20 model running and then interpret the results, we might

21 be able to come up with kind of a story that the model

22 is coming out with. I mean here's what we're

23 conceptualizing as to what's happening and does that

24 make sense. Does this thing make sense or are we out

25 of line?
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1 MEMBER HINZE: You're tantalizing us.

2 MR. COMPTON: I am.- -Hopefully, I've left

3 you eager for more.

4 MEMBER HINZE: Neil, did you have a

5 comment as a follow-up to Dr. Ryan's?

6 MR. STAMATIKOS: I don't want to

7 interrupt, but this is John Stamatikos at the Center

8 and I do have a comment.

9 CHAIRMAN RYAN: I'm sorry. We were kind

10 of stepping on our comment from the Center. If you

11 could tell us who you are again, and then maybe get a

12 little closer to the speaker phone. It was just a bit

13 garbled.

14 MR. STAMATIKOS: Yes, this is John

15 Stamatikos and Mike, I want to address your question

16 if I could.

17 CHAIRMAN RYAN: And just for the

18 recorder's benefit, John, it's John Stamatikos.

19 MR. STAMATIKOS: And the current landforms

20 that are out there are actually quite stable for

21 periods of time well beyond 125,000 years. So there

22 are some good studies. For example, there were

23 cosmogenetic studies that were on surfaces where the

24 Ghost Stand fault was exposed on one of the ridges of

25 Yucca Mountain and shows slope stability, sort of
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1 current type slope stability, that have been there for

2 about 325,000 year. - -

3 CHAIRMAN RYAN: Okay. That's helpful and

4 again, I think those things help as you integrate

5 those in your model and the structure of what you're

6 analyzing. It's helpful for us to understand those

7 assumptions which I appreciate. Thanks.

8 MR. STAMATIKOS: Right.

9 MEMBER HINZE: Thank you, John. Let's

10 open. If you're through, then let's open. We have

11 just a few more moments. Let's open this out to make

12 certain that we have questions from the Committee.

13 DR. MARSH: I have one quick question. So

14 if we compare the example that you showed on Slide 14,

15 so I can be on the same page here, onto your 16, I

16 guess we would be over in Case 6, 24,500 years that

17 would be.

18 MR. COMPTON: I don't recall exactly all

19 the parameters that were used to generate this one.

20 So I want to be careful about saying that that is Case

21 6.

22 DR. MARSH: The times would be similar.

23 MR. COMPTON: This, I would say, that this

24 time is within the ranges of what the abstraction

25 model is generating. We could go into -- The report
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1 I think described it in detail and that's publicly

2 available and we could look into all the parameters

3 used to generate this particular curve. But again,

4 for what I would suggest is what you get out of that

5 is kind of range of relative sediment yields and the

6 basic conclusion being that if you have a lot of

7 tephra eroding, you're probably not going to get a lot

8 of dilution and you would have to have very low tephra

9 yields to get a lot of dilution.

10 DR. MARSH: So when it's laying around

11 too, following up on Mr. Ryan's comment here, when the

12 stuff is laying around from 5,000 to 100,000 years,

13 for example, you don't consider any chemical

14 weathering.

15 MR. COMPTON: I don't believe we consider

16 it.

17 DR. MARSH: Degradation of particles and

18 stuff.

19 MR. COMPTON: I think what you're saying

20 is would the kind of erodibility characteristics

21 change over time. Would you get stabilization of it

22 by different -- I don't think we're looking at that

23 over this process.

24 MEMBER HINZE: The primary factor here is

25 going to be wind erosion.
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1 MR. COMPTON: Yes. Could it be depleted

2 by a different weathering process?

3 MEMBER HINZE: And that we're not hearing

4 about yet.

5 MR. COMPTON: Right. Unfortunately not.

6 MEMBER HINZE: Let's go to Dr. Weiner.

7 Ruth.

8 MEMBER WEINER: Thank you. I have a

9 couple of questions and I apologize for all the

10 interruptions I've been doing. As I understood you to

11 say before when I asked where the RMEI was, the RMEI

12 is at the apex of that deposition fan.

13 MR. COMPTON: Approximately.

14 MEMBER WEINER: Approximately. Then what

15 is the significance of looking at the dilution of the

16 tephra over the entire fan since that's downwind from

17 the RMEI or downstream from the RMEI?

18 MR. COMPTON: I think what you're getting

19 at is what the source in the breathing zone of the

20 RMEI. What is the source of that material?

21 MEMBER WEINER: Exactly.

22 MR. COMPTON: Is it coming from upstream?

23 Is it coming from downstream?- Is it coming from very

24 far away? Is it coming from very close? That's

25 something that I don't think that we have nailed down
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1 completely yet, but I would say it's the area. I

2 don't know exactly what.

3 MEMBER WEINER: So you're assuming from

4 your model that it's coming from the whole area some

5 way.

6 MR. COMPTON: It's coming from a variety

7 of sources. Again as I said before, in the overall

8 model, you have a source from the initial deposit if

9 there were an initial deposit. You would have kind of

10 an aerial Eolian source that's coming from a large

11 area and then you have something that's coming from a

12 closer source. The relative weights of those is

13 something that we're still looking at.

14 MEMBER WEINER: I do have a question about

15 those as long as you brought it up. Do all those

16 sources affect the same RMEI?

17 MR. COMPTON: Yes, the RMEI would be

18 assumed to be potentially, I mean depending on if

19 there's not a direct deposit there, then they're not

20 going to be affected by it. If the contaminated

21 tephra --

22 MEMBER WEINER: If the person just stands

23 there and is affected by all three of these sources,

24 there's no time. It just all concentrates on this one

25 maximally exposed individual.
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1 MR. COMPTON: Again, the question would be

2 what is the weight that you assign to the different

3 components.

4 MEMBER WEINER: I see.

5 MR. COMPTON: That's one thing we haven't

6 quite found yet.

7 MEMBER WEINER: Okay. My one --

8 MR. BENKE: The Center. I wanted to touch

9 a little bit on that question.

10 CHAIRMAN RYAN: I'm sorry. Could you tell

11 us who you are please?

12 MR. BENKE: Sure. This is Roland Benke

13 from the Center. I just wanted to add a comment to

14 the question by Dr. Weiner. In a general sense, just

15 what Keith said about the three source regions

16 applies, but what you could consider that the receptor

17 would be breathing would be a regional mass load that

18 could come from resuspension of contaminated deposits

19 under foot or could come from a couple of miles away

20 as the wind may blow them in.

21 MEMBER WEINER: Thank you. My one other

22 question is looking at your chart on Slide 16, do you

23 have any idea what the mechanism is, and this may be

24 a unfair question, do you have any idea what the

25 mechanism is that causes this particular dependence of
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1 distribution of time? In other words, you seem to get

2 a 40 to 50 percent tephra right at the beginning for

3 each case and then the mean amount, it's the low

4 amount and the mean amount you have a very tight

5 distribution toward the early years and it doesn't

6 even go away very much. I was just wondering. Have

7 you looked at the mechanism why this happens? Do you

8 have any idea?

9 MR. HILL: Brit Hill, NRC staff. There's

10 a real simple explanation for that. This is very low

11 sediment yield system and the amount of ambient

12 sediment is reasonably well constrained. So there

13 isn't a lot of uncertainty on that and by the same

14 perspective there isn't a lot of uncertainty. There's

15 probably only two orders of magnitude variation in the

16 total amount of tephra that you have available within

17 this system.

18 So the reason you're focusing on roughly

19 50 percent dilution is kind of a natural consequence

20 of the generally low sediment yield in the basin, the

21 generally high sediment yield, the high tephra yield

22 coming off a tephra deposit and a fairly restricted

23 range of tephra volumes that you can potentially have

24 out there. So at the tails of the distribution, yes,

25 we're seeing a lot more of the variation, but about
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1 the mean, there isn't too much variation because the

2 uncertainty of the key parameters is restricted to a

3 fairly narrow range.

4 MEMBER WEINER: Thank you.

5 MEMBER HINZE: Allen.

6 VICE CHAIRMAN CROFF: Mike asked a lot of

7 my questions.

8 MEMBER HINZE: James. Bruce.

9 MR. COLEMAN: Neil Coleman. Is that one

10 working? Neil Coleman, ACNW staff. I had a comment

11 on this active fan area. Keith, your Slide 11 listed

12 11 floods from 1969 to 1998 and there was a comment

13 there that seven of these floods exceeded 1/10th of a

14 cubic meter per second. Now there's been a little

15 more documentation on Fortymile Wash.

16 For example, the 100 Year Flood has been

17 estimated at 430 cubic meters per second. The 500

18 Year Flood at 1,600 cubic meters per second and the

19 1969 event has been estimated at around 100 cubic

20 meters per second. This is well beyond what you're

21 showing.

22 Two of the events that happened in

23 Fortymile Wash and the Amargosa River reached Death

24 Valley and the 1969 event produced a shallow lake in

25 there. Other events occur that don't even reach
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1 Highway 95. They deposit sediment in the wash and

2 then the biggest events come along and they wash that

3 material out.

4 MR. COMPTON: That's out of the

5 deposition. What you're saying is get past the

6 deposition.

7 MR. COLEMAN: They just carry it on down

8 through the system to the fan, what you refer to as

9 the active fan, and in many cases beyond. Now as Dr.

10 Hinze pointed out earlier, your Slide 12 shows that

11 the active fan terminates and you assume that no

12 sediment leaves the area in any flood. That means you

13 have underestimated the two biggest floods in the

14 period of record. When you only have a small number

15 of them to work with, they really deserve some special

16 attention.

17 These would have carried dramatic sediment

18 loads beyond the so-called active fan and the fine

19 grain silts and clays could be transported the

20 farthest. Silts range from 4 to 62 microns. This is

21 the size range of greatest concern in health physics.

22 So my comment is I know it was mentioned earlier that

23 you didn't want to get into too much fluvial

24 transport. I think Dr. Hill mentioned that. But I

25 think when you look at these largest floods and
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1 information about the estimated 100 year and 500 year

2 record it deserves some looking at.

3 MR. COMPTON: I think one thing to kind of

4 bear in mind is look at what the abstraction model,

5 what the basis is, and what the basis is is that you

6 get a flood that is bringing down enough material in

7 a mass load. Now if a lot of the rest of it just

8 keeps going past from the model point of view you're

9 suggesting are you getting enough deposition in that

10 area kind of periodically to keep that well supplied

11 with tephra and that's the basis of what we're looking

12 at. So I see your point, your point being you could

13 have something that comes down and just cleans

14 everything out I think is what you're suggesting.

15 MR. COLEMAN: Well, these largest events

16 need to be considered in that light.

17 CHAIRMAN RYAN: One of the interesting

18 ways to think about that again is in thought

19 experiment. What's the probability of an event

20 washing out the material every, pick a number, 50

21 years, whatever the right number is from the --

22 specialist.

23 MEMBER HINZE: Upper storm.

24 CHAIRMAN RYAN: Upper storm or something

25 and I think that kind of exploration better informs

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



66

1 however you cast the model. So that's the kind of

2 thing I think we're --

3 MR. COMPTON: And it's there. You would

4 also look at are there in the interim between those

5 100 year storms, those things that continue to

6 display. So you have to look at all the --

7 CHAIRMAN RYAN: Could you pull the

8 microphone over please?

9 MR. COMPTON: Turn it on. Right. So the

10 point being I think you have to look at --

11 MEMBER HINZE: Our time is fleeting,

12 Keith, but I have a couple of questions that I really

13 would like to ask and one is you have treated

14 Fortymile Wash here and I don't know. Are you going

15 to apply this kind of modeling to the remove of ash

16 that might go into Crater Flat and be carried down

17 into Amargosa Valley and to a RMEI located there? Are

18 we looking beyond this catchment basin of Fortymile

19 Wash?

20 MR. HILL: Brit Hill, NRC. No, there is

21 only one RMEI and that is prescribed at the southern

22 boundary of the Nevada test site above the highest

23 concentration of radionuclides in the groundwater

24 plume. So we are not considering other locations for

25 these sorts of calculations including the depositional
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1 area around Crater Flat.

2 MEMBER HINZE: As you have mentioned

3 earlier, we do have evidence 'that there was strong

4 tephra deposition in Crate Flat from Lathrop Wells.

5 MR. HILL: That's'correct.

6 MEMBER HINZE: And I'm wondering whether

7 any of that could reach down into the same

8 depositional basin within this range where you could

9 as Roland has mentioned have the wind the mass loading

10 to the RMEI.

11 MR. COMPTON: Are you asking about the

12 significance of that for ALN (PH) remobilization?

13 MEMBER HINZE: You will have it for

14 fluvial as well because there is also the possibility

15 of fluvial remobilization out of Crater Flat and into

16 Amargosa Valley and I don't know if it locates

17 specifically at the RMEI but in the proximity of the

18 depositional area that you have. It's just a thought

19 that I'd like to make certain' that all of this is

20 complete and you do, too, of course.

21 I guess my second question is what is DOE

22 doing on this. How does your work compare with DOE

23 and have there been any technical exchanges on this

24 topic to exchange input parameters and evaluation of

25 their parameters?
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1 MR. COMPTON: I think that we're, we

2 certainly haven't had since I have been the project

3 officer technical exchange on this topic. I think

4 that right now we're trying to develop our independent

5 analysis of this and that's what I'm presenting right

6 now. I'm probably not in a position right now to

7 compare our results against what DOE's results are.

8 But we're certainly keeping up with whatever they are

9 publishing and putting out.

10 MEMBER HINZE: Are they using a mass

11 balance sediment, mass balance approach, as you are?

12 MR. COMPTON: Don, can you?

13 MR. BENKE: This is Roland Benke at the

14 Center. I can add a comment or two. The publicly-

15 available information from the DOE was reviewed as

16 part of the key technical issue agreement process and

17 there are letters from NRC to DOE on that indicating

18 an additional information need.

19 The most recent DOE analysis model report

20 of this process is not publicly available, but I

21 believe requests for it to be made publicly available

22 have been sent to DOE and may be in the fiscal year.

23 The AMR could be released to the public and NRC can

24 review and comment openly on it.

25 MEMBER HINZE: Thank you, Roland. John.
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1 MR. TRAPP: John Trapp, NRC staff. There

2 isn't much more to say on that. Yes, there is a

3 report that is nonpublicly available that we're trying

4 to get which tremendously changes the way that DOE has

5 looked at this. So when this becomes available, we'll

6 be reviewing it, see how it affects, but right now,

7 there isn't anything we can talk about.

8 MEMBER HINZE: We would like to stay alert

9 to when that becomes available as well.

10 MR. TRAPP: The request has been in for a

11 little bit over six months.

12 MEMBER HINZE: Thanks very much.

13 CHAIRMAN RYAN: Thanks, John.

14 MEMBER HINZE: Keith, if there is nothing

15 else then, we thank you for your presentation. It was

16 helpful to us, tantalizing in many ways. We're

17 looking forward to more information as you complete

18 the entire context and conduct your results and your

19 sensitivity studies.

20 MR. COMPTON: Thank you for your questions

21 and thank you for your patience when I wasn't able to

22 talk about things.

23 MEMBER HINZE: And thanks too to the

24 Center, Roland, Don and the rest. Thank you. Can we

25 proceed ahead then?
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1 CHAIRMAN RYAN: Sure.

2 MEMBER HINZE: With that, we move to the

3 second presentation of today. We have with us, I

4 guess I won't say once again, but we welcome John

5 Kessler who is going to bring us up-to-date on their

6 most recent analysis looking at the consequences of an

7 intrusive igneous event at Yucca Mountain and, John,

8 we welcome you here and this is a topic we have great

9 interest in and have commented upon. So we're looking

10 forward to it.

11 MR. KESSLER: Thank you for inviting EPRI

12 to give us a chance to discuss some of the work we did

13 last year and, yes, I'm back again like a bad

14 something or other. The next view graph please.

15 I'd like to begin by acknowledging the

16 people that really did most of the work on this report

17 that I'm going to be discussing. Mick Apted from

18 Monitor Scientific led the work. Megan Morrissey,

19 Marcus Bursik, a lot of the igneous work regarding

20 what an intrusion looked like and what kind of

21 magnitudes are we talking about. Fraser King worked

22 on the effects on magma intrusion on waste packages

23 and Matt Kozak also from Monitor Scientific did the

24 performance assessment for us on this.

25 Borrowing liberally from view graphs from
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1 DOE whenever they do show up on the TV, never mind.

2 Obviously, this intrusive release pathway is just one

3 of the--

4 CHAIRMAN RYAN: Could you pull it just a

5 little bit closer to you for the recorder?

6 MR. TRAPP: Sure, Mike. Is that better?

7 CHAIRMAN RYAN: Yes, it's fine.

8 MR. TRAPP: Okay. There are several event

9 scenarios that you're all aware. You just heard about

10 part of an extrusive scenario with fluvial

11 redeposition of the tephra. What I will be talking

12 about is the intrusive release pathway. Next view

13 graph please.

14 Just as kind of a reminder, last year I

15 believe Matt Kozak spoke to you on our igneous

16 extrusive scenario work and just to remind you that

17 our reasonable expectation case for that was zero

18 release. We felt we weren't going to be failing waste

19 packages with the reasonable kinds of eruptions to

20 expect and that work was documented in the report

21 that's listed here on this view graph and it is

22 publicly available at the hideously long website

23 address at the bottom there. Next view graph please.

24 So now onto the intrusive release. Again

25 thank you, DOE, for providing some real nice graphics
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1 for us. What we're assuming for a conceptual model

2 here (1) that we have magma coming up into the drift,

3 (2) that we would expect the magma to enter the drift

4 to some degree, and (3) that it will expect some sort

5 of interaction. There will be some sort of

6 interaction with the waste packages and there could be

7 as is shown in No. (4) some kind of thermo-hydro-

8 mechanical-chemical combined effect. Next view graphy

9 please.

10 Good, it showed up fast. This is EPRI

11 simplified cartoon conceptual model of some of things

12 we thought about in terms of mechanisms and trying to

13 divide this magma that might be entering a drift in

14 various zones of influence so to speak or how might

15 waste packages react to the magma. What you see here

16 is we looked at are there thermal-mechanical impacts

17 in the waste package. Are there thermal impacts? Are

18 there chemical impacts for those couple of questions?

19 We also looked at some of the impacts on the tuff

20 itself which is discussed in the report but I wisely

21 choose not to go into all of that today, knowing you

22 would probably be behind already.

23 So let me just describe these three zones

24 that you see in color on that view graph. We have the

25 internal red zone which is where we actually see or
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1 are assuming magma fills part of the drift. Then we

2 have some blue zone that will require definition which

3 we do in the report which is some zone immediately

4 beyond where the magma may enter the drift. Yet there

5 is damage to the waste package and that's something we

6 spent some time in the report discussing and trying to

7 decide what extent that zone is and I will be talking

8 to you about that. Then the green zone is far enough

9 down wind, however you want to call it, of where the

10 magma has entered that we think that the temperatures

11 are cool enough, the gases are sufficiently non

12 corrosive by the time you get that far down the drift

13 that we assume essentially no damage and that beyond

14 the green zone or in the green zone we would assume

15 that the waste packages would follow a nominal release

16 scenario type of effect. Next view graph please.

17 I think I've said some of what's on here.

18 So that red zone is what's immediately adjacent to the

19 rising magma dike. We're assuming that the drip

20 shields are disrupted or displaced in some way and

21 essentially for our modeling we just made them

22 disappear. The waste packages in this red zone are

23 fully engulfed by magma and that we assume that the

24 Alloy 22 and the cladding are failed fairly quickly

25 due to the very high temperatures that would occur in
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1 that red zone.

2 In the blue zone which I'll talk about in

3 some length here, at this point I'm kind of

4 summarizing but I'll go back and rewind and tell you

5 how we got to define the blue zone by looking at

6 various mechanisms, we're talking about significantly

7 elevated temperatures, something above, in the range

8 of 300 to 400 degrees C and corrosive gases as well.

9 In this zone where the magma has not intruded, we

10 would assume the drip shields are intact, but the

11 temperatures are high enough such that the waste

12 packages and cladding we assume have failed fairly

13 quickly and I'll describe the mechanisms we considered

14 so that we can define that blue zone and kind of back

15 define it saying where is it that we would expect

16 waste packages and cladding to fail quickly, how much

17 farther down the drift from the magma is it.

18 Then that green zone where peak

19 temperatures are something less than about 350 degrees

20 C we make arguments to suggest that there's really no

21 significant effect on the long-term EBS performance in

22 that green zone for performance assessment. I'll

23 discuss briefly how we reached that conclusion. Next

24 please.

25 So the big question is how large are each
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1 of those zones. They are going to be functions of

2 things like the magma ascent rate, the viscosity of

3 the magma entering the drifts, temperature of that

4 magma, the extent and magnitude of the hot corrosive

5 gases that may be moving on down the drift ahead of

6 the magma front itself. We also looked at how and to

7 what extent can waste packages fail in these various

8 environments, what's the nature of the radionuclide

9 release from a failed waste package and then of course

10 ultimately what are the incremental dose consequences

11 and in this case we did compare it to the nominal

12 scenario. Next please.

13 Okay. On to starting to try to answer

14 some of those questions, magma ascent, we feel it's

15 going to be representative of a hydrous alkali

16 basaltic magma that's found in the Yucca Mountain

17 region. Our understanding is that some of the

18 previous DOE assumptions were that the ascent rate was

19 maybe between .01 and 10 meters per second. With

20 fairly high magma temperatures, temperatures that high

21 imply you're going to have relatively low

22 crystallinity and importantly fairly low viscosity,

23 meaning if you have something with that high a

24 temperature and that low a viscosity, the opportunity

25 for the magma to move way down the drifts is pretty
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1 significant.

2 There was some work done by Nicholas and

3 Rutherford in 2004, however, that suggests perhaps the

4 magma is going to have a very different kind of

5 characteristic. They provide information that

6 suggests the ascent rate may be more at the low end of

7 that range that DOE assumed and more importantly, the

8 magma temperature is significantly lower, probably in

9 the 975 degree to 1010 degree C range. In that range,

10 the magma is going to be highly crystalline and highly

11 viscous such that it will more of a rubbly flow than

12 a fluid flow. Next please.

13 Again, I'm making a long story short here

14 and there's more on the report on these issues, but in

15 terms of the extent of the red zone, we view it as a

16 plug flow and an aa-type flow, very rubbly, very high

17 viscosity with viscosities up in that 105 to 107

18 Pascal seconds range at these expected temperatures of

19 975 degrees to 1010 degrees C.

20 As it moves down because it's very near

21 the point it's going to go totally solid, it's going

22 to freeze rapidly and we would expect that the magma

23 will not get that far down the drifts. We think the

24 extent of the magma engulfment will be on the range of

25 zero to three waste packages on either side of the
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1 dike because of this highly viscous, rubbly, fairly

2 low temperature magma that could be entering the

3 drifts.

4 MEMBER HINZE: Excuse me, John. Can I ask

5 you a question there? Is that based upon

6 calculations? Is that based upon analogs? What is it

7 based on?

8 MR. KESSLER: You're taxing my abilities

9 here, Dr. Hinze, but I believe it is a combination of

10 available data as well as calculations as to what a

11 fairly wet magma that's an alkali-basaltic type magma

12 would do as it ascends from depth up to the surface in

13 terms of temperatures and viscosities, things like

14 that. So it's a combination of the two.

15 The other relevant factor there is that

16 the dike might intersect something like one to 20

17 drifts as it comes up. It's another assumption we

18 made. Next.

19 The tricky one was the blue zone. What

20 kind of range of blue zone environments are we talking

21 about and how do we go about defining it? So a good

22 chunk of our report really is going through all the

23 mechanisms, the extent for interaction with the waste

24 packages as well as the tuff and the rock around it,

25 how far downstream or away from the magma front would
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1 that zone where the waste packages and cladding would

2 rapidly degrade are. So how do we go about this?

3 First of all, we said that there could be

4 some hot magma sprays or ballistic particles very near

5 the dike but those effects are likely going to be

6 limited to waste package surface heating and not much

7 more than that. What we had to do was temperature was

8 the key here and we came up with two different

9 estimates of the thermal history. We looked at what

10 we called the partial fill geometry and the cutting

11 through geometry in terms of what does this magma look

12 like and how might it affect temperatures in the near

13 field. Next view graph please.

14 So let's start by defining that partial

15 fill geometry. Sorry, the type is so small here.

16 What you'll see really in this case what we assume is

17 the magma is entering the drift from the left and that

18 the dike is somewhere well off to the left such that

19 the temperature or the heat is just from the magma

20 that's in the drift itself. The waste package you see

21 is really a long cylinder there. We assume that

22 because of the very close spacing and good radiative

23 heat transfer and conduction heat transfer that we

24 could treat those waste packages as sort of an

25 effective long waste package in terms of conducting
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1 heat down the drift away from this magma front, but

2 yet that the dike that could essentially heat a whole

3 plane of rock way off to the left in this view graphy,

4 it's significantly far away that we didn't consider

5 that in this particular case. Next view graph please.

6 Okay. Now the cutting through geometry is

7 now we have that magma plane that's sitting right at

8 the left and what we wanted to do was see how much of

9 a difference there is in terms of what kind of

10 temperatures we would expect in front of those

11 different kinds of magma, one where it's just the

12 magma in the drift itself and the other one where we

13 have this whole dike full of magma where we have

14 essentially a very hot plane or source. Next view

15 graph please.

16 So we did some TOUGH2 evaluations to

17 determine what kind of temperatures and relative

18 saturations and things we'd have down the drift. We

19 benchmarked it against a more detailed study that was

20 done by Lore where the temperature was held at 1010

21 for five months and then allowed to cool. The Lore

22 study is in the red and our TOUGH2 model is in the

23 blue just so we could benchmark against something to

24 our analysis.

25 So onto our results now for these two
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1 cases, this view graph here shows you the waste

2 package and gas temperature histories for the partial

3 fill geometry. There are a couple curves here. So

4 you have temperature versus time in both of these

5 curves and what this is I have for various distances

6 in front of that magma plug that's entering the drift.

7 You see that within about one meter of the magma plug

8 we have temperatures that rise after a couple months

9 up to about 800 degrees C and then they fall off.

10 That's the waste package.

11 The gas history is somewhat different in

12 the sense that the gas is pretty hot right there at

13 the edge of the magma but you see they both cool off

14 such that by the time you're down 11 meters down the

15 drift the peak magma temperature, I apologize for the

16 yellow, you should never do things in yellow, is

17 dropping off by a few hundred degrees there and by the

18 time you get down about 114 meters the peak

19 temperature is below 200 degrees and the gas

20 temperatures are in the lower right one. Next view

21 graph please.

22 This one is pretty busy now. This is for

23 the cutting through geometry.

24 MEMBER HINZE: The gas history, this is

25 internal gas.
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1 MR. KESSLER: No, this is the gas in the

2 drift.

3 MEMBER HINZE: In the drift.

4 MR. KESSLER: In the drift, gas

5 temperature in the drift. Okay.

6 DR. MARSH: Air temperature.

7 MR. KESSLER: Yes, air temperature. Thank

8 you. The next view graph has them combined. You see

9 in the legend the top four. WP means that the waste

10 package temperature at various positions away from

11 this magma, a dike in this case, the planar source of

12 magma, as well as the gas temperature in the drift

13 which is what's labeled as the drift for the four in

14 the length. And what you see is that temperatures are

15 higher as one would expect in terms of positioned away

16 from that magma source because now you have a whole

17 plane of magma rather just the magma in the drift.

18 Conceptually, we assumed that what we get

19 for temperatures is probably somewhere between these

20 two cases just depending on where you're at down the

21 drift. Now we're looking at a range of potential

22 conditions that would exist in that blue zone, just

23 beyond where the magma has filled the drift, but close

24 enough to the drift that we have significantly high

25 gas temperatures and waste package temperatures due to
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1 conduction mostly from where the magma is.

2 Next view graph shows some waste package

3 isotherms for the two geometries. This is starting to

4 get at really being able to define how long are those

5 two blue zones either side of the magma and what you

6 see is that for that top blue curve 200 degrees C

7 isotherm goes out to about 80 meters ahead and takes

8 a couple years for it to start cooling off once you

9 have that dike in place.

10 But of course, what we're interested in is

11 at the higher temperatures, what are the extent of

12 those zones in terms of damage that might occur to the

13 cladding and the waste package. You see that by the

14 time you get up to 400 degrees C unfortunately in the

15 hard-to-see yellow there, for the partial fill case,

16 you're talking about maybe no more than 40 meters

17 ahead of that magma front and for the cutting through

18 case maybe about 50 meters ahead of the magma front.

19 By the time you get to 500 degrees C, that extent is

20 on the order of 30 meters ahead of the magma front for

21 some fairly short period of time.

22 So now that we have some idea of what kind

23 of extensive high temperatures we have, we go on now

24 to think about the magma waste package temperatures in

25 terms of the mechanisms. Next view graph.
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1 MEMBER HINZE: Can I ask a question?

2 MR. KESSLER: Yes.

3 MEMBER HINZE: Can't we have both of these

4 scenarios?

5 MR. KESSLER: Yes, they both exist

6 together.

7 MEMBER HINZE: Right.

8 MR. KESSLER: In the sense that the dike -

9-

10 MEMBER HINZE: Feeding in the super

11 positioning of this.

12 MR. KESSLER: Right, it's a sort of a

13 super positioning and we decided that we would be

14 overanalyzing if we tried to get any fancier than what

15 we've already been doing here in terms of taking these

16 two cases and we admit to being a bit subjective here,

17 but we wanted to look at ranges of what we would

18 expect for temperatures to come up with ranges of

19 estimates of effects and I really think that's about

20 all that we're justified in doing in terms of

21 available data and analysis here.

22 MEMBER HINZE: Good show. Thank you.

23 MR. KESSLER: Okay. On this view graph,

24 I've quickly listed what's a fairly lengthy discussion

25 in our report on the different kind of waste package
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1 and magma interactions we considered. The first one

2 is erosion that is in that redszone. You may actually

3 have the magma scraping past the waste packages,

4 really literally eroding the Alloy 22 right off the

5 waste package. We felt that that mechanism was fairly

6 unlikely and that the magma flow is slow and limited

7 in time. So we felt that mechanism really wasn't

8 going to contribute much to waste package degradation.

9 Thermal sensitization on the other hand

10 and the next one, enhancing subsequent aqueous erosion

11 could be consideration. Frazier King in the report

12 talks about this requirement, temperatures in the

13 order of 600 degrees C or higher which occurs only for

14 a short distance down the drift but nevertheless we

15 could have some waste packages that are thermally

16 sensitized now such that when the water does return to

17 the drifts, we could have much higher or relatively

18 higher degradation rates of that Alloy 22 than where

19 the Alloy 22 is not thermally sensitized. There is

20 one mechanism that could cause earlier waste package

21 failure.

22 Next one, corrosion due to magnetic gases,

23 we looked at what the gases were. Indeed they can be

24 corrosive. We felt that a lot of those gases are

25 going to wind up going into the rock rather than
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1 depositing on the waste packages themselves. Things

2 cool fairly rapidly and what we felt was that we would

3 have minimal localized corrosion due to the magmatic

4 gases, something on the order of about 1/10th of a

5 millimeter to maybe one millimeter and I have them

6 reversed here. At about 1.1 meter down the drift, we

7 have the 1.0 millimeter depth of corrosion and it

8 drops off to about 1/10th of a millimeter when you get

9 to about 55 meters down the drift. Please make that

10 correction. Sorry, I have it backwards there.

11 So what we determined was that really

12 shortens the overall waste package lifetimes only

13 slightly. We did take it into consideration when we

14 did our waste package failure distributions for

15 subsequent performance assessment analysis.

16 The next mechanism was a creep that when

17 you get these waste packages up to maybe 400 degrees

18 C or so or higher that we expect the waste packages to

19 creep since there's no magma holding them in place.

20 We would expect it needs something like 30 percent

21 creep to rupture a waste package for Alloy 22.

22 Nevertheless, the creep rates when you get up fairly

23 high can be such that we can't rule out that creep

24 would occur and what Frazier concluded was that creep

25 failure is possible for five to ten waste packages on
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1 either side of the magma plug.

2 MEMBER HINZE: Those temperatures related

3 to creep, are those based upon tests of Alloy 22?

4 MR. KESSLER: Yes. Yes, there is

5 available Alloy 22 creep data and strength data or

6 similar high chrome, high nickel/chrome, alloys that

7 we took that from and that's in the report, that kind

8 of information.

9 The last one is rupture due to over-

10 pressurization. Obviously, if we're heating up the

11 gas inside the waste package, the pressures could rise

12 and it's possible that we could have rupture due to

13 over-pressurization and just to give you an idea of

14 the kind of analysis we did there, the next view graph

15 please is one of, I think I have, two or three on this

16 pressurization. So the first thing we did was we took

17 a look at how high might the internal waste package

18 pressures go versus time at various positions

19 downstream or away from the magma front there and you

20 see that's what that figure is, the internal waste

21 package versus time and how it decays at various

22 positions away from there. Next view graph.

23 So we ran that into a mechanical model and

24 looked at how much that waste package might get

25 strained at the lid and deformed due to the internal
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1 pressurization. In this case, we looked at an

2 internal pressurization of 0.69 mega-Pascals. That's

3 100 psi and the deformed shape there is exaggerated by

4 a factor of 50. What's important to see is the

5 strain, the little red zone there around the lid, that

6 we started to consider in terms of how much strain do

7 we think the Alloy 22 could take at that point. Next

8 view graph please.

9 So here is our model versus available

10 data, Dr. Hinze, just in this particular example.

11 What we had was we looked for if we had a strain limit

12 of 0.2 percent, that's that 0.2 percent offset, or

13 perhaps compare that axial stress on the outer lid to

14 90 percent of the ultimate tensile strength and looked

15 at the axial stress on the outer lid for a stress

16 concentration factor of about 12, that stress

17 concentration factor at the high end of what we think

18 could happen, but again we're looking at the shape of

19 the weld, how stresses might actually concentrate

20 locally at that lid and the stress concentration

21 factor is fairly high, so we did what we could to

22 raise that curve, of course what we're looking at is

23 where does that intersect, at what kind of temperature

24 is that and then we can say if we have temperatures

25 above that then we could have fail due to
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1 overpressurization which is what we assumed. Next

2 view graph.

3 So to summarize the extent of these red

4 and blue zones, for the red zone, the second row

5 across, again that's waste packages fully engulfed by

6 the magma, we think the extent would be anywhere from

7 zero to 20 meters away from the dike plane. That

8 would represent a total number of waste packages on

9 both sides of the dike of zero to six waste packages

10 because the spacing for each waste package is like 5.5

11 meters is the length of a typical waste package. We

12 would assume the cladding has failed in that region.

13 For that blue zone that I talked quite a

14 bit about where we decided that the waste packages

15 would experience significant thermal impacts such that

16 the waste packages would fail relatively quickly from

17 a geologic perspective, that extent would be something

18 like 37 to 66 meters from the end of the red zone and

19 that would include a total number of waste packages on

20 both sides of the dikes together of something like 14

21 to 24 waste packages and again we assumed in that zone

22 that the cladding was failed.

23 The green zone where we said the

24 temperatures were cooler the volatiles were around but

25 for a very short period of time. We didn't expect
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1 there to be significant alteration of the waste

2 package degradation rates relative to the nominal

3 scenario where you don't have an igneous intrusion and

4 that the cladding remains intact.

5 Now transitioning into some modeling of

6 releases and then getting into the performance

7 assessment results. I'm going to give you two

8 examples here of our release rates in those zones for

9 two radionuclides.

10 The first is iodine-129. What you see is

11 that the blue zone has the highest release rate

12 because we're not assuming the salts or the magma

13 that's covering. The waste packages in the red zone

14 allows any kind of hold up of the iodine-129 as it

15 comes out. You see the red zone actually has somewhat

16 of a delay and that's due to the effects of the magma

17 actually protecting for a while or delaying the

18 release of the iodine-129 through that engulfing magma

19 as it gets out of the EBS.

20 And the green zone follows right on top of

21 the N or the nominal case there in terms of release

22 rates after the time of waste package failure. So

23 that's the kind of general release rates that we're

24 going to plug into our TSPA code. Here's an example

25 for iodine-129.
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1 Next view graph please for neptunium-237.

2 Similar trends here again. In this case, the

3 neptunium does absorb a bit on that magma which again

4 causes the delay before reaching that peak in the red

5 zone. But of course because the waste packages and

6 the cladding are failed, the release rates are much

7 higher than for the green zone or the nominal case,

8 significantly higher and that's captured in this view

9 graph for neptunium. Next view graph please.

10 Finally, throwing it all together in a pot

11 here and looking at some conditional doses and I want

12 to emphasize when I say conditional doses, these are

13 probabilistic doses taking into account the range of

14 parameters but assuming that the igneous event occurs.

15 So it's conditional on the igneous event having

16 occurred.

17 And these are doses to the RMEI at the

18 compliance point, the 18-ish kilometers downstream and

19 what you see here is assuming that in this case all of

20 the drifts that the dike intrudes are completely

21 filled. So essentially we have 14.4 percent of the

22 drifts that are red zone and what you see are two

23 peaks, first due to technecium and iodine. The next

24 one is due to the actonides that in the range of

25 1/10th of a millirem a year up to a couple tens of
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1 millirem per year, maybe about 20 millirem per year

2 for this kind of case where you might the magma

3 completely filling all the drifts. This would be

4 similar to our analysis of DOE's assumptions where

5 they assume the magma is fairly viscous and all of the

6 waste packages fail along the entire length of the

7 drift that the magma intersects. Next view graph.

8 This is our expected value case, however,

9 where we have F-Red or the fraction of the drift

10 that's in the red zone we think is really more like

11 five percent or 0.05 and the fraction of the drift

12 that's in the blue zone is really more like 20 percent

13 in our particular case and I'll show you a sensitivity

14 or two. Again you see sort of the same shapes, but

15 what you'll notice is that the highest peak is way out

16 in time and that is due to the nominal case. What

17 we're suggesting is that the nominal case still

18 provides the highest peak dose for our expected value

19 case where we have limited red and blue zones compared

20 to assuming the drift that the dike has come up to,

21 has intersected, is completely filled with magma.

22 Next view graph.

23 Excuse me. Let's back up one before we

24 get to this worst case one. What I want to point out

25 is at the bottom there. We said "To rival the nominal
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1 case peak dose, in other words, to get that second

2 peak up as high as the nominal-case peak dose, we had

3 to roughly triple the depth of the red and the blue

4 zones which we think is sort of at the upper end of

5 what we would expect in terms of the effects of the

6 intruding magma. Just to kind of give you an idea is

7 how large or how much of an effect does there have to

8 before even for this conditional dose case that the

9 conditional doses rival the nominal case. Okay, in

10 the worse case --

11 MEMBER HINZE: Help me. What does the

12 0.15 refer to then?

13 MR. KESSLER: That 0.15 says that we're

14 assuming that 15 percent of the length of a drift is

15 in the red zone.

16 MEMBER HINZE: Okay.

17 MR. KESSLER: And that 60 percent of the

18 length of the drift is in the blue. So we only have

19 25 percent of the drift that wouldn't be affected in

20 that case and we're saying it takes that much for the

21 doses to rise enough to rival the nominal case dose.

22 In the worse case, conditional dose I

23 have, next view graph please, is that blue zone. We

24 don't have it covered with magma. The waste packages

25 and the cladding have failed and if we assume that all
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1 the drip shields are not functional, again really

2 tying a lot of arms behind our backs here, in this

3 case we can get peak conditional doses on the order of

4 a couple hundred millirem for this particular case.

5 That's 14.4 percent of all the drifts are in the blue

6 zone. They have all failed. There's no drip shields.

7 For the conditional dose case, we get up in the

8 hundreds of millirem.

9 The take-home line is at the bottom there.

10 The peak probability weighted dose, remember because

11 we're talking about the probability of an igneous

12 intrusion occurring, that dose rate is going to be

13 much, much less than the nominal case. We had some

14 general discussions about how you convolute that

15 probability for assuming it occurs in time alla the

16 way that DOE does it. But we're confident that when

17 you finally get away from the conditional dose case

18 and do the fully probability-weighted dose case that

19 the dose risk contribution is going to be small even

20 from this bounding case. Last view graph please.

21 So our conclusions are that the extent of

22 magma intrusion into the drafts is likely to be quite

23 limited, maybe something like zero to six engulfed

24 waste packages. Adjacent to those engulfed waste

25 packages, we may have something like 14 to 24 waste
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1 packages that will likely fail early due to those high

2 temperatures and various effects that we looked at.

3 The probability-weighted dose rates due to magma

4 intrusion scenario are less than the nominal case. So

5 if we combine that with our earlier igneous eruption

6 work, we reach the conclusion that the igneous

7 scenarios don't appear to be as significant or I guess

8 I should probably say a dominant contributor to the

9 overall dose risk. And the report on this igneous

10 intrusion is available again at that hideously long

11 website that's available and it's shown at the bottom

12 of that view graph. Thanks.

13 MEMBER HINZE: Thank you, John. That was

14 an excellent presentation. We'll start with Dr.

15 Weiner.

16 MEMBER WEINER: I just have a couple of

17 questions, John, because I'm going to defer most of my

18 questions to Dr. Marsh who could ask them better.

19 What do you mean by failed? Do you mean everything

20 goes or the cladding fails, the package fails, stuff

21 is available for mobilization?

22 MR. KESSLER: Good question. We have not

23 assumed that the waste package disappears and that the

24 U02 pellets are sitting there on the bottom of the

25 drift. What we've assumed is that there is a failure
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1 along one of the lids and that water has to migrate,

2 diffuse, in and around the lids. The cladding is

3 split, but it has to enter then into the cladding and

4 diffuse out of the cladding and then on out of the

5 EBS. That's what we're assuming for our source terms

6 model.

7 MEMBER WEINER: So roughly what fraction

8 of what's contained in any fuel rod do you assume gets

9 out or a fraction of the total inventory, whatever,

10 because under that scenario, you're not going to

11 eliminate everything, you're not going to release

12 everything that's the waste package, are you or aren't

13 you?

14 MR. KESSLER: We assume and we're

15 revisiting this a fairly short waste form alteration

16 time in the sense that takes U02 to go to U-308 or

17 something maybe is a couple thousands years. If we

18 assume invection, I talked more about a diffusive

19 release pathway, but if we do have invective flow

20 through there, our alteration times are such in that

21 for the higher ranges of flow rates we can actually

22 assume we've released 100 percent of the inventory.

23 MEMBER WEINER: Okay.

24 MR. KESSLER: And of course, it just

25 depends on what we assume for the amount of release.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



96

1 But of course, we're factoring neptunium solubility

2 and things like that. So it's a range. Sorry for

3 saying it depends.

4 MEMBER CLARKE: Excuse me, Ruth. Can I

5 follow up on that?

6 MEMBER WEINER: I still had one more.

7 MEMBER CLARKE: I just want to clarify

8 what you two just said to each other. Once the waste

9 package is damaged, then you're into a situation much

10 like a nominal release. Is that it?

11 MR. KESSLER: Much like a nominal release,

12 yes.

13 MEMBER WEINER: When you speak with of

14 conditional dose, does that include some kind of

15 conditional probability term?

16 MR. KESSLER: Yes, really it's saying --

17 MEMBER WEINER: So it's a risk.

18 MR. KESSLER: It's a risk, right. It's a

19 conditional dose risk still. The only thing we

20 haven't factor in is the probability of the igneous

21 intrusion event occurring.

22 MEMBER WEINER: Yes.

23 MR. KESSLER: Again, we're saying assuming

24 it occurs what's our dose risk with the distribution

25 of parameters we have for everything else that would
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1 result.

2 MEMBER WEINER: So using the risk triple,

3 you're saying assuming that it occurs what is the

4 scenario of this particular --

5 MR. KESSLER: Right. What are the

6 scenarios? What are the ranges of neptunium

7 solubilities? What are the ranges of invection that

8 could occur, all of those things and the

9 probabilities? That's still all factored into these

10 view graphs, these conditional dose risk view graphs

11 that I showed you.

12 MEMBER WEINER: And my final question is

13 are you planning to consider the new DOE TAD package

14 liner? Or would that make any difference?

15 MR. KESSLER: At this point, we don't feel

16 it would make any difference for this kind of analysis

17 at the degree of sophistication that we did this

18 analysis. We're assuming and again obviously we'll

19 have to wait to see what gets designed for the TADs

20 that the Alloy 22 waste package overpack will look

21 similar to the existing waste package disposal

22 container that DOE's designed. The TAD is just the

23 inner canister. Of course, there could be

24 differences. That could change our analyses on things

25 like overpressurization and creep and things like
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1 that. But right now, we're not planning to change

2 anything from what we've done-here based on the TAD

3 concept which is still very nascent.

4 MEMBER WEINER: Thank you.

5 MEMBER HINZE: Dr. Croff.

6 VICE CHAIRMAN CROFF: In the opening parts

7 of your presentation, you used the word "assumption"

8 a lot. I think with respect to overpressurization you

9 had some subsequent analyses you showed us. What

10 about for example the cladding failure? How much is

11 that? Is that just, I'll call that, an arbitrary

12 assumption or is there something behind it that causes

13 you to believe that the cladding will fail, the drip

14 shield will be displaced and this kind of stuff?

15 MR. KESSLER: A good question. Due to

16 time limitations here, I skipped over quite a bit of

17 the detailed analysis of the waste package and magma

18 interactions. We do have a lot more detail in the

19 report.

20 An example of your cladding question.

21 Yes, there are data available that suggest the

22 cladding is going to rupture when you get up to

23 temperatures above 500 degrees, 600 degrees C,

24 something like that fairly quickly and that it can

25 creep a temperature somewhat below that. Creep rates
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1 when you get down to like 400 degrees C are very slow,

2 but does creep slightly.

3 EPRI has a very active program, in fact,

4 cooperation with NRC research and DOE on looking at

5 those kinds of cladding properties. So, yes, there's

6 a lot of data there. I talked to Dr. Hinze about

7 where we got the assumptions about the magma

8 properties. So, yes, we do have a basis. It's not

9 just guessing at some things behind these mechanisms

10 that I just didn't get a chance to get into in the

11 discussion here.

12 VICE CHAIRMAN CROFF: Okay. Thanks.

13 MEMBER HINZE: Dr. Ryan.

14 CHAIRMAN RYAN: Thank you. John, thanks

15 for a good presentation. Just one further clarifying

16 question on the dose curves.

17 MR. KESSLER: Yes.

18 CHAIRMAN RYAN: I assume we're looking at

19 the mean value of your realization.

20 MR. KESSLER: Yes.

21 CHAIRMAN RYAN: Okay. Not the 95th

22 percentile.

23 MR. KESSLER: Correct.

24 CHAIRMAN RYAN: The 50th percentile.

25 MR. KESSLER: Yes, those are the means.
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1 CHAIRMAN RYAN: Okay. Great. Thanks.

2 MEMBER CLARKE: Thanks, John. Very nice

3 presentation. Dr. Hinze asked'you earlier about the

4 cutting through and the partial fill geometries. Are

5 they both in the analysis?

6 MR. KESSLER: Yes.

7 MEMBER CLARKE: This is a result. These

8 doses are a result of both of these scenarios.

9 MR. KESSLER: Right. For example, the

10 ranges of the red and the blue zones come about

11 because again this is the arbitrary part that we're

12 making some assumptions about how we would superimpose

13 these two cases and what that might mean for the real

14 extent in the case where you do have a magma dike but

15 you have some plug ahead of it. It's somewhere in

16 between these two cases and that's why we started

17 applying, one of the reason we applied the ranges

18 along with we're not exactly sure when we're going to

19 have creep failure and when we'd have

20 overpressurization failure. I think there are

21 obviously uncertainties there. So that's where are

22 our subjective expert judgment came in to come up with

23 those ranges.

24 MEMBER CLARKE: Okay. And then just to

25 clarify what I asked you earlier, once a waste package
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1 is damaged you have a water-borne release into a

2 transport model through the groundwater pathway to a

3 receptor.

4 MR. KESSLER: Yes. Sorry I didn't make

5 that clear for you.

6 MEMBER HINZE: Bruce.

7 DR. MARSH: Yes. One of the key

8 ingredients of this analysis is the calculation or

9 assumption of this high viscosity.

10 MR. KESSLER: Yes, it very much is.

11 DR. MARSH: And you base this on Nichols

12 and Rutherford's experimental work.

13 MR. KESSLER: Yes.

14 DR. MARSH: Their experimental data just

15 to refresh you a little bit shows that they determined

16 using the assemblage of minerals they see in the lava,

17 for example, Lathrop Wells, that that was an

18 equilibrium at about 200 mega-Pascals, about two

19 kilobars, five or six kilometers down in the earth

20 that had three or four percent water and it had a

21 fairly low percent of crystallinity and in other

22 words, in the crystallization range -- that was down

23 at maybe 10 or 15 or 20 percent crystals. So the

24 viscosity at that point, 975 to 1010 for example,

25 would be really low with that amount of water, three

NEAL R. GROSS
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1 to four percent water. It would be like maybe 100,

2 maybe 500, but it would be pretty low, really low,

3 maybe even a little lower.

4 Now if you take that and actually

5 translate it right to the surface, one atmosphere,

6 that melting range of course changes. The melting

7 range at 200 mega-Pascals is much lower because it has

8 water in it. As it degases, the melting range

9 actually enlarges and it goes up to higher

10 temperatures. It stays about the same wetness and

11 things.

12 So there is a major question. In other

13 words, if you take that temperature that they gave,

14 roughly 1000 degrees and use it to calculate the

15 viscosity on the surface in the melting range, you end

16 up that it's really near the point of being 100

17 percent solid. So you would get these number like you

18 show here, these high values. However, there is a

19 major question here in terms of when the magma

20 actually moves from that point of five kilometers down

21 to whatever to the surface, exsolves gas out of it.

22 Water is actually is zero solubility near surface.

23 The temperature and pressure trajectory that that

24 thing takes is actually somewhat open to question in

25 terms of what's going on.
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1 So a better thing to do would be to know

2 that trajectory and that's somewhat of a difficult

3 issue in some ways. But the other aspect is is to

4 have some other controls by looking at the magma on

5 the earth's surface knowing something about the

6 temperature that actually came out, not using Nichols

7 and Rutherford's data at depth, but actually using a

8 geo-thermometer and looking at it in detail on the

9 surface like the -- for example.

10 I didn't see any of this in your report

11 and I wasn't quite clear.

12 MR. KESSLER: Right.-

13 DR. MARSH: There's a gap here. I could

14 understand how you could get to that number based on

15 the scenario I just took you through, but there are

16 significant uncertainties in this and things that we

17 don't know as yet and I didn't see those in the

18 report. Are there other things that you took under

19 consideration here?

20 MR. KESSLER: No, I think that, I'm sorry.

21 Meghan's not here.

22 DR. MARSH: Yes.

23 MR. KESSLER: Meghan Morrissey who

24 contributed this piece to the report because anything

25 I say, I'm going to get myself in hot magma real fast
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1 here. So I don't recall either a lot of discussion,

2 justification, for what we came up with. We assumed

3 some certain trajectories. I don't recall how much we

4 talked about the uncertainty in those trajectories.

5 Can we go back quickly to Slide 25 please?

6 Thank you. One thing we did do in this one. This is

7 our uncertainty case. This is the case where we

8 assumed every drift that gets intersected by the dike

9 is 100 percent in the red zone and so this is what we

10 got for our conditional dose risk versus time case and

11 you see that we do have a peak in a couple of tens of

12 millirem for the conditional dose case.

13 So when I asked myself we could go back

14 and sharpen our pencil on this, maybe it is more

15 fluid. We don't know the trajectory just like you're

16 saying. I look at this view graph and of course, I

17 have to be very aware of the uncertainties in this

18 view graph, but I would say that if I believe in this

19 view graph and it's a conditional dose, I would say if

20 I multiply by the probability of the igneous event

21 occurring I knock those doses down to less than a

22 nominal case and then I have to ask myself why I would

23 want to sharpen my pencil on this particular issue.

24 But I agree. There is uncertainties. We

25 didn't talk about them as much as we should have. But
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1 I'm not sure whether it's worth exploring I guess from

2 a performance assessment standpoint.

3 DR. MARSH: There are obviously worse --

4 If you're going to use that as an example to start off

5 your analysis, it's worth knowing well. So it's worth

6 taking a look at I think. Thank you.

7 MEMBER HINZE: Any other questions?

8 Staff. If not, we have reached our limit of time and

9 you've really helped us and done an excellent job of

10 getting your points across very succinctly. We

11 appreciate it and it's very helpful. We'll be

12 exploring your document in a lot more detail I'm sure.

13 MR. KESSLER: Thanks again for the

14 opportunity to share it.

15 MEMBER HINZE: Mr. Chairman.

16 CHAIRMAN RYAN: Thank you, Bill. We'll

17 take a short break and reconvene at 11:00 p.m. with

18 our letter writing activities. We'll conclude the

19 record here or do we need to -- We'll conclude the

20 formal record here but we'll reconvene at 11:00 a.m.

21 Off the record.

22 (Whereupon, at 10:48 a.m., the above-

23 entitled matter was concluded.)

24

25
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Objectives
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Provide overview of a potential modeling
abstraction for evaluating the Impact of extrusive
volcanism

Provide a progress report on the status of fluvial
redistribution process modeling
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Fluvial Redistribution
Abstraction Model Outputs

Fluvial Remobilization Mass Loading above redistributedephra in epositional area

Concentration of waste In initial
tephra deposits

Dilution Factor to account for
mixing of contaminated tephra with
ambient ("clean') sediment

Time required to deplete Fortymile
Wa__sh_ of erodible tephra

Time After Event

24,20WMa:h

I
Abstraction Model Outputs

,, Mass Loading above Redistributed Tephra Deposits

Key Assumptions
* Episodic fiuvial redistribution events are sufficiently frequent so

as to sustain a constant resuspended mass loading from tephra
In the depositional area as long as a source Is available

* Once the tephra In the catchment basin Is depleted, burial of
contaminated layers by ambient sediment quickly reduces
resuspension of contaminated tephra

Mass loading Is a function of the resuspendability of the
redistributed tephra and the level of activity In the
depositional area

Cobh 24.2004 6
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Abstraction Model Outputs}i Concentration of Waste In Initial Tephra Deposits

- - _ =__________ C=- -

[ C =MHLW

N mash

mHLw: Mass of waste deposited within Forty Mile Wash catchment basin
(output from airborne transport and deposition model)

m,,h: Mass of ash deposited within Forty Mile Wash catchment basin
(output from airborne transport and deposition model)

&ch 2<,2005 7

Abstraction Model Outputs
Tehra, Dilution Factor

Ratio of contaminated tephra volume to total volume

d vsh = +

Vendg + V.ah Yash A a )

Y..dkl.n: Pro-eruption sediment yield per discharge event (derived from
process modeling)

Yh: Post-eruption ash yield per discharge event (derived from
process modeling)

Ab,,,l: Area of Fortymrle Wash catchment basin (derived from process
modeling)

ash: Area of Fortymile Wash catchment basin with an ash deposit
from an eruption (output from alrbome transport and deposition

Mmnh 2, modeo 8
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Abstraction Model Outputs
Depletion Time

Time required for significant flow events to completely deplete
Initial depositsIn Fortymile Wash catchment basin

t = ndpl 'T = _mash T
lY.h aash Pah

m,,h: Mass of ash deposited within Fortymile Wash catchment basin
(output from airborne transport and deposition model)

T: Recurrence Interval for significant flow events (derived from
process modeling)

Y,,h: Post-eruptlon ash yield per discharge event (derived from process
modeling)

a.,h: area of Fortymile Wash catchment basin with an ash deposit from
an eruption (output from airborne transport and deposition modeo

PAh: Density of ash deposited within Fortyrmile Wash catchment basin
(based on field data at Cerro Negro)

Mush242 9

Process Modeling

Abstraction Model Outputs
* Dilution factor
* Depletion time

Required Inputs from process modeling:
* Recurrence Interval of significant flood events
* Density of ash deposits
* Pre-Eruption Sediment Yield
* Post-Eruption Tephra Yield

March 2,200 10
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11% �
r - Process Model Outputs

Recurrence Interval, Tephra Density

rNMEW

Recurrence Interval
* Time between flow events

11 floods between 1969-1998; 7 floods > 0.1 m3/s
* Recurrence Interval - 4 years

Density of Tephra
* 1200 kg/m3, based on 1995 Cerro Negro tephra-fall

deposits (Hill et al., 1998)

Majo am I I

Process Model Outputs
Pro-Eruption Sediment Ylelds

BENZ �

.1 -�.- -�A(m2 ) h(m) p(kg/m 3 )
SED _T(yr)

Input Data
* Active Depositional Fan Area (A)

24t2 kim 2 ( Landfawxt T hnw
* Active Deposit Thickness (h)

1-2 m (d*wtobsmwd)
* 5edimsnt A (1)

4,000-10, 0 yrs
3 de getm df In Pasm et el., lG)
Alluvium Density (p)
1600 kg/rn3

Results (mean):
* 8.Ox106 kg/yr
* 7 m3lkm2yr

oz 0 0 mm WO OM

12Mch 24a2
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Process Model Outputs
Post-Eruption Relative Sediment Yield

! I I -___ --

Accelerated erosion and Increased sediment yield following
* eruption modeled with diffusion-based erosion model

M = p *k *wm ._n

M: mass flux (kg/m*yr)

k: diffusion coefficient
(m

2
1yr)

w: hillslope width

d : hillslope gradient

350
300

E 250

i 200
1 150
w 100

50

2|s|I* | | .
.. _ ..... _.__................. . ......... ........ ....... . __ . ........ _

........... .................. - - - - ,._____ ...... _.,, ............_. ,.*1-

............... 4...................I....... ..-.--.. i.. ................. 4
-1 !'.J - - ---- 4.-

i . . . i , i
0L

0 200 400 600

Distance asoN profile (m)

B33 1.000

m,n: exponents describing hillslope character

mbch 34.20k 13

Process Model Outputs
Post-Eruptlon Relative Sediment Yield
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f) Sediment Budget Parameters

Sediment Budget Parameters
Name Description Value

T! Time between signitlant flow events 4 yr

Area of Fortymile Wash catcrnent 815 km2

A_ basin
Area of Fortymile Wash catchment 149;k 78 kM2

A- basin covered by tephra

Mass of erupted tephra In the 21 x 10'° kg (2ean)
MxW"W Fortymile Wash catchment basin I x 10'° kg (+2a)

6.9x 10' kg (-2c)
Sediment yield as a measure of 8.9 x 106 kglyr (mean)

Y., sediment transport to the Fortymile 1.5 x 10' kgryr (+2a)
Wash depositional fan 2.9 x 10 kolyr (-2o)

Y. Relative sediment yield 1.0 to 4.6 (sampled parameter
Incorporating accelerated erosion)

Ratio of eroded tephra to total
Dilution sediment transported to the Fortymile Varies according to model Input

Wash depositional fan

Mmch 24.205 15

Results

--- 1: - - - . ��

Tephra Redistribution Modeling Results

Mass of Erupted Tephra (Mwo..)

Low (-2c) Mean (x) High (+2a)

Tephra Di~~ TahaIIMjn TshaIDlto
Deapbefon I ____ Depletion n Depleon

Case I Case 2 Cas 3

Sediment High
Yield (+2a) 590 yJ 140.545.8% 2.200 yr 40.S-49.4% 10,000yr39."9.4%

(YW) Case 4 Case S Case 6
Mean

(x) 972yr 405-49 4,100yr 40S-4
9 .

4
% 24,500 r 313-49.4%

Case?7 CaseSI Case S
Low
(-2a) 4054O

4 % 22*000 7O 32 49 8 4% 127000 yr 21.1-49.4

Uar 142005 1 6
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. c Sur nmary
. :

Provided overview of process modeling that supports
inputs for the abstracted model of tephra redistribution
* Dilution with ambient sediment expected to result In

approximately 20-50% dilution
* Time required to deplete tephra deposit In Fortymile Wash

catchment basin: 590-127,000 years

Abstracted model of tephra deposition, redistribution,
and resuspension under development

MAxh 2420 17

i Refo
. .

Drences

Mohanty, S., et al., 2005. Risk Analysis For Risk Insights
Progress Report. Center for Nuclear Waste Regulatory
AnalysisSan Antonio, TX. (ML051580323)

Hooper, D, 2005. Modelina the Lona-Term Fluvial
I Redistribution oT Tephra in FortYm1ie Wash. Yucca
. Mountain Nevada. Center for Nuclear Waste Regulatory

Analysis, ban Antonio, TX (ML052910334)

Hill, B.E., C.B Connor, M.S Jarzemba, et al. "1995 Eruptions of
Cerro Negro Volcano, Nicaragua, and Risk Assessment for
Future Eruptlons." Geological Society of America Bulletin,
1998, Vol. 1)10, pp 1231 -1241

March 24,200 Is

9



I IELECTRIC POWER
U PRESEARCH INSTITUTE

Potential Igneous Processes
Relevant to the Yucca Mountain
Repository:
Intrusive-Release Scenario

John Kessler
Manager, HLW & Spent Fuel
Management Program
+1-704-595-2249
jkessler@epri.com

EPRI Igneous Intrusion Scenario Team

* Mick Apted, Monitor Scientific (lead)
* Meghan Morrissey (Colorado School of Mines)
* Marcus Bursik (SUNY Buffalo)
* Fraser King (Integrity Corrosion Consulting Ltd.)
* Matt Kozak (Monitor Scientific)

., . 2iI

' 1



I Igneous-Event Scenarios

I

* Extrusive vs. Intrusive Release Pathways
* Probability (PVHA Panel)
* Consequences (this study)

3 amel Ij0 20066 E-0, =, R-'0060I066, - . 00 All s .0 .

I EPRI Work Reported Earlier to the
ACNW: Extrusive-Release Variant

* Reasonable Expectation Case:
Zero Release

* EPRI. 2004. Potential igneous processes
relevant to the Yucca Mountain repository:
Extrusive-release scenario: Analysis and
implications. EPRI Report 1008169, Electric
Power Research Institute, Palo Alto, CA.
Available at:
http://www.epriweb.com/public/000000000001008169.pdf
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L m- z Sequence of
Processes
for
Intrusive-

ma-Drift Release1. Magma ascent
Variant

car2 tai
3. Magma-Package

e2000 - 0 R-0,0 P0A~l 1A AIA11 ,A.AI 07U

4. T-H-M-C effects

|Igneous Intrusion Scenario Conceptual
Model

02,0ror1,,AA

CoqC
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"Zones" in EPRI Conceptual Model

* "Red Zone": immediately adjacent to the rising magma
dike
- Disrupted/displaced drip shields
- Waste packages fully engulfed by magma
- Alloy 22 and cladding assumed to be failed fairly

quickly
* "Blue Zone": significantly elevated temperatures (>300-
400C) and corrosive gases
- Drip shields intact
- Waste packages and cladding failed fairly quickly

* "Green Zone": peak temperatures <350C
- No effect on long-term EBS performance assumed

*_7 C- =Ft ra I tIC.- t 1M

EPRI Approach to Igneous Intrusion
Consequence Analysis

* How large are the red, blue, and green zones?
- Magma ascent rate, viscosity, temperature
- Extent of hot, corrosive gases ahead of magma front

* How and to what extent can waste packages fail?
* What is the nature of radionuclide release from a failed
waste package?

* What are the incremental dose consequences
(compared to the nominal scenario)?

.Ali~~ I .IC~ C~l P01b<*sn
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l Magma Ascent: Representative of Hydrous Alkali
Basaltic Magma in the Yucca Mountain Region

* Previous DOE assumptions
- ascent rate 0.01-10 m/s
- magma temperature 1 150-1 200'C
- low crystallinity of magma
- low viscosity (fluid flow)

* Nicholis and Rutherford (2004)
- ascent rate of -0.04 m/s
- magma temperature 975-1010'C
- high crystallinity of magma
- high viscosity (rubbly flow)

* £ae_ P .... _ 9t~i. UIr- i IctmtU

Conclusions on Extent of "Red" Zone

* Plug flow (aa-type)
* Very high viscosity, rubbly magma (105 - 107 Pa-s) at

expected temperatures of 975-101 0C
- Will rapidly freeze

* Extent of magma engulfment: 0 - 3 waste packages
either side of the dike

* Other relevant factors:
- Dike might intersect 1 to 20 drifts

. e i s.N~. ma..a4. hc M.V . d 10 *IuABcM *IntI
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Assumed Range of "Blue Zone"
Environments

* Hot magma sprays or ballistic particles VERY near dike
- Effects likely limited to waste package surface heating

* Two estimates of thermal histories calculated
- "Partial fill" geometry
- "Cutting through" geometry

' _ ,l |ILII POW..

"Partial Fill" Geometry

I !
. _.;s.,^.,.,%.,^.;tr., ,,,, _ ., ,--- -- . ,;,,;,;,;,;,:;

.". ,Rock.,,. ,,,,,.

Drif (aver vapor)

'.aste package ,

., - .,,I :t

I -' ; uid:

i;|A--'''

;s;i;.s;.,

.A '
MAgma I

I
a., I

Rock p.

IIir-ai ' i* C*ina.f a w~.M.Uafl.n 12
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I "Cutting Through" Geometry

I I

13 r-- 2sreI I lrlI.2f l E P-.,d-M -ti re AJ,-ghhsA2s.-d

I Thermal Evolution Calculations

TOUGH2 model benchmarked against a more detailed
study by Lore et al. (2000) (hold at 101OC for 5 months)

1025.00 . i * *
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825.00 -- - - - - -

725.00- - - -
__ ___e 825.00 - __ -Com~,ModeIL _i _ _

3 lo ~~DetW-st
2 525.00 - - - - - _ _- - - - - - -- _

E 425.00- - - - - -

325.00 - - - - - - - - - - - - - - -

225.00 - - - - - - - - - - - - -

125.00 - - - - - - - - - - _

25.00

0.001 0.01 0.1 1 10 100 1000

Time [yrs]
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I Waste Package and Gas Temperature
Histories for "Partial Fill" Geometry
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I Waste Package and Gas Temperature
Histories for "Cutting Through" Geometry
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I Waste Package Isotherms for the Two
Magma Geometries
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I Potential Waste Package-Magma
Interactions Considered

* Erosion (magma "scraping" past WPs)
- Unlikely: magma flow is slow and limited in time (65-80 days)

* Thermal sensitization enhancing subsequent aqueous corrosion
- Requires >-600C (occurs only a short distance down the drift)

* Corrosion due to magmatic gases
- Minimal: 0.1 and 1 mm at 1.1 and 55 meters down-drift,

respectively
- Shortens overall WP lifetimes only slightly

* Creep
- Possible for 5-10 WPs either side of magma plug

* Rupture due to overpressurization
- Possible for very short distances (see next viewgraphs)
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I Waste Package Internal Pressurization due
to Presence of Magma

(0 -- Engufed WP
_ 0 -- 0.1 m from magma front
_ \1.1 m from magma front
Z \+ llmfrommagmafront

(A 0.6- - -llmrmanarn

0.6

a-
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0
0 2 4 6 8

Time (years)

02019 j I

I Stress Distribution on Waste Package
Outer Lid for Internal Pressure of 0.69MPa
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! Compare Internal Pressurization Stress to
.Waste Package Strength
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Summary of Extent of "Red" and "Blue"
Zones

Zone Description Extent [m] Total No. of Cladding
of Zone WPs (both Condition

sides of
dike)

Red WPs 0-20 0-6 Failed
engulfed by
magma

Blue WPs 37-66 from 14-24 Failed
experience end of Red
significant Zone
thermal
impacts

Green Cool, short- Remainder Remainder Intact
lived
volatiles
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I 1-129 Release Rates in Each Zone
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I Conditional Dose at the Compliance Point for
Completely Filled Drifts (14.4% of all drifts)

1.OOE.01

1 .OOWEO0 - ITO3

-- I-129
-*-- Np-237

COodIOn.I -/ U.233
Do.. 1 X4E-0S 1 Th-229

-U-235

I,(bE-02 - -3

1 .OWE-03 -

1.WE403 1 0E004 1.000E6 1.00E506
Tlme Aft, DiSpo..I (y)

2- ~E-bP-P S m I A N 25 Q1121 Eri:N,, ;,,

I Conditional Dose for fred=0 .05 ; fblue=0 .2
(Expected Value case)
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I "Worst Case" Conditional Dose (fblue=1; all
drip shields non-functional)

I .OE.0

1 DOEO Ir

1lOGE41- Ola d

ColdNl
D..

J.Mml

1.OOE-02

1 .OOE-03

I/ II

+To-99

d 1-129
Np-237

_ U-233
I Th-229

_P-239
, U-235
_-238

* -Tot.l

=-rmei I 1. F ~, .- o*'\W' EK

| *06Hh\l.

I - .

1.ODE.03 1.OE.04 1 0E305 1.0
nTm Aft. DIlposl (YA

Peak probability-weighted dose rate - nominal case

.oe.- -E . 27

OE

I Conclusions

* Extent of magma intrusion into drifts likely to be quite
limited (0-6 engulfed waste packages)

* -14-24 waste packages each side of the magma plug
likely to fail "early" due to high temperatures

* Probability-weighted dose rates due to magma intrusion
scenario less than nominal case

* Combined with earlier EPRI igneous eruption work:
igneous scenarios not significant

Report available to the public at:
http://www.epriweb.com/public/00000000000101 1165.pdf
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