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Report on First INTRAVAL Workshop
Barcelona Spain, April 25-29, 1988
Richard Codell, Compliance Demonstration Section,
HLOB, Division of High Level Waste Management, NMSS

Introduction

I participated in the first INTRAVAL workshop, held in Barcelona Spain, April
25-29, 1988. INTRAVAL is an international model validation study organized by
the Swedish Nuclear Power Inspectorate (SKI). The stated purpose of INTRAVAL
is to validate mathematical models that could be used for licensing studies for
nuclear waste repositories, and to foster interaction between modelers and
experimentalists. The meeting was hosted by ENRESEA, the Spanish nuclear power
authority. There are 19 parties represented from over ten nations.
Approximately 50 participants to this meeting.made up 23 project teams. There
were nine test cases identified previously, but some others were added at this
meeting, and one, Case 6, was withdrawn. This case is the hydrology and tracer
experiments in a basalt flow top at the Creston Washington site, supported by
the NRC. This study has been formally withdrawn from INTRAVAL because of the
decision to suspend all work on sites not directly related to the Yucca
Mountain repository.

Test cases were based on field sites, laboratory studies, natural analogs to
waste repositories, and one synthetic (computer-generated) site. The
following is a chronicle of most of the technical presentations at the meeting.
I have elaborated the discussions which were most interesting to me personally
and most important to the goals of the NRC high level waste repository program.

Technical Presentations

Test Case 1 - Transport through clay and rock samples

David Lever of Harwell Laboratories, U.K., described experiments for Case la,
which studied diffusion and advection through clay and rock. The aim of the
study was to describe the migration of tracers in pore water and adjacent rock,
and to predict the transport on the basis of batch experiments outside of the
test apparatus. The Harwell experiments used iodine, cesium, strontium,
tritium and conservative tracers.

Jorg Hadermann of the Paul Sherrer Institute, Switzerland, studied the
diffusion of U-233 tracer through crystalline rock samples for case lb.
Following the injection of the uranium tracer, the rock was sliced apart and
the deposition of the tracer measured with an autoradiograph. The
autoradiograph of the fractured rock sample showed clearly that the tracer was
sorbing to the fracture, and that matrix diffusion was occurring also. The
goal of validation was only partially achieved. Hadermann achieved good
agreement only by fitting six parameter model to experimental data, which is
more of a calibration exercise. Charles Cole of PNL presented modeling results
for case lb, in which he simulated the experiment with a model that included
matrix deformation resulting from pressure. The model is for equivalent porous
media, and does not correctly reproduce the long taill found in the experimental
data, suggesting that fracture flow and matrix diffusion might be important.
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Jesus Carrera of the Technical University of Barcelona presented a solution of
problem lb in terms of its identifiability from limited data. Alternative
conceptual models could explain the behavior of the system. The breakthrough
of tracers injected into the fracture could be a summation of many microscopic
individual paths, but these paths cannot be de-convoluted from the results of
the experiments. This fact does not favor the discrete fracture type of model,
which combines the effect of many individual pathways, because these pathways
could not be identified from any direct experiments other than dissection and
destruction of the rock sample. He favors instead reliance on the differential
equations for transport, and the treatment of the real pathways as a continuum.
Continuum models can fit the data about as well as the discrete fracture
models. Several alternative conceptual models apply to the same data. For
example, the long tail of the breakthrough curves could be caused by matrix
diffusion, diffusion into dead end pores, or non-instantaneous diffusion on the
fracture surface. Several other kinds of experiments must be designed to
differentiate between alternatives. He suggested running the experiments at
different flow rates and concentrations and the use of alternative tracers.

Test case 2 - Transport in a single fissure in a laboratory sample

This case was presented by Kristna Skagius of Kemakta (Sweden). Drill cores
from the Stripa project (also a field-scale INTRAVAL problem, Case 4) were
sealed on the outside and mounted between two plexiglass end plates. The
samples were up to 30 cm long and 20 cm wide. The pressure device is capable
of exerting normal stresses but not shear stresses. Someone pointed out that
shear stresses were present at the Stripa mine, and that these stresses were
not reproduced in the lab experiment. Tests were conducted with non-sorbing
tracers and also sorbing radionuclide ions including actinides. Models have
been run on these experiments to test the effects of advection, dispersion,
diffusion, matrix diffusion and sorption on the fissure surface and in
microfissures inside the rock matrix. Separate experiments outside of the test
apparatus measured the batch sorption of crushed rock and matrix diffusion
coefficients. Parameter values of diffusion and dispersion of non-sorbing
tracers in the sample were combined with laboratory values of matrix diffusion
and batch sorption in models to predict the behavior of sorbing tracers in the
fracture. Two conceptual models of the transport processes were used: a
fracture flow "channeling" model and a continuum "hydrodynamic dispersion"
model. There was a noticeable discrepancy between the simulated and measured
breakthrough results.

Several interesting experiments were conducted on the transport of actinides.
Actinide tracer was introduced to the core and several hundred pore volumes
flushed through the rock. A small percentage of the actinides were flushed
through the sample, but most remained in the rock. They determined that much
of the activity passing through the rock was carried on particles in the
original tracer material. Filtration with a 0.21 micrometer filter greatly
reduced this transport. Following the actinide tests, the rock was broken open
and the tracer which had deposited on the fractures and in the matrix were
measured.

Test case 3 - Hanford tracer tests

Charles Cole of PNL presented Case 3, which is the tracer experiments performed
in the McCoy Canyon flow top at Hanford. The aim of this case is to reanalyze
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the tracer test data to validate the conceptual model of flow and transport in
this flow top. Data from these tests consist of two-well tracer tests with
I-131 and a conservative tracer in the DC 7 and 8 wells. The experiment was
supposed to have follow-up results from further site exploration of BWIP.
Since further experiments at Hanford are now unlikely, the INTRAVAL case will
concentrate only on the existing data.

Test Case 9 - Transport in a granite block

Berge Gureghian of Batelle Chicago Laboratories presented Case 9, which deals
with a laboratory experiment on a large block of granite removed from the
field. The experiment tested transport in a large single fracture. The sides
of the fracture were sealed. Both sorbing and non-sorbing tracers were
injected at one end of the fracture and monitored at the other end by a 5-port
sampling system. The model has been calibrated with a conservative tracer in
order to get the dispersion characteristics of the fracture. Separate lab
experiments on sorption of non-conservative tracers were performed outside of
the column, and the model then used with good results to predict how the
non-conservative tracers would respond in the apparatus. The final experiment
will be conducted with a non-conservative radioactive tracer, Cs-137, that will
sorb into the rock. The rock block will then be taken apart to measure
directly the sorption of the tracer onto the fracture and into the rock with
autoradiography.

Shlomo Neuman from the University of Arizona commented that the use of the term
channeling as it is being used in this and other experiments may be misleading.
Channels do not line up with the direction of flow as these experiments
suggest. These paths are an artifact of the experiment. Therefore, the flow
paths demonstrated in the experiment have little to do with flow paths that
might have existed in the field. He also suggested that at the end of the
experiment, the fracture should be injected with resin and the rock sample
sawed apart to determine the shape of the fracture so that an exact simulation
could be performed on a computer model.

Test case 5 - Finnsjon site
I

Ivars Neretniks of the Royal Institute of Stokholm described the Finnsjon
experiment. The aim of the tracer tests is to investigate the transport
properties in a highly conductive rock fracture zone over distances of up to
about 400 m, which is a rather long distance for any of the INTRAVAL field
scale problems. The site has been extensively characterized from the
standpoint of tectonic patterns and hydraulic properties of the fracture zone
and surrounding rock. The present phase of the research will concentrate on
hydrogeologic and geochemical characterization and migration properties of the
fractured zone. Tracer tests will start in the Spring of this year. The
objectives of this experiment are to determine the transport parameters,
interconnections, matrix diffusion, and sorption with weakly sorbing tracers.
There are 6 or 7 boreholes at this site. Within each borehole, there are
measurements of hydraulic properties at approximately 2 meter packed off
intervals in the fracture zone, with enough density to calculate spatial
correlations. Some of the boreholes have a packer spacing of as little as 11
cm. Tests at these small intervals demonstrated that relatively small regions
are responsible for most of the flow in the fracture zones. The tracer
experiments were recirculating pump tests, with the central pumped hole sampled
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for tracers injected from the packed off intervals of the boreholes. There are
several kinds of tracer tests being performed, including radial converging,
dipole, and natural gradient experiments. Local values of hydraulic properties
and cross hole pump tests are also available. Modeling has demonstrated that
it has been very difficult to predict arrival times a priori for the tracer
tests. I commented that the experiment of Cathles (1973) pointed out that
silica beads, which are too large to have significant molecular diffusion,
traveled much faster than the molecular tracers, which diffused into the pores
of the rock. I suggested that the use of these tracers could point out the
efficacy of matrix diffusion or exchange by diffusion with stagnant water.
Neretniks said that they were employing a high molecular weight tracer with low
diffusion coefficient to demonstrate this principal. Three groups presented
initial modeling attempts for the radially converging tracer tests. S. Neuman
later described the Finnsjon experiment as one of the most useful for
demonstrating phenomena of fracture flow, and urged NRC to become more involved
in this case.

Test case 4 - Stripa mine

Ivars Neretniks presented Case 4 dealing with hydrology and tracer experiments
that have been conducted at Stripa in Sweden, 360 meters below ground in an
abandoned iron mine. This is a long term study that has examined the influx of
water to the mined drifts and the migration of tracer. This experiment intends
to measure dispersion and channeling in a sparsely fractured crystalline rock
over distances up to 50 m. There is a 75 m main drift with two side drifts in
a cross configuration. Plastic sheets were hung inside the mine to collect
water and tracers falling from fractures in the ceiling. There was no apparent
correlation between fracture length or density with the influx of water, but
there was a correlation with the number of fracture intersections and water
influx. Tracers were introduced in packed off intervals in boreholes. Tracers
introduced at the periphery of the site migrated toward the center of the mine,
following the general trend of the hydraulic potential. At least one tracer
injection however, ended up quite far from the location, apparently following a
tortuous fracture pathway. Bomb tritium approximately 30 years old has been
found in the collectors, apparently the meteoric water from the surface. An
interesting observation is that permeability seems to increase in the rock
close to the mined drifts. An injection of tracer 11 meters from the drift
demonstrated this increase in permeability. The drift diameter was about 3
meters. This is a rough validation of the range of influence for stress
redistribution which is suggested in the NRC's draft GTP on Disturbed Zone.
That GTP recommended a range of 3 to 5 diameters or 50 meters as the range of
influence for redistribution of stress in rock as the limit of the physically
disturbed zone. Tracer tests further from the drift than 11 meters did not
show marked trend in increased permeability. S. Neuman warned that data close
to the drift should not be extrapolated into the undisturbed rock and that data
should be collected from boreholes, for which the rock is disturbed relatively
little as compared to a large underground excavation. There was some
difficulty identifying the mechanisms responsible for an apparent retardation
of the non-sorbing tracers. Matrix diffusion or diffusion with stagnant water
in dead-end pores is a possibility. Experiments with a high molecular weight
tracer might be able to distinguish between matrix diffusion and other
phenomena. One interesting result of experiments with sorbing tracers is that
there is evidence of the sorbed molecules moving along the surface of the
fracture; sort of a surface diffusion.

4

.I I.' - . . I



Barcelon.doc 5/23/88

Johan Andersson of the Royal Institute of Stockholm presented a simulation for
the Stripa injection experiments using a discrete fracture model. The model
represents fractures in the rock as circular disks of uniform thickness which
intersect in a random pattern. The model had to rely on calibration with the
site data. Andersson suggested that the model could be calibrated on the basis
of predictions of hydraulic responses, and once calibrated, used to simulate a
later tracer experiment for transport calculations. Data needed for the model
consist of characteristics of the density, length, aperture and orientation of
fractures. It was suggested that data on fractures and fracture intersection
from outcrops could be used to calibrate model directly without reliance on
primary site data. S. Neuman suggested that slant boreholes and crosshole
tests are needed for the models. He further stated that we are justified in
modeling fractures when they can be identified as major features, but not
generally small individual fractures, because of the apparent lack of
correlation between flow the length and density of fractures. He was also
critical of the observations at Stripa and other sites of point measurements of
tracer concentrations. Observations should be made on how the plumes spread on
a large scale; otherwise there is no meaning to the term dispersivity, and no
general conclusions can be drawn from the experiments. Chin Fu Tsang of
Lawrence Berkeley Labs added that point measurements are not really desired for
repository safety assessments. For discrete fracture models, statistical data
are needed for aperture and other dimensions of fractures, and these are not
easy to obtain.

Unsaturated flow cases

Tom Nicholson of NRC proposed two new INTRAVAL problems dealing with
unsaturated flow; the Las Cruces and Apache Leap experiments. Both of these
studies are being funded by NRC. The Las Cruces experiment is in an irrigated
plot of unconsolidated desert soil. A trench several tens of meters deep and
wide was excavated and extensively instrumented with moisture measurement
Instruments in a three dimensional grid. The movement of a pulse of water
provided at the surface by an array of sprinklers was tracked as the front
moved downward in the dry soil. This experiment has a relatively dense array
of measurements, allowing the calculation of spatial scales of correlation and
the use of geostatistical and stochastic techniques In the analysis of the
data. There has been modest success with predicting the propagation of the
front using a stochastic simulation method which relies on the statistics of
soil measurements. Associated work at M.I.T. has produced a synthetic
three-dimensional analog of the site generated in fine detail on a computer,
which will allow testing of computational theories outside of the test site.
Further experiments with conservative tracers and alteration of the rates of
irrigation are planned. S. Neuman commented that the MIT stochastic approach
tries to represent the variability of the soil as a stochastic process, not
accounting for the apparent layering. He suggested that a simple deterministic
layered model might have been able to predict about as well as the stochastic
theory.

Nicholson next described the Apache Leap site. This site is in an unsaturated,
welded tuff, and is similar in many ways to the Yucca Mountain site. There are
9 boreholes at this site, drilled at about 45 degree angles to the surface.
Numerous packer tests at closely spaced intervals, and crosshole measurement of
the movement of water and gas have been performed. S. Neuman commented that
there has been little success with direct correlation of fracture measurements
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and hydraulic properties of the rock, leading to the specter that discrete
fracture models based on direct measurements of fracture spacings will have
little success unless there are corroborating data to adjust the models. He
also suggested that there should be experiments in the Apache Leap tuff to
saturate the rock in order to get limiting values of the important unsaturated
hydraulic parameters. Tom commented that the boreholes have been packed and
locally saturated. Although several participants commented that there is no
doubt that flow is occurring through the fractures, little can be said about
the hydraulics by identifying the fractures from direct.observation of cores,
downhole cameras or outcrops. There were several comments about the usefulness
of equivalent porous media (EPM) approaches to solving the flow and transport
in fractured unsaturated rock. Chin Fu Tsang commented that he has had modest
success in simulating hydraulic properties in a saturated single planar
fracture by a stochastic model of aperture. His results reproduce some of the
observed behavior in laboratory studies of transport in single fractures. Both
the EPM and discrete fracture approach appear to have problems and there is no
clear path to modeling these problems. It's possible that several alternative
models will have to be tried at INTRAVAL.

Dwight Hoxey of U.S.G.S. presented a proposal for a new test case in the
unsaturated welded tuffs of G tunnel at the Nevada Test Site. This test is
considerably smaller scale than the experiments at Apache Leap. The experiment
centers around pairs of 10 cm. diameter and 10 m long horizontal boreholes
cored into nonwelded and welded tuffs. One of each pair of boreholes will be
dry cored with air, and the other will be wet cored with water. Moisture
content will be measured with neutron meter and the fracture apertures and
locations measured with a TV camera. Following coring, the boreholes will be
sealed and instrumented in packed off intervals with thermocouple
psychrometers, pressure transducers and temperature sensors. Recovered cores
will be sampled to measure thermal properties, matric potential and volumetric
moisture content, density, porosity and characteristic moisture curves.
Multiple samples will be used to estimate heterogeneities of the rock matrix
properties. Fracture properties of apertures, orientation and spacing will
also be evaluated statistically. Core samples will be used for laboratory
imbibation and drying tests. Modeling experiments have already been carried
out to simulate liquid water and water vapor flow and storage, compressible
pore gas storage and flow, heat productions and dissipation, and mass transport
of the drilling fluid tracers. Only relatively simple models of the experiment
have been tried so far using TOUGH and other codes. They have been plagued by
long run times, as is characteristic of TOUGH and have been investigating
improved versions of the code. He said that certain improvement have been made
to their version of the TOUGH code, notably the inclusion of hysterysis in the
characteristics curves. The steady state models will be calibrated using
laboratory measurements of core samples and observation of recovery to ambient
conditions in dry-cored boreholes. The transient model will be calibrated by
simulation of laboratory imbibation and drying data from core samples. The
hydraulic properties of the fracture system will be determined from the
measurements of apertures, orientations and locations of the fractures, and the
measurement of drilling fluid losses during borehole emplacement. The
calibrated models will be used to predict long term recovery of the hydrologic
conditions in the borehole near field, predict the extent of the hydrologic
disturbance caused by the borehole and predict time and magnitude of cross
effects between borehole pairs. Validation of the models will be determined by
comparing the model predictions with the data obtained from borehole
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monitoring. Uncertainty will be evaluated using laboratory generated
statistical distribution functions for the rock matrix hydrologic properties.
S. Neumran commented that neither resistance to flow across fractures, nor
mechanisms such as "fingering" of wetting fronts have been taken into account
in the USGS model. There were several comments on the difficulty of modeling
the effects of fractures. Neretniks commented that the direct measurement of
the uptake of water in the lab experiments on the core samples would be helpful
in piecing together the model. S. Neuman commented that it was dangerous to
speculate on the mechanisms from either limited samples'or measurements of
fracture dimensions without direct corroboration with field data. Paul Davis
questioned whether the perceived differences between the transport and
hydraulic properties of the wet and dry boreholes could be differentiated from
the natural spatial variability in the media.

While there was enthusiastic support for the unsaturated problems among U.S.
participants, there has been little interest in delegations from other
countries. Chin Fu Tsang made an effort to interest teams from other
countries. He commented that in most HLW repositories, the waste will be
placed in unsaturated conditions, and that the heat generated may isolate the
waste from the groundwater for a time. The environment of the waste canisters
would therefor be important for the saturated site. Unsaturated models could
answer the questions about corrosive environments and times to resaturation.

SaTt cases

Several new cases for saturated flow and transport in or near salt were
presented. Peter Glasbergen (RIVM, Netherlands) presented two cases dealing
with salinity gradients around the Gorleben site in West Germany. M.
Hassanizadeh of RIVM presented a laboratory experiment on the model of the
movement of a salt water interface in a two dimensional flow. The apparatus
consisted of glass plates separated by a small space and filled with uniform
glass beads. The scale of the apparatus was about one meter laterally. The
convection of a sharp front of saline water through an initially fresh water
saturated medium was simulated by forcing the salt water vertically through the
apparatus. By observing the movement of weak and strong saline solutions
through the apparatus, the researchers found that additional terms need to be
added to Darcy's law to account for the steep concentration gradients. There
was very good agreement with theoretical predictions for the movement of the
salt water front using relatively simple models. This experiment was
advertised as a good example for independent model validation. Several people
questioned its usefulness since It was possible to come very close to the
observed conditions using simple models.

Natural Analog cases

Ivars Neretniks presented Case 7, which deals with two natural analog sites.
The Osamu Utsumi mine is a rich uranium ore deposit in Brazil. The field study
will evaluate transport and speciation of natural radionuclides and rare-earth
elements in a fissure flow system in crystalline rock under oxidizing and
reducing conditions. Uranium disequilibrium, detailed maps of uranium
concentrations, fractures, and tracks from spontaneous fission are available.
Hydrogeologic data are also available, both pre and post-mining. He noted that
phenomena of potential importance to models of HLW repositories were observed
at this site, namely uranium mobilization and precipitation, channeling and
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matrix diffusion over long periods of time. Uranium mobilization is still
occurring by virtue of the oxidizing groundwater, and is also being
precipitated by reduction with pyrite (Mobilization of uranium by oxidizing
water is a potential mechanism for radionuclide release at the Yucca Mountain
repository).

Moro do Ferro is a thorium and rare earth deposit near the Osamu Utsumi site.
The deposit is interesting because of its richness, and the fact that it
straddles the vadose zone. Part of the deposit is alternatively above or below
the seasonal water table. Of particular interest at this site is a colloid
transport experiment. There does not appear to be a wealth of information at
this site, however. Aims of this project are to validate equilibrium models,
understand the mechanisms of dissolution and precipitation of uranium and other
minerals, study matrix diffusion, and the role of microbes on transport of
radionuclides.

The Alligator Rivers project, Case 8, is a natural analog site for a rich but
unmined uranium deposit in Australia. Peter Duerden of the Australian ANSTO
described the Koongarra site. This site appears to be richly instrumented, and
to have zones where there is uranium mobility because of oxidizing conditions.
The amount of information on this site is overwhelming. The presentations were
difficult to follow. I cannot do the subject justice without becoming more
familiar-with the printed information. I gather however that the major
difference between Koongarra and the other natural analog sites is the emphasis
on the migration of spontaneous fission products, and the relative quantity of
the data. Furthermore, although the site is a rich uranium deposit, it is
undisturbed except for the exploratory drilling. It appears that the Alligator
Rivers project is much further along than the Case 7 analog sites. The NRC has
decided to participate only in the Alligator Rivers project for INTRAVAL.

There was a general discussion following the presentation on natural analogs.
Several people complained that all of the experiments except the natural
analogs lacked geochemistry, and that this was a serious shortcoming for
validation of performance models. Jesus Carrera noted that natural analogs
suffered from a serious weakness in that the environmental conditions under
which the processes occurred are largely unknown.

Synthetic Experiments

Stratis Vomvoris of NAGRA (Switzerland) discussed plans for a synthetic
hydrology experiment. The experiment is patterned after an actual field site
in the underground Grimsel Rock Laboratory. A single fracture plane in
crystalline rock intersects a number of shafts and boreholes. The scale of the
experiment is on the order of one hundred meters. There have been several
hydraulic tests performed in the fracture, but no detailed mapping of the
hydraulic properties has yet been accomplished. The idea of the synthetic
experiment at this site is to create a detailed synthetic data set describing a
possible realization of hydraulic and geochemical properties of the fracture
plane, and then to simulate hydraulic and transport tests. The modeler must
then try to reproduce the performance of the site using only the data that are
available from the simulated hydraulic and tracer tests on the synthetic data
base. He suggested that the synthetic data for the experiment be generated
using a turning band method for producing multivariate random numbers. The
synthetic data could be forced to match the few real data available at a few
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spatialpoints. Experiments in the real site'will begin this summer. The
migration experiment at the site will be a tracer injection in a doublet
pumping-withdrawal test. There will be ten single hole tests for hydraulic
properties. Conservative tracers will be used this summer, and
non-conservative tracers the following spring. Vomvoris commented that NAGRA
did not have the necessary resources for formulating the experiment single
handedly, and requested that other groups who are interested in this project
form a working group.

I was given the opportunity to present my recent two-dimensional synthetic
migration experiment, in which the migration of conservative tracer particles
from a hypothetical repository is simulated using a very finely detailed
synthetic geosphere. The object of the experiment is to demonstrate how well
or how badly we can reconstruct the performance of repository based on sparse
data. I took this opportunity to point out that I believe that one of the main
goals of INTRAVAL is, or should be, a demonstration that models can or cannot
make performance predictions based on sparse or otherwise inadequate data.
Simple confirmation of well controlled lab experiments does not necessarily
fulfill this demonstration. The audience was generally appreciative of my
presentation. S. Neuman commented that synthetic migration experiments are
usually performed to demonstrate that a particular method works, but still the
methods will not necessarily work with real-world data. Real experiments at
least tell us what the important processes in the real world are. He added
that he doubted that mathematical models would be used directly for the purpose
of licensing repositories, but would strengthen qualitative arguments for
reasonable assurance. This statement was greeted by many of the participants
with some surprise. I countered that while I agreed with him in principal, I
felt that modeling results would be taken seriously. Synthetic experiments
would be useful in demonstrating that we might fail to characterize a
repository with the data available to us. It is therefore better to know this
limitation than to ignore it. Vomvoris and several other said that if what
Neuman stated was correct, then it appears that we are wasting our time in
trying to validate models. Jesus Carrera commented that he considered the
synthetic migration experiments as useful tools in demonstrating the point that
predictions of performance of repositories must rely on identification of
processes from frequently inadequate data. Chin Fu Tsang commented that the
presentations of Vomvoris and myself meshed very well, and that the methodology
I used to generate the synthetic data could just as easily be used on the NAGRA
site. Experimentation on the NAGRA synthetic site could help them plan further
real world experiments.

Coordinating Committee

The final session of the meeting was the Coordinating Committee, which is
responsible for planning and scheduling of the test cases. The committee
recommended that the Alligator Rivers analog experiment be set up so that the
vast amount of data would be more useable by the participants, and that an
entry level problem be developed. David Lever of Harwell would make available
the initial modeling attempt at that site. By the next workshop, the PNL and
NRC teams would have the data base for the two unsaturated flow problems and
initial modeling results available for the participants.

The Committee discussed the Synthetic Migration Experiment. Norm Eisenberg of
DOE stated that the emphasis of the experiment be directed more to validation
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of particular models rather than to site characterization. This subject was
apparently discussed at the last INTRAVAL meeting, but I was not aware of it.
Chin Fu Tsang tried to separate the characterization of a site based on limited
data from the problem of model validation. Although I thought that the
distinction was somewhat unclear, I agreed to look into the problem further. I
think that the confusion came about because Vomvoris and I did not have time to
coordinate our presentations. Vomvoris's presentation dealt with a relatively
small-scale site dominated by flow in a single fracture plane. The physics of
this system allows the creation of a well-defined synthetic problem based on an
aperture distribution. My presentation dealt with a problem on a much larger
repository scale, and was more an exercise in site characterization. Vomvoris
suggested that experiments could be designed to separate the two concepts, and
that a member of the the Validation Oversite and Integration Committee (VOIC)
should be appointed to work with us. Upon later discussion with several
parties, I understood the objection better. Vomvoris, Cole and I have decided
to meld our approaches, initially basing the test case on the Grimsel Rock
Laboratory, but leaving open the possibility of further problem sets.

There was a show of hands for participants interested in pursuing the Synthetic
Migration Experiment. Approximately seven groups expressed interest. On this
basis, the Coordinating Committee voted to accept the Synthetic Migration
Experiment for INTRAVAL. The tentative working group consists of Vomvoris and
P. Hufschmied of NAGRA, Charles Cole of PNL and myself. We have already
discussed the formulation of the problem and plan to meet at NRC headquarters
on June 9 and 10 to create a draft of the test problem for the next INTRAVAL
meeting in November.

Pascal Oustriere (France) reiterated his disappointment on the lack of
geochemical models in the INTRAVAL cases, except for the natural analog sites,
and requested that participants think of ways that geochemistry could be added.

Observations

The validation of models that will be used to predict the performance of
repositories is a lofty goal. The limited aims of INTRAVAL must be recognized
therefore in order to keep the expectations within bounds. There were several
laboratory-scale experiments in which the experimental environment was tightly
controlled, and detailed observations of the results could be made. The lab
scale experiments can in many cases be studied extensively with x-rays,
tomography, or by destructively disassembling the sample. This would allow a
detailed model of the particular experimental configuration to be constructed
in some cases. I believe that these experiments will be most useful for
looking at phenomena in the near field, e.g., the environment of canisters.
Small scale phenomena are amenable to study in laboratory experiments over
reasonable time scales. Modeling on this scale allows calibration from
experimental data that can be collected in a reasonably short time period. It
may not be reasonable to expect that these small experiments could be scaled up
to anything approaching repository scale, however, or that the larger scale
models could be similarly calibrated.

Virtually none of the field scale experiments (tens to hundreds of meters) have
a very dense data set; that is there is no exact picture of the placement of
individual fractures, geochemical information or other information so that an
exact mathematical model could be build on the basis of experimental data.
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This is more typical of the kinds of data that would actually be available at
repository sites. Since we should be concerned with the modelability of
repositories, it is useful at this point to ask the question "Would it be
pdssible to perform an accurate simulation without direct calibration of the
model with the measured response?" In most cases, it appears that the answer
if no, yet calibration of models for repositories would in most cases be
infeasible for the times and distance scales involved. I feel that questions
of the ability to characterize the repository and forecast its performance
hinge on the feasibility of model calibration. This can be studied to some
extent with synthetic migration experiments.

Several of the experiments are being conducted under conditions that are unlike
a repository environment for the long term. While much useful information came
from the Stripa experiment, for example, one would have to question the
applicability of the results directly to long term repository modeling.
Measurements at Stripa have been made under conditions that are highly
distorted from the natural or long term behavior of the unmined rock. The
presence of the mined excavation completely distorts the natural flow in the
undisturbed rock, and would not be representative of a sealed, resaturated
repository.

Shlomo Neuman was very concerned that the U.S. emphasis in INTRAVAL was
restricted to the cases dealing mainly with unsaturated flow and transport. He
feels that there is much to be gained from participating in the large fracture
flow experiments, particularly Stripa and Finnsjon, and urged the U.S.
delegation to become involved. I support him in this point of view, and
suggest that NRC become more involved in a wider range of INTRAVAL cases.

The meeting was exceptionally interesting and informative. There was frank and
honest exchanges between all parties, and a collegial atmosphere. I am looking
forward to the ad hoc meeting on Synthetic Migration Experiments on June 9 and
10 at NRC headquarters, and the next general workshop in Tucson Arizona in
November.

Richard Codell
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