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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

PUBLIC MEETING ON APACHE LEAP TUFF

SITE FIELD HEATER EXPERIMENT

- U.S. Nuclear Regulatory Commission
. 11555 Rockville Pike
Conference Room 6Bll

Rockville, Maryland
Thursday, June 20, 1991

The above-entitled meeting convened at 2:47 p.m.,

pursuant to notice, Tom Nicholson, Chairman, presidiné.
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PROCEEDINGS
[2:47 p.m.}
MR. NICHOLSON: Let’s start with Todd Rasmussen.

MR. RASMUSSEN: This is just a list I went through

v_ahd inventoried and tried to summarize what people had said. .
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One of the important comments was -- or a series of comments

‘were related to our objectives and one of the critical ones

by'EPRI_was that we should relate how this program

interfaces with the vadose zone program, especially with

‘regard to critical paths potential release.

I couldn’t find any direct reference in the
characterization plan which is what I had to deal with and

most of the work regarding field tests were with regard to

;.the engineered barrier system itself rather than critical

path potential release. 'Maybe I’m just not aware of this
component of the program. So I focused, instead, on those
issues and the motivation for the DOE characterization
proéram. |

The initially proposed objectives afe too broad
was another statement. Generally one starts with a broad
objective and then narrows it down to specific -- more

specific subobjectives and particular a hypothesis. That’s

the vein I chose to take. 2Another comment was that the

- effort should focus on transport mechanisms alone and that

hydrologic and pneumatié and thermal processes are
irrelevant to transport mechanisms. And so -- but I think
that -- I think in order to uﬁderstand transporf you have to
look at the hydrologic, pneumatic and mechanical. They all
havg'some bearing upon --

MR. SILBERBERG: We won’t even ask -- we won’t
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even ask about that comment. Okay.
VOICE: Would you also tell us who?
MR.'RASMUSSEN# No. No..
- MR. SILBERBERG: You will protec£'£hé 1hno;ent. I
dqn't know, but you whisper in my ear later.
MR. RASMUSSEN: They said that we should not‘be

concerned with computer models, that we should only

- emphasize the need to validate mechanisms. The objective

should focus on whether all relevant procésses have been

~ incorporated into models in an appropriate manner. I would -

agree with that more.
An important subobjective should be the review and

characterizatién'of existing data. The data should be used

to identify additional field research needs. So I think

that’s a legitimate comment, I think that should be an
important and integral part of the experimental plan.

Subobjectives should be the integration of many
technical disciplines into a single experimental
undertaking. And ; take fhat for granted that we really do
have to work in an integrated fashion to look at some of
these processes. 7

Anothef subobjeétive should include validation of
thermal-mechanical modeling thch is along the ;ines the
previous statement. Now there were some just general

statements not related to the objectives themselves.
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It is advised that specific processes be
identified and the computer models used to implement»thege
models be determined. The calibration and validation needed
by the models should then be specified.

I think that’s a very good point and in part of
the implementation part of this, one would want to be more

specific in terms of what -- not just computer models but

Aconceptuallmodels, I guess I would say. ‘Identify hypothesis

prior to ddnducting the test, including the heat pipe
signatures, the capillary flow and fractures and wetting
diffusivity. Those ére important processes or I gﬁess‘
hypotbeses.

| The resblution and accuracy of data needed for
model validation needs to be determined. Criteria for
determining.acceptance will have to be idéntified along with
parametérs, sensitivities, and data and uncertainties.

At this point i'm ﬁot addressing’model validation,

I mean I don’t really undefstand it myself to any degree. I
think that what we can do is try and compare model results

with fiéld results to see if there is some reason for a

Adiscrepancy or if they do a good job of reproducing the

actual field data. What we’re looking for are processes
that we had missed and unanticipated events and consequences
that have been overlooked.

Can a thermal response both under baseline and
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6
test condition be ﬁsedias an indicator fluid mbvement, by
convection or conduction. If so,.can other independent
tests using tracers or water content variation be used to
validate the thermal résponse. I think that’s an excellent
idea. I think that is the direction we’re leaning at this
point. ' The priﬁary emphasis should be on the thermal
transport. It is readily modeled and can be used as a very
sensitive indicator of fluid flow processes.

It is important to incorporate field
characterization data prior to determining>the optimal
heater experiments. So this is &hat I'm saying,'somebody
asks for it, we’re gbing to put the‘heater as I have to say
I don’t know yet. We have to do some field characterization
before we determine where and how we put in the heater. The
spatial and temporal resolution of data needs to be reéolved
prior to conducting the characterization test. That’s a
very gbod point. 2And we incorporated.that'info one of
phaSes..

The apbropriateness and justification for the
planned.activities should be addressed. And I tried to do
that based upon our laboratory -- previous laboratory
experiments and the fact that we would like>to scale up
slightly certainly not to the repository leVel or the

canister level or a field of canister level, but something

larger than the current laboratory scale. The scale of the
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experiment may be to small for inferring the effects of
repository scales. It’s hard to answer that one. It is

true that it may be difficult to extrapolate these effects

‘to repository scale components, but for us to undertake

technologically tests of repository gkills would be
difficult at this point.

Prior to conducting the field scale tests a large
block experiment should be pé:formed with‘better control on
boundary condition and méss balances. And that was part of
the motivétioﬁbfor going to this unfractured block

experiment. I think that ﬁay be a good idea. The problem

‘with the fracture flow experiment currently is that

tremendous fluid may leak out througﬁ the fractﬁre. Perhaps
it would be better to lobk at a more confined‘environment.
Homogeneous as well, where it’s easier to control the |
boundary conditions and the balances.

Comments related to materiai'properties are tﬁat
it’s important to measure thé rock wetting and drying
diffusivity both before and after the test and that’s
something we’re currently doing in the laboratory for both
the fracture and the rock matrix. And a similar comment by
someone else that the wetting diffusivity of a fracture is
an important characterizatioh parameter. And part of what I
skipped err today is our experiments related to that.

Interaction between temperature and rock



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

deformation Gith and without fractnres'needs to be
deteimined. Rockwater mechanical properties-also need to be
determined. I think that’s sdmething that’s overlooked to a
large degree in some of the‘ﬁhermal hydrologic exéeriments,
is thié interﬁction between the fracture geometry}and the
temperature regime and they are critically interrelated I
think.

Significant characterization will be required. We

acknowledge that. From our previous characterization at the

covered bore hole we took a large number ofncore data as
wel; as field measurements and characterized them‘for a
whole suite of different parameterérunder'a wide variety of
water contents and matrix poténtials. So I think we
acknowledged that that'é true. |
Substantial geologic variability énd hydraulic
conductivity is observed in correlation with other

properties is minimal. That’s a very correct statement. So

- we have to measure the hydraulic.conductivity. One would be

in the laboratory using air and water as well as éurrent
field tests of qsing air as a surrogate has proven to be
successful so far. An understanding of the residual stress
patterns will be required. I guess that gets back to our
emphasis on rock mechanical incorporating some of those'
effects, that’s true.

And the process and importance of heat transport
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across fractures needs to be determined. I would
acknowledge that to be true-as weli. |

| - Boundary conditions. The boundary conditibns for
the e#periment need to be firmly established. That’s an |
issue. For underground work a bulkhead should be inétalled
near the heater site to prevent véntilation. For near-
surface work a cover should beAplééed over the site. But in

response to that we had a comment of a different nature that

“said that rather than try to control boundary conditions it .

would be better to monitor thém. An important model

comparison may be obtained by examining a response to a

_transient boundary condition. I’m not sure what is the

better philosqphy, one would be try and isoiate this block
as‘ﬁuch as possible from the environment. The other
philosophy is go ahead and allow the boundary cbnditioﬁs to
fluctuate, but monitor extremely well the response to it.
And af this boint I don’t know how to resolve those_two
comments. |

Due to differences in in-situ stress regimes it
would be better to work underground as well as the following
comments. Processes relevant at the repository>may not
exist in near-surface field locétion. AAiso, near-surface
processes may overwhelm important repository depth
processes. I guess in an ideal "ivory tower world" it would

be nice to go down and instrument very carefully at
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10
tremendous ‘cost and material complexity in an underground
environment.

The question is, could a study performed at near

'the surface still have some utility in terms of developing

an instrumentation techniques as well as being able to
monitor a response to a thermal sourceQ And I would argue
that if there is going to be a respense it may be amplified
near the surfaee, that'e true. -And it may not be entirely
analogous to what'’s geing on at depth, but the process
itself would certainly be able to be monitored.

I guess we just -- in this case.we're limited to

the real world environment where financially we’re not

- capable of performiné this kind of work at depth and the

accessibility of the site may make it easier to gather more
data that would allow us to make up for the fact that there
will be a noisier environment near the surface.

MR. PATRICK: I don’t think the point of this
comment is just the noisiness, Todd. I don’t know hew many
dollars will, you know, be dumped into this project per year
over what number of years, but you’re talking about a multi-
millien dollar project. |

MR. SILBERBERG: It'’s not.

_ MR. PATRICK: If it runs for -- yeu're‘talking
three years.

MR. SILBERBERG: It’s not multi-million. 1It’s
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definitely not multi-million. You might have that |
impression, but it could certainly get that but it --

MR. PATRiCK: Well; I got that impression from
taking -- |

MR. SILBERBERG: Previously yeah. This is known

as doing it on the cheap, okay.

MR. PATRICK: ‘But the -- I think the salient point
here is that if there are -- for instance near-surface
fractures whose chéracteristiqs_are so different, for
instance, because of calcite coatings and things of that
nature that not even the séme phenomena are occurring in thé
near-surf#ce than would occur at depth in the "fresh rock".
Then we could tilt at a windmill séientificallf here and
miss the phenomena where it_shows a greater importance. So
you do =--

MR. SILBERBERG: That would be a concern.

MR; PA&RI&K: So yéu do éomething on the ¢heap,
but you study the ﬁrbng problen.

| MR. SILBERBERG: That would be a concern.

MR. PATRiCK: Mathematicians can get away with
that. They solve problems that exist, they don’t --

MR. SILBERBERG: Yeah. Good. That would be nmy
point, your point is that one would have to be sure that in
doing it near the surface and in taking whatever

deficiencies you’re going to take that in fact gets some
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12
assurance that those deficiencies don’t wipe you out so bad
-~ s0 totally that in fact it’s useless.

‘MR. PATRICK: Todd’s talked_é lot about processes»
and I think a§ iong as everfone?s at peace that the
processes are relevant.

MR. SILBERBERG: That’s the issue.

MR. PATRICK: Subtlties.and boundary conditions
and fracture characteristics and sometﬁing go aﬁag, but we .
have to have, I fﬁink, some confidences of the processés.

MR. NEUMAN: In fact, if I may --

MR. SILBERBERG: Yeah, go ahead, please.

MR. NEUMAN: We fbund, for eiample, through our
experiments at Oracle in satﬁrated granité which'weré very
close to the surface that we were criticized for the same’
reason that they had a tremendous advantage in that certain
experiments, certain observations could héve been done
relatively cheaply and rapidly. This is called in
engineering; sometimes, scaled upAin time experiménts or
accelerated experiments. |

There are certain thihgs which will take such a
long time, certain proéesses, whicﬁ will take so long to
evolve under the ambient conditions of intefest that you
simply will not be able to observe them. If an experiment
or at least not sufficiently, if an experiment'is done near

the surface where the fractures are larger, things happen
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faster, there is more air flow than there would be down
there and it would appear as more watér flow and so then
perhaps there’s an advantage,,actuglly in running it near
the surface. | |

MR. SILBERBERG: But in any case, advantage or

disadvantage, what one would consciousiy want to' do and I

think I submit that’s what yqu'revgoing to do is to look at
what‘you've got and say okay, these are the phenomenon I‘m
trying to deal with in some models. I mean, and again, if
you -- you may not want to do too many. You may yant to say
well let’s look at what tractable, go back and say; given
the processes of what may hapﬁen because of the location,.it
may‘affedt these processes;

Well, maybe the effect isn’t so bad or it still
puts you ih the right domain or as Shlomo-says maybe he gets
some information that actually helps you. So it’s
understanding how to deal with the phenomenon that you’re
looking at. So, I think you havé to make a conscious
attempt to see how bad or good the situation is for whatever
-= for the particular, for key for now. Now, maybe if you

say, well, I’m looking at 15 phenomena and I got 10 out of

15 you know, then I think that’s another judgment.

MR. RASMUSSEN: Another comment was air flow near
the sﬁrfacé seems to be neglected.

We did neglect it in our report. We’d like to put
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it in. I mean, we have a thesis that has look at that at
ﬁhe site. _

Air flow nearvthé surface will»bevquite a bit
7greatér than at depth, which may mean that it vould be
easier to detect thefmally-induced flow, with speeding up'
the process, definitely, if you can have a greater magnitude
signal. ,

And the question of the signal to noise, neﬁr the

surface it may be much noisier, but if you could use that

“noise in terms of the signal, I mean, take advantage of some

of those shallow, noisy boundary conditions as part of the
signal, or the response of .the systenm, Lt nay makeﬂit easier
to monitor. |

Trying to monitor a very slow air convection at
deptﬁ in a very right fracture systemrhay be beyond our
instrumentational capabilities. But, near the'éurface,
where it is much greater, you may be able to monitor it,
where you;wouldn't have been dble to in depth. ‘I don’t
know. I mean, I’m just speculating.

In terms of the heater source itself, oﬁr previous
experiment had just been-a, let’s say a naked heater, with
no canister surrounding it. A comment was that it actually
should be placed inside of a canister. |

We looked at the Lawrence Livermore canister, and

it seems fairly easy to produce their configuration. The
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question of what diameter, and what length, and what power,
is another interesting quesﬁion. Should it be backfilled,
should it be open =-- |

| MR. NATARAJA: What'’s behind this comment? As
long as the heat is generated, what difference does it make
whether it is inside or not? | |

MR. RASMUSSEN: Whether it’s conduction or

‘radiant? I don’t know.

MR. NATARAJA: How does it make a difference-ftom'
the point of view of studying the rock?

MR. RASMUSSEN: If you wanted to reproduce the
waste canister itself, I guess.

MR. NICHOLSON: One at a time.

MR. NATARAJA: Mine was just a side comment. I
was trying to find out what was behind the comment.

MR. NICHOLSON: Oh, yes. I understand.

MR. NATARAJA: It doesn?t look like they want-to
study.the éanisters, or 1f that’s not the case, fhe comment
doesn’t seem to make much sense. Your'purpose is not to
study the canisters?

MR. SILBERBERG: It's»opefationaI;

- MR. PATRICK: Somebody has done a detailed design,
and they found they had trouble there.

Mﬁ. FORD: I think I heard Tom Buschek talk, and I

thought it had something to do with convection.
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MR. SILBERBERG: Oh. Internal?

MR. FORD: Yes.

MR.ASILBERBERG: Secondary?

MR. FORD: Yes.:

MR. SILBERBERG: Oh. Okay. Then if you didn’t
account for it, you could,havé a problen.

MR. RASMUSSEN# Another-cbmment is that-coupons,
or just different types of metals'made of various proposed
canister materials should be placed near thé heater sburce
to examine corrosion processes. This‘is sort of a
piggyback, a cheap and easy experiment, tp use this as a
platform for evaluating alternate canister materials.

Initially, the heat source will behave as a

-chindrical source, and later as a spherical source.

I think this came from the Lawrence Livermore
people who started modeling if as a cylindrical heat source,
but after a very short timé, it appeared as though you could
reproduce it as just a point source. And it may be better
to ﬁse a point source of heat as a canister, rather than a
cylindrical sourcé; In terms of modgling the system, it may
be to make a very-compact héat source, and numerically, it
might be easier to evaluate iﬁ. |

A vertical heater test is recommended. No

~justification there.

I think that most of the heater tests have been
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vertical, except for the G-tunnel and our previous Apache
Leap experiment.

The advantages of Qertical versus horizontal
heating aré, you.inducé completely'different flow régimes.
Perhaps a point source wéuld avoid this problem entirely in
that a point would be neifher vertical norJhorizontal, so it

can get around both of those. The access hole, it’s true,-

'would still have a particular orientation.

The test should;incrementally increase system
complexity. I think this was directed towards the strength
of the heater source itself, in that as one becomes hottet
and hotter, the types of coupled phenomena in terms of two-
phase flow become more cbmplex, as well as the material
properties may change significantly, at véry high '
temperatures. |

So the concept here would be, perform a léw-energy
heater experiment where'materials may not behave too non--
linearly, and then’slbwly bring up the heater strength to
increase the coﬁplexity.

One of the heater tests should be located in

" unfractured rock; another test should intersect a single

fracture, just to be able to incorporate the difference
between those two. And the heater tests should begin with
low temperatures, to minimize coupled effects, by a

different source.
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'Another comment I should mention here, though, is.
that Tom Buschek has mentioned that low heater tests, low-
ﬁemperature tests will take a very long time to establish
any heat-pipe phenomena, if at all. And I thinkrthisvcould
best be answered by some computer simulation modeling to see
whether any phenomena,are observable at all, at a sub-
boiling experiment.

MR. DODGE: With respect‘to heat-pipe effects, the

air flow in and out of your system, don’t you think that

~could short-circuit any heat pipes? If the air flow takes

the vapor out and brings it back in, you’ll never>get a heat

pipe.

MR. RASMUSSEN: Yes.

MR. DODGE: So that would be one of the
disadvanﬁages of having a lot of air flow near the surface.

MR. RASMUSSEN: 'Through the fractures, I would
agree. In the matrix from our simulations, we got up to 15,
16 bars pressﬁre in the matrix.

MR. DODGE: It would have to be in the fracture,
but that’s where you would find the air, isn’t it?
| MR. RASMUSSEN: &air flow is in the fracture,
right. Yes.I

MR. DODGE: In the boreholes that intersect:the
fractures.

MR. RASMUSSEN: That’s right. So there may be
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quite a bit more v&por flow, thét's true,‘through the
fractures, in an open system like this; That’s true.

MR. NATARAJA: Excuse me. In the last comment,
&asn't your idea to study fhe coupled effects?‘ Why would
you try to minimize it?

MR. RASMUSSEN: It’s not as complicated. It would
not be as difficult to model and to reproduce the
ekperimenﬁal_effects. | |

MR. SILBERBERG: It’s a reference.- IfAyou can’t
understand it without thevcoupled effects, fo:geﬁ it.

MR. NATARAJA: So, it’s a basic thing --

MR. SILBERBERG: It’s a basic, I think.

MR. NICHOLSON: There’s quite a few comments that

could be related to the last one about minimizing coupled

effects.

6ne of theAissues was, there’s two sides. One is,
you hit it as hafd as you can with the greatest thermal
pulse, .and then you see effects, especially on rock
mechanical.

If you keep it low, then you’re going to sée
basically the thermal hydroloéic, and you’re not going to
get the rock mechanical or geochemistry.

So the question is, how complex do you want to
make it; how important are the heterogeneities.

So, you know, it’s a philosophical question you

~
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" have to answer when yoﬁ design the experiment. Because if

you ramp up and ramp down, it’s quite different than if you

hit it hard, you won’t see, obviously, the initial

‘conditions.

So the question is, do you want to run the
experiment in a very simplistic quhion, in a very
méthodical fashion; or do you want to just go for the big
effects?

' MR. CHOWDHURY: I think this comment has been made
to say, start with a simple process, study the individual
effects,‘and then go for coupled effects..

MR. SILEERBERG: Then add things.

MR. CHOWDHURY: VYes. Add things, one_by one,
instead of going for coupled effects directly, to understahd
the phenomena more closely. I think that is the idea behindl
thié comment.-

| MR. RASMUSSEN:  Now, the response of the system tb
the heater source, I mean, we’ve specified the source now,
presumably, and some 6f the reéponses #ere are, an
equivalent porous media model is insufficient to model the

the:mal‘response. It would be better to use the discrete

fracture network model.

MR. NEUMAN: These are new responses, now?
MR. RASMUSSEN: No. These are the --

MR. NEUMAN: Oh, these are still some of the
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comments. |
MR. RASMﬁSSEN: Right.
MR. NEUMAN: Okay.
MR. RASMUSSEN: I‘m not sure a discrete fracture

network model would be appropriate.. Only if we have just an

individual fracture, I think in that sense. But that would

not be a network model; it would just superimpose a discrete
fracture on a permeable matrix. It would be almost a dual
porosity, perhaps.

But I’m not quite sure we really need to use

' either an equivalent porous media or a discrete fracture to

interprét the test.

Dﬁring the cooling phrase, ﬁhe primary rewetfing
will be due to vapor condensation, rather than liquid
imbibition.

The concept here is that there was the one side
with the circular condensate region around the center
heater. Hoﬁ will that rewet the dry rock near the heater
once the heat source has been removed? And the statement
here was that instead of it being a liquid imbibition, that“
it will rewet in the vapor phase, rather than liquid phase.

This is speculation based upon computer modeling.
It might be intgresting to monitor this.

The tests should incorporate multiple ions with

different charges in various cation exchange environments.
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Looking at geochemical effects of chromatoqraphic separation

of ions. That could be done.

‘ Some destructive sampling following the test could
be performed to look at the distribution of these different
ions, or tracers, whatever.

Place monitoring equipment perpendicular to the
discrete fracture,intersected by the heater.

The question that arose here is whether you would

want to put equipment along the fracture, or perpendicular

away from the fracture -- and I think this was made by the
Lawrence-Berkeley group -- that really, what you’re

interested in is the.interaction between the fracture and

' the matrix. And fbllOwing a fracture along may be, one,

disrﬁptive to the flow regime; and two, not'provide
significant information.

I guess the next one corresponds to the previous

" one, in that tracers should be employed to'determine fluid

movement. Rock should be sampled after the test to
determine the final distribution and the disposition of the

tracers, where the fractures are located, and the

-configuration of the flow field.

Emphasis should be placed on the need to eveluate
new technology.
Again, this is a platform. If we were to put in

this system, it would be nice if people had resources of
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their o&n. We would be gquite amenable to fhem testing their
equipment at our field site. -

It may be better td'put_sensors in sealed and
insulated:boreholes, rather than,in'packed'dff ihter#als;

This needs somé clarification, that we were
thinking, now, rather than packed-off intervals, we’ll use
éackers that are continuous the eﬂtire length of the
boreholé, and then we’ll just place.ﬁhé senSors between the
packer and»the rock.

Determine what measurements can be used to monitor
water and air mass balances‘during the test. And we’re
cerﬁainly'working on that. |

If all of the measured response is deferred, then
follow up tests should be performed. I think the whole
baéis of this is to look for those, compare those two
different responses.

VGeographical aspects of a iiquid vapor enviropment
wiil complicate the near-fieid measurements. In light of

this hydrologic effects in the far-field may be easier to

measure. And I’m going to have to get back to the source on

this because I didn’t really understand it. Liquid vapor
environment will complicate the near-field measurements.
And then my final slide.

Electrical resistivity can be used to monitor

‘water chemistry not justvresistivity, I think, but just many
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tomographic =-- invefse tomographic techniques. Mineral
chemistry should be employed to examine rock changes before
and after the tests. vThe mineralogic changes I presume; So
I think that that is certainiy pdssibie; | o

Calcite precipiﬁgtion due to,heating of water'and
volatilization of dissélved CO2 may occur. And that’s an
intriguing concept that a tremendous}coz may be generated in
the environment and so that would change the'geochemical
regime as well.

Monitoring of air pressure near thé heater should
be included and that was proposed. Solute transport
monitoring suffers from technélogiéal constraints. Research
needs include the determination of appropriate tracers and
monitoring techniques. 'I mean the whole guestion of

geochemical or transport, some transport monitoring is

’critical I would imagine and but yet our capabilities‘for

monitoring vadose chémistry are so limited at this point.
But perhaps we can emphasize that in the experimental plan
that additional research needs to be performed in this
region.

Can neutron logging adequately monitor water
conﬁents. And actually it can in the matrix, but not
neceséarily in fractures. Displacement and strain
monitoring should be included in the test pfogram. That’s a

very good point. Build redundancy into the entire systen,
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do not rely upon individual sensors or heater elements.
Thermistors are more useful for measuring temperatures and

thermocoﬁples and finally, maintaining thermal contact

" between the thermistots and the rockfall is extremely

éritical. Existence of air gaps can snbstantialiy affect
temperatures as well as induce the heat pipe effect. |
" MR, NICHbLSON: Okay, aﬁd thank you very much,
Todd. I would like to now call on Charlie Voss and héve him
make his comments;
MR. VOSS: Before I get started, just for those of

you who don’t know why I’m here, I’m with Golder Associétes,

but I serve as the DOE civilian radioactive waste management

member at INTRAVAL, and we have a -- we being the OCRWM
program have a real intgrest in this éxperiment. Because
we’re not able to obtain permits to get on to the Yucca
Mountain site even though tﬁis has nothing to do with Yucca
ﬁouhtain, it is tuff. We can’t really do any of the |
experiments of our own out there, so we’re always inﬁerested
in any other experiments of simil#r nature that we will
eventﬁglly be doing out there to characterize this site.

We also have had, as has already been mentioned a
lot of experience in performing>heater experiments, both in
G-tunnel and other locations and we would like to pass on
any kind of lessons learned that we can to make this more

successful and avoid a lot of the pitfalls that we certainly
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encountered.
As a side:hqte, I guess, and Wes has already

brought it up, but you know my experience has been the

‘temperature field is really easy. Beyond that we’ve always

been fraught with a lot of problems. Especially in the rock
mechanics stuff, the displacements, the stresses. Just

finding instruments that can sﬁrvive the high temperature

environments, it’s major -- I don’t think it’s been resolved

and I don’t think much progress has been made. So just keep .
that in mind.
I guess our primary activity in the INTRAVAL is

going to be on the G-Tunnel heater experiment. We’re not

going to be actively modeling the core experiment and

probably the pneumatic testing that’s also being done up
there. A big part of our effort, asrpart of the heater
experiment modeling will be to pull together this thermall
mechanical hydrologic data base of infofmatioﬁ and data that
we collected in G-Tunnel over the years and Alan Flint did a
wet versus dry drilling experiment during the phase, fhat
was the phase one test case in INTRAVAL that’s being
reported on right now and he’s taking that data and trying

to develop some new characteristic curves in that to use in

some of the modeling that we’re going to be doing.

And also we have the Livermore heater experiment

that Todd talked about and although some of the data is
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going to be reporﬁed on and I think it’s been finalized and
it should be released'spon if it hasn’t already in a report}
Therevafe a lot of data that have not fet been repérted on
and so a lot of our effort this year, this fiscal year is
going to be §uttiﬁg together that data intéia report.

So, let’s see, Tom Buschek is working on the 1

Livermore data and as I mentioned, Alan Flint is wbrking on

some of the other G-Tunnel data.

In order to provide‘comments here today and just
in general I asked Mark Cunnane who is at Golder Associates
in my offxce to put together a fairly simplistic model of a

heater experiment so we could get some ideas of the spatial

scales that we were likely to observe, any kind of changes :

over different heat laws. And sb I wanted to just show you
some of the resﬁlts of those analyses today and draw some
conclusions and make a few recdmmendations.

We did four siﬁulétions. We assumed aﬁ infinite

line source so we could use an axisymmetric model. We used

| the TOUGH Code and we did these runs on an RS-6000, for

those of you who run this. And primarily what we are
looking at is what =-- how the bearing heat inputs wouid
affect what we would observe. Some of these things that yoh
saw earlier when Todd was going through some of the
questions and also the other variable, I guess, was the

absolute permeability of the top.
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And we simulated 100 days of heating followed by
an 80-day cool doﬁn period. We looked at two heat rates,
one was 0.5 kilowatts per meter and the second one was one
kildwat£ per meter:and then we lqoked at thfee diffefent
permeabilities, ten to the minus 15, 0.5 times ten to the
minus 15 meters squared, and then went way up to ten to the
minus 12.
- Sorry about the quality of my viewgraphs. And we
assumed initial conditions of a 67vpercent sﬁturatidn in 20
degrees C. So . this is suppo#edvto show you what the models
-- what modeis we did. ﬁe did just one at this low heat
fate and then the rest_are all done at this higher heating
rate. | -
'MR. SILBERBERG: Charlie, could you please
calibrate the -- help me, thét heating, thét linear heating

law, how does that compare with what time in the cooling

~cycle of a spent fuel rock? Where is it? 1Is it the same?

MR. PATRICK: The low heating rate for a standard

spent fuel assembly is two and a half years out of core for

‘a single spent fuel assembly. Yeah, about 1.5 kilowatts for

a three meter long light water reactér fuel assembly. And
the other one, Mel, would be three kilowatts per meter. I

don’t know that may bévone of the DOE several spent fuel

‘assemblies disaggregated and stuffed back into a container.

I don’t knowAwhat the SCP would be.
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I’m not sure about it and 10 years out of core
it’s about 550 watts per canister so at three kilowatts
you’re télking about‘stuffing the equivalent of five of six
épent fuel AsSemblies into a single c#n and I‘think that’s
about the_SéP design.- |

MR. VOSS: Those are ballpark.

MR;'PATRICK: They’re bﬁllpark.

MR. VOSS: 1éut that’s not the reason that we chose
these héat laws. | |

MR. SILBERBERG: Sure.

KR; PATRICK: The reason»is theif_relevance to the
Livermore experiment. |

MR. SILBERBERG: Okay.

MR. PATRICK: But they probaﬁly played the same.

MR. SILBERBERG: Exactly. Thank you.

MR. VOSS: I’m going to show you the results at

87~-days, so we’re almost at the end of the heating cycle.

This heat right here is the 0.5 kilowattsAper meter model
and -- let’s see here -- what I wanted to show is under
these conditions, oh, and this is algo the ten to the minus
15 permeability meter squared permeability.

' As we see a condensation zone very close to the

" heater and the -- almost all the heat transfer is done by

conduction. The liquid saturation over time -- and these

types of curves are interesting if you’re thinking about
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where you want to locate instruments.. The only place where
-- well, I shouldn’t éay;the_only place, but you had to get
pretty close to the heat source before you would see any
kind of rewetting after coolvdcwn or during cool down.

MR. PATRICK: In_the model, what was the
conductivity and ﬁhat were your -- how did you treat water
thermally for this vo;atilization'and recondensation? pid
you treat that exélicitly?

MR. VOSS: Yes.

MR. PATRICK: Or did you look strictly at the
hydraulics?.

| MR. VOSS: Yeah, we did do phasé transfers.

I should mention that we are putting together a
report. It will be readyAin another week or.twé and I caﬁ
send anybody who is interested a coﬁy. I’ve got a couple of
draft copies with me, but there are some érrdrs about who is
funding this experiment. |

{Laughter.]

MR. VOSS: Let’s see, the next curve is the same

conditions except that the higher heat rate, the one

"kilowatt per meter and so all it’s done is shift everything

over. Your wetting fronts moved over, further away, it’s
now about one and a half meters distance away. But still
the heat transfers conduction dominated.

Now, when -- oh, and the other thing is you don’t
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see the rewetting on those, you know, during this 80-day
cool down period, you have to wait quite a bit longer. &nd
the reason we Qere interested in these types of things is --
and again, our objectives afe a little bit different. We’re
looking at this as far as an INTRAVAL experiment and
iNTRAVAL Phase II has a three year period. So obviously if
you've'got these"time constraintsiabout how long you'
actually have to do -- look at the data and interpret it,
you have to get your data in a hﬁrry. |

Now, this is with a somewhat higher permeability _
and here we see this heat pipe or convection cell developing
here and you know it’s near isothermal conditions over about

a meter length. So, what it’s telling us is if this heat

pipe is something that we’re really interested in you want

to be very careful aboup where you run the experiment

because if the absolute permeabilities have that small

change in -- the absolute permeabilities have this big of an

effect you could easily miss phenomena that you wanted to

observe.

aAnd now,‘this is == again,.this is with the one
kilowatt per meter heating rate. We do see rewetting with a
higher permeability. So whereas in the previous one where
we had lower permeability we didn’t see rewetting during the
first 180 days with this}highei permeability we do. And

finally, this is again one kilowatt per meter but it has a
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significantly higherApermeability, this time ten to the

minus 12. And you see the heat pipe extends all the way to
the heater. 1It’s convection déminated, the heat transferred
there. And véfj little change in the moisture content as a
function of the radial distance away and e#erything that —
happens, happens over all the changes that you can ﬁonitor
happen oVer this very small fegioh.

So based on that here are some of our --

MR. NEUMAN# Before you conclude, can I ask you a
question?

.MR. VOSS: - Sure.

MR. NEUMAN: What was the largegt change,
predicted change in saturatidﬁ that YOu have predicted say é
distance, a meter away or a half a meter away, the iargest?

‘MR. VOSS: I’l1l tell you what, while the next
speaker --

MR. NEUMAN: You have it right there on your
viewgraphs. If you go back to some of those --

MR. VOSS: Well, you'fe right. Okay. This

MR.ARASMUSSEN: The large chénge whaf?

MR. NEUMAN: The largest cﬁahge in saturation --
liquid saturatién.

MR. VOSS: Obviously this one, not by very much.
This is again, the high permeability.

MR. NEUMAN: 2about five percent.
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MR. VOSS: ‘Yeah;‘ | |

'MR. NEUMAN: And that happened within a few
centimeters next to -- the X’s.

MR. VOSS: Right. |

MR. DODGE: I think it went all the way down to
zero., |

MR. VOSS: Well, feah, it depends on the
conditions. Now here'é 70 percent over about --‘

MR. NEUMAN: And that is about a meter or_tﬁo
away.

MR. VOSS: &About two‘meters. This one goes up to

.90.

MR. DODGE: Then it goes down to zero doesn’t it?
MR. VOSS: Yeah, he’s saying the change.

MR. NEUMAN: Yeah, it goes down to zero from

whatever it was.

MR. VOSS: Right.' And it started out at 67 -- 65
something like that, 67.

MR. NEUMANQ Okay, thank you.

MR. RASMUSSEN: Wouldn’t the X-R’s come in G or =--

| MR. VOSS: I’'m éorry? I didn’t hear you.

MR. RASMUSSEN: Well, gas pressure is down at the
bottom, isn’t it? Or --

MR. VOSS: I’m sorry, Todd?‘

MR. RASMUSSEN: You have four topics on there,
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what are_tﬁe four curves?
MR. VOSS: The top one is air, liquid, température
and gas pressure. |
'MR.'WESCOTT; Is that -- fraction or is thét what
it’s supposed to be?" o
MR.4DODGE: Is gas supposed to be as vapor, water
vépor?‘ |
MR. VOSS: Yes.
MR. DODGE: A ratio of water #apors?
MR. VOSS: VNO.
MR. DODGE: Partial pressure of the watgr vapbr,
that’s all it is.
| | HR. WESCbT%: Oh, okay.

MR. VOSS: I apologize, I just got back from

‘vacation -~

[Eyeryone.speaking'at’once.]

MR. WESCOTT: I see, that’s the area of ga;, it
was hidden there.

| MR. VOSS: 'I’'m sorry, I haven’t been looking at

this., |

MR. DODGE: Okay. All right.

MR. VOSS: So, based on these very simple models
and the relatively small range of conditions that we looked
at it appears that the response is limited to approximately

the first couple of meters under these conditions.
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MR. NATARAJA: Which ones have a --

MR. VOSS: Well, all the ones I had, I‘1ll add a

~ saturation, but again we were talking about 100-day heating

period; It’s just that most of what happens occurs fairly
rapidly in the first 50 days, after that the éhangesA
continue buf the rate of change drops down substantially.
‘MR. NATARAJA: 1Is this a finite source or an
infinite source?
-MR. VOSS: This is an infinite line source.

MR. NATARAJA: An infinite line source so'you're

_ not talking about it vertically.

MR. VOSS: No, just radially. I’m sorry, all of

 this is just a radial.

The response rate is obviously very proportional
to the heat rate and -- but one thing we did and I don’t --
I didn’t show you the results, I don’t have them, but we

also looked at like a two and a half kilowatts per meter.

"heat rate and when we did that we ran into some problems and

so one of our conclusions, I guess or very high heat rates
may cause modeling difficulties.
You go -- what tuff does is it looks at the steam

table and once you get above 374 degrees C, you start

getting errors. So you become unstable and it just wouldn’t

run. Again, that’s just a modeling limitation. But I don’t

khow if ==



10
11
12
13
14
15
16
17
18
1¢
20
21
22
23
24

25

36

MR.»RUSSELL: Is that because the table is cut off
there or beeause_the numeriss -= maybe?

MR. VosS: I don’t know. I don’t know. We
haven’t investigated it enough to know the exact reason.

MR. WESCOTT:. Yeah, kind of along that -- I don’t
know -- I guess you could have told from your table,
applying air pressure, were you getting into an area where '
you had superheated steam there? |

MR. VOSS: Yeah.

MR. WESQPTT: And I don’t know, will TOUGH handle
a super heated envirenment?

MR. VOSS: No, I think that’s -- that’s the
probleﬁ. I don’t thlnk it was designed to.

I shouldn’t talk for Karsten, but at least --

MR. WESCOTT: I suspect that that’s true, yeah.

MR. NEUMAN: Just if I may come back for a second
to your two meter range eonclusion, I think is affected when
in fact that this is a regular one and we’re running it in
the three-dimensional model, because in three'dimensions the

dissipation is going to occur in all directions and

therefore actually you should expect less than two meter

change. Under conductive conditions the rate and
dissipation is 3-D in proportion to one over R whereas in 2-
D it’s proportional to log of four.

[Everyone speaking at once.]
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MR. VOSS: Well, it would still affect it, but =--

MR. NEUMAN: O©Oh, yeah. Instead of two meters

‘maybe you wouid have to come down to one meter or half a

meter or something like that. vAnd the magnitude would be

iess. /

MR. VOSS: And one of these really, this whole
question 6f how far are you going'to observe these changes
becomes very importantnwhen you’re going to law -- if your
interested in the fracture effects, you would want to decide
where to put the heater. And it really becomes criticél
depending on hdw much time you want»to take to see your
observation or observe any changes.

And as I mentioﬂed before, the absolute
permeability strongly influences the physics whidh occur.

If you happén to be downkin that ten to the minus 12 type
you know, you're.going to have this nice big convection and
a lot of flux goihg on, but there is no way to really
measure it. And the things that we can measﬁre aren’t going
to change much.

Oh, I didn’t finish that one because --

[Laughter. ]

MR. VOSS: So, I guess that’s about it.

MR. NEUMAN: That’s because you went on vacation.

[Laughter.]

"MR. NICHOLSON: cCharlie, could you answer three
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questions for us?

| MR. VOSS: Sure. I just &ant to make one other
statement, I guess. 'We kicked this around in the group that
I work in, in Go1der'qu1te a bit, and came up with the same
recémmendation( I guess, that Shloﬁo mentioned earlier and
that’s -- well, this is.actually something that we were
telling the éeople out at the Yucéa Hoﬁntain project office
that maYbe they should really pPlace an emphasis on
monitoring temperatures now. I mean or when they finally
geg to the point where théf’re able to drill bore holes and

things, because we think that’s probably our best

_opportuhity to really make observations about changes that

are occurring, especially prior to the excavation of the

" exploratory shaft facility and that sort of thing. Because

if they wait unﬁil they put fhat in to start monitoring,
it’s too late because you’ve aiready returnédvto the systen,
but I would also go along with this idea that you should
certainlyvput a lot of sensoré in to monitor temperature
changes.

MR. NICHOLSON: The guestion I was going to ask
you, as Mark has already done some of these very preliminary
modeling, as Todd gets more information available, will you
guys be able to follow it also in mode}ing, or is this just
2 one time mddeling activity?

MR. VOSS: We’ve pretty well depleted our funding
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available for that for this year, although next year --
well, let’s say after October 1, yes; sir. |

MR. NICHOLSON: Okay. As Todd collects -- let’s
say ﬁe goes out and'puts in some bofe holes and starts doing
the information collection will you be able to follow that
and use your TOUGH Code and simulate ?

MR. VOSS: Right. I shﬁuld mention now, all the
data for the model, the input data is primarily based on
those 105 core experiments that Todd reported.earlier.

‘MR. NICHOLSON: Sure. The other thing is, for
tho§e of you who weren'ﬁ at the meeting ip.Seattle, Tom

Buscheck came and gave us a very good presehtation for a

- good part of thé afternoon. Will Tom be able to again

follow up on this work and take the data sets that were

‘developed at G-Tunnel and provide those to us through

INTRAVAL? When well we get that information, do you think?

MR. VOSS: Tom and I and Alan are gettingvtogether
in about two weeksrto‘plan the rest of this year’s and then
next year’s work. And I would really -- I don’t want to
talk for him right now.

MR. NICHOLSON: Sure.

MR. VOSS: I know that he is going to attempt to
puﬁ together a report by the end of this fiscal year on that
data. Now whether or not he’s succeésful or not, I don’t

really know.
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MR. NICHOLSON: The real question was, will Todd

have access to the G-Tunnel data? You know one of the

‘comments we received earlier and one that was explored later

during the discussion period of that available in reports

from prgvidus experiments and do you think DOE can make some
comnitment with regard to us, meaning the University of
Arizona and INTRAVAL people gettiﬁg that data set so we can
use that to test models and conceptual models?

MR..VOSS: Although I am representing DOE today I
dertainly_can't spéak for them, but it’s cértainly my intent

and I think the other peopie that are participatinq in and

"INTRAVAL’s intent that we would certainly share this data as

soon as we pull ititégether.

MR. NICHOLSON: Okay.

MR. VOSS: Again, there.is a tremendous amount of
data that has been collected and there’s always a hésitancy
to release things too early and then have to come back ahd
say well, I'm éofry but you know I didn’t lookA#t this piece
of information, it just looks a bit slopp?.‘ So they want to
be through. |

MR. NICHOLSON: Okay. Are there any other
qﬁestions of Charlie. |

MR. DODGE: Yeah, are we supposed to infer from

' this =-- taking a high-level look at this that you’re saying

that there is no need for a big scale experiment. That all
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you need is like a meter or two experiment?

MR. VOSS: Again, for the purposes of INTRAVAL,

that’s probably would be accurate.

MR. DODGE: Well, if I believed your number there
I wouldn’t need to be monitoring soﬁething five meters away
from the heater.

-MR. VOSS: Not unless you had a lot of money to

- spare.

MR, NEUMAN: The one difference, of course, is

that you assumed a-homogenous regime?
| MR. VOSS: That’s right, with fracture =-- now,-

that was somebody interesting too. We really wanted to do a
-— we plﬁnned to do a model with a fracture in it, but yoﬁ
know, TOUGH does not héndle anisotropic hydrologic
relatiénships for fractﬁres. Iﬁ other words, all your
properties are assumed to_be the' same whether your talking
about down the length of a fracture. You can put a fracture
in there, but -- |

MR. NEUMAN:  You could build in a high
permeability porous zone? |

MR. voss:' Right. But you wouldn’t see trickling,
for example, down theAfracture. |

YMR. NEﬁMAN: You would see somethiﬂg similar --

MR. VOSS: Yeah, but see you have to get it near

matrix properties across the fracture because you have all
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these contact zones.
MR. NEUMAN: You see the fracture also has a lot
ofrcontact.‘ ‘
| MR. VOSS: That's‘right.

MR. NEUMAN: So I view a fracture, a natural

' fracture, unless it’s really open as a porous medium as long

as they’re porous.

MR. VOSS: Well, I have a little bit different
concepf and I think of -- you know, I would hate to throw
out chénheling, but I do, based on my --

MR. NEUMAN: You can never use that in a porous

‘medium, it depends on how you distribute its properties.

MR. VOSS: Okay. Wéll,.in that case théen we
agree, but anyway, TOUGH, the way it’s set up right now can
adequately handle these anisotropic propérﬁies.

MR. WESCOTT: Fractures, I’ll agrée, influencé the
flow of water, as such, but I don’t believe will change your
inclusions on where the témperature takes place =--

MR. NEUMAN: Unless you create conductive
éonditions.

MR. WESCOTT: Unless you have a heat pipe going

down to take the heat down there somehow.

MR. NICHOLSON: Okay. I thank you very much,
Charlie. Jaék, would you like to give us somé comments on

your feelings on the experiment? We’ll put it that way.
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MR. DAEMEN: So what I’m going to talk about i§
almost oniy the mechanicalvend. Wﬁat I saw here was an
opportunity to expand the relatively modest cost let’s say,
typical in a research budget, as the universities get it, to
do some additional work that cbnld greatly increase I think
the potential benefits of the program. And I’m going to
look at a couple of différent phases in the proposed heaten
test from design of the test to initial site

characterization to conducting the test finally

~interpretation of the result. Most of my comments were

based on the reading of Todd’s draft of Jahuary and some of

" them I see have already been supérceded by comments that he

made today.

One of.the intriguing ﬁossibilities I see at the
site from a mechanical ordef, total mechanical
characﬁerization and multi evaluation is that'because you
are righ£ on the surface, you have no confinement. So
that’s a highly unusual situafion compared to most other
tests in the waste prog;am, Stripa, Finsjon, Climax, all
those tests were done deep in the ground with a confinement.
It seems to me that it’s a very intriquing question. You
have very simple boundary conditions because ;he surfaces
feel stress ahd it is a highly unusual condition. -So you
could consider it as an extremély unusual condition.

You can argue the opposite, it’s not
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representative, but I think from a point of view where’

you’re evaluafing the validity of a model, that does not

necessarily mater too much. I can see some very simple

modeling and obviously the kind of steam hydrological

- modeling that Charlie was describing.

I don’t know, did you do any mechanical, or -- it
would be very easy to do something similar mechanical where

you have the axisymmetric, it could be done simple continuum

_analysis. My question of course is the main reason for

suggesting this is to try to determine whether You're going

~ to be able to measure the deformations or not. That is a

real concern in my mind, a very quick, back of the envelope

calculatioh suggests that it’s marginal. It probably can be
done, but i don’t know how much displacement actually will
be and that’s a problem going back again to stripa and
climax and, oh,'WIPP even worse. But I did this placement
has traditionally been very difficult, so I think maybe it
could be done-at relativély-low cost. |
My basic suggestion would be an axisymmetric
continuum model and a two dimensiona; continuuﬁ model and
yet here will be two dimensional continuum model would be to
look, for examp;e, at string regions and string field |
surrounded and see whetﬁef there are ten size string regions
which presumable would suggest openihg up of fractures.

You could, of course, go from the continuum model
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to a slightly more complicated -- still, I would suggest
initially 2-D discontinuum model and look whether any of
these locks may be lifting up or.whether you make a
separation along the - in the 10 size dfain fields; whether
there really is A need for a 3-D aﬁalysis or not, it would

be very nice to do a 3-D analysis whether or not SEA'would

be able to pay for it is another question, I gquess.

MR. NICHOLSON: One quick question, Jaak. Because
of the limitations, let’s say, oh &cing ekperiments you need
obviously to collect lots'of_background information before
you do the experimént. You go on with a preconceivéd idea
of your analysis for the rock mechanical response. Would
you think in your best knowledge that you should plan for a
3-D»ana1ysis of the perturbation due to the heat source and
put in your monitoring program in that fashion or plain on
very simplistic modeling énd so therefore you should be able
to use a minimal amount-of monitoring points td see what
effect the heat source would have?

MR. DAEMEN: At this point I, for test design
purposes would only look at axisymmetric and 2-D.

MR. NICHOLSON: Okay.

MR. DAEMEN: And from that evaluate first wﬁether
you can measure anything or not and all the other way
around. How much -- where do you put the heater and how --

but I presume all that will be determined hydrologically. I
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am only looking at what are you guys going to do and then
can read right on the back of that and see what we can
measure and get out of it. .

So, at this point 3-D I think would be.:ovérl;ill.

MR. NICHOLSON: okay.

MR. DAEMEN: So the question is, or at least my
purposes here would be to‘see wheﬁher the displacements can

be monitored and where I would like to monitor them to get

‘presumably discriminatory results.

I would like fo see, from a mechanical point of
view, some pre-test monitoring baseline characterization as
much as possible right now and if yoﬁ go possible to install
a number of strain%g;uges whithore'gauges or fhings like
that acroés a‘number of different cracks, ideally of course
look at them in the summer and in the winter y&u»have
variation, I guess 36 degreés C. You show 25 dégreés (o]
variation,‘that seemed kind of low to me for that side, but

anyway a 30 degrees C and with a fracture spacing of about

vthree four metérs, my perception is that you might, and I

say might be'able-fo measure the congraction and/br
expansion of_the.block or the fracture something like that.
Agaih, for the iow -—Avery 1ow'cost budget it would be nice
to do it on the surface, obviously people do it at greater
depth'or closer to the potential heater location would be

nice, but it would be quite a bit more expensive.
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MR. NICHOLS&N: Jaak, quick question. ;How do you
determine 1f you're'going'to do this baseline
characterization -- how do ybu determine which fractures you"
would want to measnré?

: MR; DAEMEN: Presumably right now, purely by
visual»inspections.~ Do we haveAany indication that any
cracks are/opening up or might haQe opened up in the past or
are more readily accessible or something like that. 1It’s a
tough decision. Can they or can you judge based on air out
fiow or on water in flow where something is deeply connected
or not. It’s not an easy decision. . Are you willing, you

know, I don’t know, let’s say for $500 a shot to put in 10

“or 20 of them. I don’t know. It’s somewhat of a judgﬁent

call. But I think we still could do an awful lot of that
for a few thousand dollars.
A Now here, of course, you would be more expensive,

but it still could be done. |

MR. PATRICK: Part of the énaleis that never got
done on climax and I don’t believe ever got done on the
stripa‘Was -

MR. DAEMEN: On stripa not on climax, at least in
the initial Berkeley test nothing got analyzed.

vMR PATRICK: There were some -- everyone worried
about the fractures to begin with, but then as we began to

look further at it, the fracture is such a small part of the
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whole test area that the elastic compression?of tens of

meters of matrix rock is swamped anything that happened

' across, we thought, although the analysis never got done;

swamped'what may have happened across a couple of ten micro
meter =--

" MR. DAEMEN: That’s my understanding --

MR. PATRICK:"-é wide frnctures.

'MR. DAEMEN: That’s my understanding frbm‘Stripa
also and I agree wihh that yes, but here the question is you
know if the rock expansion is absorbed in the ffacturegthat
means‘that the fracturé apérture is changing and I do ngt
know enough about these joints and not enough about this
kind of flow patterns, but my hopeful thinking here is that
the hydrologist might be interested'from the point of view
of determining how much the aperture is changing irom
gvaluating rock mechanics model, it might be -- I think it
would be intefesting to find out. I recognize, I am well
awarelthat ih has been done atlétripa and at Climax. At
Stripa I know fqr a fact that it was never analy?ed, at
least, none of the initial data, the_initial Berkeley
program and at Climax I waé told fairly recently that it
never -- |

MR. PATRICK: I know we never -- unless somebody

~ did something in the last year or so.

MR. DAEMEN: I don’t believe so. But I agree that
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from an overall deformation point of view it may all be
taken up by the rock, but if the rock éxpansion is taken up
in the joints presumably that must lead -- well,,I’did a
very crude calculation. 1In téking the blocks‘the flux
spacing of four meters 30 degree centigrade change for the
initial monitoring and things like thaﬁ, and I don’t
remember what the results were --._ |

[Laughter.]

MR. DAEMEN: I thought that it may be —-

MR. PATRICK: Micrometer.

MR. DAEMEN: =-- of the order of -- well no, of the
order of multiple tenths of a millimeter. |

MR. PAfRICK:F Tenths of a millimeter?

MR. DAEMEN: Yeah. Now whether that is
significant in these fractures, if you measure it on the
surface almdst certainly not. At 20 meters depth it may
well be and it depends which fracture you;re going to
monitor in those weldedvtypes.

So during the meeting phase whatever else you
would want to do, I again think thét.at ;elatively modest.
costs you could monitor the displacements of that now with
the high quality‘--'again, that would need té-bg checked,
somebody -- bﬁt my suspicion is that with a good modern |
surveying type instrument you could probably pick up a lot.

of deformations. I would obviously again like to do that
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over a one summer/winter year cycle before you get going.

But then duting the test I think that’s a very low cost

item. And it may be worth while from a thermal mechanical

point of view to see how that mountain deforms.

The same.with fractures, you know, are you willing
or are some of you willing to put on a buﬁch'of gauges to
measure where the deformations aré fakinq place across the
fractures and it's»quite a problematic question here because
of being so right at the surface. You know are these
fractures representative. And again it would be preferable
probably to dp it underground, but tﬁen~y9n are paying nmuch -
more for it. |

MR. NATARAJA:. Jaak, are you’exaggerating the
surface --

MR. DAEMEN: Yes. |

MR. NATARAJA: -~ or is that the way it is?

HR;‘DAEMEN:V It’s exaggerated quite a bit, you
know, but I wantéd to illustrate the idea that you have no
confinement or very little confinement, anyway. You have a
free surface. Well, it’s not that flat. It’s noticeably
curved. OQuite noticeably curved.v It’s not flat by any
means. 1It’s not as if you would have something that is flat
enough that your horizontal stresses couid build up
significantly. I find it very --

MR. NATARAJA: Do you have a picture?
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MR. RASMUSSEN: I have a éopographic.

MR. NATARAJA: That does not answer my question.

MR. DAEMEN: So I think it'§4very fair to argue
that depending on how deeé'they‘go, but they will be stress
free. So that’s my -- that is my basic -- I think that’s
one interesting part. 1It’s not representative of deep‘
underground faéility, but it’s the other extreme of a very
simple - | |

MR. VOSS: But that could still have a positive M
impact on -- well, just on examining the processes.

MR. DAEMEN: On validating the --

MR. VOSS: Because under higher stresses, for

'example, the fractures more than iikély would be much more

closed.
MR. DAEMEN: Correct.
MR. Voss:T Theitr influence on the --
[Everyone speaking at once.])
MR. WALLACE: Jaak, what would you be validating?
MR. DAEMEN: I have not validated anything at this
stagé.

MR. NEUﬁAN: I‘just heard validating the model? I
understand that you could answer the following question with
such measurements. You could ask yourself the question,
given some information about stress distribution inAthis

mode before the heater experiments Started, what changes
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would I be measuring after the heater was activated if you

actually had strain gauges over specific fractures you could

perhaps say something about aperture variations in those-

fractures?

I can understand that, and that from a mechanical

standpoint I can understand that that wquldibe intéresting.,

I have difficulty seeing the next step and that is
thé connection to hydrology. Where woﬁld you and how would:
you link this to hydrology if the question that you have in
mind, tell me if i read you correctly, is that you would
expectvthis to change to permeability‘field because the
fractures may be obeqing and closing and you would want to
read this in the h&dfology data somehow, than I would submit
that they will probably not see it? That virtually any
ﬁydrologic monitoring system that I can think of at the
present time, e*cept on allaboratbry scale, yés I think
there you would seé it. oOn this scale, I don’t see it. 1f
anybody el;e in hereidares'about how you could go about
measuring hydrologic response to the kind of changes in
stress and strain ghat you’re talking about then this is the
time to talk about it. |

MR. DAEMEN: Well, I should -- you know I do not
know really what kind of stress changes I considered in all
probability negligible. The strain and displacement changes

I’‘m putting a question mark up. I think they may be
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mechanically measurable, even there I’m -- you know, that’s.

‘not a very strong statement obviously.

What I am suggesting is that at least the people

who run the experiments should be aware that in my

perception you have a fairly high probability of having
sigﬁificant zones around the heater of significant -- of

potentially significant strains. -Those~strains are most

likely to concentrate in joints and to open 'up joints. I

.do not know. Honestly I have no feeling whether the change

in aperturé is significant or not. But I think it would be
Qorthwhile. You see the first types of analysis'can be done
by a graduate student in a week. I ﬁean it’s a relatively
ﬁriVial thing to do.

MR. NEUMAN: Well, the reason thag I’m suggesting
that hydrology will not cede is not because the effect will
not occur, actually I'm_sure'the effect will occur. But the

effect will occur in a very interminant way because the

‘ graduate student’s work would entail an idealized fracture

in an idealized rock mass. ‘And‘indeed if you have a single
idealized fracture think of the»wbr1§ as being two
dimensional and you have this singie fracture here,vokay,
you’ve got fracture closes at.one point, it’s going to
affect evérything because it’s a two dimensional world. In
a three-dimensional world the fracture closes here. It maf

not close here, it may not close here. And this is what
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we'ré seeing in-hydroiogy over and over again; two-
dimensional, certainly one-dimensional models are a gross
over simplification of nature. | |

So, given»my.undérstanding of stress tate,AI am
predigting that hydrélogy, e#cept on a laboratory scale, if
a single fractufe where you really’have a vefy good control
over exactly what is happening, even there I have some
doubts aboué it, but othefwiserin the field I don’t think
that you’ll be able to read anythiné into the hydrology bit.
That’s my prediction.

Can somebody'come up with a model that would-prove
me wrong because if so, then it’s worthwhile coupiing the
two. otherwisé you have the mechaniéal measurements |

standing on their own and they may be absolutely valuable

and I wouldn’t argue with that, but I don’t see their

connection to the hydrology.
MR. NATARAJA: That is a useful finding, isn’t it?

MR. NEUMAN: No, because I can predict it right

now. I know it’s going to happen.

MR. NATARAJA: You can pick up the -- no, that’s a
fact, I’ve made some heasurements.”‘

(Everyone speaking at once.]

MR. NEUMAN: I would say that to run an experiment

of this magnitude in order to verify something which is

quite obvious to most hydrologist, I believe, is probably
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not worth it. If_yoﬁ}had a hypothesis, a reasonable
hyppthésis which says, yes, there would be coupling, you
could test it this way. But I’m suggesting that hydrology
&111 hot be able to see it, that’s what I’m éayiné.. It’s
not that they do not occur, but if will occur on a scale in
such a way that the hydrdlogf -=- you have the measurements
that we are curreﬁtly able to do.. I'm not going to be able
to see iﬁ. I’ve thrown this at the table, you know, it’s
open,to discussion. ‘I.may be absolutely wrong; but that’s
ry feeling.

MR. NICHOLSON:- I would think that if you got into

the transport question; Todd raised a question earlier the

. people at EPRI were very worried that --;it's funny, a lot

of people talk about this beihg some sort of analog to
repository and they embraced the research objective of
simply looking at what hapéens when you put a thermal source
in a you know heterogeneous geologic framework with the

understanding that this has to have some bearing on

" performance assessmentAvis-a-vis transport. If you get into

solute and vapor movement of a tracer, then I think somebody

ﬁight be able to address your question. I agree from a

hydrologic standpoint it would be very difficult.
MR. NEUMAN: The more things happen, the more
ambiguous are the intérprétations and one of the best

examples are the INTRAVAL projects. Every single one of
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INTRAVAL Phase I projects, one of the best projects in
INTRAVAL, in my view, is the Finsjon site, character is one

of the best charécterized fractured rock sites I have ever

- seen. And I'Ve}got to talk‘about'somé of the data from

there tomorrow.
Two types of tracer tests conducted between the

same set of wells, quite a bitAoffinformation about

‘hydraulic conductivity, fractures, geophysics, geology, and

so on and look at the amﬁiguity in the interpretation. You

have 11 project teams, or maybe I’m exaggerating, but it was

a good number of project teams, each one being able to fit
the data to one extent of another. It waé the following
models a random fracture network model, poroug_medium,models
with one fracture, a wealth of different coﬁcepts, channels,
three different channels; magically tw§ df those éassed
exactly through two of the monitoring wells out of four.
out of three monitoring wells, out of a total of four.
Every single one of these models is able to reproduce  the
data, they all come up with parameters, #*+** numbers,
porosities; dispersivities, and so on and I claim they mean
zero. |

Actually what I,claimed of these that INTRAVAL I

has shown with respect to Finnjan is is precisely that this

wealth of data is insufficient to validate any of these

models. The only thing that we have learned is that the
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system is complex, that a simple porous medium model
constant properties and so on doesn’t work. That you have
to go around it, you have to buiid'some type of
heterogeneity into it, but how you build this heterogeneity
has not come out of INTRAVAL I and will not come out of .
INTRAVAL II in my view.

And I what I would like to be able to do to avoid

[Everyone speaking at once again.] -
MR. PATRICK: I would have to, for what it’s

worth, have to side with what Shlomo was.saying. I think

‘the thing, one of the things‘thatbyou mentioned, one of my

. pet peeves earlier, but the other thing I think we fail to

do is put enough effort into design calculations and we end

up having to have too broad of objectives, having -- biting

off too much and not one, as you pointed out Jaak, not one
of the rock mechanical tests that have been run yet has been
calculable even as a retrospective.

MR. DAEMEN: Beyond that, I would put it --

MR. PATRICK: Now we’re talking about --

MR. DAEMEN: Nobody has been willing to pay to do
the analysis. |

MR. PATRICK: No. Lets of money has been spent.

I would argue the opposite that the resources became so

diffuse because of so many competing goals. Now, I see here
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é project thaﬁ probably originally started out to be a
hydrology project, givén that a bunch of'hydroloqists
dreamed the thing up and I mean I!ve'ﬁeen among the people
wvho said, hey,'if we’re really'goiﬂg to put tﬁis thing.into

the\field, let’s look at putting other piggyback experiments

-on it, draining all of the_information we pdssihly can for

the money expended, but if there are things like this where
we can do calculations that we have some reasonable

expectation will be accurate, you know, maybe it’s Sot and

- Simon need to go back and do some UDEC or 3DEC calculations

coupled with the hydraulics and say hey, are these
mea#urable. And.i»think that’s really thé question.

He’s hyﬁ@tﬁesizing they are not measurable. We
have "some tools thét arerpretty good that would-tell us

whether(these phenomenon are measurable. And if they’re

not, maybe our goal ought to be to say okay, because they

are relatively unimportant we will design a test which is
either insensitive to those things and/of develop some
boundary conditions which do not allow those things to vary
so that we can home in on the two or three or foﬁr
parametefs that are most impofﬁant ts us at this stagé. And
then if Phase X says well, now we understand all of that,
let’s come in and see if we can also throw in a third
coupling factor, namely the mechanical side and see if our

original hypothesis with our simple fracture thermal
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mechanical models were correct. And if we find out they’re

nbt, then perhaps we pick up the next step.
.But you know-we're}-- I think we may‘bergetting
é;ught up with getting too many objectives’here.

MR. NATARAJA: Have fou been able to measure the
impacts of -- thermal impécts on the hydrology?

MR. NEUMAN: Let’s go b#ck to Stripa. We know
that the stripa exberiment has never been fuliy anaiyze& as
Jaak has pdinted out. | |

MR. DAEMEN: If you talk to Neville Cook about
that and I talked récently to that at Climax and those
people-will not agree thatlthey have ever had éven remotely
to support -- t§ analyze the dafa.

MR. NEUMAN: Thét's the point. They’re supposed
to analyze the data, but do ydu-mean financial support?

| | MR. DAEMEN: Yes. |
' MR. NEUMAN: I mean technical data. I mean -- I

don’t think -- now I haven’t really looked at it in detail,

because I was never too interested in this, but from my -- I

did read that heater experiment report quite a few years ago

and if I remember correctly; they did not have enough
hYdraulic data, permeabilities --

MR. DAEME&: I do not know about hydrology.

MR. NEUMAN: -- no, but that’s my point. I don’t

think that they had eénough permeability data, and head data
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and spaced on to relate any changes in thermal stress to

hydrology. And that’s wvhy ftom a hydrologic standpoint I

' don’t think that there was anythihg to analyze in that test.

MR. DAEMEN: I think it’s quite different from a
rock mechanics point of view.
MR. NEUMAN: Yes, absolutely.

MR. DAEMEN: The temperature distributions were

-very easy and that’s why they were done. Because at close

form solution gave good answers-on the‘temperature. The
number was that that could never be connected’to the strains
ahd the'displaceﬁent. There‘was plenty of stfain and
displacement mon}toring'to try to analyze th they predicted

this displacément, it'depends on how you look at it. In

bthose days people said were significantly different from

what had been calculated with simple models and I think this

is the dilemma where I come with validation and where I

‘would like to avoid the term because I‘m not convinced that

being off by a féw millimeters has any impact on waste
isol&tion. That’s a different question.

[{Laughter. ] »

MR. DAEMEN: But that’s the way Climax was written
up, isn’t it?

MR. PATRICK: Not by project people, but by
others, we lost our data yeah. |

MR. DAEMEN: Well, all I can say is that I think
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there was énouqh data there to evaluate all kinds of
discrete, discontent or whatever rock mechanics models'at
least to check how often do we have an.opportﬁnity like
Stripa whérerthey measured during a heater test for two
years in extfeme detail all the displacements and then a
simple analytical model did not fit and that was the end of

the projeét quite litetally.l And my understanding was that

that was true at Climax'there were plenty of people ready to

do all kinds of model evaluations and they were never

‘allowed to.

MR,'PATRI&K; Yeah, there were a little over 15
million data pointé that were coilected oh Climax and I
don’t know what Stripa was.

MR. DAEMEN: Yeah, the other.comment I wanted to
make here which I,kind of forgot to make, was that obviohélyr

from a mechanical point of view I'am correct on certain --

»when I hear that you are going to generate 15 bars there,

because I do not know where that top is going tb end up if
you try to do that, but =--

[Laughter.] |

MR. DAEMEN: 1I’1l1l be out -;‘so~I think
displacement monitorinq would be quite valuable. oﬁe
question I had in terms of fhis being of no use to
hydrology, let’s suppose that we now know ﬁhat in Stripa,

for example, the flow was in a very small number of
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gxtremely -

MR. NEUMAN: I don’t think it’s not useful. What
I’m saying is I don’t think that you can measure
unahbiguouély any hydrélogic response to that. That’s what
I’'m saying. I’m not saying it’s not going to affect the
pydrology. It’s going to affect the hydrology.

MR. DAEMEN: You know, I suspect, I don'ﬁ know how
Justified this ié, butvbaséd on~observatibns, admittedly
this is involQed, but for example in the old highway tunnel,
that prpbably flow occurred in a véry small number of these '
fracﬁures. You'knﬁw; so now I do not know how to identify :
and advance which ones, but if we could - if we could |
monitor the dispiabements and I don’t kno&, and if the
displacemepts are significant'ehough to affect the aperture
of the fracture, is that sqmething that you can use -- from
ny point of view,-just from‘a rock mechanic’s point of Viewi
I think I can justify doing the experiment.

MR. NEUMAN: The only wﬁy that you will be aﬁle to
isolate theveffect of a single fracture in the field is if
that fracture truly dominates flow in that area. If that
truly dominates flow in fhat area, iﬁ is a large fracture.
If it is a lafgevfracture, you wéuld need a heck of a lot of
displacement to truly affect the permeability -- its ability
to still continue acting as the main --

MR. DAEMEN: What do you mean by large fracture?
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MR, NEUMAN: Well, on the order of more than'loo'
micro meters many many --

MR. DAEMEN: There are many of those. I’ve seen
one‘of thenm that you are goingl-- okay. Obviously, tﬁen in
terns df.data analysis and interpretation I would like to
see if possible to do some deformation calculations. I -
again, this was kind of in response to Todd’s original
draft. 'IVthink calibrations are very worthwhile and I wish .
they could do them for Stripa énd for any other large scale
field'test. I think playing with the results can give a lot

of insight even though it is backfitting. And I would like

- to avoid to work -- validate for the time being because

predicting has never worked very well in any of these rock
mechanics programs for the time being{

obviouslyvyou would‘need some support to get
going. You would have to know what the rock propérties are
and thermal mechanical properties‘and all that,vbut from my
point of view, from the rock mechanic’s point of view I can
see some very interesting games we could play in contesting.

MR. NICHOLSON: Does anyone have any question for
Jaak? | |

MR. Voés: Could I make a comment?

MR. NICHOLSON: Sure.

MR. VOSS: It just so happens, ahd this isn’t a

plug, but when I was at PNL a couple of years ago we had
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funding to do some discrete rock modeling_and‘we used UDEC
and to model the région around an inplacement hole, so we
modeled the thermgi mechanical :espohse that we thought
would occur and we came upvwith a buhch of conceptual models
for this structure. And you know, we did some where we had

a lot of fractures to eimulate an excavation blast effect

type zone, all sorts of things 1ike that. And we had

laboratory data, we had mechanicalvhydrologic data for tuff
takén from Apache Leap, that I went out there with my little
core drill took out whichvhad fractures which.we stuck in
the triaxial cell and we monitored chﬁnges in apertﬁre under
saturated conditions and then the'changes'in the hydrawlic
conductivity of thgsé fractures; And we didn’t -- as part

of this analysis we didn’t really look at -- we didn’t you

~ know, put some sort of flow field loss or anything else, we

just looked at displacements which is getting at what you’re

- talking about. We compared these results and again these

have the fracture characteristics data as far as the
stiffness and that sort of thing goes from‘our laboratory
testing. We compared that data against a contihuum model
ﬁsing the ANSI céde and we really couldn’t see the effects
of‘the fractures.except in a few cases}under really severe
gebmetries, of you know, the way the fractures intersect it.
Now, for a small diameter heater experiment which

is I think what we’re talking about, I think those
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conditions are fairly unlikely to occur. 8o I guess, you
know, just listening to the debate that went on, I would

have to throw my hat on the side where I don’t think you’re

Agbing to see much effect.

MR. NICHOLSON: Todd.

MR. RASMUSSEN: My only.éomﬁent wéuld be thaﬁ
because of the.cuhic law, the perﬁeability that comes from
the aperture tube, if you have a =- even a minor 10 percent
cﬁange in the aperture you'fe going to haﬁe a 30 percent

change in the permeability. If there was a =- if you’re

‘doing any kind of air permeability test, and you see a-

decrease in the air permeability that could be attributed to
one fracture closure of‘two --'perhapg aﬁ increased
saturation of the fracture. So to resolve which of those --

if the fracture aperture is &Qtually increasing by
monitoring at the same time the air permeébility is
decreasing,hl would argue that it’s probably additional '
informatioﬁ that you~couid use to look at --

MR. VOSS: You have to keep in mind that
kinematics that are involved in there. I mean when we
started looking at what was h#ppeniné in thése UDEC models
where these blocks are free to fotaté and slide and
everything, I mean you get some regions that are open a
little bit, but down over here and see closed.

'MR. NEUMAN: This is not an ideal fracture. All
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of these are not ideai. In an ideal fracture, you’re

absolutely right. Cubic law holds when you increase the

stresé, you reduce the aperture by -- and the effect on the -

flow, not on the permeability of thevapertﬁ:e is cubed. The
effect of the flow -- on the velocity is square.

Okay, but the real world looks more like this, you

~ have these openings and closings, opening and closing and

therefore the same stress would create much less of ah

effect because it is going to be distributed also through
ﬁhésé'points of contact. And if it is true,‘which I think
is true and we have quite a bit of evidence from John Gale’s
work on Stripa cores and the work at Berkéley and by othefs,'
that in fact apefﬁu;es of fractures tend to form large and

small channels, then these larger channels are going to have

very little affecte because of that. Because they have

these walls which are going to resist movement.

" And so you are really talking about, an effec;
wvhich on the scale of a laboratory core, yes, I think there
you would be able_to see some‘of this perhaps, but on the
field scale, unless you measure there’s a tremendous amount
of detail that happens right next to‘your heﬁter. I frankly
don’t think it will be able to see this. |

MR. DAEMEN: The other thing that we saw on those
experiments which is kind of interesting, we had a nice

planar fracture running down the axis of the core so we
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cduld,sge'some effects. But ﬁhen we sheared it at all, if
wé did it under stresses it just coméletely plugged the
thing ﬁp. I mean, you know, everybody séys we11 you’re

going to éet dilation, you’re going to see all of these big

water magnitude increases. ‘Well, if we took the fracture

apart and offset it and put iﬁ back together and stuck it in
there, sufe enough, we saﬁ huge ofders of magnitude increase
in its ability to-transmit flow, but if we did it under any
kind of law fhe gouge material or whatever plugged up all
those nice.little apertures or whatever.

MR. CADY: Did that -- \

MR. DAEMEN: Yeah, but it was probablyvonly a
meter -- the core samples were.taken about a meter bélow the
surface and I don’t think -- it was probably’partially
welded. _

Mﬁ. CADY: 1Is that because the sampies the center
have here.--

[Everyone speaking at once.]

THE'REPORTER: ohe'at‘a time, I can’t get that.

MR. DAEMEN: You have collected some samples from

 the joint -- so far we made only three tests, we were doing '

much more than that, but our results show that there is
significant deformation -~
MR. VOSS: But are you at the same time looking at

the hydrologic --
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MR. DAEMEﬁ: No. ﬁo hydrologic, it's}only
mechanical.
MR. NEUMAN: We know that chear has a tremendous
effect on mechanical and hydrauiic,propértiés froh~some

experiments done in Norway, for example, by Makurat on

natural fractures in some metamorphic rockes. Just like you

did at Stripa. He showed -- there’s a paper in the 1985

Tucson proceedings and I’m sure there must be much

additional since then. He showed tiny shear displacements
in a fraéture under ncrmal.stress of éAgiven magnitude had a
tfemendous effect on thebpermeability and when he plotted
permeability as a function of the nominalhaperture,
éomething that you would measure extérhally with a-étfain'

gauge if you calculate it based on cubic law, you have a

_ very nice curve. If you look at the actual measurements of

flow so the single fracture in a single core as a function
of -~

MR. VOSS: ﬁateral displacement.

MR. DAEMEN: -; well, yes. What you saw is a
tremendbus-chaotic hysteretic phenomenon, absolutely
chéotic. Showing the tiny~tiny dispiacement compleﬁely -

essentially showing the cubic law doesn’t hold at all under

those circumstances because there are so many contacts

between the asperities on the two sides that this notion of

flow between parallel plates is just totally inapplicable.
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You have to open the fracture quite a bit so that its

‘:average opening is large compared to the average asperity

: amplitude ih otder for that to start hb;ding and that has

been shown Gale and by others.

So that’s why I was saying, if you have a fracture
which is relatively large, yes, then this cubic law effect
will show itself, butvthe fracturé will be large. Andvsb
you will not really see its effect so much.

MR. NICHOLSON: Jaak, fou’were going to make a |
point?

MR._DAEMEN: Well, not really. I’m still somewhat'
confused with your -- you know, the same people from Stripa,
particularly that a whoie set of papers that Cook and his.
students -- depending on what you call large, but if you
have contacts and they show that the combined contraction of
the contaqts and the deformétion of the gaps has quite a
"significant -- when the signifiéant effeCt of the shear =--
the very smail shear displacements, ydu know, there are some
additional papers by Barton and all that, is what I woulé
-suspect, I am‘not 100 percent sure, but looking at the
Apache Leap samples, they are very rough samples»and they
are very hard samples. I would suspect that a very small
shear displacement is going to give orders of magnitude
increase --

MR. NEUMAN: That’s exactly what I’m saying, all
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the scale of a singlg core. Oh; absolutely. All I'ﬁ saying
is that on a fiéld scale you will not be able to see |
hydrologic effects. I cannot conceivé -=- now, I’m ﬁhrowing’
this at the table -- |

[Everyone spéaking at 6nce.]

'MR. DAEMEN: I’m not sureAeithér, but suppose ybu
have a wedge on top of the knoll that as a result of thermal
effecﬁs shifts a littlevbit up -- I don’t -- you knoﬁ,
that's why I’m going to see somé design analysis like that.
That is the type of mech#nism I am thinking of. And when
Tom aéked the question, how do you identify which fracture
to monitor, unfortuhately I cannot answer-that and that’s
the real dilemma bgcéuse if I would Xnow -- when you look at
the set of joihﬁsvét that knoll you have a whole bunch,of
parallelzjoing sets -- two sets, and my guess would be that
there may be, and I don’t know, but there may be if the
thermal analyéisvsuggests that, there may be one of those
joints along whiéh.slip may occur a little bit.

Now, 1if éopehow we could find out which one,»;nd
then monitor that one, then you know -- I’m just thinking in
ternms of how do you analyze the teét‘design. I first would
like to do a very simple'analysis and 1deﬁtify is iﬁ really

possible that the block may slip? Because I’m not sure of

~that. Although it’s very encouraging when they say there is

gping to be 15'pounds of pressure there, but if that
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happens, then 1 think we might be ahlé'td'have -

MR. NEUMAN: Should I try again, one more time, or
should we 1ea§e this? ' |

MR. NICHOLSON: - No. We’1ll continue this, but I
think because Todd stepped out of the room, I thiﬁk some -
pebple want to take a short break and I have to get this
thing downstairs in the next five minutes. Let’s take a
five minﬁte break =-

MR. NATARAJA: Can I ask one question before we --

MR. NICHOLSON: Ask the question, but we won’t
answer it. BAsk the question.

[{Laughter. ]

MR. NATABAJA:» My question is now, you said that
you can’t measure the impacts ofvmechanicai changes on
hydrology. Can we measure the impacts of thé -- the thermal
impacts on the hydrology on the field scale?

MR. NEUMAN: Well, it depends what you mean by the

thermal impact.

MR. NATARAJA: The second that -=- as faf as
transport is concerned. |

MR: NEUMAN: Well, let’s gé back then to this
issue of the shear stresses and how they are going to affect
permeability, okay? Let’s take the one experiment that I
have clearly in front of my eyes and that is the experiment

of Makurat. We chose counting on those random changes in
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permeability up and down in response to shear. You cannot

predict which way it's'gding to be because’ of the complexity

of a fracture -- single fracture on the scale. What this

suggests to'me, and-I have no wayxto prove it, is that if

- you apply shear on a field scale to a fracture, and let’s

say there is a sihglenfracture there, because there are some

contacts in some places, the perméability is goihg»to
luckily increase the aperture is going to increase in other
places. 1It’s going‘to luckily decrease. That’s whaf tﬁis
single exéeriment which I am fully aware of suggests to me.

MR. NICHOLSON: Okay. Well, let’s take a quick

_break and then you get to talk after the five minute break

Shlomo, so you can begih then.
[Brief recess.]

MR. NICHOLSON: Shlomo, why don(t you start then

with your comments?

MR. NEUMAN: Okay. This is quite informal so 1
assume i can.sit here? I dpn't have any viewgraphs to show.

MR. NICHOLSON: Yes.'

MR. NEUMAN: Can you hear me?

MR. NICHOLSON: Linda wants to say something why
doﬁ't you bring‘ﬁp that one point?

| "MR. LEHMAN: I just wanted to maké a comment about

this ongoing thing about Jaak’s prdpcsal and I agree that I

think you may not be able to see it during -- at least
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'during the'experiment, but to me, I still think it’s

valuable, perhaps more qualitatively rather than

- quantitatively because if you know that you ére getting some

strain or dilatationlalong some certain fault set and you
have some ideé that you have fracture flow occurring, then
maybe as a worst case you can say okay, in my scenario
modeliﬁ§ I can assume thathperhgpé we’re having ahvincrease
in flow. So from mofe_or less a probability perspective or
scenarid‘befSpective, that knowledge would be‘useful.' But

coupling it to get an exact flux, I don’t see how that would

be possible, but I still think it would be useful and I

~wouldn’t want to rule it out just because'you can’t see it

specifically in the hydrologic point.

MR. NEUMAN: I want to repeat what I said before
and that is I do not see anything wrong in doing what Jaak
is suggesting and I’m sure that it can provide you not only
qualitative it may be even quantitative information that is

relevant. What I’m suggesting is that from the standpoint

.of the hydrology, we are not going to see -- now, let me

maybe go through some of my comments here and then we can

come back to the details, because this is a good exahple of

- what my major concern with the heater exﬁeriment’the way it

was explained in the draft document of January which is the
one I'm going to refer to what concern I had with that.

I think that most of you probably have received
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today a copy of my comments which are dated February 12, so
MR. NICHOLSON: If you turn to your agenda, it’s
attached-to'the back of your agenda, Shlomo’s comments to
us. |
MR. NEUMAN: That was written by me in reSponsé to
a suggestion by Todd that I prbvide him with comments which

he gave me, the document toward the end of Januvary and I

‘must say that even though my comments are dated February 12,

after today I consider them still to be essentially valid in.
their -- almost in their entirety. .

Oone aspect that is going to change is the scale.
In here I was suggesting that the écale of 30 meters may not
be a écale on which we can see things, and aéain we’re |

coming to this ability to see things that we want to see.

And it is now my understanding that Todd is considering to

go down to either 10 meters or three meters;> Three first
and then 10. So I think that’s a change.

What I would like to do since it all, still
stands, is just give you é flavor of my commenté here. If I
had to put it in a nut shell in one sentence I would say
that what I did not see in the original experiment of .design

though I realize that Todd is aware of the need to do so,

“but it certainly did not appear in the original document

were well spelled out specific hypotheses or technical



10

11

12

13
14
15
16

17

18 -

19

20

21

22

23

24

25

75
questions that the experiment would try to address. 1In
terms of hypotheses, hypotheses that the experiment would

try to refute or validate with respect to specific technical

'questioné; questions that the‘experiment would prdmise to

actually be able to answer, okay. ,
Under the'heading of specific objectives in the .
original document there weré-some-extremely broad questions,

valid, but very broad questions asked. So I don(t think

_thaf they are specific ehough to be able to really judge the

value of the experiment. In other words, I am finding
myseif in a situation wheré'I don’t know whether this
experiment is going to be valuable or not valuable
experiment, simply because there is not enough in the .
document fo judge it.

Here is what I said. I am quoting from the

document. The experiment is designed to evaluate the

relative significance associated with excluding various

'processes and to evaluate scalebdependent procedures used to

estimate material properties. Very worthwhile, but

extremely general. Modeling of the experiment or results is

"an important validation aspect and everything was still

concentrated at a time when validation and is the principal
reason for conducting the test. Okay. So something is to
be validated as .a result of this test.

And then what I continue saying is that these
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statements of purpose, objective, design goal and principal
motivation behind the heater experiment are broad and

cmbiticus. cThey are also very general and therefore open to

- multiple, perhaps conflicting 1ntérpretations.' In other

words, what I am saying is there are too general really,

much too general to be able to judge their value and our
ability to address them in the context of the experiﬁent.
Then I go and kind of in one paragraph overview

what we do know or what we know less and we don’t know at

‘all about the processes which will be taking place during

the proposed experiment and I end up that paragrabh by
saying that aspects about ﬁhich we know extremely littie if
anything include heat ccnducticn apd convectioﬁ coupled with
multi~phase flow and fractured porous ﬁedia which is what we
want to investigate. Multi-pﬁase Qcter transport through
nonuniform porous and/or fractured rccks. Which is what wve
are going to encounter.

| At temperatures above the»boiling point which we
may have, gas flow under similar conditions and solute
transport under all but the conditions listed in connection
with the earlier simpler isothermal case which I haven’t
discussed with you now here. In other wcrds, what I‘m
saying is we know virtually nothing about sclute transport -
under those conditions.

Now let me read to what I say next, the proposed



10

11

12

13

14

15

16

17

18

19

20

21

22
23
24

25

77
heater‘experiment ihvolves many aspeéts of foreign transport
about which relatively little or nothing is presently known.
With respect to these aspects the ability of the experiment‘
fo confirm and.validﬁte nust be quite limited. One can only
confirm or validate wﬁat one knows, or can teasonably
hypothesize. You caﬂ validate a hypothesis, you can
invalidate a hypothesis. You can’t invalidate sdmething

that you know very little about. And then observe and

‘measure. If you cannot observe and measure then your

hypothesis cannot be Vaiidatgd or invalidated.

To date little_has been done.to validate oﬁr
ability of lack of it to measure and describe, not to speak
of predicting theésp;ce time distribution of water in

fractured toughs under static isothermal conditions. Not to

~mention isothermal dynamic flow regimes. At a space time

resolution that could clearly distinguish between the roles
of matrix blocks and fractures. Not to think of finer
channels. |

| In storing and conducting fluids on field scales.
of up to 30 meters; At that time it was a 30 meter
experiment. So‘essentially what I am saying is that we are
attempting to do -- to build into the héater ekperiment
things which none of us have seen done with any degree of
success on much smaller scales under much simpler

conditions.
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our present.understanding of isothermal floral
transport in unsaturated fractured Tuffs and our current
ability tp define and measure element rock properties, and
state variables are at best rudimentary. Such conceptual
understanding and ability to define and measure aré netter,
inAmyAview, developed and validated under the relatively
simple conditions of isothermal fiow. So, what I'm
suggesﬁing'is that if‘we want to do -- if one of the things
that we want to do as stated'in the original éuggested
experimental design was to compare models such as discfeté
fracture model versus porous media model versus dual
porosity model versus stochastic porous média models then

this experiment is probably going to be too complicated for

- us to be able to do this particular thing.

But that was one of the things, one of the

objectives listed. The more complex conditions created by a

_heater test render it less -- and therefore make it much

more difficult to relate effects to closes in an unambiguous
manner than a well thought out and executed isothermal
experiment. We don’t have such isothermal experiments to

date. So here we are planning a much more complex
' 1

_experiment.

Let me jump a page here and go to the aspect of
validation since that is cited as the main cause for the

experiment. The main objective’is to validate something.
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Our present understanding of isothermal floral
transﬁort-in unsaturated fractured Tuffs and our current
ability to define and measure element rock properties, and
state variables Are at best rudimenta:y. Such conceptual
understanding and ability to define and measure are better,
in my view, developed and validated under the felativeiy
simple conditions of isothermal flow. So, what I'm~
suggesting is that if wé want to do -- if one of the things
that we want to dolas stated in the original suggested
experimental design was to compare models such as disérete
fraéture model»Qersus porous media mbdei versus dual
porosity model versus Stocastic porous media models then
this experiment is proﬁabiy‘going to be too complicated for
us to be able to do this particular thing.

But that was one of the things, one of the
objectives listed. The more complex conditions created by a
heater test render it less -- and therefore make it much |
more difficult to relate effects to closes in an unambiguous
manner than a well thought out and executed isothermal
experiment. We don’t have such isothermal experiments to
date. So here we are planning a much more complex
expe;iment.

Let me jump a page here and go to the aspect of
validation since that is cifed as the main cause for the

experiment. The main objective is to validate something..
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Given that model validation is considered to be the
principal reason for conducting a heater expériment, I am
asking what can we.expéct to be validate by such an
ekperiment, specifically and I think that unless and unﬁil
ve have spelled it out in detail and sbelled‘out in detail
on how we are géing‘to'go about such a validation we really
don’t have an expefiment which knows what it is going to
validate and how.

. How can such a vﬁlidation be accomplished? Then
there is a discussion in the original design about
calibration versus validation fhere is a suggestion that the

model will in fact not be calibrated or be only calibrated

partially and i think Jaak made a very good comment on that

in his written comments and I fully agree with what you said
today, Jaak. |

Given the length of the experiment, given the
complexity, I’don't see that we can rulé out =-- actually I
doh’t think that we can avoid calibrating our model against
data. Once you ﬁse a good amount of your data to calibrate
your model then the questionjof validation become extrem;ly
difficult to answer. - You wili have very few data

independent data against which you will be able to validate

the model. So these are the kind of things that I think we

need to think about.

I believe, just like Jaak does that a combination
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of these two approaches is needed if we are to have a

successful experiment. I proposed here in my comments that
one first discuss in some detail what models will he
calibrated agains£ vhat data; at whatvstage of the
experiment and how and I also proposed that this be followed
by a relatively detailed discussion in the out1ine =-.in the

design of the experiment of what aspects of the models or

‘underlying theory or theories will be validated, against

what data at what stagevof the experiment and how. And only

~on the basis of such discussion need in ny view become

possible to evaluate the potential benefits of the proposed
expériment. .So I’'m not saying the exﬁeriﬁent is not
valuable, I’m saying I really don’t have anything to go by
at the present time. To say that it is going to or is not
going to yield valuable results.

Okay, let’s go into some details. It is not
entirely clear to mevfrom the proposal how a heater
experiment on the proposed scales of what used to be up to
30 ﬁeters and is now three or two, it seems fo become a
little bit clearer with a smaller scale, could under the
given budget and time con#traints -- now, you said, béfore
Mel, that the budget is not going to be multimillion. I'mA
going to suggest that if we want to run a really good long-
term iarge-scale experiment it will have to be multimillion

or you will have to scale down both the scope and the scale
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of fhe experiment.

MR. SILBERBERG: No question about it.

MR. NEUMAN: Quite a bit.

MR. SILBERBERG: Yeah, but whatkcan you do?

'MR; NEUMAN: You know, the objectives spelied out
in the original plan, in my view, is all achievabie.

MR. SILBERBERG: We’ll have to pick a program.

MR. NEUMAN: Would require tremendous amounts =--

[Everyone speaking at once.] . |

MR. SILBERBEﬁcz When I first --

MR. NEUMAN: -- of time and money.

MR. SILBERBERG: When I first read it, that was my
impréssion too. I said there seems to be an awful lot-here

for the'r- what I knew was the level -- the resource level

. of the work as I said -- it might add up, I said it would be

nice if we couldldo it, but what do_they say -- happy
endings only happen in movies, you know.

[Laughter.]

MR. SILBERBERG: Something like that, right, yoﬁ
know.

(Laughter.]

MR. NEUMAN: So my suggestion would be, you know,
I just said in my comments that I feel much more comfortable
about a heater experiment if its purpose and objecti§é wvere

more focused and perhaps based on what you just said now
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“also scaled down, scaled down in spatial scale, in time

scalevaﬁd,inrobjectives as well. And then I nade some
speéific proposals. I proposed that such a focus might be
provided by attempting td answer specific questions and I go -
through a listvof specific quéstions on pages 3, 4 and 5 of
ny comments. | |

Now, I‘m not saying that all of these questions
are important questioné, but,they are much more specific
than the kind of questioﬁs that the original design document
spells out. Sd ;et me just givg you an example of what I
méan by specific queétions.

For example, number one. How accurately and with

what space time resoyution can one measure and describe the

distribution of temperatures on a scale of up to 30 meters

in unsaturated fractured tuff at the Apache Leap site?
Okay. So one would have to Say something ﬁbout the density
of measurements and the accuracy of measurements beforerné v
could say anything about the fesolution with which he will
be able tobdescribe the temperature field. AAnd it is my
féeling that the teméerature‘field can be measured much more
accurately and with a much better resolution than anything
else. |

So if we decided that the temperature field can:
only be measuréd with a resolution of hﬁlf a meter to a

meter then we will know that certain fractures in between
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may be missed or there effect maé be missed. And this is
éoing to be doubly true andutriply true about water
contents, saturation and preésure. Pressures may be less
#hough, but certainly water conteﬁts and s;tﬁratiéns,v

| Now, here’s a specific question. What accﬁracy<
and reéolution afe required to de;ect anomalies? Due to
convective air and vapor currents through major fractures,
and/or channels or on causes. If we are qot 1nterested in
these anomalies and we have essentiélly a homogenous porous
medium andeharlie's’modeling results from today-are valid;
in fact we‘have done similar modeling of Qonductive heat

with respect to the Oracle site using data from the Oracle

site, and we saw exactly what you saw. Heat conduction

affects a very small volume out of the heater we did it with
a finite heater. It was much smaller than yours.

So if you really want to see the heat'pipe effect

and the heét pipe effect is =-- in&olves movement of fluid,

involves convection then you have to say something, first of
all, am I interested in seeing it in fractures or in the
porous. If I am interested ih seeing it in fractures well
then with what resolution can I see it. Will I see it in
the temperature field for example. OKkay. |

So I’m making some specific comments and I will

not go through those, but essentially what I am suggesting

‘and I also suggested a change in the time schedule and the
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phases, the»proposéd phases of the experimgnts. I don’t
want to bore you with that, it late in the day, but
essentially what I’m saying again, to summarize the key
point that bothers me, I think what we heed is to speil out

in technical details what is it that we want to answer, what

‘are the questions that we asking ourselves, not in

generalities, butvspecifically what are the hypothesis that

we would 1ike to test, do we want to observe the heat pipe

effect, is that all we want, qualitatively. Do we want to

- do more? Do we want to quahtify it? on what scale do we

expect it to occur? We can say quite a bit about it before

“we are on the experiment and then see whether or not we can

address these issues with the expert; These are my
comments.
VMR. NATARAJA: Also, those questions and how they
relate to .the disposal ;- |
| MR. NEUMAN: Of course.

MR. NATARAJA: Because some of those questions may
be addressed but not be =-- of particular interest here.

MR. FORD: I have a comment here. This is
basically my comment, that I feel that we need to get
specific, we can’t achieve all the goals probably that
you’ve seen thrown up on the viewgraphs. Even if you had a
large amount of money. ﬁhen I was in Tucson last January I

listened to all the~comments. I was thinking, well, geez,
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even if you had a large amount of money you probably
couldn't-design an experimentAto satisfy all these desifes.
So you are going to'have to get specific on what specific
desires you’re trying to achieve with the experiment and
design your experiment as best you can torsatisfy those
desires and then see what you can add on. So that you can
at least achieve some of yﬁur objéctives. |

Mﬁ. NEUMAN: So, for that reason, for example I
would side with the suggestion by randy Bassett that there
is a lot that can be doné'in the laboratqrf on blocks before
we go out to the field ‘and/or if we go out to thé field then
we limit the scope, really nbt to more thén three by threé
by three meters at most to start with. Unless somebody
comes up with a very specific design which is addressing
véry specific questions that this larger scale experiment
can address, I see here a white elephant in that we will be
pouring not miliions, but hundreds of thousands and a lot of
hope which is really much more bothetinq to me, into an
experiment which the entire Scientific community is going to
concentrate on through INTRAVAL. They are all goiné to hope
to see something come out of it.

First of all we saw today in terms of the

timeframe nothing may come out of it within the timeframe of

Phase II of INTRAVAL, but even after post-phase II of

INTRAVAL people will be expecting to see results out of this
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- and unless we know aprioti'that there is a high probability

you never know in experiments what you will get. But there
is a reasonabiy high probabiiity that certain specific
questions Qill be addressable in a quite unambiguous way, we
will, I ﬁhink stand where we stand with most of the other
experiments that INTRAVAL I has addressed. And that‘is a
lot of data, a lot of money a lotAof time and a lot of
modeling>effort with very little conclusive conclusions that
can be drawn out of them. - o |

MR. FORD: On of my thdughts, Tom, was that one of
thé things they done in the past ahd we’ve had -- I‘’ve had
projects like this where I didn;t know quite how to approach
it, was my firsf step -- I approached it in a step-ﬁise
fashion. And your first step might be to look at other
experiments and see what you feel you need to focus on. . You
know, put.some money into that.

MR. NEUMAN: Wy not, for example, for the DOE and

the NRC jointly, put -- I know this is -- I shouldn’t even

say that, but maybe it something to consider, jointly put

‘resources into evaluating existing experimental data for the

G-Tunnel for example. What can we 1earn~frdm the G-Tunnél
experiment. Is there anything to be learned there, or did
we not add there is nothing to be learned. I doq't know I
haven’t heard ehough abéut it so I have no idea. |

If we cannot exclude the possibility that there is
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a lot still to learn for the G-Tunnel experiment, from the

- Stripa experiment, maybe from some other etperiment, then

maybe,thét's the first thing to do. Actually put resources
into analyzing those‘data; put reséﬁrces in tovanalyzing the
Finsjon éxperiment, other experiments that have or have ﬁot
crossed the INTRAVAL agenda. There is a lot out there. ~And
at theAsame time, maybe you ﬁut resources into doing a block
experiment in the laboratory, maybe a sm#ll,scale field
experiment.'vI would suggest, however,.some monitoring of
ambient temperatures. That’s easy to do and I think that
can be done at a relatively minor cost atAshaliow depths.
Not at depths of more than a few meters.

 What can we learn about ambient distribution under
ambient conditions, can one detect any anomalies in the

temperature from the temperature data about convection and

s0 on?

MR. NICHOLSON: Than you very much Shldmo. Are
there any questiohs of Shlomo, any =-- Ron, you said you
wantedlto make a commeht;

MR. GREEN:  Yeah. This concerns an internal
résearch project that we’re conducting -- a geophysical
investigation and it’s been dn the books for sohe time but
app:oximately a month or two ago Ve got out to -- I wasn’t
peréonally involved with it, but we got'out to Apache Leap

site and did a geophysical crosshole study and we did both
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a lot sti;l £o‘1earn for the G-Tunnel experiment, from the
Stripé experiment, maybe from some other experiment, then
maybe that’s the first thing to do. Actually put reséurces
into analyzing those daﬁa; put resources in to analyzing the
Fihnjan experiment, othér experiments that have or have not
crossed the INTRAVAL agenda. There is a lot out there. And

at the same time, maybe you put resources_into doing a block

experiment in thevlaborafory, maybe a small scale field

experiment. I would suggest, however, some-monitoring of
ambient temperatures. That’s easy to do and I think that
can be‘done-at a relatively minor cost at shallow depths.
Not at depths of more than a few meters.

| What can¥wéllearn about ambient distributidn under
ambient conditions; can one deteét any anomalies in the
température from thevteﬁperature data about convection and
so on?

MR. NICHOLSON: Than you very much Shlomo. Are

.'there any questions of Shlomo, any -- Ron, you said you

wanted to maké a comment.

MR. GREEﬁ: Yeah. This concerns an internal
research project that we’re conducting -- a geophysical
investigation and it’s been on the books for some time but
approximately a month or two ago we got out to -- I wasn’t
personally involved with it, but we got out to Apache Leap

site and did a geophysical cross hold study and we did both
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a time domain and frequency domain measurements and it turns
out that the site is very promising as far #s using these
;nstruments. They were ablevté get just measurements
recorded at 16 meters-separatidn for the tiﬁe delay and~six
meters for the frequency delay.

Then they a}so conducted some fomographic

measurements at either three or six meters with a time

domain, so there should be ,some tomographic results out by

’ the end of July and thefe may be some problems, I just

wanted to mention this for Todd because in Phase II you
mentioned that you’re gding tb identify measurement
techniques and that's one possible non-intrusive measurement
technique for water mdistﬁre measurements. o

| MR. FORD: I would say though that probably you
wouldn’t want to make your objective of this research to
develop new techniques. ‘You may have to, but probably'not
make that the objective like some of the earlier research‘

because the Yucca Mountain project is kind of moving into a

 different phase and the length of this test that may not be.

one of your prior objectives.

MR; NEUMAN: You see, if you don’t have
instruments such as geophysical instruments that you can
push through a relatively higher resolution then you}ﬁill
not get information from experiments of this kind whether

they are conducted here or by DOE at Yucca Mountain. Then
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we’ll be able to address specific and technical questions
that coﬁe to my mind and I haven’t seen to many others
actuallyvasked in the docuhent. But I'haﬁe quite a few
specific questions that I‘m suggesting that one try to ask.
I don’t see how without being able to get a high resolution
of measurements‘across temperatures and water contents that

you will be able to come up with an unambiguous answer to

‘those questions.

MR. FORD: Yeah, I wasn’t saying that you wouldn’t
have to develop some new gear. I was just thinking in terms
of juétifying'the résearch.

MR. NEUMAN: You need téchniques.to make
measurements. You need to be able to make measurements in
any experiment. |

MR. NICHOLSON: >Okay, Jaak?

MR. DAEMEN: Not being a hydrqiogiét I can ask
this stupid question, right? |

[Laughter. ]

MR. DAEMEN: When I listen it sounds, honestly, s§
negative that I wonder if the state-of-the-art is that‘ |
rudimentary for what is going to hapéen around the
repository. And at what stage are we and what kind of a
timeframe are you thinking in terms of demonstrating that
the Yucca Mountain site might be ah acceptable site.

MR. NEUMAN: I’m not sure I want to answer that
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queétionf' LetAme just refer to yourvsaying that I sound
vety negative. Let me stress again what I am saying. What
I am saying -- : ‘ .

MR. DAEMEN: Well; it’s a long 1list -- well, if I
understand it a rather iﬁportant concept when you say we
know almost nothing about or very little about fé

MR. NEUMAN: Maybe ~- maybe what I should do in
answer to that is go over ﬁith you the 1ist, but I don’t
want to bore the company here.

MR. DAEMEN: Oh; no,'ﬁhe company is loving it all
and_listening:to you =--

(Laughter.]

MR. SILBERBERG:k We havé n§thing to do tonight
anyway. |

MR. NEUMAN: ;Can one literally.use the space,
timeg temperature distribution on é scale of up to 30 meters
observed prior to égtivating the heater under ambient or
prétest conditions by means of a.simple model which accounts
only for heat conduction and treats the rocks as a uniform
continuum. The properties of which heat conductivity and
capacity as functions of water conteﬁt, for example, ére

based laboratory measurements on porous and blocks. 1It’s a

‘technical questién.' You may have an answer to it already.

You may want to validate it, verify it on a scale of 30

meters. Okay. That doesn’t mean that I am going to saf
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that you cannot do this. All I’m suggesting is that_there._
is a technical question here which needs.to>be addressed in
order for you to be able to predict tempefature |
distribuﬁions around the heater aféund the repository in
Yucca Mountain.

Existing data suggests that heat conductivity and
capacity vary much less than'hydrﬁﬁlic conductivity énd
diSpersitivity,‘we have seen it today. Can this
fébroduétion'bé imp:ovéd through a calibration process in
which one varies the distribution of water cohtents_in three
dimensional space? okay, ﬁow,vto &hat extent is it
important for you to knpw what the water content ,
distribution is in order to predict temperatures? That’s a
technical question.( You need to be able tp address =-- to
givé an anéwef to it, that doesn’t mean that if you don’t
have this answer you must come to the pessiﬁistic conclusion

that Yucca Mountain is a bad site. But it’s a valid

technical question that must be addressed before you say

something with a tremendous amount of confidence.

Can:the calibrated water contents be verified,
validated, independenﬁly by means of heutron probes?‘
Tomography, auto measurements, if the latter is not
possible, can such measurements be used to help you prove
the calibration? In‘other words I am -- these are qﬁestions

related to calibration, what can you learn from temperatures
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with respect to water contents and independently how can you

measure water contents and so on.

Let me skip tbAsomething else. What can be
léarned'from 6bsefvations of temperature ahd water content 
under present conditions? With or without the above model
about ambient heat fluxes through the rock on a scale of up
to 30 mefers? These afe the kindé of questions I'm"
sugéesting to address.

MR. DAEMEN: I was thinking more in terms of --

" you made a quite strong and convincing argument that you

don't‘eveniknqw enough about isothermal conditions.
' MR. NEUMAN: That is correct. |

MR. DAEMEN: Okay, I was thinking more about that.r

MR. NEUMAN: Okay. Let me go back to that then.

MR. DAEMEN: And in a much broader complex that is
the one of course that is fairly troublesome.

MR. NEUMAN: Okay. Let me first address the
fedhnical aspects of your questioh and then let_ﬁe see if I
want to say anything about Yucca Mountain.

VOICE: Or any repository site for that matter.

MR. NEUMAN: Or'any repository site. Our current
understanding of flow ahd transport in unsaturated fracture
tuffs under field conditions is limited and speculaéive.

I’m saying -- and I stand by this. Hence subject to

-uncertainty and controversy. Controversy we know, we have
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it right in this room. There are certain aspects of coupled

heat, here I'm'queting from the document, liquid gas and
solute transport, abeut which we know more and other aspects
about which we knew less or very little.

Just let me spell out some details. Aspects about
which we know quite a lot include heat conduction in both
saturated and unsaturated porous metrix. Liquid flow in
eaturateq and unsaturated porous rock matrix under
isothermal conditibns.- Conservative.isothermal solute
transport at tracer concentrations in saturated porous
medium. Aspects about which we know less include, heat
conduction in saturated and unsaturated fractured rocks.
Although I would argue that we probably do know quite a bit
about it, okay =- so ==

MR. NATARAJA: I have a question about these
questions.

[Laughter.]

MR. NATARAJA: How many =- how important is it to
answer these questions'to show compliance with --

'MR. NEUMAN: Well, let’s go back to that later.
Let me just very quickly go through some of these. Liquid
flows through saturated fractured rocks under isothermal
conditions, gas flow and so on. &And then I go through a
list and let’s go back to about which we know virtually

nothing and let’s see if we agree that we know virtually
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nbthing.
" MR. DAEMEN: I have no idea. I’m asking.
HR.-NEUMAN:_.Okay asterisks about which we know
extremely little 1f'any£hing, about which I know exfrémély
little or if anything‘inclﬁde heat conduction and con&ection'v

coupled with multi-phase fluid flow infracture porous

medium. Multi-phase water transport through non-uniform

porous and/or fractured rocks. These are highly non-uniform
at temperatures above the boiling point, primarily.

Gas flow under similar conditibns, and I say I
know virtually nothing about sodium transfer under all‘but
the simplest of these conditions. Okay. ﬁow important‘it
is, that's a compietely separate question.

MR. DAEMEN: Well, I'm saying, is it simply anv
academic ﬁype of inquiry or is it later to be raised a
disposal problem, that ié ﬁine.

MR. PATRICK: Well, I would sure say those last
three aren’t terribly academic. Those afe right at the
heart.

MR. SILBERBERG: ‘Yeah, at heart of the matter.
Yeah, I mean -- I assume that’s the --

MR. PATRICK: Well and transport under repository
conditions.

[Everyone speaking at once.] .

MR. DAEMEN: How accurately do you have to
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understand --

MR. SILBERBERG: Tﬁat's another question.

MR. NEUMAN: That’s the question.

MR. PATRICK: He's just saying that —

(Everyone speaking at once.]
{Laughter.]

'MR. NEUMAN: If you ask me if I was a decision
maker with sufficient power to make decisions, then I would
make my decisions without having the knowledge of‘éll of
this. I would have to make a decision with respect to waste
disposal of nuclear waste. There is a problem of nuclear
waste, there is an issue of energy used in the future. I

have certain political convictions of my own and I have

certain understanding of ﬁy-own -- my subjective

understanding of decisions, so I would make a.decision based
on.thaf - without having answers to all of this. I would
opt for underground nuclear waste disposal. I would perhaps
weigh again what is the best place, NTS, not necessarily,
but then if I was the dééision maker without constraints
then I would -- I would be able to move outside of NTS. You
live in a politiéal world. |

MR. NATARAJA: No, but the point --

MR. NEUMAN: And so the question is political.

MR. NATARAJA: No. No. I’m talking from 10 CFR

60.
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MR. NEUMAN: 10 CFR 60 --

MR. NICHOLSON: If you iook at 10 CFR Part 60 the |
reason for the task and we put up at the very beginning of
this meeting, the three tasks in their project that related |
to what they’re doing is because Part 60 does address,
especially with regard to the unsaturated zone criteria,
this issue of vapor phase transport. It also addresses the
complexity of a site with regard to these various coupled
processes. And so we have to think what is a logical series
of experiments that Research wants to do independent of DOE
to get insights into how this may occor. We’ve already
done, in the previous experiments with the simple two bore
hole set up in Queen Creek road tunnel, very simple.. A
qualitative experiment. Bill Davies did the core
experiment. Now, the questions is how do we then move on to
this whole issue of coupled processes.

What we didn’t discuss'today was that we had a

project at one time, with Lawrence Berkeley Laboratory’s

chin-Fu Tsang who did a whole project on coupled processes,

he’s published a book on that. All Right, We’ve also been

involved in INTRAVAL and we are very much aware, obviously,
of what you’ve talked about with regard to the Stripa and
the G-Tunnel and the Climax. And we understand the
importance of that and we want to build upon what we have

learned from those experiments to design and you’re quite
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correct Shlomo, a well desigﬁed, focgsed{experiment to look
at coupled processes.

Now, eithef we can do someﬁhing, or we are going
to do nothing -at #11; unless we get a largé amount of mdney
and do it so-called "right.® I don’t know what "right" is,
just like I don;t know what conservative is, or we can take
what Iimitéd resources we have beén given and do the best

job we can to understand in a beginning sense what coupled

processes are all about in a natural environment. We can do

it in the lab for ever and eéer but people always argue

that’s under sﬁch strict controls, it has no bearing on the
real world. So we want to do both. We wént to slowly work
in the field and when we get the field plan we backtrack and.
say we’ll do it on a ﬁatrix block without a fractﬁre or the
fractures hopefully will have a minimum effect. But we also
want to do it on a large block, 10 meters on a side, in |
which we have a single fracﬁure and which‘we can try to
understand the effect of that fracture on this coupled
processes.

And, you.know, I have no p;oblem with fhe
questions you'fe raising. I have no problems with that
whatsoever.

MR. NEUMAN: My problem, Tom, is very simple. I
aﬁ not against any experiment of any sort. I w&uld be the

first one to support experiments. I believe in experiments.
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I believe in the science needing_to make’experiments. Chin-
Fu’s book is based primarily on models.
MR. NICHOLSON: Exactly.

' MR. NEUMAN: And éhin-Fu's book is a collection of
papers whieh are modeling studies. You have my neme in
there because I wrote a little thiné up in back of the book
so I am quite familiar with the boek. |

There is §ery littie experimentation that has been
done. dkay. So, the.pessimism that is being attributed to

me is not -- I don’t want anybody to think that I am saying

don’t make experiments. On the contrary. Make as many of

them as possible, but why today during a full day of
discussions dedicated to the experiment we have not asked .
one technical question and come up with one set of technical

answers as to how we are going to address this technical

" question. This is all general.

Yes, we want to~make experiments. Yes, we have to
do this, we have to do that -- but what is ﬁhe specific
question we want to addrese with this experiment and are we
going to get an answer? What is needed? What kind of
measurements? What kihd of instruments? We haven’t touched
that. That’s my criticism. |

MR. NICHOLSON: If this were to go on for two
days, which I wish we could have, then I would recommend

thét Todd provide to you people with what he and I were
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luckily able to obtain from Abe Ramirez and the gentleman at

Lawrence-Livermore where they went through to the best of
their ability an autopsy of the G-Tunnel experimént‘telling
ﬁs lessons learned, "surprises," I think is what Abe‘hamirez
referred to‘them.

Wé do have in them in the comments Todd has
written up as a trip report and we do have éome,of the
documentaiioﬁ that he has pfovided. We want to go through
that work in detail. And ffom thét information, as well as
the Climax, as well as Stripa, then begin to frame the
specific questions yoﬁ want to address using, I think,
hypothesis_testing w;th regard to it not just
thermohydrologic of,thermohydrologic'mechanical.' I don’t
know and that’s why Jaak is involved to try to give us soﬁe
insights into the rock mechanical aspeéts.

MR. NEUMAN: That’s what I’m suggestiné, that’s
all. |

MR. NICHOLSON: And we could do that, we could
easily do that. w§ may want to reserve‘at a later time
after Todd has gone back and revised the report. We have
said that. I think Mel has said this earlier this morning,
a commitmeﬁt to do the project and specifically to write a
NUREG/CR report that spells out the detail that you’ve asked
him for. fspecially with regard to brihgingAin léssons

learned from previous field heater and laboratory
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experiments.

And perhaps that‘would be wise at a future date to

go through the detailed spgcifics you want,vespécially after

Todd and of course the Golder Associates people and the

‘Center (CNWRA) also do some modeling using the TOUGH‘code,

looking at this‘from an INTRAVAL standpoint. And I think
that would be verf wise. | |

MR.‘NEUMANz And here is an example of a question
you should look at based on today’s discussion. Can you
measure changes in the_streés, possibly strain field, at‘the
knoll as é result of heaters of giveh geometry giveh output
and can you relate.this to some hydrologic parameters?
Spell out what they are, spell out how youbwould go about
answering this question. Those are the kind of things that

I think we need to discuss and that’s all my criticism

: essentially centers about it, it hasn’t been done, and I

think it needs to be déne. That’s all I’m saying. That’s
all I’'m saying. | | |

MR. PATRICK: Well, you had another point as well,
and it’s one that I made in our comments -- as one of the
commenters from the Center stated ah&‘that is that there is
a lot of data out there. A lot of data that we-don’t
understand and I think our comment may even have been should
there be a zero phase to this study that doesn’t just go ig

and do what Y6u alluded to,ih yoﬁr closing remarks there,
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Tom, it'gbes in and examines surprises'and stuff from the
test, but that actually goes in and uses data that.was
acquired at a cost of millions and millions éf‘dollars and
vhich no.one has réally -=- even the'people vho cbliec;ed the
data do not.feel that it has been appropriately analyzed.
And I mean those folks usually have a pretty big ego and
they say, well, yeah, I just reailf rung that stuff out.

But every one of the people that you’ve heard,in

ny case reporting difectly and Charlie reporting on behalf

of others and Todd doing the same, no one feels that they’ve
analyzed the data that’s at hand.

MR. SILBERBERG: I understand what you’re sayihg,
buf why shéuldn't this agency méke a request that there is
qata out there and ghe department do more work with it and
we would be happy to do something too, and you know, chéck

it. Any -- I’'m not asking for an answer but I would say

~that I would recommend to my colleagues from the -- I would

recommend this to my colleagues from the NMSS that -- look,

if there’s you know, if you say there’s good data out there

~and a lot more can be done with it, sound like -- not only

' should we be able to do something with it in our little --

with our small program, but perhaps -- we perhaps should
encourage'the department to do the same thing.
MR. VOSS: The problem is politics because --

MR. SILBERBERG: Well, I don’t --
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MR. VOSS: -- because we’ve been told and --

MR.‘PATRICK: Problemmatic sensitivities.

[Laughter.} | |

MR; ?ATRICK: Is that politiéélly correct.

[Everyone speaking at once.]

MR. SILBERBERG: You don’t haye to answer.

' MR. VOSS: This wasn’t éuality assurancé. It
wasn’t done under proper quality assurance programs, SO ==
the data is not defensible ==

' MR. SILBERBERG: That’s the answer, we don’t want
to look at it because it didn’t have the quality aésurance.

MR. Vossé No. That’s an illegitimate answver |
except as a licehsing issﬁé. Except as a licensing issue, I
would say that may not be able to do -- |

MR. SILBERBERG: That may not be legitimate, okay.

MR. PATRICK: The data acquired at WIPP, I mean
we’re talking about a divefse.set of experiments.

MR. SILBERBERG: Sure.

MR. PATRICK: The data acquired there, the data
acquired at Table Rock the New Lines.experiment, the spent
mule test, all of those programs had quality assurance
programs in place.

MR. SILBERBERG: Okay.

MR. PATRICK: I mean even from a licensing

standpoint you have a NUREG that covers how you deal with
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preexisting data.

MR. SILBERBERG: Right.

MR;-PATRICK{ We;re talking about a scientific
endeavor here.'.

Hﬁ. SILBERBERG: Yes.

MR. PATRICK: If the observations are documented
and‘the instrumentation was calibrated, which I fhink'
without exception the studies we’re talking about, that is
the case. We héve reasonable expectation that those data
accurately represént what went on at those sites.

MR. SILBERBERG: But I -- okay. Actu#lly, I have
now missed the scope of this discussion and I‘ve gotten

outside -- I’ve violated my own boundary conditions by goiné

outside and getting into -- getting beyond the NRC which is

inappropriate. I mean still after this'meeting is over I.
can choose do what I like, but -- but, no, for this
diécussionrl -- really I didn’t want to put you on the spot,
certainiy not, by all means. But you know, fhat question
éould be asked.

MR. NICHOLSON: I.think Wes has a very legitimate
point -- -

[Everyone speaking at once.]

MR. NICHOLSON: The dilemma is --

MR. DODGE: I don’t think you want to hold up your

research program for DOE.
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MR. SILBERBERG: No. But you know us, we haven’t
done that yet.
MR. NICHOLSON: What we’ve done is, Todd has begun
the communication process, we have gone and Qisitéd'the

national labs, Charlie Voss and the DOE people have done, as

‘I understand, to the best of their ability tried to look at

ﬁhe G-Tunnel data and if possible ﬁnalyze it and process all
of thatv§ata into something that would be of value to |
INTRAVAL.

We’re at the mercy of their good wishes and their

abilities, as well as the national labs. This, to me,

reinforces the question of why NRC has to have an

independeni research capability. I would prefer, if
possible to do what you said; and I think in a practical
sense wé can’t rely solély,upon getting their data and
analyzing it and understanding it.

MR. SILBERBERG: He’s not suggesting you do that.

MR. NICHOLSON: No.l No. No.

MR. SILBERBERG: He’s say to start with.

MR. NICHOLSON: To start with and we are committed
to do that to a certainrextent. The question of how much, I
don’t know. -

MR. PATRiCK: Well, we’re mixing two things here.
You’re mixing getting their data and analyzing it --

MR. SILBERBERG: Yeah.



10
11
12
13
14
15

16

© 17

18
19
20

21

22

23
24

25

105
MR. PATRICK: =-- with Qaiting for them to analyze
it. |
MR.VSILBERBERG: Yeﬁh, and those are‘two different
things, sure. |
MR. ﬁxcudnson: Well, okay.~ What I-would
recommend is what Charlie éaid, We’re going to rely upon

Charlie to get the G-Tunnel data and to process it and to

"provide it fo us. In the meantime Todd will communicate,

again, with the Lawrehce;Livermore Laboratory people who
héve done the work in G-Tunnel and Climax and of course that
will bebpart of the INTRAVAL lessons including the stripa.
data. But those can only{give him some broad lessons
learned and séme p;aétical aspects of instrumentation of
design‘of the expefiﬁent or surprises. 1It’s still his.
reséonsibility at the Universiﬁy of Arizona to take that
wealth of information and to focus it in on the experimeht
they propose to do for us;,

MR. DODGE: The modelers that tried to model and
aﬁalyze that data? -

MR. NEUMAN: Let me maybe explain, you know, since
University of Arizona is being mentiéned.A

MR. NIcuonson£ Right.

MR. NEUMAN: There are four péople, I think, on
the project. Dan Evans, Todd, Mike Sully and Randy. Now,

we have to recognize that Randy and Mike are actually
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concentrating on other aspects of the project and Mike told
me that he essehtially concurs with my comments. So you can

almost see my comments as coming from me and him. You have

' separate comments from Randy Bassett who is suggesting |

| essentially to scale everything down to the laboratory to a

block. - I am not sure that.th#t is absolutely necessary, but
I definitely think that given whaﬁ i have seen today, that
may not be ﬁ bad'ideé to think about scaling things down.

So, right now what we hévé is Dan and Todd coming
up with this particular proposal and we essentially saying
now wait a second, this is too general for us. We don’t
know how ﬁo go about it this way. And we‘are not sure that
we want tb commit the University of Arizona to going in that
direction because right now to us, it’s not clear where it
;eads. That’s where the University of Arizona sfands on
this.

MR. NICHOLSON: And we’re in the midst right now

of going out and getting comments both internal and

external. Unfortunately there are other gentlemen who we’ve
talked with and ladies Qho weren’t hefe to provide their
comments and you have they coﬁments. You know, I won’t go
into who all theose people were, but I think it is obvious
that the ohous is on you people,_and when I say you people,
I mean the Uhiversity of Arizona to go through the comments

and to revise the statement of -- excuse me, the
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experimental plan.and then to submit that to us. And we
will review it as --

, MR. NEUMAN: -Haybe that'S'somethingvthat you
shéuld discuss as well with the deﬁartment ch#ir.
MR.~NICHOLSON: Sure.
MR. SILBERBERG: Well, I’m just saying that -- I’m

Just telling you what the office policy is. The office and

‘the agency policy is that the quality and the correctness or

the appropriateness of a piece of work in the final analysis
rests with the performiﬁg group. Be it the university, be
it the Center, be it whatever.

MR. NEUMAN: That_is why you have seen --

MR. SILBERBERG: Because -- |

(Everyone speaking.at once. )

MR. NICﬁOLSON: We want that.

MR. SILBERBERG: I think that’s a very proper
statement. If the group -- if thé performing gfoup
organization has questions, what are you doing, the
organization with the University of Arizona or whatever it
is, any other laboratory, then that's'a'message to us thgt
you know, if they’re performing -- if the organization
responsible for dding the work has a contract to do a piece
of work, if they’re saying wait a minute I want to think
about this, then we stop right there.v_'

MR. NICHOLSON: Okay. Are there any other
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comments? Let’s go around the room and we’ll finish off by
allowing people who haven’t had a chance to say anything to

make a comment on the experimental design as presented today

or what they reviewed?

Rex, do you have any comments?

MR. WESCOTT: Yeah, you know we sent ih some
comments and I>think from the -~ fhey're on the last page ~-

and I think from you know what we’ve‘heafd, Ivthink we

would pfoﬁably want to modify some of ours. I think our
concern about the electrical resistivity maybe has gone away
a littlé bit, but I~thihk you mentioned tomography and
certainly Ron you talked about some stuffryqu did out there.
I would be interested in seeing the results, but it appears
that you may havé a procedure for getting some pretty good
real timé moisture data which we think is very important for
this experiment to work.v

I think we’re probably still concerned about
scale. You know, I don’t really how much you’ve got planned
on the three meters -- that thrée meter block experiment
that you’re éoing.té be doing ih the laboratory, I don;t
know how =-- |

MR. SILBERBERG: 1In the field.

MR. WESCOTT: 1In t.:he field, okay. I don’t know,
you know, how Bill feels, maybé Bill Qould waﬁt to say |

something, but I think we would probably like to see a lot
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more done on that where you can control your contributions.
much better before you -- I mean I don’t really if enough
has been gained yet to know how to design a large field-
experiment. I think I wou;d probably like to see more block
stuff, but at the same time we realize that if you’re going

to do a field experiment you’ve at least got to get into the

monitoring phase on it, you know yéry shortly in order to.

have a good baseline. So, yeah, I think we modifigd some of
our comments and maybe’some others we might even make a
little bit‘stronger, I think I would like to go through a
look at the transcripts of this whole -- and read all the
comments that are attached before I say too much more.

MR. NICHOLSON: Okay, Frank?

' MR. DODGE: One of the questions that will be
asked is what wouid be the éuestions that would be answered
by this particular project. This obviously what we call a
tight find demonstration straﬁegy, you may not know what
that -—’a sfrategy in'which we will have to do some

independent research and modeling in order to be able to

" review the fiqdings. So I mean that’s one of the things we

would be interested in finding out. jWhat questions are we
answering of regulatory questions.

MR. SILBERBERG: 'You'll also come back-ahd tell us
what you think you might need to do that too. To see if we

can neet.
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MR. DODGE: I mean that’s where the --

MR. SILBERBERG: I don’t know. What do you think
you héed? And then you know, we'll.think wﬁat wé think you
think you need -~ | | '

{Laughter. ]

MR. SILBERBERG: =-- and maybe the two will come

together. You know you ha#e to start over in your -- okay,

in your organization.

MR. DODGE: I’ll think about that. I think that’s
using the letter is Supposed be, that'é what it is supposed
fo accomplish. We write a letter to you saying this is what
we need and you‘re suppﬁsed to provide us those answers, so
hopefully -— .

MR. NICHOLSON: I think they just respond, they
don’t always provide. |

(Laughter. ]

MR. TANIOUS: I justAhavé one comment about the

connection between the displacement and the hydrology and if

it’s worthwhile then I wduld say this, that some of these

instrumentation that ydu know things like laser surveying

instruments can be used to detect quite a bit of small

bdisplacements at the surface. Somebody several years ago

had using a vibrating rod instrument to measure across a
joint. I don’t know what they did with that, but --

MR. VOSS: Hopefully they threw it away.
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[Leughter.]

MR. TANIOUS: So this is to the standerd -

[Everyone epeaking:at once.]

MR. TANIOUS!Q:Neéerthelese, the 1deavls to find
instrumentation to make a displacement and to -- the other
side of that of course is the fiow -- is predominantly in
fractures as given by some of youf slides where you had some
plastic bags over some fractures showing that there is air
movement in these fractures. So you can make the -- between
the two and get, if not quentitative, at least for a
creative connection between rock mechanic at law, I believe
you can do it. You just have te do a litfle bit.of
detective workvand.pianning with yoﬂr fieid work already
that you prbbably ean do a good a job thefe.

MR. NICHOLSON: Ralph, do you have any comments?

MR. CADY: No, not really.

MR. NICHOLSON:- Wes?

'MR. PATRICK: Nothing further?

MR. NICHOLSON: Jake?

MR. PHILIP: Well, just to -- a little bit on what
Jaak was talking about, he talked abeut putting in a heater
and it's}going to be pretty in a very shallow depth almost -
and he’s talked about a wedge, you have a wedge, you know,
the wedge could displace, it is very possible that there

would be no flow over there because flow takes place only in
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a very very small percentage of fractures. So even if that
block moved from a)hydrologiéal standpoint you may not see
anythiné becausé the flow never occurred there. |

If YOu look at'some of the experiménts that Todd
has done in his prévious site, he tried to get a ﬁydréulic
connect between two bore holes and he thought he had
terribly characterized that, but he could not get a connect
between two bore holes it’s a very short -- very close to
each other. Sure, the.complexity of the problen liké Shiomo'
says and we don’t know where it’s going. It could be going
through a fracture, which they would never encounter in just
putting those'two'boré holes so close to éach other. |

So, surely deformétions do matter, particularly
when you are right up on top of the mountain where you get -

- with an absence of stress you get most of your

" deformation. And if you just look at the hydrology without .

looking at rock behavior, I don’t know how you analyze any

results that you get if you get any. So, that is the

problem thaﬁ I see.
| MR. NICHOLSON: Linda, comments?
[No response.] A |
MR. NICHOLSON: Charlie? Anything you want to
add? (No response.]
MR. NICHOLSON: No.

MR. NATARAJA: You have the last word.
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MR. VOSS: I’m just a little bit nervous from the

INTRAVAL point of view. - We’re heavily -- I can say that DOE

~ is more committed in this particular instance than I’ve ever

seen them ever comﬁitted.

MR. NICHOLSON: Great.

MR. SILBERBERG: That’s what I want to hear.

MR. VOSS: I just don’t want to go back next year
and so oh, by the way, that experiment is not going to be
done any more or it’s going to be done three years from now
when a lot of issues --'and valid issues are resolved. So
that’s my concern.

MR. NICHOLSON: I don’t think our airing of both

NRC contractors and staff comments says that the NRC is no.

.longer committed to do this work. I think we still are.

The question is how is it to be done and what‘is the logical

process by which it should be done.

MR. VOSS: I was more concerned about timing.

MR. NICHOLSON: O©Oh, well, timing is aiways an
issue at the NRC. And because of budget and other factors
we can’t make any promises but we’ll do our best. I guess'
we really should give Todd the last word and the I‘11-let
Mel thank everybody.

Todd, do.you have any comments?

MR. RASMUSSEN: Well, I mean, we’ve been treating

‘this more as a generic study with no obligation to actually
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do the experiment at this point. 1It’s more of a study

exercise and how would one go about performing such a test

and I want to reemphasize that. &and that perhaps this is
not sométhing that would ever happen at the Apache Leap, but
hopefully DOE may benefit by having a group}of people like
us go through this exércise'and think it through. ‘Whaﬁ are
the issﬁes? And what technolqgicél capabilities do we have?
| Hopefully we can pursuelthis and actually
demonstrate it at the Apache Leap site and actually evaluate

some of the technologies that are available. And the other -

_comment I wanted to make was that time to getvthe

theoretical and modeling interest togethef at an early stage
and have them help and determinerwhat the precise objectives
or hypotheses to be tested are, I think, is quite important.

Perhaps I look at it more from an'experimentalist

point of view of you know, how do I actually monitor these

variables rather than the hypothesis testing end of things.
So I welcome any comments regarding possible hypotheses to
be tested.

So I think it makes the exercise more relevant to

the modelers, I think, if they have an integral say in how

the experiment is designed and in particular what you want
to focus on in terms of data sets.
MR. NICHOLSON: Thank you. Mel, the last word.

MR. SILBERBERG: Thank you. Well, first I’m
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;sorry that I wasn’t here for the -- for as much of the

meeting as I would have like to haQe been, but I think for

the time that I was here during the afternoon, at the end, I

think I got a good -- very good sense of discussion and
comments.

I want to first thank Todd for all of the work and

putting together what he’s done and what he’s done so far

and talk to a large number of people and try}to put together '

a lot of information. That obviously is a difficult --

difficult undertaking and I think a lot has been done and

it’s clear from the comments that a lot more needs to be
done, but that’s why -- that’s wby'wevcailéd this meeting.
And in the spirit of, youAknow, what -- why are you calling
a peer review, as I started at the beginning of the meeting
that I indicated why we wanted a peer review and what we
would hope to get out of it, it’s very clear to me that
we'ye achievgd that objeétive and we have a very goodA
collegial airihg from a broad cross section of expertise_
around the country. All in?olved in some diffefent |
interests on the program, but on the work, but =--
representing different interests, but the important thing
was ‘it also demonstrates that at least.on a technical and
scientific level we can communicate. We should be
communicating and in'faCt we can. '

So I appreciate people that were within the NRC
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community, and outside of'the NRc community being here.
Taking the trouble -- we do value your comments and we’re
certainiy‘going to take ﬁhem quite seriously.

I‘ﬁould hope that maybe with this meeting; maybe
we’ve set some kind of a model, I gquess, or template oq you
know, how we might want to do.things in the future on-
different prbgrams at different_timés depending on the
subject and you know, where we are. There is no substitute
for takinq thét time and having thésé kinds of discussions.

SO'I wént to thank you very much. I feel that our
objectives for the meeting were fully fulfilled and as
promiéed at the beginning, we will certainly obviously come
back to you with what we think is the next phase of this
venture, after.of course letting everyone factor in all of

the comments that were made. And I’m not sﬁre what that

‘next step is. That is something I will have to hear from

Todd and from Tom and the rest of the University certainly.

So we’ll certainly'keep you informed, but again I must thank

you very much for all your help.

MR. NICHOLSON: Thank you.
[Whereupon at 5:40 p.m. thé meeting was

concluded. ]
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mechanical ahd transport properties)

- Field instrumentation and monitoring design issues




(-

Key Technical Issues:

1

2

The appropriateness of the field scale;

The ability of the investig.ators to monitor and isolate

specific dynamic space-time domain responses; and .

Possible difficulties in identifying ambient and boundary

conditions Vfor the ptoposed site.




Validation Studi_es for Assessing Unsaturated Flow

and Transport Through Fractured Rock (FIN: L1282)

Imiestigators:
Daniel D. Evans
Todd C. Rasmussen
Michael J. Sully
Randy L. Bassett
TASKS:
1: Laboratory Heater, Hydraulic, Pneumatic and Tracer Tests

2: Field Heater Tests

- 5: INTRAVAL Test Case 1




RESEARCH OBJECTIVE

Examine individual and coupled processes
as they relate to the effects of a thermal source

in a heterogeneous hydrogeologic system

N




ALTS Propesed Experiment

Integral component of RES's HLW research plan

Creates a logical lead-in to analyzing future coupled processes
experiments on a variety of spatial and temporal scales

Builds upon previous laboratory and field nonisothermal experiments
(e.g., NRC UAz and CNWRA DOE G-tunnel, Climax, and WIPP)

Provndes the opportumty to integrate multndlsmplmary research
issues for assessing complex nonisothermal systems

Enables testing of conceptual models for performance assessment
of HLW.
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NONISOTHERMAL EXPERIMENTAL PLAN IN

UNSATURATED, FRACTURED TUFFACEOUS RoCK

CoORDINATED By:

Danzer D. Evans AnD Toop C. RASMUSSEN
DEPARTMENT OoF HyproLoGY & WATER RESOURCES
UNIVERSITY OF ARIZONA, Tucson, AZ 85721

PRerPARED FOR:

Orrice oF NUCLEAR REGULATORY RESEARCH
DivisioNn OF ENGINEERING
U.S. NucLear RecuLATORY COMMISSION
WasHinGgTON, DC 20555

JUNE 15, 1991



B OUTLINE - JUNE 20,f1991
{ .
\_’ 9:30 INTRODUCTION

TaoMas J. Nrcuorson, U.S. NRC
OFFICe OF NUCLEAR REGULATORY RESEARCH

9:45 OVERVIEW

SYSTEMS APPROACH
PROCESSES |
DEFINITIONS
COMPLEXITIES

-~ I.T. vs. R.W.
UNANTICIPATED EVENTS
FreLo SiTe DESCRIPTION

10:30 BrEAK
10:45'DESIGN

N MOTIVATION

: OBJECTIVE
SUB-0BJECTIVES
PHASES
PROCEDURES

12:00 LuncH



1:00 IMPLEMENTATION

ANALsts OF'PREVIOUS EXPERIMENTS
(UAz, CNWRA, HIPP CLIMAX, G-TUNNEL FOREIGN)

BASELINE MONITORING

SITE CHARACTERIZATION
CORE, BLOCK, AND FIELD TESTS

IDENTIFY TECHNOLOGICAL CONSTRAINTS
- SIMULATION MODELING
FreLp HEATER EXPERIMENTS
SITE PREPARATION
HEATER STRENGTH, ORIENTATION AND DIMENSIONS
HEATER COMPOSITION AND CONSTRUCTION
2:40 BrREAK
3:00 Discussion oF COMMENTS

3:30 Rounp-RoBIN Discussion

5:00 AbpJourN



GUIDING PHILOSOPHY

U.S. DOE WILL CONDUCT NONISOTHERMAL TESTS AT YUuCCA
MOUNTAIN TO DEMONSTRATE NEAR-FIELD ENGINEERED '
'BARRIER SYSTEMS.

.PREVIOUS PROTOTYPE EXPERIMENTS HAVE YIELDED NEN
INSIGHTS INTO NONISOTHERMAL PROCESSES AND BEEN
USED AS A PLATFORM TO TEST NEW TECHNOLOGIES.

IN ORDER TO FOCUS ATTENTION AND PREPARE U.S. NRC
STAFF WITH A KNOWLEDGE BASE UPON WHICH TO EVALUATE
U.S. DOE EXPERIMENTAL PLANS AND PROCEDURES,

'AAS WELL AS TO CONFIRM EXISTING CONCEPTUAL MODELS
AND TECHNOLOGICAL CAPABILITIES,

IN CONJUNCTION WITH THE NEED TO IDENTIFY
TECHNOLOGICAL AND CONCEPTUAL INADEQUACIES:

A GENERIC "NONISOTHERMAL EXPERIMENTAL PLAN" IS -
PROPOSED WITH SPECIFIC APPLICATION TO THE APACHE
Leap TurFfF SITE.



Proposep DOE SITE CHARACTERIZATION STUDIES

{ -
\_/
| - 8 3.1. 3 3 STUDIES TO PROVIDED INFORMATION REQUIRED

ON STABILITY OF MINERALS AND GLASSES

0 NATURAL ANALOG OF HYDROTHERMAL SYSTEMS IN TUFF
0 KINETICS AND THERMODYNAMICS OF MINERAL EVOLUTION

-0 CONCEPTUAL MODEL OF MINERAL EVOLUTION



- 8.3.1.15.1.6 IN SITU THERMOMECHANICAL PROPERTIES

0 HEATER EXPERIMENT IN UNIT TSwl

0 CANISTER-SCALE HEATER EXPERIMENT
0 YuccA MOUNTAIN HEATED BLOCK

0 THERMAL STRESS MEASUREMENTS

0 HEATED ROOM EXPERIMENT



{ --8.3.4.2 Issue 1.10: HAVE THE CHARACTERISTICS AND
)  CONFIGURATIONS OF THE WASTE PACKAGES BEEN
‘ ADEQUATELY ESTABLISHED TO:

(A) SHOW COMPLIANCE WITH THE POSTCLOSURE DESIGN
| CRITERIA of 10 CFR 60.135, anD

(8) PROVIDE INFORMATION TO SUPPORT RESOLUTION OF
THE PERFORMANCE ISSUES?



s

J ~-8.3.4.2.4.1 CHARACTERIZE-CHEMICAL’AND
\

MINERALOGICAL CHANGES IN THE
POSTEMPLACEMENT ENVIRONMENT.
0 ROCK-WATER INTERACTIONS AT ELEVATED TEMPERATURES

0 DISSOLUTION OF PHASES IN THE WASTE PACKAGE
ENVIRONMENT , ‘ |

0 NUMERICAL ANALYSIS AND MODELING OF ROCK-WATER

INTERACTION



i -
\/ - 8. 3 4.2. 4 2 HYDROLOGIC PROPERTIES OF WASTE PACKAGE
| ENVIRONMENT
0 SINGLE-PHASE FLUID SYSTEM PROPERTIES
0 TWo-PHASE FLUID SYSTEM PROPERTIES

0 NUMERICAL ANALYSIS OF FLOW AND TRANSPORT IN
LABORATORY SYSTEMS :



= 8.3.4.2.4.3 MECHANICAL ATTRIBUTES OF THE WASTE
i PACKAGE ENVIRONMENT |

0 WASTE PACKAGE ENVIRONMENT STRESS FIELD ANALYSIS



- 8.3.4.2.4.4 ENGINEERED BARRIER SYSTEM FIELD TESTS

5
& - -

‘

\_ 0 REPOSITORY HORIZON NEAR-FIELD HYDROLOGIC
 PROPERTIES

0 REPOSITORY HORIZON ROCK-WATER INTERACTION

0 NUMERICAL ANALYSES OF FLUID FLOW AND TRANSPORT
IN THE REPOSITORY HORIZON NEAR-FIELD ENVIRONMENT



- THE NONISOTHERMAL EXPERIMENTAL PLAN CAN BE USED
- TO:

"0 GUIDE THE EXPERIMENTAL DESIGN PROCESS SO THAT
ALL RELEVANT PROCESSES ARE INCORPORATED; .

0 DOCUMENT THE CURRENT CONCEPTUAL MODEL OF SYSTEM
RESPONSES TO NONISOTHERMAL CONDITIONS;

0 REVIEW EXISTiNG DATA FOR THEIR APPLICABILITY TO
FUTURE NONISOTHERMAL_EXPERIMENTS;yAND |

0 IDENTIFY AND ANTICIPATE CRITICAL RESEARCH NEEDS.



~ MOTIVATION
IDENTIFY RESEARCH NEEDS. -
"CONFIRM EXISTING UNDERSTANDING AND METHODOLOGIES.

ANTICIPATE PROBLEMS AND DEFICIENCIES.

- "0BJECTIVE

MONITOR RESPONSE OF GEOLOGIC SYSTEM TO A THERMAL

SOURCE, AND TO ADEQUATELY EXPLAIN THE OBSERVED

. BEHAVIOR USING NONLINEAR, COUPLED, HETEROGENEOUS
CONSTITUTIVE RELATIONSHIPS.

Sus-0BJECTIVES

EVALUATE ABILITY OF EXISTING TECHNOLOGIES TO
OBTAIN MEANINGFUL AND RELEVANT DATA.

EVALUATE RELATIVE IMPORTANCE OF VARIOUS PROCESSES.
RELATED TO WASTE MOVEMENT IN UNSATURATED FRACTURED
TUFFACEQUS ROCK.

EVALUATE CAPABILITY OF EXISTING CONSTITUTIVE .
RELATIONSHIPS TO REPRODUCE THE OBSERVED BEHAVIOR.



COMPLEXITIES

\.(}( B
-\ - NONLINEAR CONSTITUTIVE RELATIONSHIPS

PARAMETERS ARE A FUNCTION OF THE STATE VARIABLE.

- CoupPLED PRocsssss

STATE VARIABLES AND PARAMETERS ARE A FUNCTION OF
STATE VARIABLES FOR OTHER PROCESSES.

- HETEROGENEOUS ENVIRONMENT

A PARAMETERS VARY SPATIALLY AND AS A FUNCTION OF
SCALE. :

THE MEDIUM HAS VARIABLE DIMENSIONALITY AND
CONSISTS OF MULTIPLE POROSITIES.



Y

&v/A

Ivory Tower vs. ReEaL WORLD

- REDUCE COMPLEXITY
START WITH FIRST ORDER ANALYSIS.
MINIMIZE INTERACTIONS BY ISOLATING PROCESSES.
PERFORM ON COMPUTER OR IN LABORATORY.
LEARN FROM PREVIOUS EXPERIMENTS.

MINIMIZE PRECONCEPTIONS.

- INCORPORATE UNCERTAINTY
ACCEPT LARGE GEOLOGIC VARIABILITY.

REPEAT EXPERIMENTS UNDER WIDE VARIETY OF
CORDITIONS.



SYSTEMS APPROACH

Top-DowN DESIGN
BotToM-Up IMPLEMENTATION

Focus ON GEOLOGIC PROCESSES

GuIDED BY REGULATORY FRAMEWORK AND
EXIsTING TECHNOLOGICAL CONSTRAINTS

MAINTAIN I.T. PERSPECTIVE WHILE
AckNOWLEDGING R.W. CONDITIONS



DEFINITIONS

PrROCESS:

A NATURAL PHENOMENON WHICH INCORPORATES ACTIONS.

CONSTITUTIVE RELATIONSHIP:

A CONCISE MATHEMATICAL DESCRIPTION OF A PROCESS
WHICH INCORPORATES INPUTS, OUTPUTS, CHANGES IN
STATE, PARAMETERS AND INITIAL CONDITIONS.

STATE VARIABLE:

A THEORETICALLY MEASURABLE QUANTITY WHICH
UNAMBIGUOUSLY DETERMINES THE STATE OF THE
SYSTEM. B ‘

InpuT AND OUTPUT:

THE MOVEMENT OF MASS OR ENERGY INTO OR OUT OF A
SYSTEM.

- INITIAL CONDITION:

THE INITIAL STATE OF THE SYSTEM.

PARAMETER:

A MATERIAL PROPERTY OF THE SYSTEM.



PROCESSES

- THERMAL = PNEUMATIC
- HYDROLOGIC | - MECHANICAL

- CHEMICAL szIOLOGICAL



PROCESSES, STATE VARIABLES, AND PARAMETERS

PROCESS

STATE VARIABLE

PARAMETERS

THERMAL TEMPERATURE | THERMAL CONDUCTIVITY
Heat CAPACITY
HyorauLic | Pressure Heap |HyprauLIC CONDUCTIVITY
- - CHARACTERISTIC CURVE
PNEUMATIC GAS PRESSURE AIR’PERMEABILITY H
| COMPRESSIBILITY
| Vapor Vapor PRESSURE | VAPOR DIFFUSIVITY
SOLUTE CONCENTRATION | SoLuTE DIFFUSIVITY

L ——————




RELATED DISCIPLINES

HYDROGEOLOGY

SoxL PHYSICS

Rock MECHANICS

= GEOCHEMISTRY

- ATMOSPHERIC PHYSICS

CHEMICAL ENGINEERS

SATURATED ENVIRONMENT
SOIL ENVIRONMENT

MINE ENVIRONMENT
SATURATED ENVIRONMENf
ABOVE SURFACE ENVIRONMENT

LABORATORY ENVIRONMENT



UncourLED PROCESSES

v-a =V- (K:*Vcbt) = l':I atbzlar + QI

' WHERE
Y DIVERGENCE OPERATOR;

Q FLUX RATE;

K CONDUCTANCE TERM;

C CAPACITANCE TERM

é POTENTIAL TERM; |

Q SOURCE OR SINK TERM; AND

T TIME.

CoupLED PROCESSES
QI = - y"‘Kzav‘bJ-

C = F(d)J)

I .

K = F(cba)

I

V. [E(K _(6)V$)] =C(p) 3¢ /T + Q



PARAMETERS:

- R

HYDRAULIC CONDUCTIVITY, M/S

FRACTURE TRANSMISSIVITY, M/s
H, PRESSURE HEAD AT MATRIX WETTING FRONT, M
H_  PRESSURE HEAD AT FRACTURE WETTING FRONT, M
B FRACTURE APERTURE, M
© MATRIX VOLUMETRIC POROSITY, DIMENSIONLESS

- 1/2
¢ MATRIX SORPTIVITY, M/S

1/2
R  FRACTURE SORPTIVITY, M/S

¢ = [2KGi -u)/61Y% & = [2T(u -u) /812
I M 0 F

InpuTs AND QUTPUTS
a FLUX INTO MATRIX, M/S

s
QF FLUX INTO FRACTURE, M /S

STATE VARIABLES
H ~ HEAD IN FRACTURE DRIVING MATRIX FLOW, M

Ho HEAD AT THE FRACTURE ENTRANCE, M



ExaMPLES OF CoupLED EFFECTS
RoCK DEFORMATION BY HEATING:

0 AFFECTS FRACTURE APERTURES

OSMOTIC POTENTIAL:

0 FLUID PRESSURE IS AFFECTED BY SOLUTE
CONCENTRATION |

CHEMICAL SOLUBILITY AFFECTED BY HEAT

0 CHEMICAL PRECIPITATION AND DISSOLUTION CHANGES

HYDROTHERMAL EFFECTS:

0 FLUID DENSITY AND VISCOSITY EFFECTS

CHEMICAL-MECHANICAL EFFECTS:

0 FRACTURE HEALING AFFECTS ROCK DEFORMATION



'UNANTICIPATED EVENTS

- EVEN WITH A COMPLETE DESCRIPTION OF A SYSTEM,
VARIOUS COMBINATIONS OF CONDITIONS CAN RESULT IN
UNIQUE AND UNIMAGINED EVENTS.

- IT IS NOT THAT WE BELIEVE THEM TO BE UNLIKELY,
RATHER, WE HAVE NOT IMAGINED THEIR EXISTENCE.
RISK ASSESSMENTS, THEREFORE, INHERENTLY
UNDERESTIMATE THE TOTAL RISK.

- EXTENSIVE TESTING WILL PROVIDE THE OPPORTUNITY TO
EXPERIENCE UNUSUAL EVENTS. '



NonisoTHERMAL HYDrOLOGIC TRANSPORT STUDY

PERFORM SIMULATIONS USING EXISTING
CHARACTERIZATION DATA FROM THE NEARBY
APACHE LEAP INJECTION SITE FOR THE PUR-
POSE OF OBTAINING A PRELIMINARY EXPERI-
MENTAL DESIGN.

USE EXISTING DATA SETS TO GUIDE DESIGN
| PROCESSES.

EVALUATE ALTERNATE CHARACTERIZATION AND
MONITORING TECHNIQUES AT THE INJECTION
SITE.

IDENTIFY TECHNOLOGICAL CONSTRAINTS AND
RESEARCH NEEDS.

ISSUES SUCH AS MONITORING BOREHOLE
LOCATIONS, ORIENTATIONS AND DRILLING
\_/ | METHODS WILL BE RESOLVED DURING THIS
PHASE.




PHASE 2

INSTALL MONITORING BOREHOLES AND

FURTHER CHARACTERIZE THE HEATER SITE
USING IN SITU AND LABORATORY CORE MEA-

SUREMENTS.

OBTAIN IN SITU CONDITIONS FOR WATER
CONTENTS AND TEMPERATURES.

SELECT AND CALIBRATE MEASUREMENT
DEVICES. '




Puase 3 | REFINE THE EXPERIMENTAL DESIGN BASED ON
DATA COLLECTED IN PHASE 2 AND
ADDITIONAL SIMULATION STUDIES.

USING THIS INFORMATION, INSTALL
BASELINE SENSORS FOR REAL-TIME
MECHANICAL, PRESSURE AND TEMPERATURE
CHANGES. '

ALSO, INSTALL ADDITIONAL BOREHOLES IF
NEEDED. ‘




\_

PHASE 4

COLLECT BASELINE DATA FROM SENSORS
INSTALLED IN PHASE 3, AND CONTINUE
MONITORING WATER conrsurs WHICH WERE
STARTED IN PHASE 2.

Use DATA SETS IN CONJUNCTION WITH
COMPUTER MODELING ACTIVITIES TO REFINE

HEATING SCHEDULE.




PHASE 5 | PERFORM PRELIMINARY HEATER TEST AND
» MEASURE RESPONSES.

CONCURRENTLY AND INDEPENDENTLY SIMULATE
RESPONSES USING BASELINE AND
CHARACTERIZATION DATA, AS WELL AS
OBSERVED INITIAL AND BOUNDARY CONDI-

TIONS.




PHASE 6

COMPARE EXPERIMENTAL AND STIMULATION
RESULTS.

DETERMINE WHETHER THE OBSERVED RESPONSE
LIES WITHIN FORECASTED CONFIDENCE
INTERVALS.

OBTAIN AND TEST CORE SAMPLES TO CONFIRMY '
FINAL CONCLUSIONS. |

REPEAT TESTS INCORPORATING INCREASED
POWER AND COMPLEXITY.




.C")ZM:I:—I

PREVIOUS THERMAL STUDIES

UNIVERSITY OF ARIZONA (TUFF)

0 RoaD TUNNEL

0 LaBORATORY CORES

CNWRA (GLass Beabs)

0 LABORATORY BOXES

G-TunNeEL (TUFF)

o HeaTter TeSTS

T-H
T-H

T-H

T-H

'NTS CriMax MINE (GRANITE)

o Acep REACTOR WASTE

WIPP SiTe (SALT)
o 18-W/M° Mockup

- 0 WAsTE PACKAGE

THERMAL
"HyproLOGIC

SOLUTE TRACER
MECHANICAL

CHeMIcAL (CORROSION)

T-M
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Cross section

Plan view
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Small dlameter heater alcove
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AvAILABLE LABORATORY DATA

\— - ISOTHERMAL CORE.EXPERIMENTS
PHYSICAL, HYDRAULIC, PNEUMATIC, THERMAL AND
ELECTRICAL CONDUCTIVITY PROPERTIES
- ISOTHERMAL BLOCK EXPERIMENTS
FRACTURE FLOW AS FUNCTION OF MATRIC POTENTIAL
FRACTURE-MATRIX INTERACTIONS |
CHEMICAL TRANSPORT THROUGH FRACTURE

FRACTURE SURFACE ROUGHNESS AND APERTURE PROFILES

- NONISOTHERMAL CORE EXPERIMENTS

— SOLUTE AND LIQUID TRANSPORT IN CORE DUE TO
THERMAL GRADIENT.



AvAILABLE FIELD DATA

THERMAL

ANNUAL HEAT CYCLE AND GEOTHERMAL GRADIENT.

= PNEUMATIC

BOREHOLE FLOW RATES SHOWING BAROMETRIC, ,
TOPOGRAPHIC, GAS COMPOSITION AND WIND DIRECTION
EFFECTS.

HYDROLOGIC
ROCK WATER CONTENT MEASURED USING NEUTRON PROBE.

SURFACE INFILTRATION FROM WATERSHED STUDIES.
MINE INFLOW RATES RESULTING FROM RAINFALL-

. RUNOFF.

- STRUCTURAL

_FRACTURE ORIENTATIONS AND EXTENTS.

- CHEMICAL

SULFATE DISTRIBUTION NEAR FRACTURE. STABLE
ISOTOPE DISTRIBUTIONS NEAR FRACTURE. FRACTURE
FILLING MINERALOGY. .

ELECTRICAL

RESISTIVITY SURVEYS OF PROPOSED HEATER SITE.



Y

NuMERICAL STUDIES

- NEAR FIELD NONISOTHERMAL CONDITIONS

'CULLINAN AND SHAIKH

= UNSATURATED FRACTURE FLOW

RASMUSSEN



- BASELINE MONITORING

- TEMPERATURES

THERMISTORS
THERMOCOUPLES

- WATER CONTENT
NEUTRON PROBE
RESISTIVITY
TDR

MATRIC POTENTIAL

PSYCHROMETERS
'TENSIOMETERS

Rock/FRACTURE DEFORMATION

STRAIN/DISPLACEMENT GAGES

AIR PRESSURE

TRANSDUCERS

GAS ComposzTrou

OXYGEN, HUMIDITY SENSORS

WATER COMPOSITION

RESISTIVITY
SUCTION LYSIMETERS
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MONITORING TECHNOLOGY

- HreH Accuracy, RELIABILITY, RESOLUTION

0 TEMPERATURE
0 GAS PRESSURE

0 GAS COMPOSITION

HicH Accuracy, ReLIABILITY / Low RESOLUTION
0 NEUTRON COUNTS
0 MECHANICAL DISPLACEMENTS

0 RESISTIVITY

~
Low ACCURACY, RELIABILITY, RESOLUTION
o LIQUID WATER POTENTIAL

0 WATER CHEMISTRY

0 WATER PERMEABILITY



EXAMPLES OF TECHNOLOGICAL CONSTRAINTS

MONITORING OF FLUID CHEMICAL COMPOSITION IN
UNSATURATED ROCK | |

"MONITORING OF FRACTURE WATER CONTENT AND
PERMEABILITY

MONITORING OF MATRIC POTENTIAL BETWEEN 60 anp 1000
kKPA (0.6 Anp 10 BARS).

EMPLACEMENT OF MONITORING DEVICES NITHOUT
AFFECTING ENVIRONMENT OR OTHER MONITORING DEVICES.

ABILITY TO SIMULTANEOUSLY SIMULATE COUPLED
THERMAL, LIQUID, VAPOR, TRACER, GEOCHEMICAL, AND
GEOMECHANICAL PROCESSES UNDER .UNSATURATED
CONDITIONS IN HETEROGENEOUS MATERIALS IN THREE

DIMENSIONS.



SITE CHARACTERIZATION ACTIVITIES

CoRe (UNFRACTURED)

EXISTING DATA SETS PLUS ADDITIONAL CORE ANALYSES

SMALL BLock (FRACTURED)
UNCOUPLED THERMAL, MECHANICAL, FLUID, AND
. GEOCHEMICAL ANALYSES

LARGE BLocK (UNFRACTURED)

COUPLED ANALYSES IN HOMOGENEOUS'MATERIAL

LARGE BrLock (FRACTURED)

\”/ COUPLED ANALYSES IN HETEROGENEOUS MATERIAL



Frewo Heater TESTS

SINGLE LARGE BLOCK, APPROX 3 X 3 X 3 M, WITH NO
OBSERVABLE FRACTURES. FOLLOWED BY TEST IN FRACTURED
BLOCK, APPROX 5 X 5 X 5 M, WITH A SINGLE VERTICAL OR

HORIZONTAL FRACTURE.

MONITOR RESPONSE TO [VERTICAL LINE SOURCE, SINGLE
POINT SOURCE, OR DUAL POINT/LINE SOURCES AT
DIFFERENT TEMPERATURES], INCLUDING: TEMPERATURES,
WATER CONTENTS, MATRIC POTENTIALS, GAS COMPOSITION
AND PRESSURE, AND MECHANICAL, RESISTIVITY, AND WATER

CHEMISTRY CHANGES.

OPTIMAL SAMPLING DENSITIES AND LOCATIONS, HEATER
STRENGTH AND DURATION, PREVIOUSLY DETERMINED USING

CALIBRATED COMPUTER MODEL.

AFTERWARDS, REMOVE BLOCKS AND EXAMINE FOR TRACER
Kv/ MOVEMENTS, MINERALOGIC AND GEOCHEMICAL CHANGES.



SUMMARY OF REVIEWER COMMENTS

- OBJECTIVES:

RELATE HOW THIS PROGRAM INTERFACES WITH THE VADOSE
70NE PROGRAM, ESPECIALLY WITH REGARD TO CRITICAL
PATHS OF POTENTIAL RELEASE.

THE INITIALLY PROPOSED OBJECTIVES ARE TOO BROAD.

THE EFFORT SHOULD FOCUS ON TRANSPORT MECHANISMS
ALONE. ' '

EMPHASIZE THE NEED TO VALIDATE MECHANISMS, RATHER
THAN COMPUTER MODELS.

THE OBJECTIVES SHOULD FOCUS ON WHETHER ALL RELEVANT
PROCESSES HAVE BEEN INCORPORATED INTO MODELS IN AN
APPROPRIATE MANNER. 4

AN IMPORTANT SUB-OBJECTIVE SHOULD BE_THE REVIEW AND
CHARACTERIZATION OF EXISTING DATA. THE DATA SHOULD -
BE USED TO IDENTIFY ADDITIONAL FIELD RESEARCH NEEDS.

‘A suB-OBJECTIVE SHOULD BE THE INTEGRATION OF MANY
TECHNICAL DISCIPLINES INTO A SINGLE EXPERIMENTAL
UNDERTAKING. . '

ANOTHER SUB-OBJECTIVE SHOULD INCLUDE VALIDATION OF
THERMOMECHANICAL MODELING. :



- GENERAL:

IT IS ADVISED THAT SPECIFIC PROCESSES BE IDENTIFIED,
AND THE COMPUTER MODELS USED TO IMPLEMENT THESE
MODELS BE DETERMINED. THE CALIBRATION AND
VALIDATION DATA SETS NEEDED BY MODELS SHOULD THEN BE
SPECIFIED. B

IDENTIFY HYPOTHESES PRIOR TO CONDUCTING TEST,
INCLUDING HEAT PIPE SIGNATURES, CAPILLARY FLOW IN
FRACTURES, AND WETTING DIFFUSIVITY.

THE RESOLUTION AND ACCURACY OF DATA NEEDED FOR MODEL
VALIDATION NEEDS TO BE DETERMINED. 'CRITERIA FOR
DETERMINING ACCEPTANCE WILL HAVE TO BE IDENTIFIED,
ALONG WITH PARAMETER SENSITIVITIES AND DATA
UNCERTAINTIES.

CAN A THERMAL RESPONSE (BOTH UNDER BASELINE AND TEST
CONDITIONS) BE USED AS AN INDICATOR OF FLUID

\_ MOVEMENT (AIR AND WATER) BY CONVECTION OR
CONDUCTION. IF SO, CAN OTHER INDEPENDENT TESTS
USING TRACERS OR WATER CONTENT VARIATION BE USED TO
VALIDATE THE THERMAL RESPONSE.

IT IS IMPORTANT TO INCORPORATE FIELD
CHARACTERIZATION DATA PRIOR TO DETERMINING THE
OPTIMAL HEATER EXPERIMENTS. THE SPATIAL AND
TEMPORAL RESOLUTION OF DATA NEEDS TO BE RESOLVED
PRIOR TO CONDUCTING THE CHARACTERIZATION TESTS.

THE APPROPRIATENESS AND JUSTIFICATION FOR THE
PLANNED SCALE SHOULD BE ADDRESSED.

THE SCALE OF THE EXPERIMENT MAY BE TOO SMALL FOR
INFERRING THE EFFECTS AT REPOSITORY SCALES.

'PRIOR TO CONDUCTING THE FIELD-SCALE TEST, A LARGE
BLOCK EXPERIMENT SHOULD BE PERFORMED WITH BETTER
\__/ CONTROL ON BOUNDARY CONDITIONS AND MASS BALANCES.



- SOURCE:
N THE HEATER SHOULD BE PLACED rus:os OF A CANISTER.

CouPONS MADE OF VARIOUS PROPOSED CANISTER MATERIALS
SHOULD BE PLACED NEAR THE HEATER SOURCE TO EXAMINE
CORROSION PROCESSES.

INITIALLY THE HEAT SOURCE WILL BEHAVE AS CYLINDER,
LATER AS A SPHERICAL SOURCE.

IT MAY BE BETTER TO USE A POINT SOURCE OF HEAT,
RATHER THAN A CYLINDRICAL SOURCE.

A VERTICAL HEATER TEST IS RECOMMENDED.

THE TESTS SHOULD INCREMENTALLY INCREASE SYSTEM
COMPLEXITY. ' )

ONE OF THE HEATER TESTS SHOULD BE LOCATED IN
Kv/‘ UNFRACTURED ROCK. ‘ANOTHER TEST SHOULD INTERSECT A
SINGLE FRACTURE.

'THE HEATER TEST SHOULD BEGIN WITH LOW TEMPERATURES
(< 100°C) TO MINIMIZE COUPLED EFFECTS.



- MATERIAL PROPERTIES:

IT IS IMPORTANT TO MEASURE THE ROCK WETTING AND
DRYING DIFFUSIVITY, BOTH BEFORE AND AFTER THE TEST.

THE WETTING DIFFUSIVITY OF A FRACTURE IS AN
IMPORTANT CHARACTERIZATION PARAMETER.

THE INTERACTION BETWEEN TEMPERATURE AND ROCK
DEFORMATION (WITH AND WITHOUT FRACTURES) NEEDS TO BE
DETERMINED. ROCK JOINT MECHANICAL PROPERTIES ALSO
NEED TO BE DETERMINED. -

SIGNIFICANT CHARACTERIZATION WILL BE REQUIRED.

SUBSTANTIAL GEOLOGIC VARIABILITY IN HYDRAULIC
CONDUCTIVITY IS OBSERVED, AND CORRELATION WITH OTHER

PROPERTIES IS MINIMAL.

AN UNDERSTANDING OF THE RESIDUAL STRESS PATTERNS
WILL BE REQUIRED. , |

THE PROCESS AND IMPORTANCE OF HEAT TRANSPORT ACROSS
FRACTURES NEEDS TO BE DETERMINED. |



- BOUNDARY CONDITIONS:

BOUNDARY CONDITIONS FOR THE EXPERIMENT NEED TO BE
FIRMLY ESTABLISHED.

FOR UNDERGROUND WORK, A BULKHEAb SHOULD BE INSTALLED
NEAR THE HEATER SITE TO PREVENT VENTILATION.

FOR NEAR-SURFACE WORK, A COVER SHOULD BE PLACED OVER
THE SITE.

RATHER THAN TRY TO CONTROL BOUNDARY CONDITIONS, IT
WOULD BE BETTER TO MONITOR THEM. AN IMPORTANT MODEL
COMPARISON MAY BE OBTAINED BY EXAMINING RESPONSE TO
TRANSIENT BOUNDARY CONDITIONS. |

DUE TO DIFFERENCES IN IN-SITU STRESS REGIMES, IT
WOULD BE BETTER TO WORK UNDERGROUND.

PROCESSES RELEVANT AT THE REPOSITORY MAY NOT EXIST
AT A NEAR-SURFACE FIELD LOCATION. ALSO, NEAR-

" SURFACE PROCESSES MAY OVERWHELM IMPORTANT REPOSITORY

DEPTH PROCESSES.

AIR FLOW NEAR THE SURFACE SEEMS TO BE NEGLECTED.



- RESPONSE:

\_/ AN EQUIVALENT POROUS MEDIA MODEL IS INSUFFICIENT TO
MODEL THE THERMAL RESPONSE. IT WouLD BE BETTER TO
USE A DISCRETE FRACTURE NETWORK MODEL.. :

DURING THE COOLING PHASE, THE PRIMARY REWETTING WILL
BE DUE TO VAPOR CONDENSATION RATHER THAN LIQUID
IMBIBITION. :

THE TEST SHOULD INCORPORATE MULTIPLE IONS, WITH
DIFFERENT CHARGES IN VARIOUS CATION EXCHANGE
ENVIRONMENTS. ‘ -

PLACE MONITORING EQUIPMENT PERPENDICULAR TO THE
DISCRETE FRACTURE INTERSECTED BY THE HEATER.

TRACERS SHOULD BE EMPLOYED TO DETERMINE FLUID
MOVEMENT. THE ROCK SHOULD BE SAMPLED AFTER THE TEST
TO DETERMINE THE FINAL DISPOSITION OF THE TRACERS,

K‘// WHERE THE FRACTURES ARE LOCATED, AND THE
CONFIGURATION OF THE FLOW FIELD.

EMPHASIS SHOULD BE PLACED ON THE NEED TO EVALUAfE
NEW TECHNOLOGY.

IT MAY BE BETTER TO PUT SENSORS IN SEALED AND
INSULATED BOREHOLES RATHER THAN IN PACKED-OFF
INTERVALS.

DETERMINE WHAT MEASUREMENTS CAN BE USED TO MONITOR
WATER AND AIR MASS BALANCES DURING THE TEST.

IF MODELED AND MEASURED RESPONSES DIFFER, THEN
" FOLLOWUP TESTS SHOULD BE PERFORMED.

GEOCHEMICAL ASPECTS OF A LIQUID-VAPOR ENVIRONMENT

WILL COMPLICATE THE NEAR-FIELD MEASUREMENTS. IN

LIGHT OF THIS, HYDROLOGIC EFFECTS IN THE FAR FIELD
\_J MAY BE EASIER TO MEASURE.



ELECTRICAL RESISTIVITY CAN BE USED TO MONITOR WATER
CHEMISTRY. :

MINERAL CHEMISTRY SHOULD BE EMPLOYED TO EXAMINE ROCK
CHANGES BEFORE AND AFTER THE TEST. ‘

CALCITE PRECIPITATION DUE TO HEATING OF WATER AND
VOLATILIZATION OF DISSOLVED coz MAY OCCUR.

MONITORING OF AIR PRESSURE NEAR THE HEATER SHOULD BE
INCLUDED. :

SOLUTE TRANSPORT MONITORING SUFFERS FROM
TECHNOLOGICAL CONSTRAINTS. RESEARCH NEEDS INCLUDE
THE DETERMINATION OF APPROPRIATE TRACERS AND
MONITORING TECHNIQUES.

CAN NEUTRON LOGGING ADEQUATELY MONITOR WATER
CONTENTS. |

DISPLACEMENT AND STRAIN MONITORING SHOULD BE
INCLUDED IN THE TEST PROGRAM.

BUILD REDUNDANCY INTO ENTIRE SYSTEM. DO NOT RELY
UPON INDIVIDUAL SENSORS OR HEATER ELEMENTS.

THERMISTORS ARE MORE USEFUL FOR MEASURING
TEMPERATURES THAN THERMOCOUPLES. ‘

. MAINTAINING THERMAL CONTACT BETWEEN THERMISTORS AND
ROCK WALL IS EXTREMELY CRITICAL. ‘THE EXISTENCE OF
AIR GAPS CAN SUBSTANTIALL AFFECT TEMPERATURES, AS
WELL AS INDUCE A HEAT PIPE EFFECT.



COMMENTS AND SUGGB‘TIONS CONCERNING JANUARY 1990 VERSION OF
*EXPERIMENTAL PLAN, Noaisotherma! Hydrologic Transport Study
" at the Apache Leap Tuff Site" by T.C. Rasmussen and D.D. Evans

by Shlomo P. Neuman
February 12, 1991

My comments and suggestions concern a field-scale heater experiment proposed in the
above document by Drs. Todd C. Rasmussen and Daniel D. Evans. The purpose of
this experiment is (p. 1) to "confirm{] important aspects of coupled heat. liquid, gas and
solute transport” andfor (p. 34) "to evaluate and confirm existing conceptual and com-
puter simulation models related to fluid flow in a nonisotherma! environment.” Its spec-
ific objectives are are (p. 9) :

(1) *To further assess appropriate methods, techniques and technologies for characterizing
and monitoring water flow, transport and thermomechanical changes in unsaturated frac-
_tured rock, including interaction between the rock matrix and the fracture system:”

(2) "To examine relevant hydraulic, pneumatic, thermal, solute transport and thermo-
mechanical processes and relevant parameters, singularly and coupled, at field scales of
from oge to thirty meters;” . :

(3) *To evaluate the thermomechanical effects of a heat source on fracture and matrix
paeumatic and hydraulic transport propercties;” .

(4) "To geperate data sets for complex, coupled flow and transport systems for use in
the validation of unsaturated flow and transport models;"” .

(5) "To assess various modeling approaches and their limitations in predicting flow and
transport through noaisothermal, unsaturated, fractured rock.”

*The experiment is designed” (p. 6) "to evaluate the relative significance associated with
excluding various processes, and to evaluate scale dependent procedures used to estimate
material properties.” “"Modeling of the experimental results is an important validation
aspect, and is the principal reasoe for conducting the test{].” ‘

" These statements of purpose, objective, design goal and principal motivation behind the
heater experiment are broad and ambitious. They are also quite geaeral and therefore
open to multiple (perhaps conflicting) interpretations. '

Our current understanding of flow and transport in unsaturated fractured tuffs, under
field conditions, is limited and speculative,, hence subject to uncertainty and. controversy.
There are certain "aspects of coupled heat, liquid, gas and solute transport” about which
we know more and other aspects about which we know less or very little. Aspects
about which we know quite a lot include heat conduction in both saturated and unsatu-
rated porous rock matrix, liquid flow in saturated and unsaturated porous rock matrix
under isothermal conditions, and conservative isothermal solute transport at tracer concen-
trations in saturated porous media. Aspects about which we know less include heat
conduction in saturated and unsaturated fractured rocks. liquid flow through saturated
fractured rocks under isothermal conditions. gas flow through liquid-free fractured rocks
under similar conditions, and isothermal gas flow through partially saturated porous
media. Aspects about which we know still less include heat transport by conduction
and convection in heterogeneous saturated porous media and in homogeneous partially -
saturated porous media, liquid flow through partially saturated fractured porous rocks
under isotherma! conditions, isothermal gas flow through partially saturated fractured
porous rocks, and conservative isothermal solute transport at tracer concentrations in satu-
rated fractured rocks. Aspects about which we know relatively little include heat con-
duction and convection coupled with multiphase fluid flow in nonuniform porous media



nonisothermal liquid flow through partially saturated fractured porous rocks, nonisother-
mal gas flow through partially saturated fractured porous rocks. and conservative solute
transport at tracer concentrations in unsaturated fractured rocks. Aspects about which
we know extremely little, if anything include heat conduction and convection coupled
with multiphase fluid flow in fractured porous media, multiphase water transport through
ponuniform porous andfor fractured rocks at temperatures above the boiling point. gas
flow under similar conditions, and solute transport under all but the coaditions listed in
connection with this phenomenon earlier.

The proposed heater experiment involves many aspects of flow and transport about
which relatively little or nothing is presently known. With respect to these aspects, the
ability of the experiment t0 “confirm™ and “"validate* must be quite limited: one can
only confirm or validate what one knows or can reasonably hypothesize, then observe
and measure. To date, little has been done to validate our ability (or lack of it) to mea-
sure and describe (not to speak of predicting) the space-time distribution of water in
fractured tuffs under static isothermal conditions (not to mention isothermal dynamic flow
regimes) at a space-time resolution that could clearly distinguish between the roles of
matrix blocks and fractures (not to think of finer channels) in storing and conducting
fluids on field scales of up to thirty meters, as stipulated in objective (2). Our present
understanding of isothermal flow and transport in unsaturated fractured tuffs, and our
current ability to define and measure relevant rock properties (saturated hydraulic con-
ductivity as affected by fractures on various spatial scales, unsaturated hydraulic conduc-
tivity as affected further by water content, air permeability as affected by fractures and
water saturation, relationship between air and water permeabilities. total and kinematic
porosities as affected by fractures, spatial variability and scale-dependence of these par-
ameters) and state variables (humidity, water conteat, hydrostatic and capillary pressure,
osmotic pressure, their distribution within and between fractures) are, at best, rudimen-
tary. Such conceptual understanding. and ability to define and measure, are better dev-
eloped and validated under the relatively simple conditions of isothermal! flow. The pro-
posed heater experiment would create much more complex conditions and would there-
fore make it much more difficult to relate effects to causes in an unambiguous manner
-than a8 well thought out and executed isothermal experiment.

The complex conditions created by a heater test render it less than ideal for the investi-
gation of issues which arise under isothermal conditions, such as (p. 6) "the ability of
various modeling strategies (including the equivalent porous medium represesntation of
fracture flow, as opposed to discrete fracture network flow representation within a
- porous matrix) ... to accurately represent fluid flow and solute traasport processes in
unsaturated fractured rock:” another modeling strategy to consider is one that represents
the geologic medium by means of one or several overlapping stochastic continua in areas
where detailed information about discrete features (fractures, fracture zones, channels) is
lacking. while embedding discrete features into the stochastic mode!l where such have
been clearly delineated (geologically and geophysically) and adequately characterized
(hydraulically). To model flow and transport under nonisothermal conditions, the same
distinctions between modeling strategies must be made. As the conditions created by a
heater experiment are relatively complex, its stated purpase (p. 34) "to evaluate and con-
firm existing conceptual and computer simulation models related to fluid flow in a noni-.
sothermal environment® may be difficult to achieve. For the same reason, it may be
difficult to design the experiment so as (p. 6) "o evaluate the relative significance associ-
ated with excluding various processes, and to evaluate scale dependent procedures used
to estimate material properties.” It may be equally difficult to achieve significant pro-
gress toward some of the specific objectives listed above under (1) - (6), especially those
relating to process definition and mode! validation.



Given that model validation is considered to be the principal reason for conducting a
heater experiment, what can we expect to be validated by such an experiment? How
can such a validation be accomplished? The authors suggest (p. 6) that “ideally, the tests
will be designed using calibrated models, with calibration data sets having been obtained
from laboratory and field tests. Once calibrated, the model will be validated by propos-
~ ing a perturbation of the system not related to calibration experiments for the purpose of
evaluating the assumptions inherent in the model.® This contrasts with a later statement
(p. 36) according to which "no calibration against the experimetal results is expected -
Rather, "model accuracy” will be determined by (p. 35) “"simulatfing] responses using
baseline and characterization data, as well as observed initial and boundary conditions,”
and then “"compar{ing] experimental and simulation results [lo] determine whether the
observed response lies within forecasted confidence intervals.® [ believe that a combina-
- tion of these two approaches is needed. However, | propose that one first discuss in

some detail what model(s) will be calibrated, against what data, at what stage of the
expenment. and how. [ also propose that this be followed by a relatively detailed dis-
cussion of what aspect(s) of the model(s} or underlying theory (theories) will be validated,
against what data, at what stage of the experiment, and how. Only on the basis of such
discussions may it become pomb!e to evaluate the potential benefits or the proposed
experiment.

Consxdermg the relatively low level of knowledge and technology we currently possess
concerning isothermal flow and transport in unsaturated fractured tuffs, and the complex
conditions created by a heater test, it is in my view important that we clearly separate
what we apparently know and probably can do, from what we admittedly don't know
‘and may be unable to do, well in advance of planning the heater experimet. On one
hand, our present ability to accurately measure, correctly interpret, and interpolate spa-
tially, quantities other than temperature at depth during the proposed experiment are lim-
. ited. On the other hand, groundwater models under much simpler conditions than those
created by the heater test generally require a large amount of data, and a good amount
of calibration effort, before they can meaningfully reproduce observed behavior. Even
after considerable calibration against a relative wealth of space-time data, such models
often perform poorly as predictors outside the calibration range and must be periodically
updated (recalibrated) to remain current (one well-known updating technique being the
standard or extended Kalman filter). It is not entirely clear from the proposal how a
heater experimeat on the proposed scale of up to thirty meters could, under the given
budget and time constraints, generate data of sufficient quantity and quality to allow
" resolving validation issues of the kind discussed earlier and highlighted further on pp. 6
~ and 7 of the document. 1 would feel more comfortable about the heater experiment if
its purpose and objectives were more focused. particularly on issues which cannot be
addressed by means of simpler (isothermal) experiments. [ propose that such a focus
might be provided by attempting to answer the following questions, more or less in the
order they are listed below, which also represents their proposed order of priority:

1. How accurately, and with what space-time resolution, can one measure and describe
the distribution of temperatures on a scale of up to 30 meters in unsaturated frac-
tured tuff at the Apache Leap site? What accuracy and resolution are required to
detect anomalies due to convective air and vapor currents through major fractures
and/or channels, or due to other causes? Might it be belter to emplace temperature
sensors permanently in sealed and insulated boreholes rather than in packed-off in-
tervals as presently envisioned? .

2. Can one reproduce the space-time temperature distribution on a scale of up to 30
meters, observed prior to activating the heater (i.e., under ambient or pre-test condi-
tions). by means of a simple model which accounts only for heat conduction and
treats the rock as a uniform continuum. the properties of which (heat conductivity



and capacity as functions of water content) are based on laboratory measurements on
cores and blocks? Existing data (p. 28) suggest that heat conductivity and capacity
vary much less than hydraulic conductivity (and porosity?). Can this reproduction
be improved through a calibration process in which one varies the distribution of
water contents in three-dimensional space? Can the calibrated water contents be
verified (validated) independently by means of peutron probes, tomography. or other
measurements? If the latter is not possible, can such measurements be used to help
improve the calibration? If not, can the calibration be improved by embedding
observed fractures and/or channels in the above model of & continuum? Can the
calibrated properties of these discrete fractures andfor channels be verified (vali-
dated) independently through direct hydraulic and/or pneumatic lests? . Can a satis-
factory calibration be achieved, primarily to anomalies if such have been detected,
without modifying the model to allow for convection through known (or unknown)
fractures andfor channels? If unknown fractures and/or channels are required for
calibration, can their existence and properties be validated by independent measure-

- ments, and how? :

What can be learned from observations of temperature and water content under pre-
test conditions, with or without the above model, about ambient heat fluxes through
the rock on a scale of up to 30 meters? Can one confidently determine an average
heat flux vector, and its variation with time? Can one determine the maaner in
which the directions and magnitudes of local heat fluxes vary from point to point in
three-dimensiona! space and in time? Can any such determinations be validated
through independent measurements, and how? Can one detect and quantify anomal-
ous heat fluxes due to convective air and/or vapor flow through known (or unk-
nown) fractures and/or channels, or due to other causes? Can such fluid flow be
detected and quantified independently of the temperature data to help confirm (vali-
date) its existence and extent?

Assuming that the pre-test distribution of temperatures, water contents and heat
fluxes can be adequately characterized and modeled, what modifications in the model
are required so that it can be used to design the heater experiment proper? Consid-
ering that at the Apache Leap injection site (p. 27) “field estimates of saturated
hydraulic conductivity” show a (p.28) "variation of ... approximately 700% and
ranges of five orders of magnitude," how meaningful is it to borrow such data for
the design of the heater experiment (p. 2). and how can such a transfer of data
from one site to another be accomplished? Could these data be averaged in some
meaningful way to yield effective continuum values and if so how? If oot. would 2
stochastic representation and model be required to design the heater experiment? In
the lstter case, are the available data amenable to a statistical analysis that might
yield a meaningful stochastic representation? Would it not be more appropriate to
design the heater experiment on the basis of hydraulic and/or pneumatic data col-
lected 2t the site of the proposed experiment? If so, by means of what method(s),
on what spatial scale(s), with what degree of spatial resolution. and how accurately
can and need one measure and describe the distribution of saturated hydraulic con-
ductivities, unsaturated hydraulic conductivities as functions of water content and
temperature, capillary pressure as a function of water content and temperature,
and/or air permeabilities as functions of water content and temperature, on a scale
of up to 30 meters at the proposed heater test site? With how much confidence can
and need one attribute such measurements (o this or that fracture, channel or matrix
block? How should the answer(s) to these questions be reflected in the selection
and/or development of conceptual, mathematical and numerical model(s) for experi-
mental design?



S.

After selecting or developing an appropriate nonisotherma! multiphase flow model for
experimetal design, and collecting appropriate hydraulic and/or paeumatic data to

“gerve as input parameters for this model, what considerations and criteria should one -

adopt in designing the experiment? What, according to this model whea applied
under a range of plausible input parameters, is needed to detect the onset of convec-
tion in response to various heater power outputs and schedules? Is it possible to
design a (single ar multiple) heater power output .and schedule (constant or transient)
such that the onset of convection can be detected solely by observing tempetature
variations with time at various points in three-dimensional space? As temperatures
are the easiest state variable to measure, this seems highly desirable. Should it also
be possible to deduce, from temperature measurements alone, what is the spatial
extent of convective currents generated in response to heating? What effect do indi-
vidual fractures and channels have on convection (do they create identifiable temper-
sture anomalies)? Could such deductions be verified (validated) independently by
means of tracers (in liquid andfor gas phases) and/or measurements of water content
variations in time? Is a scale of up to 30 meters appropriate for the heater test?
How can one determine the average heat flux, Rayleigh pumber (ratio between
buoyancy and viscous retardation forces) and Nusselt number (ratio between total
and conductive heat flows) on such a scale?

If temperature measurements alone are not enough to detect the onset of convection,
its spatial extent, and the role of individual fractures or channels, what additional
measurements are required (water contents? liquid pressures? vapor pressures? pneu-
matic pressures?), at what spatial scales and resolution, with what accuracy? Are
such measurements feasible considering available technology, time and budget? Are
(p. 17) "tomographic estimates of water content ... , especially pear the heater bore-
hole due to the failure of neutron probes at elevated temperatures.” preseatly possi-
ble at the required accuracy and resolution? What measurement are required to not
only ascertain the presence of convective cells, determine their spatial extent, evalu-
ate the role of individual fractures and channels, and estimate the associated heat
fluxes, but also to differentiate between the roles of liquid water and vapor, evapo-
ration and condensation, transport of sensible and latent heat, in the convection pro-
cess? In other words, what measurements are required to validate the heat pipe
effect under field conditions, and to quantify this effect? What measurements, if
any, could potentially isolate the role of individual fractures in the generation of
heat pipes (will there be more than one)? Are such measurements feasible?

7. What measurements, if any, may detect the effect of heat on the porosities and per-

meabilities of matrix blocks and fractures? What measuremeats, if any, may detect
the effect of heat on unsaturated rock properties? Are such measurements feasible?
To what extent and how should this effect be studied in the laboratory prior to the
heater experiment?

What measurements, if any. can help in the determination of water and air mass
balance during the heater experiment? Are such measurements feasible? Would it
be desirable, and technically feasible, to fully or partially isolate the tested rock mass

. from its surrounding by means of insulation and grouting in order to have 2 better

control on mass balance?

Some of these questions can be answered prior to doing any work at the heater site and
I suggest that this constitute Phase 1 of the proposed work. Some questions cannot be
answered prior to performing intensive site characterization of fractures. hydraulic and/or
pneumatic property distributions, water contents and pressures; | propose that this consti-
tute Phase 2a of the planned work. According to such a plan, Phase 2b would be
conducted concurrently with Phase 2a, and would involve experimentation with various



in-situ temperature measurement techniques, followed by the installation of a three-
dimensional network of thermistors (or other temperature sensors) and the compilation of
baseline data on ambient temperature distributions in space-time on the proposed scale of
the heater experiment (this scale to be determined as part of Phase 2). Phase 3 would
comprise an analysis of the characterization and temperature data collected during Phase
2. followed by an attempt to develop and calibrate a three-dimensional model of the

- ambient temperature and moisture conditions at the site. During Phase 4, this model

~would be modified (if necessary) to allow the simulation of conditions other than ambi-
eat, as expected during the heater experiment. and then used to design this experimeat.
In response to needs identified during Phases 3 and 4, Phase § would thea follow with
an expansion of the metwork of thermistors and additional site characterization. Under
Phase 6, this additional characterization and temperature data would be used to recali-
brated the model used for experimental design, and to modify the design if necessary.
The recalibrated model would generate a prediction of system response to heating under
the final design, over the entire projected life of the experiment, including a period of
monitoring after the heaters are deactivated. The heater experiment itself would consti-
tute Phase 7a. Phase 7b, initiated concurrently with Phase 7a but continuing beyond
this latter phase, would be an analysis of the experimental results and a comparison with
the predicted response from Phase 6.
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TRIP REPORT, March 21-22, 1991

Thomas J. Nicholsen
Division of Engineering
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20553

and

Todd C. Rasmussen
Department of Hydrology and Water Resources
College of Engineering and Mines
University of Arizona ’
Tucson, AZ 85721

Summary

" The purpose of the trip was to present, and solicit comments related to, a
Draft Apache Leap Tuff Site Heater Experimental Plan, prepared by Todd C:
Raspussen and Daniel D, Evans of the Department of Hydrology and Water
Resources at the University of Arizona. Meetings were arranged ahead of time
with various groups in the San Francisco Bay Area who have demonstrated
interests in the conduct of the proposed heater experiment, as well as
individuals who have participated in similar nonisothermal experiments in
unsaturated fractured rock at G-Tunnel and the Climax Mine, both located at
the Nevada Test Site. Included in the discussions were Lawrence Livermore
National Laboratory personnel, Electric Power Research Instictute personnel,
Lawrence Berkeley Laboratory personnel, and J. Bredehoeft of the Water
Resources Division of the U.S. Geclogical Survey. What follows is a sumdary
of the discussions conducted during the course of the two day visit.



Thursday, ¥arch 21, 1991, Horning Meeting
Lavrence Livermore Natl Lab

~ Attending: Abelardo L. Ramirez

Tom Buschek

Dwvayne Chestnut

Dale Wilder

This meeting vas arranged to obtain information regarding field heater
experiments conducted at C-Tunnel in welded tuff at Rainier Mesa, NIS, as vell
as a test conducted at the Climax Mine fn unsaturated granite, also at NIS. A
second objective was to solicit comments on the proposed ALTS heater experi-
ment. The group attending froa LINL have considerable experimental and
modeling experience resulting froam their participation in the previous field
heater experiments. '

Comments on GC-Tunnel Heater Experiments:

The G-tunnel experiment had a time line of two and a half years, with a budget
of §1.5 million. The budget was mostly for LLNL labor, with only a small .
portion of the budget allocated for operations and capital. Most operations
and capital vere funded through a separate account. :

' Characterization

Prior tc the heater tests, a series of characterization ‘activities were
performed. From fracture mapping observations, fractures were observed every
foot to foot and a half. Single and cross-hole pneumatic tests were alsc
performed. Laboratory estimates of flow and transport properties were not
obtained from cores. In one of the preliminary tests, & blue tracer was
injected with water. The water was tracked using inverse tomography.
Subsequent corings of fractures demonstrated the presence of the tracer which
matched the tomography results. Precise determination of borehole position
was obtained using pretest borehole orientation surveys. For the tomography,
borehole separation of approximately one meter was required, and maximum path
lengths of one and a half meters were used. Scattering from boreholes and
instrument packages was a significant problem associated with the EM tomogra-
phy method.

CONCLUSION: It is important to cbtain as much characterization data as
possible at field and laboratory scales pricr to conducting the test, as well
as following the test in order to evaluate the impacts of the experiment on
rock properties. Characterization should focus on rock matrix and fracture
parazmeters including physical, hydraulic, pneumatic, thermal, and mechanical
properties. :

Construct

The heater borehole was 12° in diameter, and the canister was 8* in diameter.
The heater borehole required seven weeks to drill the 30 foot. The EM
equipment was less than 2 cm in diameter. To fill the empty volumes In the
observation boreholes, grout was used to prevent an &ir-phase conduit. The
grout was 30-40% sand in & lean cement ratio. A thick grout was used inicial-
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1y to prevent fracture penetration, alloved to set for 1 to 2 days, and then

followed by the fluid grout. Ome problen was that the instrument tube tended
to float in the grout to the top of the horizontal hole. (Perhaps spacers are
needed around the instrument tube.) A closed cell foam - FIRESTOP - was used

- as & seal in the vicinity of the heater to prevent vapor transport. It was

observed that it would be best to grout arcund displacezent instruments with

sponge rubber (Wes Patrick has more information on this method). An .inflat-

able rubber heat resistant packer was placed at the end of the heater. After
removal of the packer following the completion of the heater experiment, the

rubber surface shoved a fracture impression and geochenical precipitates. A

restraint wvas placed over each borehole to prevent ejection of packers in the
event of & blowout. :

CONCLUSION: It is important to minimize voids in the heater and observation
boreholes. This can be accomplished by using grout, closed cell foam, or
using heat resistant packers. .

Instrumentation

No gecmechanical data were collected due to time and cost constraints. This
aspect vas proposed for a followup experiment. To measure temperatures, K-
type thermocouples were used in G-Tunnel. They were obtained from Climax
Experiment. Some thermocouples were mounted in & rock placed between the
heater and the rock wall. Three were placed below, and one above the heater.
Other thermocouples were placed in observation boreholes nearby.

A CPN neutron probe was used to measure porosity and water content. The probe
was modified to include a gamma detector below the neutron probe, rather than
around the probe. Also, to avoid failure in a high temperature environment, &
thermistor was used to monitor probe temperature. When the probe temperature
exceeded 70°C, the probe was removed and allowed to cool. ’

A resonance cavity was used to measure the partisl pressure of water vapor.
There was & problem with condensation in the cavity leading to equipzent
fafilure. A nonlinear relationship between resonant frequency and water
content was observed. A patent is pending on a device wvhich uses a solid
plate under a tuff rock with a mesh above to measure the water content in a
tuff rock. The microwave resonator was placed on the end of the heater
canister aleng with the HUMICAP capacitance sensor, which is also used for
hunidity measurements. The capacitance sensor worked reasonably well, but the
mlcrovave resonator failed due to condensation within the rescnance chamber.

CONCLUSION: Instrumentaticn must be used which is compatible with the severe
operating conditions expected around the heater borehole. Extreme care must
be taken in positioning and selecting the monitoring equipment. Additional
{nformation on fracture wvater content must be cbtained using technology which
fs currently unavailable.

Observations

During the heater tests, greater drying and heating was observed above the
borehole than below. The observed temperature difference between the top and
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the bottom of the heater canister was approximately 40°C, and may have been
even greater. More temperature sensors vill be required to examine canister
temperature. The heat load also was observed to have an edge effect (the ends
of the heater were cccler than the center), and the source appeared to go from
a line source to a spherical source over time.

Matrix porosity was about thirteen percent, yet the change in wvater content
vas approximately 16 percent dus to rock heating. The source of the extra
three percent is still unknown. The effect of the drift boundary on water
content, movement and temperatures may be important.

After the heater experiment, the pneumatic tests were repeated and showed
higher permeabilities. Small changes in fracture aperture can result {n large
changes in permeability, so thermcmechanical properties vill be required to
evaluate the correlation between fracture displaceaent and permeabilities.

Because the observaticn borehcles vere emplaced along essentially horizontal
planes, the spatial coverage was {nadequate. Cravitational forces caused
movements above and below the heater which could not be monitored.

The chemistry of collected water was not examined. No conclusions regarding
geochemical processes can be made,

CONCLUSIONS: Inadequate monitoring of water contents, temperatures, water
cheni{stry, matric potential, mechanical stresses, and the source term resulted
{n inconsistent and incomplete data. Emphasis should be placed on obtaining
data vhich are as complete and relisble as possible. A major design issue is
selecting the types and precision of data required.

Modeling

LINL modeled the experimental results by essuming radial symmetry &nd ignored
gravity, but the failure to incorporate gravitational forces severely limiced
thelr analysis. To evaluate alternate conceptual models, they compared a
matrix only model with a single discrete fracture model, and with a equivalent
continuum model. The impact on temperature using the various mecdels was
minimal, wvhile water content profiles were substantially different between
models.

They noted that vhile rapidly overdrying the systea ylelds immediate results,
subboiling conditions requires an extremely long observation period. There
was also a question regarding drying rate as a function of the fracture
density, and wvhether a simplified analytic model developed by LLNL might
accurately predict the drying rate.

CONCLUSION: Computer modeling activities must incorporate graviiacional
effects. A simplified analytic model which incorporates fracture density may
be appropriate for predicting water drying races.



Comments on Climax Heater Experiment:

At the Climax Mine, Dale Wilder supervised much of the work, along with Jessie
Yow and Wes Patrick (currently at CNWRA). Unlike the G-Tunnel experiments,
the Climax experiment did not investigate hydrologlc processes, but focused
{nstead on thermomechanical impacts of a subsurface heat scurce in the
unsaturated zone. From knowlege gained during the Climax experiment, it is
advised that only limited effort be placed on measuring fracture apertures,
and that it would be better to measure changes in rock mass volume and
relative fracture motion. It was observed that shear displacement vas
important across fractures and shear zones, vhile normal displacezents vere
generally recoverable and crushed rock zones displayed the greatest devia-
‘tions from theory. A shortcoming of the Climax experiment was the failure to
obtain motion measurements in all directions, as well as toc record motion out
to the undisturbed region. Alsoc, it was cbserved that mechanical displacenent
had a significant impact on the hydrology in that free vater vas cbserved at a
major fault and along associated fractures. Based on this observation it is
recommended that mechanical and hydrologic measurements be cbtained along
fracture-borehole intersections. :

To model geomechanical effects, the Adina-T code from MIT is the recommended
structural code. (Butkovitch describes code for linear, thermal conditions
without fractures.) Thermomechanical cocdes worked well at Climax for the rock
patrix, but did not perform as well for fractures. It may be possible to
attribute changes in bulk rock behavior entirely to fracture changes.

For nonisothermal conditions, thermocouples on displacement posts will be
required to account for thermal expansion of reference rods. There will also
be a problem with assuming perfect attachment of displacement instruments to
rock. It would be best to use a J-Latch on a rod, but there {s & question
concerning creep. There should be mechanical backup in case of electrical
failure. May want to investigate the use of a GOODMAN JACK.

CONCLUSION: Hydrologic processes may be extremely sensitive to mechanical
changes. Monitoring of thermomechanical responses is critical if a complete
understanding of hydrologic transport is to be obtained. :

Comments on ALTS study:

- Pg. 5: Comment on modeling as a cylindrical source. Perhaps a model which
initially characterizes the source as cylindrical followed later by a
spherical source would be more appropriate.

- Pg. 6: The use of an EPM model vill not be accurate. A discrete fracture
model is recommended. _

- Pg. 10: During the cooling phase, the primary rewetting mechanism will
probably be due to vapor condensation rather than liquid imbibitien.

- Pg. 16: Heater should be placed inside of a canister.

- Coupons made of various proposed canister materials should be placed on the
canister surface to examine corrosion processes. ‘

- Vertical heater tests are recommended for future study.



- It ts important to measure the rock vwetting and drying diffusivity, both
v before and after the test. The wetting diffusivity along a fracture is
another important characterization parameter. ‘
- If further work is to performed underground, & bulkhead in the drift near
the heater site should be installed to prevent ventilation. This will more
sccurately simulate actual repository conditions.



Thursday, March 21, 1991, Afternoon Heeting
Electric Powver Res. Inst, '
Attending: Robert A. Shav
: R.F. (Bob) Williams .

Conments on draft ALTS heater plan:

There was a concern with regard to how the proposed experiment fits into the
vhole vadose zone program, especfally with regard to critical paths of
potential releass. The hydrology may not be the only concern, in that
hydrology is only important with respect to mass transport. An addicional
concern vas related to model validation, in that we may want to evaluate
mechanisms, rather than models. Yet if & wrong model is employed, then the
correct mechanisa may be discounted.

A need was expressed to fdentify a narrow and limited set of objectives. The
current objectives are too brecad and the control may be insufficient to
resolve the issues. The criterfa for determining acceptance will have to be
identified, along with parameter sensitivities and data uncertainties.

It will be important to include modelers to define the expetiment for the
purpose of examining separate effects, integrated effects, and transient
effects for both lab and field scales. The entire effort should be focused on
transport mechanisms. To that end the heater test should incorporate multiple
fons, with charges of +1, +2, ..., +6, in variocus cation exchange environzents
to examine a potential chromatographic effect. The concept of satellite sites
was mentioned for the ability to perform invasive ({.e., destructive) sam-
pling. Each of the satellite sites would have independent timelines so that
exhumation could occur at different times. It was recommended that we may
vant to talk to Neville Cook and John Kemeny regarding rock mechanical
studies. . :

CONCLUSION: EPRI is extremely pleased with the proposed heater experiment and
would like to be kept {nformed of the progress of the experiment. They will
be providing comments to our experimental plan. Their major concern was the
need to design the experiment prior to conducting it sc that specific issues
can be addressed and resolved. '

*



Friday, March 22, 1991, Morning Meeting
Lavrence Berkeley Lab.
Attending: Karsten Pruess

Joe VWang

Yvonne Tsang

Larry Hyer

Comments on ALTS study:

It was emphasized that the experimental design phase should be focused on
fdentifying transport mechanisus and that it would be best to identify hypot-
heses to be tested prior to developing the experimental design. Potential
hypotheses include heat pipe signatures, capillary activity in fractures, and
vetting diffusivity. Their ocpinion was that it {s not the purpose of this

" experiment to repreduce Yucca Mountafn, but rather to study mechanisms of two-

phase flow in unsaturated fractured rock. The proposed experiment should
incrementally increase system complexity, from simple to more complicated
conditions. To that end, the experiment should try various source strengths,
e.g., 1f the source is too strong, it may kill the heat pipe effect. Various
space-time scales should be used to allow & suite of responses to be observed.
Finally, because of fracture variability, the experiment may have to be
performed over many fractures.

With regard to modeling of simultanecus heat-moisture transport, it would be
best to calculaste a conductive heat field, then impose a two phase field and
see if thermal field is affected. 1If it is, then correct the thermal .field.
Should start with a pure conduction background case, and then introduce

"fractures snd see what fracture properties are required to affect the base

case. Because there may be many types of canister environments, it may be
best if the experiment would test conditions which are most adverse with
respect to waste containment. As part of the experimental design, the
computer model should be used to evaluate the impacts of surface infiltration
above the heater, and then see how the infiltrate and heater interact. Also,
it may be interesting to include this in the field experiment. It was their
view that it would be difficult to control zll of the boundary conditions, and
it may be better to just monitor thea, i.e., focus cn ambient, natural state,
behavior, and monitor where there is no influence from the heater. In terms
of defining modeling capabilities, it was suggested that the model should use
3-D grid blocks, about 2000 nocdes or blocks with modified TOUGH code from New
Zealand, or V-TOUGH, or NORIA. (Talk to George Zyvlowski, LANL.) For
thermomechanical modeling, it was noted that ADINA-T is the workhorse of
thermomechanical codes.

Wicth regard tc placement of the heater, it was concluded that {t would be best
to intersect a single fracture. A horizontal fracture would not demonstrate
much mechanical deformation due to lcading and it would be best to intersect a
vertical fracture, causing the greatest deformation. Another design question
{s whether the intersected fracture shculd be perpendicular or parallel te the
heater hole. It was decided that {f & vertical heater was used, then the
vertical fracture would intersect along the plane of the borehole. 1In this
case, it would be best to put sampling locations perpendicular to the frac-



ture, and not along the fracture in the same observation borehole. 1If a
canister configuration 1s used, then a horizontal heating borehole will be
more complicated due to the shedding of water around the borehole from above.

. The determination of vhether to use a horizontal vs. vertical heater should

not be detérmined based upon modeling capabilities. It would be better to use
the orientation which induced the greatest fluid flow.

It was suggested that we use tracers (perhaps radiocactive) to determine fluid
movement. If possible, it {s recommended that the rock mass be mined cut
after the experiment to determine fracture locations, flow field, and the
presence of tracers.

There wvas a discussion of injecting stean into the rock for the purpose of
heating the rock instead of using electrical heat. This alternative would add
a significant amount of water to the systea, however. A question arose
regarding vhat the heater source and waste package will actuslly look like.

It may be better to use a scaled down repository configuration rather than a
canister configuration to determine the volume of the disturbed zone.

They exphesized the need of exploratory instrumentation and the need to
evaluate technology. The type and locaticn of sensors should be based on what
changes in output varfables cver time need to be monitored., In terms of
defining monicoring capabilities, perhaps we should speak with Karl Keller
(located in Santa Fe) about use of a membrane sampler. Alsec, they would
recommend the use of BOFEX or capacitance conductors as displacement transduc-
ers to measure the thermcmechanical effects. (The BOFEX sensors were used at
the Grimsyl site.) The displacement transducers should be located within the
heated region, at say 0.1, 1 and 2 @ from heater.

CONCLUSIONS: LBL is very interested in participating in the proposed heater
experiment from conceptual and computational modeling perspective. It was
noted, howvever, that LBL involvement based on current funding is not possible.
They are currently being funded through Paul Kaplan (SNL) to investigate GWIT,
and their participation using this funding source requires justificationm.



Friday, March 22, 1991, Afternoon Meeting
USGS, Menlo Park
Attending: J.D. Bredehoeft

Comments on ALIS study:

An initisl question aross regarding the sability to extrapolate short term
heater test over longer time horizons appropriate to high-level waste storage.
" It may be inappropriate to perform & short term test vhen long term behavior
_is different. Also, it will be difficult to generalize froa this experiment
to other sites. Therefore, part of the motivation for this project should be
to see if relevant processes are incorporated in models in a reascnable vay.
The project should attempt to see vhether all of the physics can be captured.
In this panner the project will be appropriate to resolving issues related to
waste storage. : ’

He alsc had a question regarding the impacts on in situ stress regimes at the
kriell site. He believes that it would be better to work underground in order
to simulate stress conditions as closely as possible. He would prefer using

G-Tunnel for any study.

Another concern he had was the complexity of the situation. The flow regime
is probably three dimensional and anisotropic, perhaps with a fracture network
dominating the site. While we already know how to model flow in homogeneous
porous media, the physics are sufficiently complicated that it will be
important to minimize geometric complexity examining only an individual
fracture. The question then arises as to how to map flow and transport
through a network of fracture.

He thought that it may be best to use & peint source to minimize end effects
of the heater. He believes that {t would be best to perform the experiment at
lower temperatures first in order to minimize coupling between processes.

With regard to coupled processes, he recommended that we speak with David
Pollack at USGS/Reston, who wrote his thesis on coupled mass/energy transport.

CONCLUSION: Dr. Bredehoeft was supportive cf a field heater experiment and
promised to provide written comments on the experimental plan. His major
concern wvas regarding the feasibility of nuclear waste disposal; his prefer-
ence being monitored retrievable storage at Yucca Mountain.
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COMMENTS AND SUGGESTIONS CONCERNING JANUARY 1990 VERSION OF
*"EXPERIMENTAL PLAN, Nonisothermal Hydrologic Traasport Study
at the Apache Leap Tuff Site" by T.C. Rasmussen and D.D. Evans

by Shiomo P. Neuman
February 12, 1991

My comments and suggestions concern a field-scale heater experiment propased in the
above document by Drs. Todd C. Rasmussen and Daniel D. Evans. The purpose of
this experiment is (p. 1) to "confirm(] important aspects of coupled heat, liquid, gas and
solute transport™ and/or (p. 34) “"to evaluate and confirm existing coaceptual and com-
puter simulation models related to fiuid flow in a nonisothermal environment.” [ts spec-
ific objectives are are (p. §)

(1) "To further assess appropriate methods, techniques and technologies for characterizing
and monitoring water flow, transport and thermomechanical changes in unsaturated frac-
tured rock, including interaction between the rock matrix and the fracture system:"

(2) “To examine relevant hydraulic, pneumatic, thermal, solute transport and thermo--
mechanical processes and relevant parameters, singularly and coupled, at field scales of
from one to thirty meters;”

(3) "To evaluate the thermomechamal effects of a heat source on fracture and matrix
paeumatic and hydraulic transport properties;”

(4) "To generate data sets for complex, coupled flow and transport systems for use in
the validation of unsaturated flow and transport models;"”

(5) "To assess various modeling approaches and their limitations in predicting flow and
transport through nonisothermal, unsaturated, fractured rock.”

“The experiment is designed" (p. 6) “to evaluate the relative significance associated with
excluding various processes, and to evaluate scale dependent procedures used to estimate
material properties.” "Modeling of the experimental results is an important validation
aspect, and is the principal reason for conducting the test[].”

These statements of purpose, objective, design goal and principal motivation behind the
heater experiment are broad and ambitious. They are also quite genera! and therefore
open to multiple (perhaps conflicting) interpretations.

Our current understanding of flow and transport in unsaturated fractured tuffs, under
field conditions, is limited and speculative, heace subject to uncertainty and controversy.
There are certain “aspects of coupled heat, liquid, gas and solute transport” about which
we know more and other aspects about which we know less or very little. Aspects
about which we know quite a lot include heat conduction in both saturated and unsatu-
rated porous rock matrix, liquid flow in saturated and unsaturated porous rock matrix
under isothermal conditions, and conservative isotherma! solute transport at tracer concen-
trations in saturated porous media. Aspects about which we know less include heat
conduction in saturated and unsaturated fractured rocks. liquid flow through saturated
fractured rocks under isothermal conditions. gas flow through liquid-free fractured rocks
under similar coaditions, and isothermal gas flow through partially saturated porous
media. Aspects about which we know still less include heat transport by conduction
and convection in heterogeneous saturated porous media and in homogeneous partially
saturated porous media, liquid flow through partially saturated fractured porous rocks
under isotherma! conditions, isothermal gas flow through partially saturated fractured
porous rocks, and conservative isothermal solute transport at tracer concentrations in satu-
rated fractured rocks. Aspects about which we know relatively little include heat con-
duction and convection coupled with multiphase fluid flow in nonuniform porous media,
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ponisothermal liquid flow through partially saturated fractured porous rocks, nonisother-
© mal gas flow through partially saturated fractured porous rocks, and conservative solute
transport at tracer concentrations in unsaturated fractured rocks. Aspects about which
we koow extremely little, if anything. include heat conduction and convection coupled
with multiphase fluid flow in fractured porous media, multiphase water transport through
ponuniform porous and/or fractured rocks at temperatures above the boiling point, gas
flow under similar conditions, and solute transport under all but the conditions listed in
connection with this phenomenon eariier.

The proposed heater experiment involves many aspects of flow and transport about
which relatively little or nothing is presently known. With respect to these aspects, the
ability of the experiment to “"confirm® and “validate® must be quite limited: one can
only confirm or validate what one knows or can reasonably hypothesize, then observe
and measure. To date, little has been done to validate ocur ability (or lack of it) to mea-
sure and describe (oot to speak of predicting) the space-time distribution of water in
fractured tuffs under static isothermal conditions (not to mention isothermal dynamic flow
regimes) at a space-time resolution that could clearly distinguish between the roles of
matrix blocks and fractures (not to think of finer channels) in storing and conducting
" fluids on field scales of up to thirty meters, as stipulated in objective (2). OQur present
understanding of isothermal flow and transport in unsaturated fractured tuffs, and our
current sbility to define and measure relevant rock properties (saturated hydraulic con-
ductivity as affected by fractures on various spatial scales, unsaturated hydraulic conduc-
tivity as affected further by water content, air permeability as affected by fractures and
water saturation, relationship between air and water permeabilities, tota! and kinematic
porosities as affected by fractures, spatial variability and scale-dependence of these par-
ameters) and state variables (humidity, water content, hydrostatic and capillary pressure,
osmotic pressure, their distribution within and between fractures) are, at best. rudimen-
tary. Such conceptual understanding. and ability to define and measure, are better dev-
eloped and validated under the relatively simple conditions of isothermal flow. The pro-
pased heater experiment would create much more complex conditions and would there-
fore make it much more difficult to relate effects to causes in an unambiguous manner
than a well thought out and executed isothermal experiment.

The complex conditions created by a heater test render it less than ideal for the investi-
gation of issues which arise under isothermal conditions, such as (p. 6) "the ability of
various modeling strategies (including the equivaleat porous medium representation of
fracture flow, as opposed to discrete fracture petwork flow representation within a
porous matrix) ... to accurately represent fluid flow and solute transport processes in
unsaturated fractured rock:" another modeling strategy to consider is one that represents
the geologic medium by means of cne or several overlapping stochastic continua in areas
where detailed information about discrete features {fractures, fracture zones, channels) is
lacking. while embedding discrete features into the stochastic mode! where such have
been clearly delineated (geologically and geophysically) and sadequately characterized
(hydraulically). To model flow and transport under nonisothermal conditions, the same
distinctions between modeling strategies must be made. As the conditions created by 2
heater experiment are relatively complex, its stated purpose (p. 34) "to evaluate and con-
firm existing conceptual and computer simulation models related to fluid flow in 2 noni-
sothermal environment” may be difficult to achieve. For the same reason. it may be
difficult to design the experiment so as (p. €) "to evaluate the relative significance associ-
ated with excluding various processes, and to evaluate scale dependent procedures used
' to estimate material properties.” It may be equally difficult to achieve significant pro-
gress toward some of the specific objectives listed above under (1) - (6). especially those
relating to process definition and mode! validation. _



Given that model validation is considered to be the principal reason for conducting a
heater experiment, what can we expect to be validated by such an experiment? How
can such a validation be accomplished? The authors suggest (p. 6) that "ideally, the tests
will be designed using calibrated models, with calibration data sets having been obtained
from laboratory and field tests. Once calibrated, the model will be validated by propos-
ing a perturbation of the system not related to calibration experiments for the purpose of
evaluating the assumptions inherent in the model.® This contrasts with a later statement
(p. 36) according to which "no calibration against the experimetal results is expected -
Rather, "model accuracy” will be determined by (p. 35) “"simulat{ing] responses using
baseline and characterization data, as well as observed initial and boundary conditions.”
and then “"compar{ing] experimental and simulation results [to] determine whether the
observed response lies within forecasted confidence intervals.” [ believe that a combina-
_tion of these two approaches is needed. However, I propose that one first discuss in
some detail what model(s) will be calibrated, against what data, at what stage of the
experiment, and how. [ also propose that this be followed by a relatively detailed dis-
cussion of what aspect(s) of the model(s) or underlying theory (theories) will be validated,
against what data, at what stage of the experiment, and how. Oualy on the basis of such
discussions may it become posxble to evaluate the potential benefits of the proposed
experiment.

Considering the relatively low level of knowledge and technology we curreatly possess
concerning isothermal flow and transport in unsaturated fractured tuffs, and the complex
conditions created by a heater test, it is in my view important that we clearly separate
what we apparently know and probably can do, from what we admittedly don't know
and may be unable to do, well in advance of planning the heater experimet. On one
hand, our present ability to accurately measure, correctly interpret, and interpolate spa-
tially, quantities other than temperature at depth during the proposed experiment are lim-
ited. On the other hand, groundwater models under much simpler conditions than those
created by the heater test generally require a large amount of data, and 2 good amount
of calibration effort, before they can meaningfully reproduce observed behavior. Even
after considerable calibration against a relative wealth of space-time data, such models
often perform poorly as predictors outside the calibration range and must be periodically
updated (recalibrated) to remain current (one well-known updating technique being the
standard or extended Kalman filter). It is not eatirely clear from the proposal how a
heater experiment on the proposed scale of up to thirty meters could, under the given
budget and time constraints, generate data of sufficient quantity and quality to allow
resolving validation issues of the kind discussed earlier and highlighted further on pp. 6
and 7 of the document. I would feel more comfortable about the heater experiment if
its purpose and objectives were more focused, particularly on issues which cannot be
addressed by means of simpler (isothermal) experiments. 1 propose that such a focus
might be provided by attempting to answer the following questions, more or less in the
order they are listed below, which also represents their proposed order of priority:

1. How accurately, and with what space-time resolution. can one measure and describe
the distribution of temperatures on a scale of up to 30 meters in unsaturated frac-
tured tuff at the Apache Leap site? What accuracy and resolution are required to
detect anomalies due to convective air and vapor curreats through major fractures
and/or channels, or due to other causes? Might it be better to emplace temperature
sensors permanently in sealed and insulated boreholes rather than in packed-off in-
tervals as presently envisioned?

2. Can one reproduce the space-time temperature distribution on a scale of up to 30
meters, observed prior to activating the heater (i.e.. under ambient or pre-test condi-
tions), by means of a simple model which accounts only for heat conduction and

. treats the rock as a uniform continuum. the properties of which (heat conductivity



3.

and capacity as functions of water content) are based on laboratory measurements on
cores and blocks? Existing data (p. 28) suggest that heat conductivity and capacity
vary much less than hydraulic conductivity (and porcsity?). Can this reproduction
be improved through a calibration process in which one varies the distribution of
water contents in three-dimensional space? Can the calibrated water contents be
verified (validated) independently by means of neutron probes, tomography. or other
measurements? If the latter is not possible, can such measurements be used to help
improve the calibration? If not, can the calibration be improved by embedding
observed fractures and/or channels in the above model of a continuum? Can the
calibrated properties of these discrete fractures and/or channels be verified (vali-
dated) independently through direct hydraulic and/or pneumatic tests? Can a satis-
factory calibration be achieved. primarily to anomalies if such have been detected,
without modifying the model to allow for convection through known (or unknown)
fractures and/or channels? If unknown fractures andfor channels are required for
calibration. can their existence and properties be validated by independent measure-
ments, and how?

What can be learned from observations of temperature and water content under pre-
test conditions, with or without the above model, about ambient heat fluxes through
the rock on a scale of up to 30 meters? Can one confidently determine an average -
heat flux vector, and its variation with time? Can one determine the manner in
which the directions and magnitudes of local heat fluxes vary from point to point in
three-dimensional space and in time? Can any such determinations be validated
through independent measurements, and how? Can one detect and quantify anomal-
ous heat fluxes due to convective air andf/or vapor flow through knowa (or unk-
nown) fractures and/or channels, or due to other causes? Can such fluid flow be
detected and quantified independently of the temperature data to help confirm (vali-

- date) its existence and extent?

Assuming that the pre-test distribution of temperatures, water contents and heat
fluxes can be adequately characterized and modeled, what modifications in the model
are required so that it can be used to design the heater experiment proper? Consid-
ering that at the Apache Leap injection site (p. 27) "field estimates of saturated
hydraulic conductivity” show a (p.28) "variation of ... approximately 700% and
ranges of five orders of magnitude,* how meaningful is it to borrow such data for
the design of the heater experiment (p. 2), and how can such a transfer of data
from one site to another be accomplished? Could these data be averaged in some
meaningful way to yield effective continuum values and if so how? If not. would 2
stochastic representation and model be required to design the heater experiment? In
the latter case, are the available data amenable to a statistica! analysis that might
yield & meaningful stochastic representation? Would it not be more appropriate to
design the heater experiment on the basis of hydraulic and/or pneumatic data col-
lected at the site of the proposed experiment? If so. by means of what method(s).
on what spatial scale(s), with what degree of spatial resolution, and how accurately
can and need one measure and describe the distribution of saturated hydraulic con-
ductivities, unsaturated hydraulic conductivities as functions of water content and
temperature, capillary pressure as & function of water content and temperature,
and/or air permeabilities as functions of water content and temperature, on a scale
of up to 30 meters at the proposed heater test site? With how much confidence can
and need one attribute such measurements to this or that fracture, channel or matrix
block? How should the answer(s) to these Qquestions be reflected in the selection
andfor development of conceptual, mathematical and numerical model(s) for experi-
mental design?
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After selecting or developing an appropriate nonisothermal multiphase flow model for
experimetal design, and collecting appropriate hydraulic and/or pneumatic data to
serve as input parameters for this model, what considerations and criteria should one
adopt in designing the experiment? What, according to this model when applied
under & range of plausible input parameters, is needed to detect the onset of convec-
tion in response to various heater power outputs and schedules? [s it possible to
design a (single or multiple) heater power cutput and schedule (constant or transient)
such that the onset of convection can be detected solely by observing temperature
variations with time at various points in three-dimensional space? As temperatures
are the easiest state variable to measure, this seems highly desirable. Should it also
be passible to deduce, from temperature measurements alone, what is the spatial
extent of convective currents generated in response to heating? What effect do indi-
vidual fractures and channels have on convection (do they create identifiable temper-
ature anomalies? Could such deductions be verified (validated) independently by
means of tracers (in liquid and/or gas phases) and/or measurements of water content
variations in time? Is a scale of up to 30 meters appropriate for the heater test?
How can one determine the average heat flux, Rayleigh number (ratio between
buoyancy and viscous retardation forces) and Nusselt number (ratio betweea total
and conductive heat flows) on such a scale? '

If temperature measurements alone are not enough to detect the onset of coavection,
its spatial extent, and the role of individual fractures or channels, what additional
measurements are required (water contents? liquid pressures? vapor pressures? pneu-
matic pressures?), at what spatial scales and resolution, with what accuracy? Are
such measurements feasible considering available technology, time and budget? Are
(p. 17) "tomographic estimates of water content ... , especially near the heater bore-
hole due to the failure of neutron probes at elevated temperatures,” preseatly possi-
ble at the required accuracy and resolution? What measurement are required to not
only ascertain the presence of convective cells, determine their spatial extent, evalu-
ate the role of individual fractures and channels, and estimate the associated heat
fluxes, but also to differentiate between the roles of liquid water and vapor. evapo-
ration and condensation, transport of sensible and latent heat, in the convection pro-
cess? .In other words, what measurements are required to validate the heat pipe
effect under field conditions, and to quantify this effect? What measurements, if
any, could potentially isolate the role of individual fractures in the generation of
heat pipes (will there be more than one)? Are such measurements feasible?

What measureménu. if any, may detect the effect of heat on the porosities and per-

" meabilities of matrix blocks and fractures? What measurements, if any, may detect

the effect of heat on unsaturated rock properties? Are such measurements feasible?
To what extent and how should this effect be studied in the laboratory prior to the
heater experiment? .

What measurements, if any. can help in the determination of water and air mass
balance during the heater experiment? Are such measurements feasible? Would it
be desirable, and technically feasible, to fully or partially isolate the tested rock mass
from its surrounding by means of .insulation and grouting in order to have a better
control on mass balance?

Some of these questions can be answered prior to doing any work at the heater site and
I suggest that this constitute Phase 1 of the proposed work. Some questions cannot be
answered prior to performing intensive site characterization of fractures, hydraulic and/or
pneumatic property distributions, water contents and pressures; | propose that this consti-
tute Phase 22 of the planned work. According to such a plan, Phase 2b would be
conducted concurrently with Phase 2a, and would involve experimentation with various



in-situ temperature measurement techniques, followed by the installation of a three-
dimensional petwork of thermistors (or other temperature sensors) and the compilation of
baseline data on ambient temperature distributions in space-time on the propased scale of
the heater experiment (this scale to be determined as part of Phase 2). Phase 3 would
comprise an analysis of the characterization and temperature data collected during Phase
2, followed by an attempt to develop and calibrate 8 three-dimensional mode! of the
ambient temperature and moisture conditions at the site. During Phase 4, this model
would be modified (if necessary) (o allow the simulation of conditions other than ambi-
ent, as expected during the heater experiment, and then used to design this experiment.
In response to needs identified during Phases 3 and 4, Phase § would then follow with
an expansion of the metwork of thermistors and additional site characterization. Under
Phase 6, this sdditional characterization and temperature data would be used to recali-
brated the model used for experimental design, and to modify the design if necessary.
The recalibrated model would generate a prediction of system response to heating under
the final design, over the entire projected life of the experiment, including a period of
monitoring after the heaters are deactivated. The heater experiment itself would consti-
tute Phase 7a. Phase 7b, initiated concurrently with Phase 7a but continuing beyond -
this latter phase, would be an analysis of the experimental results and a comparison with
the predicted response from Phase 6. :
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Cozmants ¢on
Pxperisental Plan - Nonisothermsl Hydrelogic Transpert Study
at the Apache Lasp Tuff Site

Insufficient {nformation was provided in the Plan te sllev ‘substancive .

evaluation of the "key technical fssues” chat ware -identified in the NRC
request for technical reviev., (Only about § of the 43 pages of the docuzent
spoks to the experimental approach.) : .

The Plan conveys 1ittle assurance that the nuclear vaste progran is prepsred
to procesd with ancther round of extensive and expensive fleld testing. The
approxizataly 30 pages of background material do not address the successes
and fallures of previcus attenpts to modsl the rasults of large-scals field
studies. There {s & plethora of dats already avallable froa tuff, basale,
granite, salt, clay, and soils f£feld research sites, as well as numerous
laboratory studies, There is little evidence that the modelling ccmaunity
has succeeded {n replicating the results that are slready available, under
either {sothermal or nenisothermsl conditions.

It appears that all but ons of tha five cbjectives ef the experizencs

(namely, generatien ef addicicnal data) could be achiaved vich cata that are
currencly available but not fully analyzed or evaluated {n the context of
nuzerical ncdels, An alternative approach te the prepesed Experizental Flan
vould be to cenduct the vork in a step-vise fashicn, with the nev iniclel
phase being the evalusticn of codels in the concext of the existing body of
data, _

Based on the information provided {n the Plan, it does not appear that the
conceptualization and prelininary design of the experizent takes advintage of
the wvork of other ressarchars, Specifically: o

) With the exception of one referance tc the work of Daily and
Ramirez (1589), it dees not appear that past f£leld etudles
conducted by rassarchers cutsida the University of Arizons have
been exazined. ’

) In addition to other wvorks velated te the late 1580’s work on
horizontal explacezent of  heatars {n G-Tunnel, the clesely
related vork conductead by Lappin, Johnstoens, and cthers in G-
Tunnel in cthe 1970’'s and 1980°s should alse be considared.

. Nuzerous other ressarchers in the U.S. and abread have designed
and conducted pertinent heat and/or hydrologle flov studliss (na
variety of gaoclogical media. Even theugh the media differ
significancly, the experimental design apprcaches are likely te
be pertinent. -

To preceed without the benefit of thorough exezinatien ef the design,
ccnduct, results, and problems asscclated with the absve-noted studlies weuld

" deny the NRC pregram of the advantage of the knovledge that has deen cbtained

frez thosse studlas.

Scme cencerns exist with regard to the cencept of the experizent. Firsc,
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although {t s an objective of ths resesrch to "exanine relevant ..,
processas and relevant parazsters," thers appears to have besn litcle

- atcancion given, thus far, to the validity of che sizulation of repcsltery

conditions. Assuning that "relevancy® {s tc be judged with reszect to
precesses, conditions, and parameters liksly to exist at che proposed
reposicory sicte, it 1s essential that the axperizencs be a valid simulacien
of chat repository. Othervise, tha obsarvations may lesd the resecarchers to
study Interesting but unimportant ghencmena which are arcifacts of

experimental techaiqus or, conversely, to miss phencmens vhich ars critical

to repository performance. (An exazple might ba to focus on the datafled
thres-dimensional heat flow that {s of {nterest in the vary near fleld, vhile
o{ssing the character of heat flov frem & nesrly planar repositery-scals heat
sourcs). _ ' :

Second, the preposed location of the test bed may be 30 close te the surface
that nesr-surface phancmena (vhich have not had the oppertunity to be 'dazped
out’ with depth) may svamp the data. Once again, this could lead the
researchers to focus thair efforts in the wrong areas. (An exazple might be
vind-driven ‘convective’ processeas vhich, presumsbly, would be dazped at
depth.)

Veek’s recent analysis of the effects of vind at the summie of Yucca Mountain
suggests that on a knoll such as the heater site the wind cculd screngly
affect gas flov and desiccation. This subject alsc seaems to be neglected in
the propossl.

The boundary conditions of the knoll surface need te o estatlished prior to
the coonmancezent of a long-term heater test, Use of predictive medels to
assass the effects of boundary conditions Ls highly-dependent upen the values
of input parazeters of the mcdal. Improper selecticn of the values assigned
to these paraczeters could result in nisleading perceptions of the effect cf
the gacmatry of the knell upen the heatar-test sffected processes within the
subsurface. Thus, bacause of the unrellability of predictive medels,
boundary cenéditions of the test site naed to be firmly established for the
test results to be meaningful. :

More attanticn needs tc be given to maximizing the benefits of the test
prograa by integrating across technical disciplines. A fleld atudy of cthis
type could allev ‘piggy-backing’ of other experimants (on a non-interfering
basis) such as materials testing, geochemical and hydrolegical anvironzental
asseasments, etc, '

One of the processas to be Investigated {s rock matrix and fracture de-
formaticn due to heating. Detailed (nformation {s not previded in the study

plan hew specifically the fracturs deforzstion will e monitersd. In cthe

types of messurezents propesed (page 39), only rock extenmsion due te heating
is specifically zenticned.

Although the proposed project indlcates that coupled hydrologic, therzal and
gechanical procasses are of incerest, most of che discussion vithin the pre-
posal placas emphasis on thermal-hydrolegic effects rather than therzal.hy.
droleglic-mechanical effects. Conssquently, it {s not clear vhether the se-
lection of ¢ simulaticn model or medels cutlined {n Task 1 will focus pri-
zerily on fully-coupled simulation codas, cr vhether these codes will explice
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itly modsl tha joint behavior or use soms ¢Cypes of centinuua model
represantation. If the model sslected {5 to sizulate the jointed rock mass
rasponse, techanical propercies of the jofrncs vill need to be determined.
The current work plan does not appear to include plans for such jeinc
characterizations, :

The approach being adopted {n this projact {s to conduct the monitoring and
sinulation independently and then to coapare the results to dsterzins the
accuracy of the prediction. Howaver, no follov-up tasks are preposed {f the
prediction fa found to substantially deviate froa the nmezsured response, a
situstion wvhich has besn cozmon f{n tests to date. '

Mcre gensrally, Lt should bs noted that any field heater test {n the
unsaturated zons will entall complicated dats analysis and {nterpretation
prodless. The intent of this project should be to build on the undsrstanding
of the phencmena and predictive capability fn this ares of activity. Nexe,
interactions among the phancmena have to ba studied in & contrelled 1ladb
environzent leading up to a lab-scale block (tuff) heater test. 1In parallel,

- analytical tools need to be developed and/or verified. The finsl step should

be a field test to provide & credible data bass for use in verificaticn of
cemputation capabilit{es developed to dute,

The U of A proposal, vhile in general a geod 1dea, needs to recognize the
schedule and rescurce constraints that may apply te perform o credidle tast
progran. '

. The proposed site vill require significant characterization,

. In this thermally.-driven application, frozm & thotﬁo-mchmical
sense, an understanding of the residusl stress patterns will be
required to avaluats the constraint effects on fracsures,

. The geochemical aspects of & liquid-vapor envirenzent will
cozplicate the near-fileld massurements. In l{ght of this,.
hydrologic effects in the far £ield of the proposed tast may be
easier tc msasurs, : _

. Any piggy-back expariments,-such as matal coupon testing, will
need to be carefully coordinsted to ave{d areas vhers extensive
instrunentation and wmonitoring of the environment will be
required.

It should be cauticned that becauss of potencially large uncertainties in the
outcons of the Interpretation of dats generated by & cccplex heater test,
there a strong likalihced of endlass debate among resesrchers on the subject.
This vill alsc be true vhen data frem the proposed EST haster test become
availadble. ‘

In the background infcrniciun. the variation of varieus transpert preperties
1z showvn to be up te saveral crders of magnitude. Vill this variance be de-
ternined at the heatsr site, and hov vill this variance be consldered in boch

the experizent dasign and in the simulation studies?

A rnuzbar of sllusicns te geochemical {ssues are presented, buc liccle
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specific focus s given to potentisl gecchezical ‘affects and possible
research toplcs. Scme fssues mencioned are osuotic effects on the vater
vapor pressure and Cracer studies of transport procassas, Perhaps the means

‘of analyais of chese effects vill be described in grester detail in

subsequent work plans. Some additionsl subjects of {nterest ars listed
balowv, . ‘

. Vater cheafstry. Vill aefforts bs =mada to exanine watsr

chenistry, despits the clesr difficulty {n extracticn of
uncontaninated vatsr from unsacurated rock? A possibla tractadle
and {nceresting study would be to instrument the site to neasure
electrical resistivity. Az expirically dafined in Archie’s
forzula, electrical resiscivity is a strong function of femie
strength of the water, as wall as saturation state. Indspendent
{onic stzength of the latter could permit datarminaticn of the
former. A doninant effect may be concentration of sclutes by
evaporaticn of water, vhich would be monitored by in aitu fenic
strangth measurenents. Electrical reslstivity ceasurezents teken
in conjunction vith saturation level measurements could provide
geochezical and hydrolegic insi{ght using Archie's formula,
Previcus work at G-Tunnsl and gt the Ozacle site may shed light
ot this research posaibilicy.

. Mineral chezistzy. Petrographie, x-ray diffracticn, and chezical
analyses of the minerals and glass in the rock befers and after
tasting could poasibly {(dentify impertant chezlcal reacticrns
resulting from the fluid and heat transfer processes. Previous
heatsr tests in the Climax steck effectively utilized 4 borshole
gsazpling scheme to make sizmilar comparisens,

e  Coupled precessas, Osmotic effects on vater vaper pressures are
mentioned as & coupled phencasren, Others may be i=portant.
Heating water and velatilizacion ¢f dissolved CC; on heating doth
induce caleits precipitation, which 45 a relatively fast
resction. This and/er other reactions could gffect the detalls
of hydrologic properties such as permeabilicy or porcsity.
Cozplete vaporization of water could alse produce izpertant
precipicates, aspecially in a hest-pipe regime where the
vaporization front {s stationary. The vaters and/or muds vaed {n
drilling will contaminats the site. Scme attentien may be
devotad to the pessible effects of resction of these materisls
vith the rocks or in the heated systez to produce hydrelegic
congeaquences.,

Binary diffusion (parcicularly of air towvard the zone of vaporizatien and
high wvater vapor pressure) wvas shovn in Pruess’'s models te be important in
controlling the gas pressure and cocpositiocn. Installacion of micro-pressure
transducers in the fleld near the hestar could provide valuable {nferz=acien
regarding haat-pipe type of pheremenz. Analysis of chis process seece to be
reglacted in the propesal.
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Review comments for the *Draft Experimenta! Plan: Nonisothermal Hydrologic Transport Study at the Apache
. Leap Tufl Site*

I. General Comments

I have two general comments regarding the subject document which are discussed below. First, after reviewing
the existing data on field tests conducted to date, and after reviewing the appropriate laboratory data as
meantioned in the subject document, I am convinced that we are probably not ready to conduct a large field scale
beater experiment. If we were to perform this field scale experiment according to the proposed schedule, 1
suspect we would obtain ambiguous information as has been obtained in the past, with poor return for our time
and monetary knvestment. [ also do not think that progressing through the phases ideatified in Table 1 of the
subject report, even in a careful and deliberate fashion, will satisfactorily prepare us for the technical difficulties.
~ Secondly, I am concerned about the absence of a plan to develop the ability to monitor the movement of solute.
The tests are described in terms of theoretical consideration regarding the movement of solute, but the fact
remains that at preseat we have poor capabilities, and Little research effort to develop it

Large Block Experiment

It seems to me that an intermediate smaller scale test must be conducted first. This seems to me to be a -
certainty if we are to have any hope of obtaining meaningful chemical data, and probably the same is also true
for hydraulic data. I would recommend that a heater test be done first with a large block of wufl, preferably in
the lab, but possibly in the field, conducted under well constrained conditions. There are too many experimental
details yet untested, and too many other factors that must be optimized.

[ arm suggesting a departure from the ideas presented in the subject report under Phase 2 and Phase 3, in which
monitoring devices are selected and calibrated in core studies. A large block study is one step removed from
this approach. Core studies tend to isolate the system to the investigation of only a few parameters, which is
. desireable for the initial phases; the transfer of this data to a large field scale experiment in this case is too large
. of an information transfer. In a large block experiment, the synergistic relationship between beater output, heater
orientation, and location of monitoring holes, in conjunction with the testing for best method of detection, is
. critical. This is the aspect of the current plan which is bypassed. Too much faith is placed on existing
knowledge, and short sighted experiments. Additionally the orientation and location of monitoring devices in
relation to the fractures can be crucial. In a big block, borizontal vs. vertical monitoring holes, various
monitoring devices and boundary conditions can be investigated simultaneously. Results [rom such studies may
indicate an entirely different appreach for the field study, such as relocation to another surface location, or even
the discovery that the tests should be conducted in a tunne! with more tightly constrained boundary conditions
such as a more constant temperature profile and moisture content, or that a horizontal heater emplacement is
optimal. These kind of evaluations are not done easily on the field scale without either degrading or destroying
the site for future work, or escalating to prohibitive expense. Clearly a field test of some magnitude needs to
eventually be conducted.
. The proposed laboratory instrument calibrations, calibrating data sets and core measurements are essential, but
are not in my opinion likely to yield data that will allow us to extrapolate to the design of the currently proposed
field scale experiment. Additionally I do not believe our poorly calibrated computer models will allow us to
bridge the gap from small cores to field experiments without the large block testing phase.

Solute Transport

The second comment is in regard to the choice, detection and monitoring of solute and gases. I know of no lab
studies for unsaturated tufl that have successfully monitored solute movement on the scale of our interest.

Other than the obvious methods of monitoring such as by the use of radioactive tracers, remote detection of large
resistivity changes or by destructive post experiment analysis of the rock, we do not have any viable procedures
for detecting solute migration. Since the theorized processes of heat pipes, bridging across fractures for solute
transport, regions of varying osmotic pressure, etc. are of major concern, how can we proceed so rapidly without
the appropriate methodologies?:. If the effects of these processes are to be measured then much work must be
done to develop both the appropriate tracers and effective monitoring techniques. Questions such as whether
tracers can be added without disturbing the existing llow field, or whether natural tracers exist in the pore water,



bave oot even begun to be addressed. How is any water sample to be collected? Where should the sampling
) _ ports be placed? Must the analysis be done remotely, or in situ? What is the actual device? What is the
\-/ orientation of the monitoring ports? These are all preliminary questions that have 0ot been asked and there are
8o defined efforts underway (o answer them in the time frame of the proposed study. -

I appears to me that many of these questions must be addressed immediately, and tested in cores and small

“blocks of tufl. Subsequently, a large block experiment, designed to be scaled to field size, can be conducted in
the lab (e.g 1 meter, etc.). It would be less desireable in my opinion, but possible to alternatively conduct the
block test in the field, with a well controlled vertically oriented heater, perhaps in a tuanel or in a block of tuff
around which we could excavate enough material to control and characterize the hydraulic parameters. I would
prefer a boulder or large block study in the lab. We have Litte knowledge of the accuracy of the measuring
devices, required orientation, needed spacing, effects of fractures, and performance of seasors, especially newer
less proven methods fike tomography, or any kind of newly emerging in situ chemical sensors. All of these
parameters could be optimized on the block scale heater test setting. I would much prefer to observe this on
a smaller scale, under conditions that can be repeated and under which different monitoring devices can be
tested, rather than attempt to predict this for the large scale test. ’

Successful completion of these tests will greatly improve our chances ofa meaningful field study. Without such
a precaution I would predict the cutcome to be one more marginal test with litle useful data for model
simulation and validation.

[. Document Specific Comments

p-1, para 1, line 18, add “diffusion and volatilization,® also I do not know what mineralization represents and
how it is different from chemical precipitation. There is no mention in this list of conditions of master
variables such as redox state, pH and ionic strength considerations.

’\_/. pS, para. 1&2. No mention of the measurement of any s_olute parameters.
p.6 para 2 This paragragh makes no sease to me.

p.6, para 3. The idea of using calibrated models and calibration data sets may be feasible for unsaturated
hydraulic parameters, but no such data or models exist now for solute chemistry por are they likely to
be extant belore the proposed heater test.

p6, para 4. The validation exercises exclude soluie transport. If this is the plan then you should pot include
solute transport as an cbjective (p3). '

p&, para 2. Please indicate if this is information you have gained from your own experimental work, in which
case I would be very interested in the studies under bullets 3 and 4, please document this. It might be
expected intuitively that these last two bullets represent effects that might be significant, but I am
dubious that either one will occur to the extent that it will be of any major importance. I would like
to see some validating data for these two effects. I cannot believe the dissolution and reprecipitation
of secondary minerals will have sufficient mass to affect the hydraulic properties. Likewise, if you are
referring to the solute naturally present in the pore space of the tufl, could this solute mass be significant
enough to affect hydraulic properties, I would doubt it. If this experirneatal information is derived from
the literature it should be cited. : v

p.9, para 2&3. If you intend to evaluate the movement of sclute and vapor, then you should include this in &t
validation exercises. One should also do some laboratory studies with aqueous compositions similarot
the natural solute, and plan to install the appropriate monitoring devices for detecting the movement
of solute and gases.

‘_ p. 9 para. 3. Is it now still reasonable to assume that 100 degree C temperatures are reasonable in the wilff,
U considering the current packaging strategies and spacings? If not what is the current thinking about
thermal gradient?



p- 16-17. It appears to me that many lessons can be learned from the experience of the field test conducted by
b Davies. First among them would be the need to conduct a laboratory heater test on a large block of
tufl, under open and well instrumented conditions. It is cbvious that mast of the parameters we are
interested in monitoring have not been optimized. It seems reasonable that we should investigate these
factors before we ga through the expense of a field test. Suchas: - :

o are we accurately measuring actual temperature distributions of walls, rock and void spaces?

© How does the presence of liquid water in the open borehole impact any of the measurements of
moisture content or psychrometer measurements? _

© What more can be léamned from multiple packer arrangements, and what should the spacing be?

0 What is the optimum power rating of the heater, and how can we effect the mdvement of moisture
in a reasonable time frame? '

© How will the vertical orientation relate to previous studies compared with a horizontally oriented
heater? Will the vertical orientation require vertical boreholes that will interfere with the attainment
of meaningful data above the heater and make detection of vapor and liquid water movement difficult?

o We do not even know how the presence of a fracture will impact the vapor movement in a large
block. How can we expect to plan appropriately for monitoring complications derived from the efect
of possible multiple fracture sets of indeterminate size, aperture, and [requency in the field setting?

© Is it reasonable to expect that tomography would have any where gear the resolution needed for an
experiment of this small a scale? How close would the instrument have to be? How would it affect the
placement of bareholes and the subsequent effect on the flow field? :
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STANFORD LINIVERSTEY, STANTORD, CALIFORNIA 9 1105

HENRY . RAMEY. JR.
RELEES asn CariToxs Brat Proressor
o PETROLEUM ENGINEERING

_ May 13, 1991
pr. Mel Silberberyg, Chief
Wwaste Management Branch
US Nuclear Regulatory Commission
washington, DC 20555

Dear Dr. Silberberg:

This is in reply to your lettét dated April 8 re evaluation of
preliminary draft of the University of Arizona "Experimental

a

Plan--Nonisotherral Hydrologic Transport study at the Apache Leag

Tuff Site" by Drs. Todd Rasmussen and Daniel D. Evans. The
objectives of the requested review were outlined in the 2nd
paragraph of your letter to me dated April &, 1991.

Since the manusccipt was a2 "preliminary draft", the authcrs seek

help to prepare Ile ndraft". As a result, the text is not
specific as to pe=hods, but does present objectives of the
study. The prinacy objective is to evaluate the ability of an

\\,/ engineered site I3 contain HLW. The specific objectives of the

experinent are cited as assessing methods for monotoring water

flow and thermomechanical changes in unsaturated fractured rock;
to examine hydraulic, pneumatic, solute transport at field scales
of one to thirty feters; evaluate effects of 2 heat source: and

assess various medelling approaches in computing modes of
transport. :

Your first question concerned the appropriateness of the field
scale. I think this is perhaps 2 critical issue. The authors
cite a study at "field scales of one to thirty meters". Their

experiment is planned on this basis. The heat source will be in

a borehole, and thus small in diameter. I have doubts that it

will be easy to scale from their "field scale" to that of a full
size HLW repositcry. Flow in a. fractured system must be affected
by the frequency of the fractures and the scale at which you can

inspect the systen. on the other hand, I‘m not certain anyone
could jump directly to a much larger scale. However, the

appropriateness or justification for the planned scale should be

addressed in the final draft.

your second question concerned the ability of the investigators

to monitor and isolate specific responses to their experiment.
There isn’t enoush information in this draft to answer this

question other tnzn by inference. A previous heating experiment

N had problems wit:h water in fractures and temperature
measurements. The nearby injection experiment went well,

however. My spec:=lation is that they can do a reasonable job or

the planned scals. The staff appears qualified and able. I am
concerned tha:s t-e small scale may lead to complications in



K\,/’ interpretation and scaling to a full-scale operation.

Your third question concerned possible problems in identifying

apmbient and boundary conditions for the proposed site. As much
. effort as has been put into identifying conditions at the

proposed site, it is not likely that an alternate site would be

known better.

One item that concerned me was many comments on modelling. One
objective is to evaluate various modelling progrems. Another is
to use modelling to plan the experiment. Yet little information
is given on the models which will be used. It is not clear to me
how much effort the authors intend to spend on the modelling.
This could be a monumental task in itself. This part of the
proposed experiment also needs more discussion in the proposal.

In summary, the investigators appear qualified, there is nuch
experience with the site, but this preproposal provides only
brief information on the planned experiment. I am concerned that
the interpretation of results from the small scale may be

confused by detail.

Sincerely,

el e ) -

Henry J. Ramey, <r.
HJIR/ '
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:: | SOU’[‘[[ DAK()TA o, RAPID CITY, éourﬂ DAKOTA 57701-3995

. SCHOOL OF MINES (/ T.x'—?ﬁ DEPARTMENT OF MINING ENGINEERING

AND TECHNOLOGY =30 PHONE (60S) 394-2344 )

.

May 17, 1991
Dr. T.C. Raszussen ,
Dciartmentmot Hydrology and Water Resources
University of Arigona
Building #12 :
Tucson, ;\u as721

a~ .

- Dear Dr. Rasmussent

First, I must express nmy sincere apologies for not :

responding to our discussions in early March before this time.
After returning to Raplid City from Tucson, I got the ’£lu. Even
though I was only away from work for & couple of days, its
lingering effects took 4-5 weeks before I was able to get back to
a full schedule. As I probably told you, I am writing my
dissertation for defense this summer., The dicsertation and one

! course that I am teaching had teo take precedent over any other

K\,/ activity during this tine.

'Ivam writing today for two main reasons; to comment on your
proposed heater experiment and to give you some results for the
partly welded tuff samples you gave ne.

At this stage, some general comments may help your project
as no doubt the proposal has been submitted. Some ideas are
fairly obvious but I include them for completeness. :

1) Perform an approximate numerical model before the emplacement
of temparatureé sensors. This could help determine where the
sensors should be placed to validate the model. Tha effect of
location of access drifts and drill holes for the experiment
should be considered. In addition, a model would assist in
evaluating at what time to turn the heater on and off. TFor
example, some semblance of attainment of steady state would be
advantagecue before the heater is turned oftf.

2) Allow for some redundancy in the placement of the temperature
sensors so that if some of the them do not work then others will
at least give values in that region. Redundancy could be two
sensors in nearly the same location or sensors in additional
drill holes from different directions. At a mining project,

; . holes are being drilled vertically and at angles from above and

\—  then in horizontal directions at different elevations around a
working &tope. .



—

'5) We porianaily prefer thermistors for temperature sensors as

they are nore ruggcd than thermocouples; they give a higher ,
res{stancc which is easier to accurately measure and the lengths
of the leads do not give major errors; and there is no need to
maintain a known temperature reference location. We have the
capabilitiés on campus to calibrate numerous thermistors back to

a NIST standard thermomater. The two calibration constants for
each thernmistor give the relationship between 1/T and ln(R). The
temperatures can be easily and accurately obtained for a large
tenparature range. .

4) There is always a concern that the temperature sensor is
measuring the alr temperature and not the "undisturbed® rock -
temperature. Small pockets of air can create convection and

maybe thé distance between your packers is large enough for such
convection currents. Backfilling of the drill holes 1s extremely
inportant as they may act as heat pipes and modify the

"undisturbed rock temperature. The came safeguards for the

permeability work are applicable for the temperature woerk. In:
our drill hole probes, we have used eprings so that the
thermistors are in thermal contact with tha wall rock.

The enclosed graphs and pages from the dissertation draft
give the thermal conductivity data for twe specimens which were
prepared from samples I brought back from Tucson, Could you
confirm vhether the data reported by Davies in his M.S. thesis
wac for the partly welded tuff or the unwelded tuff? Also, is my
terminclogy correct? and are there any problems in including
this information in m¥ dissertation? The data is for your use.

I an currently measuring some specimens of unwelded tuff and
densely welded tuff which came from other people but were
oriiinally fron the Apache Leap formation. 1Initial data
indicates that an unwelded specimen hags & lower thermal
conductivity; in the 0.7 - 0.8 W/ (m-K) range. Later, I will have
specific heat values so that diffusivity can be determined.

I can reached by phone at 605-394-1970, 2344, or 2361 for
further discussions. I may be in Tucson in June and/or July, and

have a tentative defense date of July 26, I am looking forward
te continuing interesting discussions.

Yours sincerely

ThLALE
W&
P ssoclate Professor

cc: S.P. Neuman



UNIVERSITY OF NEVADA, RENO

Departmeat of Mining Engineerin
‘Mackay School of Mines‘ ¢ ¢
Univeesity of Nevada, Renc

Reno, Nevada 89337-0139

-(702) 784-6961

May 19, 1991

Professor Daniel D. Evans
Hydrology

University of Arizona
Tucson Az 85721

Dear Dan:

Please find enclosed (finally) my review of the Experimental Plan
for your Nonisothermal Hydrologic Transport Study at the Apache Leap
Tuff Site. ' :

“lease accept my sincerest apologies for this very tardy response.
{ :
\_/note with interest the repeated recognition in your Plan of the
Textreme variability of tuff, confirmed of course by work at Yucca
 Mountain and by our own mechanical characterization work. In light
of the potential importance of this variability I would like to
suggest that you might consider involving Dr. Kumar Kulatilake of
Mining and Geological Engineering, given his considerable expertise

 in modeling statistical variability in geotechnical engineering, and
specifically at the Stripa Project.

Thanks very much for having an ocpportunity to review a most interes-
ting and valuable project, and very best wishes on an early start-up.

Best Regards,
ok

Jaak Daemen

cc: J. Philip, NRC

2N

o



Revxew of January 1990 Draft of "EXPERIMENTAL PLAN Nonisothermal Hydrologic Trans-
{ rt Study at the Apache leap Tuff Site” Coordinated By Todd C. Rasmussen and
\__dniel D. Evans, Department of Kyd:ology and Water Resources, University of Ari-
zona, Tucson.

Revzew by Jaak Daemen OLD
Date: S-18-51

The proposed experimental plan presents an excellent study program that will pro-
vide an outstanding opportunity to study the numerous camplex processes involved
in the near-field geological envircament of ELW. Given the lack of such test pro-
grams, particularly on the scale and in the medium proposed here, it is clear that
the proposed test program will provide an opportunity for making significant ad-
vances in the-state-of-the-art, notably with regard to conducting the tests, va-
lidating models of the processes, identifying shortcamings in the models and in
their camputer simulation implementations, and hence in further improvement of
prediction methodologies. In sum, the proposed test plan will produce substantial
results and benefits. These benefits are stated clearly and convincingly in the

1 st plan, and will not be repeated here. ' ’

\-'me primary objec:.ve of this review is to identify, fram a rock mechanics point
of view, areas in which the program could be strengthened. I recognize that all
additional work will incur additional cost, time, and camplications. Nevertneless,
given the overall benefits to the HLW repository effort that might result from a
broadening of the presently proposed effort, I believe that the additional ccst
and effort can be fully justified.

Major recormmendations: .

- include thermomechanical modeling in the test design modeling

- include extensive displacement/strain monitoring in the test program
(I recognize that such modeling is mentioned sevé._:al times. For reascns
discussed in more detail below, I am not convinced that the thermomechani-
cal monitoring requirements have received sufficient attention)

- include validation of thermamechanical modeling as part of the project cbjec-
tives? (I recognize that this may be expanding the scope of the project too

= much. On the other hand, many of the measurements needed for monitoring such
-1 -



variables as rock mass deformation and fracture apertures would provide ample
data to pursue & thermomechanical validation effart, and should be of interest
to flow model validation efforts as well.)

Detailed Camments

It may be helpful to clearly define what is meant by "verifying" and "vali-
dating®, e.g. is the use of "verifying" in the abstract really appropriate?

Is sufficient attention paid to geochemical effects that may affect thermo-
mechanical and presumably hydrological and pneumatic properties. Although dis-
soluticning and precipitation of minerals along fractures are mentioned in the
text, they receive very little attention. *

The experimental plan repeatedly mentions rock stress. Given the location
of the proposed test site, i.e. an unconfined knwll, it would seem rather unli-
kely that measurable rock stresses can develop. Although thermomechanical analy-
ses would be desirable to evaluate this aSsmetion, intuitively it would acpear

\ , far more likely that strain and displacement monitoring will be more productive
than attempting stress measurements. '

The ia_ck of attention paid to rock mass deformation, and its potential in-
fluence on flow poperties appears to be confimmed by the lack of measurerents of
(thermo-)mechanical properties (e.g. p. 2, third paragraph)

I am concerned about the emphasis on prediction without calibration. I re-
cognize the technical validity of the logic. It is important that this formulaticn
of a (valid) objective be expressed very carefully. o seveia.l in situ HLW-related
test programs (notably the Climax tests, scme Stripa tests, some WIFP tests), ex-
cessive and/or premature claims of predictability have backfired when the predic-
tability turned out to be uncertain, at best. I believe caution is especially

- important in light of the potential misunderstanding about eventual discrepancies
in the non-technical camunity. : .



‘The experimental plan emphasizes measurements in boreholes (e.g. first para-
graph on p.S. Fram a thermamechanical validation point of view, and possibly fram
the perspective of assessing the influence of rock mass deformation on flow, it
may be productive to include numerous surface deformation stations. A thermome-
chanical analysis would help in determining whether such displacements could be
measured reliably. If the indications are positive, including such measurements
would be helpful. If the predicted displacements were fairly large, measuring
them might be relatively inexpensive. Such measurements may be useful in evalua-
ting whether the rock mass deformation is continuous or discontinuous. In ‘the lat-
ter case, displacement monitoring might assist in identifying those discontinuities
along which preferential displacement is taking place. I recognize that the inter-
pretation of such measurements will te complicated by displacements induced by na-
tural temperature variations, as well as by injection pressures of permeability
tests.,

Eave any analyses (themmal, flow) been made of theApache Leap Field Heater
Experiment? (None seems to be mentioned on pp. 12-17). Such an analysis would
seen to be a wortwhile endeavor on a scmewhat smaller scale than the zroposed
work.

I presume that the site selection may well be final, for all kirds of prac-
tical reasons. Kowever I have to point out two differences from a potential Yucca
Mountain repository that seem significant: testing in unwelded tuff, and testing
in an essentially unconfined test configuration. While an argument can be mace
that the latter provides for simple boundary conditions (in terms of mechanical
constraints), it needs to be recognized that without confinement rock mass defor-
tion, in particular joint deformation is likely to be significantly different from
what would be expected under a confined cdnfiguration. |



NOTES

(Listed and identified by page/paragraph).

S

2

/3

1/3

- 2/3

S/1

s/2

5/3

6/5

71

1/3

3

*validating® rather than "verifying"?
Include geochemical effects?

*rock deformations/strains/displacements® rather than *rock stress near the
heater source"?

Last sentence seems to imply a (single?) simulaticn model that incorporates’
all relevant processes - a tall order

Mo thermomechanical or mechanical properties are available?

Include borehole deformation gages, surface displa.’ceme.ni/defomtion/s:ra.i.n
cages. (May be implied in 5/2) V

It is unclear what is meant by and included under "sampling"? Collec:hg phy-
sical _sampla to determine properties?

" .. environment to contain and isolate HIW."

First bullet: fram a thermomechanical point of view it may be worthwhile to
broaden "equivalent porous medium" to “equivalent continuum”.

Prediction of displacements/strains may be more readily verifiable (measurab-
le) than stresses. :

The “only" seems to denigrate calibratiocn. I am not convinced that such a

negative perception of calibration is justified. Although I very much agree
with and like your rationale for basing validations on independent predic-
tions, I also believe firmly that there is a place for and considerable be-

nefit in calibration and back-analysis exercises.

"To successfully validate..." rather than "To successfully verify..."?

-4 -



8/1

8/6

8/7
9/2
8/5
74{1

36/1

Include chemical (geochemical?) in first sentence? (See last bullet of third
paragragh). '

The term “ventilation ducts® usually refers to pipes and/or tubes installed
in shafts, tunnels, drifts, etc.. The term “ventilaticn airways" may be more
appropriate if excavations in rock are intended - however this seems to be
covered sufficiently by the listed “shafts, drifts, etc.."”

First bullet: it is not obvious that the air will be cooler, at least during
the sumer, for the early decades of repository operation.

Condensation seems highly likely for the exhaust system, more so than for
isolated chambers. ot

*rock mechanical defo;::rations" would seem more likely for an unconfined knob
than "rock mechanical stresses"

I question whether stress fields in an unconfined kncb could reach a magni-
tude where they affect permeability, especially matrix permeability.

Acain, I believe calibration exercises would be useful. As a minimm, they
could provide considerable insight into scale effects on parameter input
values. ’

37 Task 14: I wish baseline monitoring could be started earlier, e.g. preferably
ASAP with regard to thermally induced deformations of the site '
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MEMORANOUM FOR: Melvin Sflberberg, Branch Chief
_ Waste Management Branch
Division o Engineerinv
Office of Nuclear Regulatory Research

FROM: " David Brooks, Acting Branch Chief
Hydrology and Systems Performance Branch
a;;;sion of High Level Waste Management

- SUBJECT: COMMENTS ON UNIVERSITY OF ARIZONA RESEARCH

PROPOSAL FOR FIELD SCALE HEATER TEST
(SA1K, L20057)

As requested in your March 15, 1991, memorandum to Ronald Ballard, the
Hydrologic Transport Section staff has reviewed the University of Arizona's
experimental plan for a field scale heater test. It should be noted that the °
staff was also fnvolved in the January 1991 discussion of the proposed project -
at the workshop in Tucson, Arizona.

Over the past two years, NMSS and RES have been in the process of developing
“detailed user needs® statements for all NRC research done in support of the
NMSS/DHLWM prograam (see Memorandum, Browning to Shao, 1/19/90). In general,
prior to beginning any research project, the NMSS/OHLWM need for such work must
be adequately established. The first step in this process is to (jointly)
develop a “"detailed user need request” from NMSS/DHLWM. Such a user need
request establishes the speciffc licensing staff needs and determines that
research being done by other organizations is not sufficient or adequate for
NRC needs. This “first® step can be inftiated by either NMSS/DHLWM or RES.
Once a draft "detailed user need request" has been prepared, it should be

discussed with the appropriate NMSS or RES staff and then finalized. Following

the development of such & "detailed user need request," RES would prepare a
proposal request or work plan that would then be reviewed by NMSS. This
proposed "heater test" project appears to be developinﬁ independently of this
agreed-tg process, and thus ft is not responding to a "detatled user need
request.™’

In general, the DHLWM staff has the following concerns, which were also
discussed fn the evening sessfon at the January 1991 Workshop on Flow and
Transport Through Fractured Rock at the Unfversity of Arizona, The three main
jssues, about which there was considerable discussion, were (1) characterizing
the site, (2) controlling and measuring boundary conditions, and (3) the
usefulness of the experiment for validating existing models. There did not
appear to be any consensus on the utility of the proposed research because of
these major issues. It is noted that because of the issues raised at the
discussion session, the reporting on the proposed heater test experimental plan
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was dropped from the agenda of the NRC

2-

fUnfversity of Arizona research review

meeting held Friday fo lowing the Tucson Workshop. To our knowledge, these
concerns resain unresolved and would need to be addressed in the user need
justification for NRC sponsored research.

In general, the staff thinks that, for NRC, more experimental work should be
done at the "large block scale;tgr!or to beginning & field scale thermo=

hydrologic experiment. In add

such NRC sponsored research be delayed

rototype drillfng test (USGS) and the

G-Tunnel) are fintegrated into a single

groqosed evaluations made. This work
e0

on, we su?gost that further consideration of

until the data obtained from the
electric heater test (LLNL) (both from
thermohydrologic data set and the

{s part of a proposal to the Office of

ogic Disposal, US DOE, prepared by Charlfe Voss, Golder Associates Inc.
(Tetter of August 2, 1990 to Carl Gertz). Once the information from these

completed heater experiments have been
be made in the “detailed user need req
NRC sponsored heater test research. A
the thermohydrologic study, presently

Nuclear Waste Regulatory Analyses, nee

1nfqrmation for any proposed field "he
With respect to the University of Ariz

comments have been made which are encl
Rex Wescott, Don Chery, and Bill Ford

David Br

evaluated, then possibly arguments could
uest® for complementary or larger scale
1s0, the inforaatfon and findings from
befng conducted at the Center for

ds to be factored into the supporting
ater test."

ona "Experimental Plan," some specific
osed. These comments were prepared by
of the Hydrologic Transport Section.

/s

ooks/ Acting Branch Chief

Hydrology and Systems Performance Branch
Division of High-Level Waste Management

Office o

£ Nuclear Material Safety

and Safeguards
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~ :; NMSS/DHLWM HYDROLOGIC TRANSPORT SECTION COMMENTS
on
EXPERIMENTAL PLAN _
NONISOTHERMAL HYDROLOGIC TRANSPORT STUDY AT THE APACHE LEAP TUFF SITE

by

UNIVERSITY OF ARIZONA
- submitted
JANUARY 1991

GENERAL:

1. The proposal should contain a detailed statement of need for the
experiment. This statement of need should include a greater discussion of
results from the G-Tunnel Experiment and what the heater experiment would

- add to our understanding of nonisothermal hydrologic transport.

2. It is not apparent that enough knowledge has been'ﬁained from laboratory
: experiments with blocks to determine the relative sensitivity of various
heat transfer and flow parameters to fracture and matrix properties.

s This knowledge is necessary to successfully design a field heater
s experiment in fractured rock.
SPECIFIC:

1. Page 27- From the statistical analysis of bulk density and effective
* porosity of 105 samples from the Apache Leap injection site, the tuff

appears to be relatively homogeneous, yet the saturated hydraulic
conductivity has a coefficient of variation of 300%. The coefficient of
variation in the results of field test methods for determining hydraulic
conductivity is about 700X and ranges over 5 orders of magnitude. This
variation indicates that accurate hydrologic characterization of the
heater site may be extremely difficult and probably can not be aided by
correlation with more readily measured rock properties.

2. Page 28~ Third paragraph- The discussion indicates relatively good
agreement regarding thermal conductivity between measurements in core
segments and observations of response to the annual thermal cycle. This
would indicate that the influence of fractures on thermal conductivity in
tuff is minor. More details should be provided to support a conclusion
which greatly influences the feasibility of the proposed experiment.

3. Section 3.2~ Resistivity appears to be to temperature dependent to give
dependable moisture indications. Will neutron logging be able to
effectively replace it ? : '



