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The international INTRAVAL project
started in October 1987 in Stockhoim asan
international effort towards validation of
geosphere models for transport of radio-
nuclides. The project was initiated by the
Swedish Nuclear Inspectorate. SKI, and
was prepared by an ad-hoc group with rep-
resentatives from eight organisations.
Twentytwo organisations (Partes) from
twelve countries participate in INTRA-
VAL. The project is governed by a Coor-
dinating Group with one represeniative
from each Party. The SK1acts as Managing
Participant and has set up a Project
Secretariat in which also Her Majesty's

Inspectorate of Pollution HMIP/DoE. U K.
and the OECD/NEA take part. Project or-
ganisation, the objectives of the study and
rules for the publication of results are
defined by an Agreement between the Par-
ties.

The INTRAVAL philosophy is to use
results from laboratory and field experi-
ments as well as from natural analogue
studies in a systematic study of the model
validation process. It is also part of the
INTRAVAL project strategy to interact
closely with ongoing experimental pro-
grammes.
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Introduction

INTRAVAL is the third project in a series
of three international cooperation swdies
aimed at evaluating conceptual and math-
ematical models for groundwater flow and
radionuclide transport in the context of per-
formance assessment of repositories for
radioactive waste. In the previous studies,
INTRACOIN (1981-1986) and HYDRO-
COIN (1984-1990), the numerica} accu-
racy of computer codes, the validity of the
underlying conceptual models and differ-
ent techniques for sensitivity/uncertainty
analysis have been tested. In INTRAVAL
the focus is on the validity of model con-
cepts. _ )

The INTRAVAL study was initiated in
October 1987. A first phase of the study
will be finalised in the autumn 1990. SKI
has initiated discussions among the par-
ticipating organisations about the possible
contents of a second three year period. A
decision about the continuation will be
taken at the INTRAVAL Coordinating
Group meeting in October 1990.

The purpose of the study is to increase
the understanding of how various geo-
physical, geochydrological and geochemi-
cal phenomena of importance for the radio-
nuclide transport from a repository to the
biosphere can be described by mathemati-
cal models developed for this purpose. This
is being done by systematically using in-
formation from laboratory and field experi-
ments as well as from natural analogue
studies as input to mathematical models in
an attempt to validate the underlying con-
ceptual models and to study the model
vaiidation process.

Seventeen test cases have so far been
included in the study. The test cases are

based on experimental programmes per-
formed within different national and inter-
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national projects. Several of the cases are
based on international experimental pro-
grammes, such as the Swripa Projec' the
Alligator Rivers Project, and the Pocos de
Caldas Project.

A Pilot Group has been appointed for
each of the test cases. The responsibilities
of the Pilot Groups are to compile data and
propose formulations of the test cases in
such a way that it is possible to simulate the
experiments with model calculations.

A pronounced policy of the INTRA-
VAL study is to support interaction be-
tween modelers and experimentalists in -
order to gain reassurance that experimental
data are properly understood and that ex-
periences of the modelers regarding the
type of data needed from the experimen-
talists are accounted for. In order to support
this interaction and to develop of a strategy
for the systematic application of the ex-
periences and knowledge gained from the
test cases, a special committee, the Valida-
tion Overview and Integration Committee
(VOIC), has been set up within the study.

Since the issue of the previous Progress
Report, the fourth INTRAVAL workshop
and the fifth Coordinating Group meeting
were held during the week February 5th to
10th, 1990 in Las Vegas, United States of
America, During the workshop a aumber
of oral presentations were given about
work performed with the test cases. The

‘final documentation of the first phase was

also initialised and six working groups re-
sponsible for the technicai content in tech-
nicai reports foreseen to be published were
appointed. The time scale for the final doc-
umentation of the first phase of INTRA-
VAI were agreed upon. VOIC had two
meetings and some other working groups
used the opportunity to arrange meetings.
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The Fourth INTRAVAL
Workshop and the Fifth
Coordinating Group
Meeting

The fourth INTRAVAL Workshop and
the {ifth Coordinating Group meeting were
held in Las Vegas, Nevada, USA, on the
Sth through 10th of February 1990 with the
U.S. Department of Energy acting as host.
In conjunction with the meetings an excus-
sion to the Nevada Test Site was organised.
The discussions at the workshop focussed
on new modelling results achieved since
the last workshop. Quite some time was
also spent to organise the finalisation and
documentation of the first Phase of IN-
TRAVAL. In addition, the initialisation of
a second Phase of INTRAVAL was dis-
cussed and proposed test cases for the sec-
ond Phase were presented.

The Coordinating Group meeting was
held on the 10th of February 1990. The
Coordinating Group recommended a sec-
cnd Phase of INTRAVAL.. The final deci-
sion on this matter will be taken at the next
meeting in October 1990. The Swedish
Nuclear Power Inspectorate will send out
an invitation for participation in the IN-
TRAVAL Phase 2 to the Organisations
before the surnmer. The next INTRAVAL
workshop and Coordinating Group meet-
ing wiil be beld in Cologne, The Federal

'Republic of Germany, in October 1990.

Validation Overview and
Integration Committee
(VOIC)

A Validation Overview and Integration
Committee (VOIC) for the development of
a strategy for the systematic application of
experiences and knowledge gained from
the various INTRAVAL test cases has
been set up by the Coordinating Group.

The members of VOIC are: Thomas
Nichoison, U.S. NRC (Chairman), Jesus
Carrera, Universidad Politéchnica de
Catalufia, Neil Chapman, British Geologi-
cal Survey (now Intera-Exploration Con-
sultants Lid), Peter Glasbergen, National

Institute of Public Health and Environmen-
tal Protection, David Hodgkinson, Intera-
Exploration Consuitants Ltd, Ivars Neret-
nieks, The Royal Institute of Technology,
Shiomo Neuman, University of Arizona,
and Chin-Fu Tsang, Lawrence Berkeley
Laboratories.

The charter for VOIC states that the
purpose of the committee is to provide a
means for the INTRAVAL Project to in-
vestigate the broad issues related to dem-
onstrating the validity of concepts, theories
and models used in the performance as-
sessment of repositories, and to provide for
acontinuing technical overview which will
allow for adjustments and improvements lo
the selected test cases. The work within
VOIC has been focussed on formulating
how the term validation could be inter-
preted in the INTRAVAL context and what
processes of relevance to radionuclide
transport modelling in the performance as-
sessment of radioactive waste repositories
could be addressed by the different test
cases. VOIC aisgo specified the goals of
INTRAVAL as 'ensuring that modetls are
available and validated to each of the set of
crucial processes that control the flow and
transport in the geosphere’. )

VOIC has suggested that the process of
validation may be described as follows:

1. Understanding and Research
Without proper understanding of the pro-
cesses and system structures involved,
there couid be no validation. On the other
hand, one can say that a thorough under-
standing represents the major part of
validation.

2. Comparison of Theory and Modeil-
ing Calculations with Experiments
This is to study how well we are abie to
predict or simulate experimental results
quantitatively. Any discrepancy may be
due to parameter uncertainties, statistical
nature of the system or lack of understand-
ing. The last case requires further effort in
item 1. Care should be taken to avoid curve
fitting without the proper understanding
and confirmatory results.

3. Peer Review and Public Scrutiny
It is important to have our work published
in the open literature, both to receive the
benefits of anonymous technical review
and to open it to public scrutiny. A study



whose results are in the open literature,
examined by and maybe used by the gen-
eral scientific community over long pe-
riods of time has a much better chance of
being correct.

Almost by definition one can never vali-
date acomputer code without complement-
ing the statement with further qualifying
phrases. Thus, in VOIC's view, a certified
code means that the code is properly veri-
fied and properly documented. It is then
mathematically correct in its formulation
and solution and properly documented
with respect to function, accuracy, guide-
lines about the required discretisation, and
ranges of applicability. A model, including
the conceptualisation and the computer
code, can be validated either with respect
to (a) a process or (b) a site-specific system.
For (a), a process is first identified (e.g.
buoyancy driver flow) and the concep-
tualised (e.g. as temperature-dependent
density and viscosity) and coding is per-
formed on this conceptualisation. The
model is then applied to an appropriate
experiment and its results compared with
measurements. If the calculations compare
well with the experiment with due con-
sideration given 10 parameter uncertainties
etc., we can say that the model is validated
with respect to this specific process. For
(b), a site-specific system may be com-
posed of a humber of processes and struc-
tures, which form the building blocks of the
system. Once the building blocks are iden-
tified, a2 model or group of models may be
used to simulate and compare with field
observations. If successful, the group of
models is said to be validated with respect
to this particular site, within a range of
applications determined by the range of
field observations studied.

Hence, there is no such thing as a vali-
dated model in the generic sense. However,
we can say that 'a model is validated with
respectto a given process', or that *a mode!
or group of models are validated with re-
spect to a given site’. Ranges of applic-
ability should always be included in such
statements. The decision if a mode! is valid
is not made only by those using the model.
The model is valid in a given case if the
user has applied it correctly and can con-
vince another knowledgeable person or
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group of persons of this. In the end the
scientific community will decide the vali-
dity of models and whether they are cor-
rectly used in the right context.

In the process of defining INTRAVAL
Phase 2, VOIC has given assistance and
advice to the INTRAVAL Secretariat and
the Coordinating Group conceming the
outline of the continuation. Phase 2 should
be based on on-going and well documented
field experiments. The study should be
more directed o validation strategy and
performance assessment considering the
accomplishments of Phase 1. It is also sug-
gested that various key issues, such as scaie
dependence, heterogeneily, and coupled
processes, are highlighted.

Present Status of the Test
Cases

TEST CASE 1a

Radionuclide migration through clay
samples by diffusion and advection, based
on laboratory experiments performed at

‘Harwell Laboratory, UK. (Pilot Group

Leader: D. Lever, Harwell Laboratory)

Experimental Setup and Scales

Experiments to study solute (iodide, deu-
terium and tritium) migration through in-
tact samples of clay, from one borehole at
a depth 28-34 meters below ground level,
have been performed at Harwell Labora-
tory in UK. A set of transient and steady-
state tracer experiments have been per-
formed, both parailel and perpendicular to
the bedding of clay samples (vertical
through-diffusion, horizontal through-dif-
fusion, in-diffusion, and dispersion experi-
ment). The length scale, of the experiments
are up to a few centimeters and their dura- -
tions are up to a few months. The data
available are breakthrough curves from the
through-diffusion and from the hydro-
dynamic dispersion experiments, as well as
the amount of tracer that have diffused into
the samples in the in-diffusion experi-
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ments. In addition, results are availabie
from complementary experiments such as
moisture content and porosity, size and
distribution of the porosity, and hydrautic
conductivity as a function of stress.

Analyses by the Project Teams

The Project Team from SNL has defined a
validation strategy which has been tested
on this case. The method could briefly be
described in terms of a number of steps
including choice of conceptual model,
identification of validation issues and de-
sign of experiments to assess these. It also
contained a proposed scheme for invalida-
tion of the model by comparing the "best
fit" model breaktkrough curve. The model
is not acceptable if a systematic error of
correlation in the residual is observed. Two
models of diffusion in clay has been tested
on this test case, oge two-dimensional
single porosity modet and one two-dimen-
sional dual porosity model. The single po-
rosity model was tested earlier and was
found tobe invalid. Probability distribution
function representing the uncertainty in pa-
rameters were obtained, mainiy by review-
ing avaiiable literature, and a number of
Monte Carlo simulations were undertaken.

The transport equation was solved with
the finite difference code SWIFT-1I. The
model structure was then tested by compar-
ing the "best fit’ model breakthrough curve
with the experimental breakthrough curve
in terms of residual in time values for dif-
ferent levels of concentration. The residual
plot was judged to be acceptable if a semi-
variogram did not show a trend but nugget.

The method was applied on through-
diffusion experiments with iodide on two
different sampies. The test showed a trend
in the semivariogram for one of the
sampies (INTBEI), implying that the model
structure was invalid, whereas for the other
sample (INT9I) the model was acceptable
as the semivariogram showed nugget. Dur-
ing the discussion it was concluded that the
applied test did not filter out constant er-
rors.
The Project Team from RIVM used both
an analytical model and the finite element
code METROPOL to simulate the experi-

ments. The resuits from the anaiytical
model was checked against results ob-
tained from METROPOL and gave equal

results. The total porosity was evaluated
analvtically from equilibrium results of the
in-diffusion experiments. The total poros-
ity for deuterium varied between 0.47 and
0.48 in different samples, whereas the
variation for iodide was between 0.14 and
0.24, The evaluated porosity for deuterium
was in good agreement with porosity
values obtained from oven-drying. The dif-
ference in porosity for iodide and deu-
terium couid probably be explained by the
existence of micropores accessibie to deu-
terium but not to iodide. The effective dif-
fusivity determined analyticaily from the
steady state part of the through-diffusion
breakthrough curves was found to vary
between 7.2-10°'! and 8.6.10 m%s™! for
deuterium in differemt samples. For iodide
the effective diffusivity varies between
2.810" and 3.9-10'  m? 5! Using these
values to predict the transient part of the
in-diffusion and through-diffusion experi-
ments with METROPOL no good agree-
ment between calculated and experimentai
results was obtained. In the case of
through-diffusion, there is no agreement
between experimental and calculated
results even at extended times, i.e. at equi-
librium where the porosity and diffusion
coefficients were evaluated, A curve-fit-
ing exercise evolved in such a way that
different values of the porosity and dif-
fusion coefficients had to be selected for
the in-diffusion and the through-diffusion
exper:aents. For iodide different vaiues
hadt e selected for the different samples.
The 1. aoduction of matrix diffusion in the
conceptual model gave a better agreement
between calculated and experimental
resuits. A preliminary unique set of
parameters for the two tracers was selected.
The total porosity was estimated at 0.474
from ovea-drying and in-diffusion experi-
ment with deuterium, and the macro
porosity was estimated at 0.14, The effec-
tive diffusivity and the matrix dlffusnntg
were estimated at 7.7-10° and 1.1.10°

m?s! for deuterium and at 6.5-10"! and
2.0-10" m2.s™! for iodide from in-diffusion
experiments, The through-diffusion ex-
periments could be simulated with satisfac-



tory agreement with the experimental
results if the above presented parameter
values were employed. The permeation ex-
periments has not yet been simulated but
will be.

The Project Team from UPC previously
presented an analysis where three different
advection-dispersion models were used to
simulate the experiments: a single porosity
model, a double porosity model (including
matrix diffusion, and a twiple porosity
model (including matrix diffusion and mo-
lecular diffusion in immobile water). The
main conclusion from this evaluation was,
however, that all data could be explained
with a simpie model. More complex

models could be used but their parameters

could not be estimated reliably. This indi-
cates that the validity of the siraple modej
or the need for more complex ones requires
calibration under different conditions.

As an approach to designing experi-
ments that can distinguish between dif-
ferent models, thie following methodology
was adopted: A suitable experiment is pro-
posed. The proposed experiment is simu-
lated with one model, then the other model
is attempted to fit both the experimental
data and the simulated data. If this can be
done, theg the proposed experiment cannot
be used to distinguish between the two
models, whereas if it cannot be done ade-
quately then the proposed experiment is a
candidate for differentiating between the
models. This is then checked further by
interchanging the roles of the modeis in the
above analysis,

The experiment is a good discriminator
between the models only if it satisfies both
tests. A number of possible permeation
experiments with pulse injection have been
tested and found to fail to distinguish be-
tween the two models according to the
above described methodology.

The parameters that have been varied in
these experiments are:

— the puise duration (10 000 and 5 000 s),

—the size of the downstream reservoir
{1 cm and 10 cm, which is a reduction of
50 respectively 5 times compared to the
reservoir used in the experiments),

— the water flow rate (5 and 2.5 times the
flow rate used in the experiments),

— the weight of the pulse experiment,
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— the retardation factor.

The conclusions drawn from these tests
are that it is of no value 1o use dual or triple
porosity models to evaluate the transport of
conservative (non-sorbed) tracers. For
sorbed tracers (retardation factor of 10), it
was possible (o reproduce model data,
especially if reduced weight was given 10
the pulse experiment. The evaluation ap-
proach is based on the assumption that ail
samples can be characterised by one set of
parameters, although there is sigpificant
variability between different samples.

The Project Team from PNC evaluated
the in-diffusion and the through-diffusion
experiments with a one-dimensional
model. Both separate and joint analysis of
the in-diffusion and through-diffusion ex-

periments indicates that the experiments

cannot be described with a single set of
porosity and diffusion coefficient values.
A statistical test (least squares method)
shows that the population mean values of
porosity and diffusion coefficient from the
through-diffusion experiment are larger
than those from the in-diffusion experi-
ments both for iodide and deuterium, with
95% significance fevel. Data from joint
analysis (peorosity from in-diffusion ex-
periments and diffusion coefficient from
through-diffusion experiments) show that
all experimental points of the in-diffusion
experiments for iodide fit within the es-
timated interval of the population mean of
porosity and diffusion coefficient values,
whereas, for deuterium some points fail out
of the estimated region (99% confidence
interval). It was also concluded that the
estimations of both the porosity and the
diffusion coefficients are sensitive to the
method applied to evaluate them, especial-
ly with regard to the applied boundary con-
ditions. Preliminary results from evajua-
tion of the permeation experimenis with a
one-dimensional advection-dispersion
model show good agreement between cal-
culated and measured breakthrough cur-
ves, except for one experiment. Further
evaluation of the permeation experiments
is needed before these results can be as-
sessed in the conclusions of this modielling
exercise.
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TEST CASE 1b

Uranium migration in crystalline bore
cores based on experiments performed at
PSI. Switzerland. (Pilot Group Leader: J.
Hadermann, PSI)

Experimental Setup and Scales

In this experiment, performed at the Paul
Scherrer Institute (PSI) in Switzerland,
tracer migration in crystalline bore cores
were studied. Water at high pressure was
forced to flow through rock cores of granite
or gneiss with a diameter of 4.6 cm and a
length between 0.8 ¢cm and 5.0 cm. The
high pressure was intended to simulate the
rock overburden. Tracer (uranium-233)
was added to the infiltration water and the
tracer concentration was measured iz the
water sampled at the core outlet. After the
experiments the samples were sliced and
the surfaces of the slices were auto-radio-
graphed to yield information of flow paths
and sorption sites. Complementary results
on hydraulic conductivity versus confining
pressure, and dynamic porosities of the
samples are also available, as well as re-
sults from uranium adsorption/desorption
experiments.

Analyses by the Project Teams

The Project Team from HARWELL has
analysed the breakthrough curves from
four different bore cores, three granite and
one gneiss core. They compared three dif-
ferent one-dimensional advection-disper-
sion transport models, one with linear equi-
librium sorption only, one considering also
matrix diffusion, and one with kinetic sorp-
tion. The approach adopted was tocalibrate
each of the models using the first few data
points on the breakthrough curve for acore,
and then compare the predictions of the
model with the remaining data points for
that core. In each case, the number of data
points was chosen so that the model was
calibrated to the data points giving the ini-
tial rise and falling back 1o approximately
half the peak output concentration. The
models were calibrated automatically

10

using a non-linear least-squares method to
evalyate the parametess that gave the best
fit for the selected model.

The results from the evaluation showed
with considerable evidence that the model
incorporating matrix diffusion was the
most appropriate mode! to describe the
transport. The model with only linear sotp-
tion tended to underestimate (he initial
peak of the tracer concentration curve and
to overestimate the concentration. The
model with kinetic sorption also overes-
timated the concentration, although it gave
a better estimate of the peak.

The results from the model with matrix-
diffusion can be used to evaluate the retar-
dation and the dispersion length. The retar-
dation is approximately 20 for the gneiss
sample and for two of the granite samples,
whereas the retardation for the third granite
sample is an order of magnitude higher.
The higher value for the last sampie is -
consistent with the broader peak in the
output tracer concentration curve for this
sample. The dispersion length evaluated
for two of the cores was in the range of
3.8-10" m, which seems reasonable. The
dispersion length for lhe two other cores
were 2-10* and 3-10% m respectively.
These values appear to be small. To inves-
tigate the role of the mode] parameters for
the model with matrix-diffusion a sen-
sitivity study was carried out. For each
experiment, each of the parameters was
varied to half and to twice its best fit value
while the other parameters were kept at
their best fit. From this sensitivity analysis
it was shown that the model was not very
sensitive to changes in the parameter de-
scribing the dispersion length, for sampies
showing very low values of the dispersion
length. The discrepancies between the
measured data and the model predictions
were also examined and there appears to be
some structural tendency.

The study of the test case shows that the
experiments provide considerable support
for the coucept of rock matrix diffusion. It
would, however, be desirable to have sup-
porting evidence for the model on larger
spatial and time scales. It might aiso be
preferable to perform experiments for
temperature and groundwater chemistry



within ranges of direct interest for a
reposiory.

The Project Team from ECL presented
plans for complementary work on this test
case to the work performed by HARWELL
where non-linear sorption of uranium-233
is introduced instead of linear sorption in a
one-dimensional advection-diffusion
model. A number of sorption isotherms are
identified in the literature, relating the den-
sity of sorbed tracet within the rock sample
to the concentration of tracer dissolved in
the surrounding water. Throughout this
study the Project Team selected to use the
Laagmuir isotherm (s = g-¢/(1+b-c), where
s is the density of sorbed tracer, ¢ the con-
centration of tracer dissoived in ground-
waler, and a and b positive constants). The
first aim with the study is to demonstrate
that the specified equations can be solved
robustly and efficiently before parameter
estimations are started. The next step will
be t0 analyse the test case.

TEST CASE 2

Radionuclide migration in single natural
fissures in granite, based on laboratory
experiments performed at KTH, Sweden.
(Pilot Group Leader: T. Eriksen, KTH)

Experimental Setup and Scales

This test case is based on laboratory experi-
ments, performed at the Royal Institute of
Technology, Sweden, on radionuclide mi-
gration of non-sorbed, moderately sorbed,
and swongly sorbed tracers in single nat-
ural fissures in granite drill cores (0.02 -
0.04 m in diameter and C.08 - 0.3 m in
length). Synthetic groundwater was fed to
the fissure inlet and tracers were either
added by continuous feeding or as a puise
of suitable duration. The effluent was con-
tinuously sampled and analysed with re-
spect to the tracer concentration.

Analysis by the Project Teams

The Project Team from OWTD presented
results of their analysis of the test case

1
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using FRACFL.O-VAL. This is a package
including non-linear least squares techni-
ques for parameter estimation and analyti-
cal solutions for one-dimensional advec-
ton-dispersion equation with and without
matrix diffusion. The models and the es-
timation procedure were tested against
anaiytical solutions with known parameter
values. Reasonable fits to all experimental
data were obtained.

TEST CASE 3

Tracer tests in a deep basalt flow top per-
formed at the Hanford Reservation,
Washington, USA. (Pilot Group Leader: C.
Cole, PNL)

Experimental Setup and Scales

This test case involves recirculating tracer

- tests in two boreholes about 17 m apart in

adeep basalt flow top, about 1000 m below
ground level. The data base available is
very large and includes flow rates, break-
through curves (iodine and potassium thio-
cyanate), pump test data, geometry of the
site, water chemistry, core data, tempera-
ture versus depth, etc. The basalt flow top
is expected to be rubbly rather than frac-
tured. The path length in the rock is rela-
tively short compared to the depth as well
as 1o the dispersion length as derived from
the breakthrough curves.

General Comments on Test Case 3

Test case 3 was formulated at a ime when
disposal in basalt was an option in the U.S.
waste disposat programme. One valuabie
agpect of this test case then was a pos-
sibility to go back to the site and perform
complementary measurements. Because of
the discontinuation of the U.S. basalt pro-
gramme the experimental site has subse-
quently beent decommissioned and the pos-
sibiiity of complementary measurements
no longer exists. Due to these reasons the
interest among the INTRAVAL partici-
pants to perform further simulations of this -
test case is rather limited.
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TEST CASE 4

Flow and tracer experiments in crystalline
rock based on rthe Stripa 3D experiment
performed within the International Stripa
Project. (Pilot Group Leader.: I. Neret-
nieks, KTH)

Experimental Setup and Scales

This test case is based on three-dimen-
sional tracer tests performed in the Stripa
mine in Sweden. The experiment forms
part of the international Stripa Project.

An experimental drift was excavated in
the old iron-ore mine in Stripa, Sweden.
The whole ceiling and upper part of the
walls have been covered with about 350
plastic sheets (2 m?” each) with the purpose
to collect water seeping in from the rock
and to collect injected tracers. Three verti-
cal. boreholes for tracer injections were
drilled and tracers were injected at nine
locations, 10—55 m above the test site.

The data registered or obtained from the
experiments are water flow rates, tracer
copcentrations in the water entering the
drift, rock characteristics and fracture data,
water chemistry, tracer injection pressure
and flow rates, and hydrostatic pressure.
Diffusivity and sorption data are avaiiable
from complementary iaboratory and field
experiments.

The results of the water flow measure-
ments demonstrated extreme spatiai vari-
ability. Thus, 2/3 of the drift * 43 dry, one
sheet carried 10% of the watr and twelve
sheets carried 50%. The flow rate into the
drift did not correlate well witn the fracture
density. However, there is a correlation
between the flow rate and the local number
of fracture intersections. The longest
breakthrough time was 26 months from the
farthest injection point. After completion
of the experiment, it was noted that one of
the tracers had moved about 150 m paralle]
to the drift over a three year period.

Analysis by the Project Teams

The Project Team from SKI/KTH has
analysed the water flow and the iracer

12

transport in the Stripa 3D experiment with
a discrete fracture network model. The
computer code, DISCFRAC, generates the
fracture network and solves the equations.
The fractures were modelled as planar cir-
cular discs with a radius, orientation and
transmissivity randomly and indepen-
dently placed. The model parameters were
estitated from geometric estimate based
on mapped fractures and the observed flow
distribution in the ceiling of the drift. The
cumulative tracer breakthrough times were
calculated assuming pipe flow in single
fractures using particle tracking. The
breakthrough curves from the discrete
model were then fitted to the advection-
dispersion mode! by the method of least
squares to determine a Peclet number and
a water residence time.

By plotting the Peclet number as a func-
tion of cumulative fractions of realisations
for different transport distances it was
found that at zero variance of the channel
ransmissivity the Peclet naumber increased
linearly with distance. This means that the
dispersion coefficient is constant which
mplies a Fickian dispersion behavior. As
the variance of the channel transmissivity
was increased, the Peclet number tended to
be smaller and more constant, which im-
plies a non-Fickian dispersion behavior.
The tracer breakthrough in different
defined small squares (windows) gave dif-

" ferent Peclet numbers in the different

squares due to fracture passing. At this
stage, the Project Team thinks that the dis-
crete fracture network model can explain
the experiment. Parameter uncertainty may
scale up to orderly advection-dispersion
and extreme channeling,

TEST CASE 5

Tracer experiments in a fracture zone at
the Finnsjon researcharea, Sweden. (Pilot
Group Leader: P. Andersson, Swedish
Geological Co.)

Geological Structures

This test case is based on a set of tracer tests
in a fracture zone in crystalline rock at the



Finnsjon research area in Sweden. The ex-
periments are confined to a sub-horizontal
fracture zone at approximately 300 m
depth. The thickness of the zone is ap-
proximately 100 m and its horizontal extent
is in the order of kilometers.

It appears that the zone contains three
highly permeable sub-layers. The trans-
missivity of the upper layer is estimated 1o
be 10*m%s?, the middte 107-10° m?s™!
and the lower 10 m? 5™\, The middle layer
is not continuous. A fresh water salt water
interface exists in the fracture zone rela-
tively close to the upper previous layer.
The salt content of the groundwater is
higher below the zone than above. The
patural hydraulic head gradient is esti-
mated at 1/300 in the horizontal direction.

Hydraulic Tests

The fratture zone and the surrounding rock
are penetrated by several core drilled (and
some percussion drilled) borehoies. Packer
tests for hydraulic conductivity (Lugeon
tests) have been performed in ail boreholes
in 2 m and 20 m section intervals. In addi-
tion, a part of one borehoie has been inves-
tigated in 0.11 m intervals. A regional
pumping test has been conducted by pump-
ing water from the full length of one bore-
hole and observing the drawdown in 11
wells totalling 4Q intervais.

Tracer Tests

Two sets of tracer test have been com-
pleted: a radially convergent test and a

dipole test. The radially convergent test

was conducted by pumping one well from
a packer interval covering the full width of
the fracture zone and injecting 11 different
non-sorbed tracers at 9 different intervais
in three wells surrounding the production
weil, i.e. more than one tracer was injected
at some points.

The dipole test was conducted by pump-
ing in one well and injecting in another. A
total of 20 different tracers were introduced
at the upper layer of the injection well. The
tracer discharge points at the discharge
well were estimated by sampling the
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tracers in different layers, Both the radially
convergent and the dipole test showed that
tracers could move between the layers in
the fracture zone.

Analysis by the Project Teams

The Project Team from VTT presented
their interpretation of the radially converg-
ing experiment. They ‘sed a channel
model, characterised i, the number of
channels and the channel properties. Each
chanpnel had a transmissivity and a width,
reiated to the channel dispersivity. The
total ransmissivity of Zone 2 was assumed
to be the average of the sums of transmis-
sivities measured in individual boreholes.
In the present modeling, one single trans-
port route between the injection borehole
section and the pumping borehole wascon-
sidered. This transport route represents the
fastest connection between the injection
and collection sites. It was assuymed that the
route was a flat channei having an aperture
of about 1 mm or less and a width of 10 ¢m,
and that the velocity in the channe] varies
over the width from zero to 2 maximum
velocity over 5 cm. The analysis was per-
fortned assuming constant groundwater
flow but time dependent tracer injection
rates. kt can be conciuded that the applied
simple model seems to predict the majority
of the breakthrough curves rather well and
also to reproduce dispersion effects over a
wide range of transport routes and times by
one value,

The Project Team from Intera-ECL has
apalysed the radially convergent tracer
tests. They utilised two-dimensional flow
models considering advection-dispersion.
Data were available from nine continuous
injection tests and three pulse injection
tests. The evaluation concentrated on the
pulse injection tests as they were likely to
be more sensitive to the assumed fracture
geometry, since both a wave-front and a
wave-back had to be considered. The pulse
injection tests (from borehole KFil1)
showed a double pulse breakthrough which
seems to be a consequence of flow path
geometry. The best fit to the breakthrough
curves was sotught by minimising the sums
of squares of the residuals over the time
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frame of the experiment. The breakthrough
curves received. if a single fracture plane
was assumed, did not agree very well with
the observed breakthrough curves. The
single fracture plane was then replaced by
two paraliel fractures connecting the pack-
ed-off sections of the boreholes. The pres-
sure gradient was the same in both frac-
tures, depending only on the distance be-
tween the injection and pumping hole. The
two fractures, however, had different val-
ves for the dispersivity and flow. The fitted
breakthrough curves took the form of two
puises but the fitted curves gave no good
agreement with the experimental break-
through curves. These results show, how-
ever, that just one or two paralie! fractures
are inadequate to model radially conver-
gent tests with pulse injection. It might be
worthwhile to investigate the effect of in-
cluding the following components in the
model: molecular diffusion, matrix dif-
fusion, or non-integer dimensional fiow
paths.

The Project Team from JAERI modelled
the radially convergent tracer pulse injec-
tion experiments with a variable channel
aperture model. The two-dimensional
steady state channel flow in single frac-
tures of zone 2 was evaluated and the trans-
port of non-sorbed solutes was simulated
- by a particle racking technique consider-
ing local dispersion within each channel.
The probability distribution of channel ap-
erture was assumed to be lognormal. The
effects of diffusion and sorption was not
considered. In the groundwater flow cal-
culations the fracture was divided by a
rectangular grid into nodes with different
apertures. The model domain was a quarter
part of the area. In the soiute wansport
simuiations, the fracture plane was model-
led as a rectangular netwotk system. The
travel time of particles in each channel was
given by one-dimensional solutions, and
particles coming to an intersection of the
network were distributed in the outlet
branches with a probability proportional to
the flow rates. A preliminary comparison
between calculated and experimental
breakthrough curves showed that the tail-
ing of the caiculated curves were much
smaller than for the experimental curves,
this could be due to diffusion imo dead-
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ends. The effects of local dispersion was
not considered in the calculations. Best fit
values of the mean channel aperture and the
variance of the aperture density distribu-
tion were quite different for different flow
paths. From these circumstances, and from
the shape of the experimental breakthrough
curves, it was concluded that a macro-
scopic anisotropy existed for the transmis-
sivity in the fracture zone.

The Project Team from Hazama-Gumi
analysed theradially convergent tracer test.
The groundwater flow in the area was
modelled to pass through a fracture net-
work. The network was generated based on
observed information on orientation and
fracture density from vertical drill cores as
welil as on fracture lengths examined at the
outcrops. Zone 2 was divided into three
regions; upper (12 m thick), middle (40 m
thick), and lower part (33 m thick). The
fracture densuy is higher in me upper
(0.004 m” )and lower (0002 m )pans
than in the middle (0.001 m’ ) part. The
fracture length was set to 50 m and the
water was assumed to flow symmetricatly
towards the pumping borehole.

A parallel plate model was used for the
water flow in each fracture element. The
transport analysis was cartied out using the
velocity field obtained from the
groundwater flow analysis. The solute
transport was simulated with a -particle
tracking method considering advectionand
matrix diffusion. The residence time for
each particle within the fractures was
determined by a probability density func-
tion. The water flow rate at the mjecuon
boreholw was vaned between 1.7-10° and
2.310% m*s and the fracture aperture
was varied between 4-10~ and 510 m.
When matrix diffusion was considered the
matrix diffusion coefficient was assumed
1o be 1-10” m®s! and the rock porosity
ranged from 0.015 to 0.03.

The results showed that multi-peak
breaktbrough curves are produced if matrix
diffusion was not takea into account. Some
of the calculated breakthrough curves con-
sidering matrix diffusion seem to agree
quantitatively with the measured ones, al-
though the total flow rates obtained in the
calculations were smaller than those ob-
served in the fieid. It was concluded that



matrix diffusiop seems 1o have significant
influence on the solute transport .

TEST CASE 6

Synthetic data base, based on single frac-
ture migration experiments in Grimsel
Rock Laboratory in Switzerland. (Pilor
Group Leader: R. Codell US NRC)

This test case is patterned after a tracer
migration experiment in a single fracture
plane at the Grimsel Rock Laboratory in
Switzerland. A highly detailed two-dimen-
sional synthetic data set of hydraulic con-
ductivities and other properties condi-
tioned on the actual data from the Grimsel
site has been generated. In addition, results
from a number of simulated hydrautic and
tracer migration experiments with the syn-
thetic model are available. Based on these
data sets, the task for the Project Teams
was firstly to predict the breakihrough of a
non-sorbed tracer at several simulated
borehoies and tunnels (Phase I of this test
case), and secondly, to include also dif-
fusion and chemical retardation in the geo-
sphere (Phase II of the test case).

Analysis by the Project Teams

The Project Team from USNRC presented
results for a simple potential flow model
with uniform properties. The model was
calibrated to the "observed data’ (actually
obtained from very fine grid simuiations of
aheterogeneous medium). Comparison be-
tween predicted breakthrough curves and
"observed’ breakthrough curves showed
considerabie differences in arrival times. A
finite difference model was also applied
using transmissivities inferred from 'bore-
hoie tests’ from a few boreholes. A linear
variogram appeared to fit these hydraulic
data best. The finite-difference model gave
better results than the simple potential flow
model, but the conclusion was that more
data in some areas are peeded.
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TEST CASE 7a

Redox-front and radionuclide movements
in an open pit uranium mine. Natural
analogue srudies at Pogos de Caldas,
Brazil. (Pilot Group Leader: I. Nerenieks,
KTH)

This test case is based on one of two sub-
proiects in a natural analogue study per-
formed at Pogos de Caidas, Minas Gerais,
Brazil. It i3 concerned with evaluation of
the transport agd speciation of natural
radionuciides and rare earth elements in a

“fissured flow system in crystailine rock

under both oxidising and reducing condi-

‘tions. The deeper parts of the rock are

found to be strongly reducing while the
upper parts have become oxidised by
oxygen carried by infiltrating rainwater. A
redox front can be clearly seen because the
colors of ferrous and ferric minerals are
different. Secondary uranium mineralisa-
tion is found around the fractures and at the
moving redox fronts.

Anaiysis by the Project Teams

The Project Team from SKB/KTH has
studied the redox-front movements at
Pogos de Caldas. The redox-front move-
ment was modelled with the coupied trans-
port and chemical code CHEQMATE, that
maxiels the transport through a series of
equifibrium boxes. The phenomena modei-
led were: the redox-front movement, feld-
spar to clay reactions, hydrolysis front
movement, formation of uranium ore, and
aqueous phase compiex formation. The
modelled water chemistry, mineral com-
position and front movements rate were
then compared with field observations. As-
sumptions have been made concerning the
water infiltration rate which is an important
parameter for the rate of redox front move-
ments, the chemistry of the infiltrating
water, the dispersion length and the rock
composition. Modelling the infiltration of
rainwater through a one-meter column
during 38 000 years resulted in a sharp drop
in pe at 0.8 m and precipitation of uranium
at this redox-front. In field observations it
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can be seen that the front is not sharp but
follows fractures and fracture zones, which
have higher permeabdity than the rock
matrix itself, deeper down. Oxygen from
the water in the fracture diffuses into the
rock and the uranium in the rock is dis-
solved and diffuses out to the water in the
fracture, where the concentration is lower,
and is swept down the fracture and
precipitates at the redox-front.

TEST CASE Tb

Morro do Ferro colloid migration studies.
Narural analogue studies ar Pogos de Cal-
das, Brazil. (Pilot Group leader: N. Chap-
man, BGS)

This test case is based on the second sub-
project of the natural analogue study at
Pogos de Caldas, Minas Gerais, Brazil. It
is concerned with colloid formation and
mobility in natural groundwater and the
role of colloids in element transport.

The main aims are to study the content
and characteristics of colleids in ground-
water and to determine their roie in trans-
porting thorium, radium and rare earth ele-
ments. The Pilot Group has pointed out that
the field work has given little, if any, evi-
dence of colloid transport of the natural
tracers studied. At present it is therefore
deemed unlikely that the data set can be
developed for a meaningful test case for
INTRAVAL.

TEST CASE 8

Natural analogue studies at the Koongarra
site in the Alligator Rivers area of the
Northern Territory, Australia. (Pilot
Group leader: P. Duerden, ANSTO)

This test case deals with the natural
analogue studies at the Koongarra site in
the Alligator Rivers region of the Northern
Territory, Australia. A comprehensive ex-
perimental and modelling programme has
been set up and the main objective is to
contribute to the production of reliable and

i6

realistic models of radionuclide migration
within geological environments relevant to
the assessment of the safety of radioactive
waste repositories.

Uranium mineralisation at Kocongarma
occurs in two distinct but related ore bodies
separated by about 100 m of barren schists.
Both ore bodies strike and dip broadly
parallel to the Koongarra Reverse Fault,
which is the footwall to the ore zone.
Primary mineralisation is largely confined
to quartz-chlorite schists immediately
above the fault zone. A graphitic quartz-
chlorite schists forms a distinctive hanging
wall unit. The more south-westerly of the
two ore bodies (No. 1 ore body) has a strike

-length of 450 m and persists to a depth of

about 100 m. Secondary uranium mineral-
isation is present from the surface down to
the base of weathering at about 25 m depth
and forms a tongue-like body of ore dis-
persing downslope for about 80 m to the
east.

Analysis by the Project Teams

The Project Team from RIVM presented
their proposed modelling approach for this
test case. The data base will firstly be eval-
uated followed by three-dimensional
groundwater flow modelling of No. 1 ore
body and one-dimensional radionuclide
migration calculations. Geochemical
models is also foreseen to be used for e.g.
speciation calculations.

The Project Team from ANSTO pre-
sented an approach to investigate the time
signatures that might be encoded the pres-
ent day shape of the secondary uranium
deposit. The top 30meters of the weathered
rock, in which the major uranium mobilisa-
tion occurs, contxins two distinct layers.
The specific uranium distribution pattern
between these layers may contain some
information important for the evaluation of
the time scale. The model used is a quasi-
two dimensional model describing the
transport in a two-dimensional vertical
cross-section as transport in two one-
dimensional pipes separated by an inter-
mediate zone where no borizontal transport
is considered. This zone provides transfer
of material from the bottom pipe to the



upper pipe, reflecting transport due to
seasopal fluctuations in water table. Two
approaches were applied, one based on ad-
vection-diffusion in the pipes and a second
based on open-systems model. Preliminary
findings are thatthe distribution coefficient
Ka) is 10 mli/g and the time scale seems
to be less than 2 million years.

TEST CASE 9

Radionuclide migration in a block of crys-
talline rock performed at AECL, Canada.
{Pilot Group Leader: B. Gureghian,
OWTD)

Experimental Setup and Scales

This test case is based on laboratory experi-
ments on migration of tracers in a single
natural fracture in a large block of granite.
The size of the biock is 91.5 cm x 86.5cm
x 49.0 cm (length X width x height). The
block was positioned so that the fracture
was approximately horizontal and an inlet
reservoir was designed to produce an as
uniform hydraulic gradient and inlet tracer
concentration as possible across the entire
fracture width, The outlet reservoir was
divided into five compartments, which
were sampled in sequence to give break-
through curves for each compartment.
After the experiments were performed the
fracture was opened and the flow paths
were investigated with alpha-autography.

Analyses by the Project Teams

The Project Team from VTT has analysed
the experimental data assuming five paral-
lel isolated channels with equal width and
considering advection-dispersion, matrix
diffusion and sorption (depending on
wacer) both on fracture walls and io the
rock matrix. The number of channels cor-
responds to the number of sample ports.
The interpretations were made with the
finite element code FTRANS. The ap-
proach was to calibrate channe] specific
parameters from uranine (non-sorbed
tracer) breakthrough curves. Tracer
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specific sorption and matrix diffusion coef-
ficients have been calibrated from caesium
(sorbed tracer) breakthrough curves. The
performed simulations agree reasonably
well with the uranine experiments. For
caesium the agreement is reasonabie for all
channels except one. The longitudinal dis-
persivity in the five channels were es-
timated to vary betweea 4.0-10°
2.2.10° m and the fracture aperture was
esnmated to vary between 4.1 10 and
6.310% m.

TEST CASE 10

Evaluation of unsaturated flow and
rransport in porous media using an experi-
ment with migration of a wetting front in a
superficial desert soil, performed within a

- U.S.NRC trench study at Las Cruces, New

Mexica. (Pilot Group Leader: T. Nichol-
son, U.S.NRC)

Experimental Setup and Scales

The Las Cruces Trench experiment is setup -
in order to study flow and transport in
unsaturated soil. A trench 16.5m long, 4.8
m wide and 6 m deep has beea dug in the
undisturbed soil. Two irrigated areas
measuring 4 m x 9 m {first experiment)
and 1 m x 12 m (second experiment) have
been arranged adjacent to the trench. Water
and tracers (fritium and bromide) have
been applied at a rate of 1.76 cm- day to
the first u'ngaledareaand at a rate of 0.5
cm- day to the second irrigated area.

The movement of the wetted zone is
observed on the trench walls and by
neutron tubes arranged as a grid in three
cross sections parallel to the trench. Inad-
dition, permeameter tests and laboratory
analyses of a set of soil samples from the
test area should allow for an evaluation of
the statistical distribution of the saturated
hydraulic conductivity as well as the char-
acteristic curves. The solute samplers are
tensiometer cups that are connected to a
vacuum line (suction lysimeter).
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Analyses by the Project Teams

University of Arizona presented results
from an analysis of the tritium break-
through curves. A one-dimensional advec-
tion-dispersion model assuming steady-
state flow was applied. Dispersion and
retardation parameters were estimated by a
fitting procedure using experimental
breakthrough curves from different depths.
New Mexico State University presented
a comparison of observations from the
second experiment and predictions of
water contents, tritiwm and bromide con-
centrations using a deterministic finite-dif-
ference code. A uniform soil model was
used with a dispersion coefficient,
D=1+5V c1:¢1"“-day'l . and retardation
R = 1.0, for tritium and R = 0.84 for
bromide. The fact that retardation was
smaller than 1 for bromide was explained
as due to anion exclusion. The experimen-
1a] data show a large scatter both in water
content and tracer concentration, This scat-
ter is due to local heterogeneities which are
0ot encountered for in the deterministic
models where smooth profiles are ob-
tained. The calculations performed for the
tracer transport give gemerally too high
spreading of the concentration plume and
also too low peak comcentrations. Ap-

parently even lower dispersion coefficients.

must be used in the calculations.

The Project Team from SNL set up a
homogeneous deterministic model for the
system in order to explore whether such a
model is valid for a truly heterogeneous
sysiem. Uncertainties in data were han« ed
using Latin-Hypercube Sampling (L S).
The performance of the model was 1 za-
sured by the moisture content at a depth of
1.5 m as a function of time. They found that
the physical behavior at early times was
outside the range of the LHS runs, whereas
at later times the physical behavior was
within the range. It was commented that
average performance criteria should be ap-
plied rather than pointwise ones.

Hydro Geologic Inc. presented results of
simulations of the second experimentusing
the finite element code VAM2D. Three
flow scenarios and their impact on trans-
port predictions were evaluated. Sce-
nario 1 corresponds to a case where no data
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exist and representative values from the
literanire have to be used. Scenario 2 il-
lustrates a case where sufficient data are
available to define average soil parameters,
Scenatio 3 utilises all available soil core
and neutron probe data to fully define het-
erogeneous soil properties and initial con-
ditions. Dispersivities and diffusion coeffi-
cient for tritium translport were laken 10 be
Scmand 1 cmz-day' . respectively, for all
three scenarios. The resuits indicate that
the heterogeneous model reproduces the
observed lateral spreading and irregular
shape of the water content contours but
overpredicts the movement and spread of

" the tritium tracer.

Kemakta Consultants Co./SKI pre-

sented fiow and transport modelling using
the integrated finite-difference codes
TRUST and TRUMP. Three cases were
considered: a uniform soil, an initially dry
umiform soil and a nine-layer model. It was
noted that the field data imply that the soil
is initially dryer than the supposed residual
moisture content. This was acknowledged
by extrapolating the permeability and
capillary pressure curves {0 lower satura-
tions. The results demonstrated that a better
moisture content agreement wiil exper-
imental data was obtained using dryer ini-
tial conditions and that the layered descrip-
tion of the soil better predicts the lateral
spreading of water. The calculations per-
formed for tracer wansport give too high
spreading of the concentration plume in-
dicating that lower dispersivities must be
used.
PNL have performed Monte Carlo simu-
lations of the infiltration experiments using
a version of PORFLO with the objective to
incorporate uncertainty in the prediction of
the wetting front position. Using a nine-
layer one-dimensionai modet all param-
eters were taken to have log-normal dis-
tributions truncated at the maximum and
minimum observed values. It was pointed
out that a low permeability layer could act
as a barrier in a one-dimensional stochastic
calculation, whereas in two-dimensions it
was less likely to do so.

The group from MIT showed resuits
from their effort to stochastically model the
first trench experiment. Simulations with
the highly non-linear effective mass



balance equation, in which the moisture
content depends on gradients of the poten-
tial in space and time, were compared with
a deterministic model with anisotropy.
They found the stochastic model to better
reproduce the experimental results, espe-
cially for extended times. -

The Center for Nuclear Waste Regu-
latory Analysis presented results from
thiee-dimensional stochastic simulations
using the BIGFLO code. This code utilises
the Turning Band Method to generate real-
isations and an efficient implicit finite-dif-
ference numerical scheme for soiving the
non-linear flow equations. A model com-
prising & strip-source in a random stratified
soil similar to the Las Cruces Trench was
solved on a Cray 2 using 300 000 nodes.

TEST CASE 11

Evaiuation of flow and transport in un-
sagurated fractured rock using studies at
the U.S. NRC Apache Leap tuff site near
Superior, Arizona. (PilotGroup Leader:T.
Nicholson, U.S. NRC)

Experimental Setup and Scales

This test case is in fact three sets of experi-
ments op flow and transport in unsaturated
welded tuff. The experiments are sup-
ported by the US NRC. The first set of
experiments are field experiments at the
Apache Leap Tuff Site, the second is a set
of laboratory block experiments and the
third is a set of laboratory core experi-
mients. All experiments have up to date
been performed by the University of
Arizona.

The dimension of the field experiment is
in the order of 30 m x 30 m x 30 m. Nine
inclined boreholes have been instalied in
three rows of three boreholes per row. This
g&nemlsempwillaﬂowforasetofdif—
férent experiments. Atone experiment per-
formed at the site so far, the rock adjacent
19 one borehole was saturated and the pro-
pagation of the wetted front was to be
eivaluated by measuring the moisture con-
tent in the other boreholes. However, the

r
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introduction of the moisture could not be
detected in the other boreholes,

The dimension of the blocks is 20 cm x
20 cm x 50 ¢m (block 1) and 21 ¢cm x 20
cm x 66 cm (block 2). Each block has a
single fracture located through the center
of the block. The vertical sides of the
blocks are insulated whereas the top and
bottom are attached to porous plates which
should allow for controlled unsaturated
flow through the block and the fracture.
The flow rate between the upper and lower
plates will be used to caiculate the un-
saturated transmissivity, and the watercon-
tent of the fracture wiil be monitored using
mass balance calculations.

The dimension of the core is 6.4 cm in
diameter and 12.7 cm in length and it does
not contain any (observable) fractures. The
core was oven dried and'then partially
wetted with a solution of potassium iodine.
The core was then coated to prevent mois-
ture or air from leaving the core. The core
ends were held at two different tempera-
tures (70°C and 5°C) whereas the gides of
the core were thermally insulated (no heat
flow). The temperature and moisture dis-
tribution were measured after different
times, as well as the final solute concentra-
tion (after 32 days).

The present status of the experimental
programme was presented by the pilot
group from the University of Arizona. Ad-
ditional experiments have been performed,
and further experimental work is planned.

TEST CASE 12

Experiments with changing near-field
hydrologic conditions in partially
saturated tuffaceous rocks performed in
the G-Tunnel Underground Facility at the
NevadaTest Site, performed by the Nevada
Nuclear Waste Storage Investigation
Project of the U.S. DOE. (Pilot Group
Leader: D. Hoxie, USGS)

Experimental Setup

This test case deals with near-field effects,
produced by propagating transient distur-
bances in partially saturated Tuffaceous
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rocks. The basic experimental design con-
sists of continuously cored pairs of hori-
zontal boreholes into both non-welded and
fractured welded tuff. The boreholes are
about 10 m in length and 10 cm in diameter
with a separation of about 6 m. The core,
diameter around 6 ¢m, is cased in plastic as
the coring proceeds in order to minimise
the contact between the drilling fiuid and
the core. One of each pair of boreholes is
drilled using air as drilling fluid and the
other is drilled using water. Gas phase
tracers are injected into the drilling fluids
to test for cross-hole hydrologic connec-
tions. Monitored values are drilling fluid
losses, inflow and outflow temperatures, as
well as inflow and outflow tracer concen-
trations. The physical and hydrological
properties of the rock matrix are measured
in laboratory.

The results were presented from the iab-
oratory experiment, i.e. porosities and
sorptivities, as well as the resuits from the
field imbibition experiment.

TEST CASE 13

Experimental study of brine transport in
porous media performed at RIVM, the
Netherlands. (Pilot Group Leader: M.
Hassanizadeh, RIVM.)

Experimental Setup

This test case deals with flow and transport
athigh salt concentrations. The experimen-
tal setup is a two-dimensional column with
the dimensions 0.6 m x 1.25m x 0.01 m,
filled with glass beads. Fresh water and salt
water is circulated through the column and
the pressure head and salt concentration are
measured at different locations in the
column. The duration of a displacement
experiment is from 2 to 5 hours.

Two sets of experiments have been car-
ried out, one at low salt concentrations to
estimate the porosity, permeability and dis-
persivity of the porous medium, and
another at high concentrations to provide
data about the concentration and pressure
distribution along the column.

Analyses by the Project Teams

The Project Team from GSF has restricted
their work to one-dimensionat advection-
dispersion modelling of the experiment.
The dispersion length was determined to be
0.8 mm and the porosity in different
regions of the column seemed to vary be-
tween 0.35 and 0.47, They used a one-
dimensional finite difference code CHET,
that had been checked against the SUTRA
code. The CHET code was used mainly
because the calculation times were far less
than for similar calculations with other
available codes (SUTRA, SWIFT,
CFEST). For the low concentration experi-
ments the steepness of the breakthrough
curves were predicted quite well, in con-
trast to the breakthrough times which gave
wrong resulits, For the high concentration
experiments both the steepness and the
breakthrough times were predicted badly.
The dispersion length seemed to become
smailer with increasing concentration, For
the time being, the dispersion length had
been considered as a property of the porous
medium. At rather high salt concentrations,
however, an additional possible depend-
ence on fluid properties might help to more
correctly simulate the experimental break-
through curves more correctly.

The Project Team from BGR had made
two-dimensionaladvection-dispersioncal-
culauons The dispersivity was estimated
at 1-10” m, the porosity varied between
0.40 and 0.44, and the permeability was
fixed to 1.7-101° m?. The slopes of the
numerically approximated breakthrough
curves for the low concentration experi-
ments agreed closely with the measured
curves. For the high concentration experi-
ments the measured curves tumed out to be
much steecper than the calculated curves. In
the calculations, the viscosity had been
constant and the density had been a linear
function of mass fraction. As a parameter
variation the employed finite element code
SUTRA was modified to include non-
linear functions of mass fraction for both
the viscosity and demnsity. However, this
had only minor influence on the break-
through curves in the lower part of the
column and no influence higher up in the
column. Nor did the effect of varying the
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ransversal dispersiviry between the value
of the longitudinai dispersivity and zero
influence the behaviour of the break-
through curves, On the other hand, a
decrease in time-step strongly affected the
slopes of the breakthrough curves. The
need to use smafler time-steps led to the
decision to shift (o one-dimensional cal-
culations, mainly to decrease the CPU
times needed. The one-dimensional cal-
culations gave good agreement between
measured and calculated breakthrough
curves for the low concentration experi-
ments. For the first 0.4 m of the column,
the simulations of the high concentration
experiments gave good agreement with the
measured breakthrough curves only if the
dispersivity were decreased to 109 m.
The Pilot Group from RIVM had earlier
performed calculations with the finite ele-
ment code METROPOL. and obtained rea-
sonable agreement between measured and
calculated breakthrough curves in the bot-
tom part of the column (inflow side) for
low concentration experiments with the
following parameter setup: 3orosity 0.38-
0.42, permeability 1.7-10" m?, and dis-
persivity 5.10* m. The simulations of the
high concentration experiments showed
much more dispersion than observed in the
experiments. In parameter variations the
dependence of dispersivity on concentra-
tion was investigated in advection-disper-
sion calculations performed with the one-
dimensional computer code SPRINT. It
was concluded that the linear Fickjan-type
relation is unable to simulate the high con-
centration experiments. Applying a non-
linear dispersion theory, where the con-
ceatration gradient is a quadratic expres-
sion in the flux of salt, made it possible to
successfully simulate all experiments.
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TEST CASE 14a and b

Groundwater flow in the vicinity of the
Gorleben Salt Dome, the Federal Republic
of Germany. (Pilot Group Leader: K.
Schelkes, BGR)

Experimental Setup and Scales

This test case is based on two experiments
performed in similar geological environ-
ment in sediments above the Gorleben salt
dome but on different time and space
scales, a pumping test in highly saline
groundwater (Test Case 14a) and move-
ment of highly saline groundwater under
natural gradieat conditions in an erosional

" channel crossing a salt dome (Test Case

14b).

~ The Gorleben salt dome is located in the
northern part of Lower Saxony in the
Federal Republic of Germany. Hydrologi-
cal investigations have been conducted in
an area of about 300 km around the dome
to study the aquifer system in the sediments
above the dome. Sub-glacial erosion chan-
nels cross the dome at some places. The
groundwater gets more saline with depth,
especially above the dome. During the
geological and hydrological survey
programmes large quantities of data bave
been acquired and stored.

- For Test Case 14a a part of the area has
been selected where a long term pumping
test was carried out, The duradon of the
pumping test was three weeks with six
additional weeks of observation. In addi-
tion, data from a short term pump test with
the duration of 24 hours, performed prior
to the long term test, are available. The
parameters observed continuously during
the tests were e.8. electrical conductivity in
observation wells and amount of water

Test Case 14b, concerns flow in one of
the sub-glacial erosion chanaels crossing
the salt dome. The area 1o be modelled is
about 2-3 km x 15 km. The possible valida-
tion aspects are firstly to describe the
present regional groundwater flow situa-
tion, and after that either to simulate the
pext thousand years or to start with fresh
water and try to extrapolate the present
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situation regarding salinity variations. Ata
later stage of the INTRAVAL Project,
transport calculations based on a density
dependent flow system could be inciuded,
using information regarding carbon-14
concentrations in water samples.

The data sets for these Test Cases are
planned to be available in spring 1990. Due
to delay of disseminating data. very few or
oo Project Teams will have the time to
perform any modelling within INTRA-
VAL Phase 1. It has therefore been pro-
posed to transfer this test case to the an-
ticipated pext Phase of the INTRAVAL

project.

Finalisation of
INTRAVAL Phase 1

In the agreement for the INTRAVAL
project, a time period of three years was
foreseen for the project. The possibility of
an extension of the project to cover an
additional three year period was however
indicated. o

INTRAVAL Phase 1 started in October
1987 and the first phase of the project is
now close to finalisation. The last work-
shop and Coordinating group meeting will
be held during autumn 1990.

Most of the work with the analysis of the
test cases is now finalised or is in draft
form. However, since some of the defini-
tions of the cases have been compieted
rather late, there are some test cases that
have not yet been analysed by other Team
than the Pilot Group. Also, because of con-
straints in terms of man-power limitations,
the analyses of the test cases dealing with
laboratory scale experiments are more
complete than the analyses of the field ex-
periments. In particular, the natural ana-
logue studies have not been fully utilised.
During the second Phase of INTRAVAL
which is now being considered, the Teams
would get the opportunity and time to ana-
lyse these remaining test cases,

The achievements from the first three-
period of INTRAVAL will be documented
in a summary report as well as in a series
of technical reports, one report for each or
possibly afew closely connected test cases.

In addition, a report will be prepared that
describes the experiments behind the test
cases in detail.

The technical reports will be prepared by
six Working Groups, which were set up at
the Las Vegas workshop (Table 1). An
editor has been appointed for each test
case. The editors will have the respon-
sibility to compile the test case analyses
provided by the Project Teams, which have
worked with the test case. The report de-
scribing the experiments will be prepared
by the Secretariat in cooperation with the
Pilot Groups. The technical reports are
plaaned to be published in the spring 1991.
The summary report wili be prepared by
the Secretariat in cooperation with the
Working Groups and VOIC, The summary
report is planned to be published late 1991,

Tablel. Working groups for finalisation
of the technical reports.
Working group Test cases”

1 1a,1b,2,9

2 4,5

3 7.8

4 10, 11,12

5 13

6 6

1) Too few analyses have been performed to
prepare a technical report for Test Cases 3 and 14.

INTRAVAL Phase 2

Since it has been decided to start planning
for the optional three year period of the
INTRAVAL Project, the INTRAVAL
Secretariat has began to compile back-
ground material for a decision on this mat-
ter in the INTRAVAL Coordinating
Group.

The overall objectives of a Phase 2 will
be similar to those of Phase 1, i.e. to in-
crease the understanding of how various
geophysical, geohydrological and geo-
chemical phenomena of importance for
radionuclide transport from a repository to
the biosphere can be described by mathe-
matical models developed for this purpose



and to study the modet validation process.
\ This process inciudes several steps which
3 can be described e.g. as follows:

B !. Identification of validation aspects
of relevance for the performance assess-
ment. )

2. Understanding and research.
Without proper understanding of the
processes and system structures in-
volved, there could be no validation. A
thorough understanding represents the
major part of the validation.

3. Comparison of theory and model
calculations with experiments. This is to
study how well we are able to predict or
simulate experimental results quantita-
tively. Any discrepancy may be due to
parameter uncertainties, statistical na-
ture of the system or lack of under-
standing. The agreement between the
model resuits and the experiments
should be consistent with the undes-
standing of the parameter uncertainties
and other statistical properties of the sys-
tem.

4. Peerreview and public scrutiny. Itis
important to have the work published in

_ the open literature, both to receive the
benefits of anonymous technical review
and to open it to public scrutiny.

A model, including the conceptualisation
and the compuler code, can be validated
either with respect i0 a process or a site-
specific system. For a process, a process is
first identified and conceptualised and
coding is performed based on this concep-
tualisation. The model is then applied toan
appropriate experiment and its results com-
pared with measurements. If the calcula-
tions compare well with the experiment
with due consideration given to parameter
uncertainties etc., we can state that the
model is validated with respect to this
specific process. A site-specific system, on
the other hand, may be composed of a
mumber of processes and structures, that
the building blocks of the system. Once the
building blocks are identified, a model or
group of models may be used to simulate
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and make comparisons with field observa-
tions. If successful, the group of modeis is
said to be validated with respect to this
particular site, within a range of applica-
tions determined by the range of field ob-
servations studied.

Although INTRAVAL has the ambition
to cover both processes and site specific
systems, the emphasis of the work in
Phase 1 has been on the process identifica-
tion part of the model validation process,
based on the laboratory experiment test
cases. Since the work in Phase 1 has been
comparatively successful in covering the
process identification issue, it appears to be
a natural development to shift the focus in
Phase 2 towards structure identification.
This issue is more compiicated than the
process ideatification, because the number
of degrees of freedom in the interpretation
of the experiment increases and because
the analysis should be based on field scale
experiments. The experience from Phase |
shows that the amount of manpower
peeded to analyse a field experiment is
much greater than that needed for a labo-
ratory experiment,.

The selection of test cases for Phase 2
has been discussed in I1wo ad-hoc meetings
with VOIC and the Project Secretanat
during the autumn of 1989. One conclusion
of these meetings was that as a conse-
quence of the shift of emphasis towards the
structure identification issue, Phase 2
should deal mainiy with field experiments
and natural analogue studies. Information
from laboratory experiments should be re-
garded primarily as supporting data and
should not form the principal basis for
autonomous test cases. Another conciusion
of the meetings was that the number of test
cases should be much reduced compared to
Phase 1 in order to reduce the risk for
dilution of effort. Test Cases proposed for
Phase 2 were presented at the Workshop in
Las Vegas and it was decided by the Coor-
dinating Group that detailed write-ups
should be prepared for nine experiments
until the next Coordinating Group mecting,
in the awtumn of 1990, when decisions
about Phase 2 will be taken.
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Test cases proposed for INTRA-
VAL Phase 2

Here follows a short introduction of the test
cases proposed for INTRAVAL Phase 2.
Many of the proposed test cases are con-
tinuations of test cases from Phase 1, but
there are also three completely new experi-
ments.

Flow and tracer experiments in crystalline
rock base on the Stripa 3D experiment,
Sweden

The Stripa 3D experiment is included in
Phase 1 as Test Case 4. The intention for
Phase 2 is to further analyse the Stripa 3D
expetiment. An extended set of comple-
meatary data will become available since
much additional information has been
gathered on fracture statistics, hydraulic
testing data as well as on water chemistry
in what is called the ’site characterisation
and validation’ program. A pew drift has
been excavated near the old 3D drift and
instrumented with plastic sheets and other
waler collection devices. Furthermore,
channeling experiments in individual frac-
tures are being performed providing data
on the variability of hydraulic transmis-
sivities and fracture apertures over 2 m
lengths along 5 fractures. Tracer tests be-
tween two holes in the same fracture plane
are also being performed.

Finnsjon tracer experiments, Sweden

‘This experiment is included in Phase 1 as
Test Case 5. Of the three experiments per-
formed 30 far, interference tests, radially
converging tracer experiment and dipole
experiment, only data from the radially
converging test have been used during IN-
TRAVAL Phase 1. For Phase 2 the cou-
pling of all three experiments performed
should be investigated. This would mean
an increase in geometrical scales 10 distan-
ces between 150 and 1500 meters. Other
objectives for INTRAVAL Phase 2 may be
incorporation of existing laboratory data
from core samples of the fracture zone. The

data can aiso be used for predictions of a
proposed natural gradient experiment.

Groundwater flow in the vicinity of the
Gorleben Salt Dome, the Federal Republic
of Germany

This experiment is included in INTRA-
VAL Phase as Test Case 14. Unfortymate-
ly experimental data has not yet been made
available and it is therefore proposed to
transfer this test case into Phase 2.

Radionuclide migrasion in the weathered
zone of the Koongarra uraniuwn deposit,
Australia

_ This natural analogue is included in Phase

1 as Test Case 8. The analyses of the data
base from the Alligator Rivers Analogue
are still in a preliminary stage and the num-
ber of project teams that have tackied this
test case during Phase 1 is limited since a
broad and innovative approach is needed
for the analysis.

Pogos de Caldas

The Pogos de Caldas analogue is included
in Phase 1 as Test Cases 7a (redox-front

‘movement) and 7b (celloid transport).

Since the data have not yet been made
available to the Project Teams it is
proposed to transfer the part concerning the
redox-front movement and uranium move-
ment to Phase 2, The part concerning col-
loid transport will not be continued since
no evidence of colloid movement has been
found in Pogos de Caldas.

Las Cruces rench, USA

This experiment is included in INTRA-
VAL Phase 1 as Test Case 10. Since addi-
tional experiments will be performed at the
site, it is proposed to include the experi-
ments at Las Cruces Trench as a Test Case
in INTRAVAL Phase 2. 1n Phase 2, models
calibrated against data from the already
performed experiments can be used {o pre-
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dict water flux and solute transport in the
experiments to be carried out.

Apache Leap Tuff site, USA

This experiment is included in Phase 1 as
Test Case 11. The Phase 2 exercise will be
acontinuation. Data from experiments per-
formed at differeat scales, i.e core, block
and field, are aiready available, and addi-
tionai experiments of similar type wiil be
performed.

Migration of tritium in clay ar Mol,
Belgium.

A piezometer niest is emplaced in a single
bore hole drilled horizontally from the gal-
lery of the Hades underground research
facility at Mol, Belgium. The nest is
equipped with several filters at 1 m inter-
vais through which tritiated water is in-
jected. An additional five piezometer nests
have been installed for radionuciide injec-
tion, but these have not yet been loaded.
Two of these are intended for determina-
tion of anisotropy in the clay (perpendic-
ular and parallel to the bedding of the clay).
The data from these additional tests will be
made available to INTRAVAL as they ar-
rive.

The experiment was originally designed
to make in situ determinations of migration
parameters for comparison with parameter
values determined in the laboratory. The

spatial scale of the experiments is in the.

order of 2 tm migration distance involving
about 30 m* of clay. The time required for
an experiment is in the range of 1-4 years.
The first tritium injection was carried out
two years ago. The spatial scate of the
complementary laboratory experiments is
in the order of a few centimeters and the
time scale in the order of weeks. The vali-
dation aspects of the experiments are
coupled to radionuclide migration in clay
and the scale dependence of the migration

parameters.
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Tracer experiments ar the Twin Lake
aquifer, Canada

The proposed test case comprises 20, 40,
and 260 m natural gradient radio-tracer
experiments performed in a sandy to gravel
aquifer at the Twin Lake site. The experi-
ments were performed i 1982, 1983 and
1987-1988. The longest experiment ran
for about a year. The spatial separation of
the measuring points are about 5 m in the
flow direction and 0.5-1 m in the direction
perpendicular to the flow. As aresult of the
1982-1983 experiments there exists ap-
proximately half-a-million data points on
the spread of iodine. A very large amount
of hydrogeological and geophysicai data
have also been collected. New experiments
are planned for the autumn 1990.

Sand and gravel aquifers will not be
considered for radioactive waste disposal.
In that sense, this test case is of limited
relevance for validation with regard to
radioactive waste disposal. However, the
test case could potentially provide a set of
detailed data, which could be used for vali-
dating the necessary conditions generaily
assumed in transport models, i.e. to answer
the question whether a general transport
model can predict the results of any field
experiment, where there is little uncertain-
ty in the data. '

Brine Flow through bedded evaporities at
the Waste Isolarnion Pilot Plant (WIPP)
Site, New Mexico, USA

Field experiments are conducted in the un-
derground facility at the Waste Isolation
Pilot Plant (WIPP) site in the southeastern
New Mexico. The underground facility lies
655 m below ground surface within bedded
evaporites, primary halite, of Permian
Salado Formation. The WIPP, currently
scheduled to open late 1990, is to be a
permanent repository for low-level and
transuranic wastes generated by the United
States’ defense programmes.

This test case is based on experiments
performed to determine the nature of brine
flow through bedded evaporites of the
Salado Formation. The experiments are
designed to provide different types of data
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with which o evaluate whether Darcy’s
law correctly descnibes the flow of brine
through evaporites, or whether a different
type of model, perhaps one involving
creep-driven flow, is more appropriate.
Three principal types of measurements are
being made: brine-inflow rates, pore-pres-
sures, and permeabilities, at a number of
scales ranging from 4.5 cm diameter bore-
holes to 3 m diameter rooms. The test case
is concemed with the validation of concep-
tualisation and models used in test inter-
pretation and in the modelling of brine
inflow (o the repository. The objectives are
1o integrate the results of all the experi-
ments in a comprehensive and consistent
model of brine flow through evaporites.

26

The experimental programme is current-
ly scheduled to continue through May
1992. In late 1990 or early 1991, the
programme may expand to include gas
threshold-pressure testing and tracer test-
ing through a fractured anhydrite bed.

OECD/NEA Brochure

OECD/NEA and the Secretariat are
preparing a brochure describing the
INTRAVAL Project. The brochure will be
printed before the upcoming autumn,
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Appendix 1

INTRAVAL Organisation

The organisation of the INTRA VAL study
is regulated by an agreement which has
been signed by all participating organisa-
tions (Parties). The study is directed by a
Coordinating Group with one member
from each Party. The Swedish Nuclear In-
spectorate (SKI) acts as Managing Par-
ticipant. The Managing Participant sets up
2 Project Secretaniat in coopetation with
Her Majesty’s Inspectorate of Pollution
(HMIP/DoE), UK. and the Organisation
for Economic Cooperation and Develop-
ment/Nuclear  Energy Agency
(OECD/NEA). KEMAKTA Consultants
Co, is contracted by SKI to act as Principal
Investigator within the Project Secretariat.

The Parties organise Project Teams for
the actual project work. Each Party covers
the costs for its participation in the study

and is responsible for the funding of its
Project Team or Teams. including com-
puter cost, travelling expenses, etc.

A Pilot Group has been appointed for
each Test Case in order to secure the neces-
sary information trapnsfer from the ex-
perimental work to the Project Secretariat
and the Project Teams. The Project
Secretariat coordinates this information
transfer,

At suitable time intervals, depending
upon the progress of the study, workshops
are arranged. Normally, the workshops are
held in conjunction with meetings of the
Coordinating Group. During the
workshops, Test Case definitions and
achieved results are discussed as a prepara-
tion for decisions in the Coordinating
Group.
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Figure I. INTRAVAL QOrganisational Chart

Managing Participant: SKI
Coordinating Group
Chairman: A, Larsson, SKI
Vice Chairman: T. Nicholson, U.S. NRC
Secretary: K. Andersson, SKI
Principal Investigator: KEMAKTA Consultants Co.
Project Secretariat: K. Andersson, SKI

J. Andersson, SKI

L. Dagerholt, KEMAKTA

M. Ericsson, KEMAKTA

B. Grundfelt, KEMAKTA

D. Lever, HMIP/DoE, Harwell
K. Pers, KEMAKTA

K. Skagius, KEMAKTA

C. Thegersudm, OECD/NEA
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Appendix 2

Intraval Test Cases

TEST CASE la

Radionuclide migrarion through clay
samples by diffusion and advection based
on laboratory experiments performed at
Harwell, UK.

Introduction

This test case is concerned with the valida-
tion of models that describe the permea-
tion, diffusion and dispersion of radio-
nuclides through clay samples. The be-
haviour of the tracers in the pore water and
the adjacent solid phase is to be described.
The experiments are performed at Harwell.

General Description

Three sets of experiments have been car-
ried out with iodine, deuterium and tritium
as tracers. The experiments are in-dif-
fusion, through-diffusion (vertical and
horizontal) and hydrodynamic dispersion
(vertical and horizontal). The tansport
direction vertical or horizontal refer to the
‘in-situ’ location of the sampie. The length
scales of the experiments are up to a few
centimetres and the duration is up to a few
months.

In the in-diffusion experiments, the
tracer was allowed 10 diffuse axially into
the sample from two sides. Six or seven
replicate ciay samptes were loaded into
diffusion cells (Figure 1) and both meas-
urement cell and reservoir for each cell
were filled with simuiated clay water con-
taining Nal and deuterated watet.

The cells were dismantied in tumn, and
the amount of tracer that had diffused into
each sample was determined. These data
give an indication of the porosity accessed

by the tracer at different times, and the
diffusivity.

The vertical through-diffusion experi-
ments were performed in the same type of
cell as used in the in-diffusion experiment
(Figure 1). The sampfe was loaded into the
cell, and the reservoir was filled a simu-
lated clay groundwater containing the
traceny. The measurement cell was filled
with simulated clay groundwater only. The
increase in tracer concentration in the
measurement cell was monitored. The
breakthrough curve gives information
about the porosity and the verticai diffusion
coefficient.

In the horizontal diffusion experiment
the sample was sealed into a [arge diffusion
cell (Figure 2). A solution containing the
racers was circuiated against one face of
the sample. The other face of the sample
was in contact with a solution initially free
from the tracers. The increase in concentra-
tion of tracer in the encasement cell was
monitored as a function of time. Informa-
tion ou the porosity and the horizontal dif-
fusion coefficient is obtained from the
breakthrough curves in these experiments.

For measurement of the vertical com-

ponent of the hydrodynamic dispersion a

high pressure stainless steel cell was used
(Figure 3), and the large diffusion celi
(Figure 2) was used for horizontal meas-
urements. The experiments were carried
ouwt in a way similar 1o the through-dif-
fusion experiments except that a pressure
gradient was maintained over the sample,
The breakthrough curve into the measure-
ment cell gives in these experiments infor-
mation on the permeability, porosity and
dispersivity. '
In addition to the tracer experiments
hydraulic conductivity experiments have
been performed. Results from these experi-
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ments are given as hydraulic conductivity
as a function of effective consolidation
stress. Other complementary experiments
performed are:

— determination of porosity and moisture
content by an oven drying technique,

— determination of size and distribution of
the porosity, and of the accessibility of
the pore space to deuterated water by a
small angle neutron scattering (SANS)
technique,

-— determination of the pore size distribu-
tion by the mercury intrusion porosi-
metry technique,

— determination of the mineralogicalcon-
tent of the clay samples and of the size
fractions of individual mineral phases
by X-ray Diffraction analysis.

Measurement
ceil

34

Summary of Available Data:

— breakthrough curves from through-dif-
fusion experiments and from the hydro-
dynamic dispersion experiments

~— porosity of the sample accessed by the
tracer after different times in the in-dif-
fusion experiments

—results from complementary experi-
ments such as moisture content and
porosity, size and distribution of the
porosity, pore size distribution, hydrau-
lic conductivity as a function of stress
etc.

— experimental conditions such as sample
dimensions, initial concentrations,
volumes, flow rates etc.

Sampie Reservoir ‘
holder '

pd

Blanking nut
to seal
sampling port

Clay sample —

/

‘0’ ring seais

/ sampie

\ e

Ring to stress

0-8mm. stainless
steel sintered discs

Figure I. Diffusion ceil used in the in-diffusion experiments and in the vertical through-

diffusion experiments (Test Case la).
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TEST CASE 1b

Urgnium migrarion in crystailine bore
cores based on experiments performed at
PS5, Switzeriand.

Introduction

The aim of this test case is to characterise
hydraulic and tracer transport properties of
small samples of crystalline rock. The ex-
periments were performed at PSI, Switzer-
land.

General Description

Sampies of crystalline rock (grarite,
gneiss) originating from various depths
were taken from the deep NAGRA driil-
ings in northern Swizerland. They differ
in mineralogical characterisation, especial-
ly the extent of alteration. The cores had a
diameter of 4.6 cm and were between 0.3

cm and 5.0 cm long. The cylindrical rock
samples were placed in a pressure ap-
paratus. A schematic description of the
equipment is shown in Figure 4. Hydraulic
pumps were used to buiid up an isostatic
confining pressure for simulation of the
lithostatic pressure. A variable axial
hydraulic pressure gradient over the
sample allowed for infiltration of tracer
solution.

As infiltration fluid a patural gramitic
groundwater from Bad Sickingen was
used, and as tracer distilled water and 22U,
The tracer was injected and sampled during
a period that for different runs varied be-
tween 180 and 350 hours. At the cutlet the
bulk water flow, the electrical conductivity
and the uranium conceniration was
measured.

After terminating the uranium infiltra-
tion experiments the sampie was taken out
of the autoclave and cut into slices of about
1 mm thickness. The resulting surfaces

£

L Corm aszesbly vith (B) core sample, (Z) end pieces, () flexable

slewve

(P} Bydrauiic pusps, (M) nanoswters. (V) Ianjection valve,
(L) Electrical conductivity probe, (T) Droplet councer,
{S) Fracticnsdroplet sasplar, (D) Pressure veszal

Yy (Pe) Confining prassure (0-60 NPa), (Pa) Iafiltration pressure
@ {0-230 nFa), (¥=) Pors pressure

Figure 4. Schematic diagram of the pressure infiltration apparatus (Test Case 1b).



were then autoradiographed to yield infor-
mation on flow paths and sorption sites.

Summary of Available Data:

—chemical composition of infiltrating
liquid.

—- minerai composition of cores,

— hydraulic conductivities as a function of
pressure,

~ porosities,

—— uranium( VI)-breakthrough curves,

—— uranium(VT) sorption data on crushed
material,

— results from alpha-auntoradiography of
surfaces of slices.

TEST CASE 2

Radionuclide migration in single natural
fissures in granite based on laboratory
experiments performed at KTH, Sweden.

Intreduction

This test case describes radionuciide
migration in single fissures in granite. The
experiments have been performed at the
Department of Nuclear Chemistry, Royal
Institute of Technoiogy, Stockholm,
Sweden. The experiments address impor-
tant phenomena in radionuciide transport
in the geosphere such as retardation. matrix
diffusion, dispersion. channelling, channel
structure and fracture properties.

General Description

Granite drill cores, taken from the Stripa
mine were used in the experiments. Each
had a natural fissure running parallei to its
axis. The cylindrical surfaces of the driil
cores were sealed with a coat of urethane
lacquer to prevent any water leaving the
rock except through the outlet end of the
fissure. The granite cylinder was thereafter
mounted between two plexiglass end plates
containing shallow inlet and outlet chag-
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nels slightly wider than the fissure. The
expertmental setup is shown in Figure 5.

Non-sorbed and moderately sorbed
rracers

Tests with the non-sorbed tracers tritiated
water and lignosuiphonate ions and the
moderately sorbed ions strontium and
caesiumn were performed in a 30 cm long
drill core with a diameter of 20 cm. Tests
with the nen-sorbed tracers tritiated water,
iodine, bromide and lignosulphonate ions
and the moderately sorbed tracers stron-

tum and caesium were performed in two

cores with a diameter of 10cm and 2 length
of 18.5 and 27 cm, respectively.

Antificial groundwater with a tracer was
fed to the inlet channet. At low flow rates,
flushing water was simuitaneously fed
through the outlet chanpel to reduce the
time delay due to the channel volume of the
end piece. The effluent was continuously
fed to a fractionat collector for analysis of
the tracer concentrations. The tracers were
introduced either as a step up or as a step
up followed by a step down, after a suitable
amount of tracers had been introduced
(nommally about 15 minutes duration).

Summary of Available Data

-— flow rates and breakthrough curves,

— distribution coefficients for *>Sr and
134¢5 on crushed granite,

— porosity of the Stripa granite,

— diffusivity of iodine and tritiated water
in granite.

Actinides

The diameter of the dritl cores used in these
experiments was 40 mm and the iengths
80-105 mm. Before each experiment anifi-
cial groundwater was pumped for 2 to 3
days through the drill core toequilibrate the
fissure surface. The water flow was char-
acterised by feeding a solution of non-
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sorbed NaL$ in artificial ground water to
the inlet channel. Flushing water was
simultaneously fed through the oullet
channel to reduce the time delay due to the
channel volume. The tracer was added as a
pulse of suitablie duration (normally 15
minutes), and synthetic groundwater was
then pumped through the fissure. The ef-
floent was contituousty fed to a fraction
collector for analysis of the tracer con-
centration.

The radionuclides studied Q”’Eu(m)

2Np(v),  Zpuvy,  #amam),
”Tc(‘VIl) and 99‘I‘c(W)) were fed to the
fissure by the same technique as described
previously. After several hundred fissure
volumes of water had been pumped
tbrough the fissure. the drill core was
cracked open and the tracer distribution on
the fissure surfaces measured, Eachexperi-
ment generated effluent concentration ver-
sus time curves for the lignosuiphonate ion
and the radionuclides as well as the

33

radionuclide distribution on the fissure sur-
faces.

When performing the tracer tests it was
found that a small fraction (less than a few
gercem) of the towal acuvny of

Np, am and Tc(IV) was
transported through the fissure with nearly
the same velocity as water. [nserting a
0.21 pm filter berween the tracer solution
reservoir and the inlet chanpel greatly
reduced the fast moving fraction, indicat-
ing that the activity was carried by particu-
late matter.

Summary of Available Data:

-—- bteakthrough curves for LS and the
radionuclides,

— radionuclide distribution on the fissure
surfaces,

—flow rates, L

- — distribution coefficients.

Figure5. Experimental setup (Test Case 2).
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TEST CASE 3

Tracer tests in a deep basalt flow top
performed at the Hanford reservarion,
Washington, USA.

Introduction

This test case is concerned with the valida-
fion of important conceptual model issues
such as homogeneous or heterogeneous
porous media flow, fracture flow and dis-
persion. Data from two-well (injec-
tion/withdrawal) tracer experiments per-
formed in the McCoy Canyon basalt flow
top at the Hanford Site will be used to
address these issues.

General Description

Two recirculating nonreactive, pulse-in-
jection, ground water tracer experiments
have been performed at the DC-7/8 site on
the Hanford reservation, Figure 6, to deter-
mine effective thickness (i.e., effective
porosity times aguifer thickness) and lon-
gitudinal dispersivity. The wells (DC-7 and
DC-8) are 55 ft (16.7 m) apart and the
horizon selected for the tracer testing is in
the McCoy Canyonflow top between 3422
and 3459 ft (1043 and 1055 m) betow land
surface.
The first test was performed with an B3y
_tracer by Science Applications. inc., (SAD
in December 1979. It was initially anaiysed
by a two-point match based on time-to-
peak and time-to-haif-peak concentrations
and it was reanalysed by L. W. Gelhar
wmilising type-curves based on the general
theory for longitudinal dispersion in non-
uniform flow zlong streamlines. The two
different techniques produced results for
effective thickness and longitudinal disper-
sivity that were less than 1/2 an order of
magnitude different. The type-curve
analysis is considered {0 be more accurate.
The second test utilised KSCN and was
performed by Rockwell in Japuary 1982,
The major differences between the two
tests were the tracers and the details regard-
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ing the recirculation. In the first test by SAl
the flow rate varied between 2.0-3.5
galmin’! (7.5-13.0 L.min'") and only about
2/3 of the water pumped from DC-7 was
reinjected into DC-8. In the second test a
constant rate of 1 gal-min'1 (3.8 l-min’’)
was maintained and all of the water
produced at DC-7 was reinjected at DC-8.

Summary of Available Data:
— flow rates,

— breakthrough curves (I, KSCN),
— geometry of the site,

* — pump test data,

—steady state pressure and hydraulic
bead, '

—Core data,

— geologic and geophysical logs.

TEST CASE 4

Flow and racer experiments in
crystalline rock based on the Stripa 3D
experiment performed within the
{nternarional Stripa Project.

Introduction

This test case is based on the three dimen-
sionai tracer test performed in the Stripa
mine in Sweden. The experiment was per-
formed within the OECD/NEA Interna-
tional Stripa Project. The main purpose of
this experiment was to investigate the spa-
tial distribution of water flow paths in a
larger block of rock. This experiment gives
an opportunity lo vaiidate geosphere
transport models in terms of dispersion,
channeiling and geometrical factors when
water is flowing in a fractured crystalline
rock over distances up to 50 m.

General Description

In the Stripa mine at 360 m below the
ground, a drift was excavated. The drift is
75 m long and has two side arms with a
length of 12.5 m each. Three vertical holes
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COLUMBA MATIAY
ICOLUMELS RIVER BAFALT ROUNDART!

Figure 6. Location of the Columbia Plateau, Hanford Site, and the DC-7/8 Test Site (Test
Case 3).




for injection of tracers have been dnlled
upwards with fengths of 70 m (Figure 7).

The ceiling and large parts of the walls
in the drift were covered with piastic
sheets, each sheet with an area of about
2 m*. A tofal oumber of about 350 sheets
served as sampling areas for water emerg-
ing into the upper part of the test drift. The
sampling arrangements completely
covered a surface ares of 700 m°. The
spatial distribution of water flow path ways
could thus be obtained.

Injection of conservative tracers were
carried out from a total number of 9
separate high permeability zomes within
the three vertical holes, each zone about
2.5 m in length. The injection zones were
located between 10 and 55 m above the test
site. The tracers were injected continuousiy
for nearly two years. The injections were
carried out with a 'constant’ over pressure,

ey TN Sy TR T n Dy L T
B L bttt 'i-',—L‘_ r:-'?_s,_--_._-_*n oT v

—

41

INTRAVAL
Progress Report No. §

approximately 10-15 % above the natural
pressure. The concentrations of the in-
jected tracers were between L1000 and 2000
ppm. and the different flow rates varied
from ! to 20 ml-h™!. The following tracers
were injected: Uranine, Eosin blueish,
Eosin yellowish, Phloxine B, Rose Bengal,
Elbeny! Brilliant Flavine. Duasyn Acid
Green, Bromide and lodide.

Results

The naturai inflow of water to the drift was
measured before drilling the injection
holes. The results from the water monitor-
ing shows that water does not flow
uniformly in the rock over the scale con-
sidered (700 m°), but seems to be localised
to wet areas with large dry areas in be-
tween. Measurable amounts of water
emerged into 113 of the 350 sampling

Figure 7. The experimental drift. The location of the tracer injection holes is indicated

(Test Case 4).
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areas. Out of these 'wet’ sampling areas
10 % gave more than 50 % of the total
water inflow.

After 6 months of injection, tracers from
at least 5 injection zones could be found in
about 35 sampling areas. After almost two
years of injeciion, about 200 different
tracer breakthrough curves have been ob-
tained. Each curve is based on typicaily
more than 1 800 individual measurements.

Summary of Available Data:

—— water flow rates,

" — tracerconcentration in water to test site,

— rock characteristics and fracture data,

—- water chemistry,

— injection pregsures and injection flow
rates,

— hydrostatic pressures,

— diffusivity and sorption data

—- daity logs.

TEST CASE §

Tracer experiments in a fracture zone at
the Finnsjon research area, Sweden.

Introduction

This test case is based on tracer tests in a
fracture zone at the Finnsjon research area
in Sweden. The aim of the fracer tests is to
investigate the transport properties in a
highly conductive rock over distances up
to about 400 m. In a validation sense,
results from this experiment will be valu-
able because of the long migration distan-
ces involved, Other validation aspects are:
retardation, matrix diffusion, dispersion
and geometrical factors.

So far two tests in different geometries
have been performed in the major sub-
horizontal fracture zone (zone 2) at the
Briindan area (Figures 8 and 9). The frac-
ure zone is about 100 m wide, but most of
the flow appears 10 take place in three
subzones. The first racer test was carried
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out with a radially converging flow
geometry and the second with a dipoie
flow.

Radially Converging Test

In the radially converging test tracer injec-
tions were made in three peripheral
borehoies, BF101, KF106 2a0d KF111 which
are situated in different directions fram the
withdrawal borehole BFIO2 (Figure 8).
Totally 11 tracers were injected in three
packed-off intervals in each injection hole,
8 of them continuously for 5-7 weeks and

"3 as pulses. The tracers used were DTPA

and EDTA complexes with rare earth me-

tals, fluorescent dyes (Uranine and Amino

G Acid) and two anions (I” and ReQy4).

Tracer breakthrough was registered
from all nine injection intervais, with first
arrivals ranging between 24-3500 hours. A
detailed sampling in the withdrawal
borehoie indicated good hydraulic inter-
connections between different parts of the
zone.

Smnﬁnry of Available Data

A lot of background information such as
geological, hydrological, geochemical and
geophysical data from investigations of the
Briindan area are available.

Data available from the radially con-
verging test are:

— acer breakthrough curves,

— withdrawal and hydraulic head data,

— tracer concentrations in injection inter-
vals,

— groundwater flow rates during tracer
injection,

— log of events during the experiment,

— results from detailed sampling in the
withdrawal hole.

In addition to this porosities and dif-
fusivities from laboratory measurements
on drill core samples are available.
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Figure 9. Cross section through the Brandan area showing Zone 2. The location of the
profile is shown in Figure 8 (Test Case 5).




Dipole Experiment

The dipole experiment was performed ina
recirculating flow field between the
boreholes BFIO1 (injection) and BFI02
{withdrawal). Only the upper highly con-
ductive interval of zone 2 was used with
injection in the same interval as in the
radially converging test. Water withdrawn
from BFI02 was injected again into BFI01.

Totally 20 different tracers were used,
and they were injected into the system as
pulses with a duration of 4-8 minutes. The
tracers are non-sorbed or sorbed radioac-
tive )ns and compiexes, and non-active
complexes and dyes, In order to study the
possible effects of matrix diffusion a mac-
romolecular compound was aiso injected.

The evaluation of the dipole experiment
is presently in progress. Data will be avaii-
able jate 1989.

TEST CASE 6

Synthetic data base, based on single
fracture migration experiments in
Grimsel Rock Laboratory in Swirzerland.

Introduction

This test case is based on a synthetic site.
Geologic and hydrologic boundafies, and
the mean, variance and spatial correlation
scales of the model parameters are condi-
tioned with real-world data from the Grim-
sel Rock Laboratory in Switzeriand. The
synthetic migration experiment will test
the ability of groundwater flow and
transport modeiling strategies to interpret
and characterise transport of tracers,
through a large fracture zone on the bases
of a sparse number of borehole hydraulic
tests, dipole tracer tests and other observa-
tions. The test will also include an assess-
ment of the uncertainty in the interpretation
and ability to predict based on this uncer-
tain interpretation.
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General Description

The site is positioned i the mountainside
on a scale of kilometres. Two water bodies
bound the site on either side of the moun-
tain. The plane 10 be studied is an essential-
ly vertical two dimensional fracture, It bas
been assumed that the tunnels in the area
are open to the atmosphere and the poten-
tial at their surface is therefore equal to
their elevation. Simuiated experimental
measurements will cover a few tens of
meters, and time scales of seconds to
weeks,

The gegeration of the synthetic geo-
sphere has been made in four steps:

— The hydrauiic head on the scaie of the
distance between the water bodies
(about 5000 m) has been generated with
a finite difference computer program
using a 107x 47 uniform grid with spac-
ing of 45.5 meters (coarse scale modell-
ing). The effect of the tunnels is taken
into accoumt, and the transmissivity is
assumed to be uniform throughout the
grid. The hydraulic head is considered

- to be equal to the iand or water surface
elevation along the top boundaries and
no-flow on the other three boundaries.

— The second scale modelling deals with
an intermediate scale problem. The
domain is 182 x 182 m divided into a
regular finite difference grid 513 x 513.
The ransmissivity field is taken from a
4096 x 4096 fractal data set, based on
observed data at the Grimsel site, by
arithmetic averaging. Boundary condi-
tions of the hydraulic head on the
boundary of the domain are taken from
the coarse scale modei.

— The finest scale model is represented by
a 29.9 x 22.75 m area discretised into
673x 513 grid. Bore holes are modelled
separately in a radial coordinate system
and maiched to the rectangular grid.
The boundary conditions on the edges
of the rectangular domain are specified
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by the output of the intermediate scale
model. The finest ievel soiution is used
to simulate the dipole test and to caicu-
late the steady state inflows to the ex-
perimental tunnel and boreholes.

— Borehole tests are simulated with a tran-
sient model. For the sake of computer
run times, the transient hydranlic tests
are performed in a grid twice as coarse
337 x 257, giving only minor differen-
ces from the finer grid results,

The Parameters Generated are:

— Steady state hydraulic head at closed
bore holes.

— Transient and steady state outflow to or
from open bore hoies and tunneis.

— Response to transient pressure tests in
all bore holes resulting from a pressure
stress in one bore hole

— Dipole tracer tests between two pairs of
boreholes

—Response in tunnels to bore hole tests
(increased of diminished flow or ap-

pearance of tracer).

Models to include diffusion and geochemi-
cal retardation are being developed for a
Iater stage of this test case.

TEST CASE 7Taand 7b

Natural analogue studies at Pogos de
Caldas, Minas Gerais, Brazil.

Introduction

Test case 7 is a oaturat analogue study
based om an investigation performed at
Pocoa de Caldas, Minas Gerais, Brazil. The
project involves two subprojects;

1.  Evaluation of the transport and
speciation of natural radionuclides
and rare-earih elements in a fissure
flow system in crystalline rock

under both oxidising and reducing
conditions

2. Colloid formation and mobility in
natural groundwaters and the role of
colloids in element transport.

The Pogos de Caldas region consists prin-
cipally of alkalic intrusive rocks and is
generally anomalous with respect to
uranium, thorium and the rare-earth ele-
ments. These elements show pronounced
chemical similarities to neptunium,
plutonium and americium/curivm respec-
tively.

Subproject 1 has been located at the
Osamu Utsumi Mine (C-09 Uranium
Mine; U with subordinate Th and rare earth
efements) and subproject 2 at Morro do
Ferro (U, Th, rare-earth elements).

For the INTRA VAL study two testcases
have been defined. Test Case 7a concerns
the redox front and radionuclide movement
in the open pit uranium mine and Test Case
T is based on the movement of colloids.

TEST CASE 7a

Redox front and radionuclide movement
in an open pit uranium mine.

The open pit uranium mine (Osamu Ut-
sumi) is at present several hundreds of
meters wide, nearly 1 km long and more
than hundred meters deep in places. The
bedrock is crystalline and consists mainly
of phonolites and nepheline syenites. The
rock matrix is porous with a porosity of
4-20%. The hydraulic conductivity of the
matrix is an order of magnitude lower than
that of the overall rock including fractures.
The deeper portions of the rock are strong-
Iy reducing while the upper portions has
become oxidised by oxygen carried by in-
filtrating rain water. The redox frontis very
sharp. In association with fractures and
fracture zomes, which have higher per-
meability than the rock matrix itself,
'fingers’ of oxidised rock are extending
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Figure 10. An example of a cross section from the Osamu Utsumi Mine, Pocos de Caldas

{Test Case 7a).

much further downward than the average
depth of the front (Figure 10, Pitchblende
moduies with typicai sizes between 0.5-1
cm and pearly spherical in shape, are found
in many piaces just below the redox front
in the reduced rock.

A very large amount of data has been
collected from the open pit uranium mine.
A complete dataset will, however, not be
available until early 1990. At present the
dataset includes:

—detailed maps of the vertical walls
showing the location of the redox front
and the concentration profiles of
uranium,

—suabstantial information om rock
chemistry, mineralogy, petrography,
physical properties, uranium series dis-
equilibria,

—the chemistry of waters at different
depths in the boreholes,

— hydraulic conductivities measured in
the boreholes and in the rock matrix,

-—— porosities and diffusivities in the rock
matrix,

-— content of colloids and their composi-
tion,

— information on microbiological ac-
'iVirYU

— infiltration rates,




sHRU 0}
Zi dW NOVRAOE

(Qs 3SDD) 1SIT) IS 0443 2P OLIOFY Y1 JO HOUDLSA DUDWAYIS Y “[ ] 2m81

“WUOZ DRIDINIDS M ubnosy, mo) JaDapuno.d pajowneg ~ w05z 5

o pIDIDSUN R ubnomy s BRUICE 0 voI{DI0dsRY oo T~

‘spod Susojwow puo Bundwos e jompunen O

—eol =

gL ~

.y ~

Ody¥3d 00 O¥HOM

§ "ON uoday ssarfoig
-1 TVAVALNI




— results from some geochemical modetl-
ing and from hydraulic modelling of
groundwater flow patterns and veloc-
ities in the area of the mine prior to
excavation as well as with the mine in
its present state,

TEST CASE 7b

Morro do Ferro colloid migration
studies.

The basic geology of Morro do Ferro is a
fractured volcanic complex containing a
massive magnetite dyke system with sur-
rounding magnetite-rich breccia. The
whole system has been extensively altered
both by hydrothermai activity and weather-
ing processes. The upper tens of metres are
a lateritic soil composed of kaolinite, illite,
gibbsite, and accessory minerals including
Jarosite and magnetite. The rock is exten-
sively oxidised, butin one borehole a redox
front occurs at 35 m, with pyrite occurring
in the un-oxidised phonolite beiow it.

The water table is a subdued reflection
of the topography. At the top of the hill the
water table is at least 80 m below the sur-
face fluctuating by at least 20 m between
the wet and dry seasons (Figure [1). In the

‘valley bottom the water table is at or near

the surface, coinciding with seepages or
discrete springs.

High concentrations of Th and REE
(rare earth-elements) can be observed in
organic-rich surface and unsatgrated z-ne
waters. Humic compounds seems io be . 2¢
predominant complexants in these waters;
Th, REE’s, Fe and Mn are present mostly
as colloids. Interaction of these species
with the rocks are responsible for low con-
centrations of TH/REE and DOC (dis-
solved organic carbon) in the ground-
waters.

The chemistry of the groundwater in
four reference zones has been monitored 10
establish a basic data set and any seasonal
variability. The groundwater has been
characterised regarding major and trace
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eiement content. natural series content,
rare earth elements, organic chemistry,
electrochemistry, etc. Colioidai material
has been extracted from these reference
waters and characterised {or composition,
size and Th/REE content. Simpie hydraulic
testing has been performed to establish the
properties of the rock. A compiete dataset
will be available in the beginning of 1990.

TEST CASE 8

Natural analogue studies at the
Koongarra site in the Alligator Rivers
area of the Northern Territory, Australia.

Introduction
This test case deals with the apalogue

studies in the Alligator Rivers region of the
Northern Territory of Australia com-

* menced in 1981. The work that has been

carried out can be divided into four broad
categories:

——radionuclide distribution in rock
samples and rock fractures,

— the roie of groundwater and colloids in
radionuclide transport,

—the production and disgsrsion of the
fission products 129 and Tc,and tran-
suranics © " Pu,

— development of modelling codes and
evaluation of the Koongamra site for
modelling studies.

A comprehensive experimental and
modelling program has been agreed to by
the participants (ANSTO, JAERI, PNC,
SKI, HMIP/DoE and U.S. NRC) of the
NEA/OECD co-ordinated project which
will continue the earlier work carried out in
the US NRC funded project. The work will
be aimed of supporting modelling studies.
An initial task of the project will be the
establishment of a comprehensive data
base and the provision of sectional contour
representations of the data.
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General Description

The uranium deposits of the Alligator
Rivers region occur near the base of Lower
Proterozeic {Cahill Formation) schists.
They are tocated in zones of chloritisation
within the schists and are adjacent 10 [enses
of massive dolomite.

The Koongarra uranium mineralization
occurs in two distinct ore bodies separated
by a barren gap. Both bodies consist of
primary zones containing uraninite veins
within a zone of steeply-dipping, sheared
quartzchlorite schists of the lower mem-
ber of the Cahill Formation, which is ad-
jacent t0 a steeply-dipping reverse fault
that brings the schists into contact with the
Kombolgie sandstone. In the No 1 ore
body, which is the subject of this study,
secondary mineralisation is preseat in the
weathered schists from near the surface
down to the base of weathering at a depth
of 25-30 m, and forms a (ongue-like fan of
ore grade material extending down-slope
for about 80 m (Figure 12). There is little
indication of secondary mineralisation in
the No 2 ore body where the primary zone
is intersected in unweathered rock from 50
m to at least 250 m below the surface.

The study region, in common with much
of northern Australia, has a monsoonal
climate with almost all the rainfall occur-
ring in a wet scason between November
and March.

General migration of groundwater is
from the north, at the foot of a prominent
south facing escarpment, towards the south
through the ore deposit with natural
groundwater discharge taking place by
evapotranspiration and direct discharge
into a stream in the southern part of the site
during the wet season. Rainfall records
have been kept for the last 17 years and
water levels in 61 wells have been
monitored for various periods upto 7 years
in duration since 1971.

The Koongarra ore zone has been exten-
sively explored, but as yet Australian
Government policy has restricted its
development as a uranium mine.
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Data Collection Activities

The geological data available is based on
the mineralogical and uranium assay logs
of 140 percussion holes and 107 drill cores
in the immediate vicinity of the uranium
deposit, together with data on over 300
backhoe pits and auger holes, geophysical
surveys and geologic maps of surface ex-
posures. The drill core materiai and pulp
from the percussion holes is stored at the
site and is available for examination. This
materidl bas been the subject of an exten-
sive measurement program which studied
the distribution of uranium and thorium
series radionuclides in the region of the ore
body. A computer data base is presently
being established.

 Hydrogeologic characterisation of the
bedrock has been obtained from 24 draw-
down and recovery tests and 50 water pres-
sure tests, Five aquifer tests have also been
made to help characterise the {low system
in the bedrock.

Further hydrogeologic work is in
progress to help detertnine possible trajec-
tories and travel times. This work is aimed
at investigating whether the groundwater
flow is primarily along fractures eveninthe
highly weathered zone, and what is the
general depth of transition between matrix
flow and fracture flow. Connections, if
any, between groundwater in the bedrock
and groundwater in the surficial deposits
will also be investigated. These new data
would generally be of 2 higher guality than
much of the previous data that was ob-
tained under other conditions and primarily
for other purposes {poteatiai for mining).

A base body of general hydrochemical
data exists. Analyses for various radio-
nuclides have been made. These radio-
nuclides incude 223, 4y, 25Ra, Zipq,
23 129, 99.!.:’ 360y, 40 and 1.
A number of stable nuctides have also been
determined. Further work in isotope hydro-
chemistry and additional complete chemi-
cal analyses of water within and around the
ore deposit are in progress.



——————

A study of the geomorphoiogy of the
area is being made to try to obtain a general
idea of the geojogical and hydrogeological
history of the site. Important components
t0 understand are formation of the escarp-
ment, onset of the weathering, influences
of erosion/deposition of loose materiais,
effects of glaciation i.e., changes in sea-
level and in climate and precipitation.
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TEST CASE 9

Radionuclide migrarion in a block of
crystalline rock based on laboratory
experiments performed at AECL,
Canada.

Introduction

This testcase is based on laboratory experi-
ments on migration of tracers in a single
fracture in a large block of granite. The
experiments wese performed at AECL,
Canada, and the aim was to calibrate
reievant fracture transport parameters and
transport model(s}. The experiments ad-
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Figure 12. Cross section showing the dispersed zone at the Kongarra deposit

(Test Case 8).
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dress important phenomena in radio-
nuclide transport in the geosphere such as
sorption, dispersion, channeiling, mawrix
diffusion and fracture propenties.

Generai Description

The granite block (leagth 91.5 cm, width
86.5 cm, height 45.0 cm) contaias a single
natural fracture. The fracture aperture was
estimated from the volume of water re-
quired to completely fill the fracture to be
approximately 800 pum. The block was
positioned so that the fracture was ap-
proximately horizontal. The outside sur-
face of the block, as well as the edges of
the fracture on the long sides. were coated
with a silicone-based rubber to avoid
evaporation of the tramsport solution
through the porous matrix. Inlet and outlet
reservoirs were attached to the short sides
of the block covering the fracture where it
intersects these surfaces of the block_ This
way a uniform gradient was created across
the emire width of the fracture, The outlet

Metering

Pump
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reservoir was divided ino five compart-
ments which were sampled in sequence by
solenoid valves, see Figure 13,

To determine the longitudinal disper-
sivity experiments with the non-sorbed
tracer uranine were performed. After that,
runs with the tracers iodine and caesium
were made. To determine the sorption of
caesium on the rock, independent, static,
batch-type experiments were also per-
formed. The fracture was then opened and
the flow paths were investigated with alfa-
autoradiography. The fracture surface has
also been examined with gamma scan.

‘Summary of Available Data:

— flow rates in the experiments,

-— rock porosity and density.

- rock and groundwater composition,

-— caesium sorption data,

— breakthrough curves for non-sorbed
uranine,

— breakthrough curves for caesium and

Fraction
Caliectors

Solenoid Valve

Figure 13. Schematic plan view of the arrangement of the inlet and outlet reservoirs on

the large block (Test Case 9).



TEST CASE 10

Evaluarion of unsaturated flow and
transport in porous media using an
experiment with migration of a werting
front in a superficial desert soil
performed withina U.S. NRC trench
study ar Las Cruces, New Mexico.

Introduction

This test case are foreseen to give the op-
portunity to validate parameters and
models relevant for radionuclide transport
in unsaturated soils. The experimental
location is the New Mexico State Univer-
sity College Ranch, 40 km north-east of
Las Cruces, New Mexico, USA.

General Description

The field site is on a basin slope of a
mountain. The geologic features, geomor-
phic surfaces. soil series and vegetation
types found in the area around the field test
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are typical of many areas of southern New
Mexicoand are similar to arid and semiarid
areas of the southwestern United States.

The climate in the region is charac-
terized by an abundance of sunshine and
low relative humidity. Average ammual
precipitation is 23 cm with about 50 % of
the rainfall occurring between July 1st and
September 30th.

Atrench 16.5 m long, 48 m wide and 6.0
m deep has been dug in the undisturbed
soil. Two irrigated areas measuring 4x9 m
and 1x12 m respectively are adjacent to the
trench (Figure 14). In the first test water
containing a conservative tracer, tritium,
has been applied at acontrolled rate of 1.76
cm-day-1 on the surface of one side of the
rench. The movement of water below the
soil surface has been monitored with
neutron probes and tensiometers as well as
by visual observations of the water move-
ment on the wench wail. In a second test,
water containing tritium and bromide has
been apPlied at a controlled rate of 0.5
cm-day  on the surface at the other side of
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Figure 14.

Top view of the trench with irrigated areas (Test Case 10).
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the trench. The irrigated area in the second
testis only 1 m wide, this test will therefore
be uged to study the lateral spreading of the
wetting front.

Parameters Evaluated

The parameters measured or evaluated are
hydraulic conductivity vaiues, charac-
teristic curves for the range of saturation to
field water conteats, specific water
capacity, soil property parameters, mois-
ture conteni or moishure profiles as a func-
- tion of time, tension data and visual obser-
vation of wetting front advances.

In addition to the field experiment,

laboratory column tests can be used to
define transport parameters. such as Peclet
number and dispersion coefficients.

TEST CASE 11

Evaluarion of flow and transport in
unsaturated fractured rock using studies
ar the U.S. NRC Apache Leap Tuff Site
near Superior, Arizona.

Introduction

This test case deals with transport ia un--

satyrated fractured rock. It inciudes both
field and laboratory experiments. The field
experiment is located at the Apache Leap
Tuff Experimental Area in non-welded to
welded tuff near Superior, Arizona, USA.
The laboratory experiments are carried out
on farger blocks and on cores from the site.
The purpose with the test case is to validate
parameters and models relevant for
radionuclide traasport in fractured un-
samrated media against data sets.

Field Experiment

Nine inclined boreholes have been in-
stalled in three rows of three boreholes per
row. The boreboles within a row are
echelon at i0 m intervals. Therows are S
apart (Figure 15). The surface of the site
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has been covered with a plastic sheet to
reduce naturai infiltration and evaporation.
The experiments in the boreholes inciude
interval testing for temperature, water con-
tent and sawmrated hydraulic conductivity,
Also, poeumatic properties are tested on
intervals.

The parameters measured or evaluated
are hydraulic diffusivity, moisture charac-
teristic, hydraulic conductivity, specific
water capacity, soil property parameters,
sawrated hydraulic conductivity, physical
properiies, borehole temperatures, bore-

.hole water contents and borehole air flow

rates.
Many of the borehole analyses are

Tepetitively measured during different

seasons. All the moisture-dependent hy-
draulic parameters are measured at three
meter intervails,

Additional experiments in an abandoned
road lunnel and in a2 mine haulage mnnel
located nearby will also provide important
data. Comparison of parameters between
sites should allow models developed atone
site to be verified at another.

Block Experiment

Several laboratory experiments have been
conducted on blocks containing a single
fracture. The blocks were removed from .
outcrops located near the Apache Leap
Tuff Site and subsequently shaped so that
the fracture is Jocated through the center of
the block (Figure 16).

Preliminary saturated steady-state flow
and transport experiments were performed
on a block with the dimensions 20 cm x 20
cm x 49.5 ¢cm (block 1). The main purpose
was to test and refine the experimental
setup as weil as test and calibrate the in-
strumentation.

A transient imbibition experiment was
performed on a block with the dimensions
21 cm x 20 c;r x 66 cm (block 2). A
constant suction was applied at the top of
the block and the bottom of the block was
left open to the atmosphere. Visual wetting
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front locations were measured through
time.

A series of steady-state flow and trans-
port experiments are currently being per-
formed on block 2. The matrix is beld
under constant suction at the top and bot-
tom of the block. The fracture has a con-
stant suction appiied at the top, and it is
open in the bottom, allowing flow to leave
the block. Once steady-state flow occurs in
the fracture, a pulse of non-sorbed tracer
will be applied to the fraciure only and the
concentration monitored along the fracture
and in the fracture outflow.

Core Experiment

A non-welded tuff core measuring 12.72
cm in length and 6.4 cm in diameter was

INTRAVAL
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oven dried and then partially wetted 10 a
saturation of 48 % with a solution of potas-
sium iodide. The core was then coated with
a seaimnent lo prevent moisture or air from
leaving the core., The core was also ther-
mally sealed with foam insulation along its
length, while a constant teroperature (5 and
70°C) was maintained at both ends for a
period of 32 days (Figure 17).

During the course of the experiment,
temperature and saturation wefe measured
at | cm intervals away from the cold end of
the core. The final solute concentration
along the core was obtained by sawing the
core into eight sections and analysing
waier collected from each section.
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Figure 5. Borehole configuration at Apache Leap Tuff Site (Test Case 11).
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TEST CASE 12

Experiments with changing near-field
hydrologic conditions in partially
saturated tuffaceous rocks performed in
the G-Tunnel Underground Facility at the
Nevada Test Site performed by the Nevada
Nuclear Waste Investigation Project of the
US.DOE.

Introduction

This test case deals with near-field effects
in partially saturated Tuffaceous rocks
produced by propagating transient distur-
bances. The experimental location, the G-
Tunnel Underground Facility, Nevada Test
Site, is located about 110 km north of Las
Vegas, Nevada, USA.
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General Description
The objectives with the tests are to:

— Obtain rock-matrix and fracture-system
calibration data for partially saturated
welded and non-welded tuffaceous
rocks, :

— Predict bydrologic system flux and
velocity fields in response to imposed
time and spatially variable disturban-
w!

— Predict system lopg-term recovery and
reequilibration following disturbance
termination,

— Compare model predictions with ex-
perimental field data collected during
both the short-term transient and long-
term recovery periods.

Figure 18. Schematic plan of borehole pair instrumented for long-term monitoring (Test

Case 12).
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The field-experimental design consists of
continuously coring pairs of horizontal
boreboles into botkt non-welded tuff and
into fractured, welded tuff. The boreholes
will be about 10 m in length and 10 ¢cm in
diameter with a separation of about 6 m
(Figure 18). The core with a diameter of
about 6 cm will be encased in plastic as
coring proceeds in order to minimize drill-
ing-fluid contact with the core. One of each
pair of boreholes will be drilled and cored
using air as drilling fluid and the other will
be drilled and cored using water.

Data to be Megsured

‘The borehole logging consists of caliper
logs, TV camera logs and neutron moisture
meter logs. At the completion of the log-
ging each borehole is instrumented. The
dry-cored borehotes are instrumented first
in order 1o monilor any crosshole effects
caused by the driflling of the wet-cored
boreholes. Instrument statons are placed
in all four boreholes and will remain in
place until the isolated areas of the
boreholes have reached equilibration. Each
instrument station consists of pressure
transducer, thermal sensor and ther-
mocouple psychrometer. Gas-phase
tracers are injected into the water and air
drilling fluids in order to test for cross-hole
hydrologic connections. Fracture zogoes
and unfractured mairix will be isolated and
instrumented. Interconnecting fractures
will be instrumented if they are en-
countered.

Laboratory tectiniques are used to deter-
mine the effects of drilling fluids on the
hydrologic condition of the core sampies.
Laboratory experiments are used to
measure or evajuate bulk density, grain
density, porosity, water content, water
potential, water characteristic curves,
saturated and unsaturated hydraulic con-
ductivity, imbibition, heat capacity and
thermal conductivity.

The effects of capillary hysteresis are
investigated in a suite of complementary
imbibition and moisture-release experi-

ments. These algo provide an independent
set of \ransient data set.

TEST CASE 13

Exp.rimental study of brine mransport in
porous media performed at RIVM, the
Netheriands,

Introduction

This test case describes flow and mass
transport in high-concentration situations.
This is of imponance for studies related to
radioactive waste disposal in deep geologi-
cal formations where high concentrations
of dissolved salts are encouniered in the
host rock or in overlaying aquifers.

General Description

The experimental setup is a column; 0.6 m
long, 0.01 m wide and 1.25 m high, filled
with giass beads, see Figure 19. Fluid can
be circuiated through the bed. The pressure
head along the bed is monitored by pine
sets of manometers and three electric pres-
sure transducers, The sait concentration of
the fluid can be measured at sixteen points
by electrodes. Two sets of experiments
have been performed: one set at low salt
concentrations to evaluate porosity, per-
meability and dispersivity of the porous
media and another set at high salt con-
centrations 1o record the salt mass fraction
and pressure aiong the bed.

Data Available:

—mass fraction profiles (breakthrough
curves) for the electrodes

— temperature of the fluid during the ex-
periment

— salt mass fraction in fluid entering the
column

— pressure distribution in the column

— total flow rate during the experiment
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Figure 19. Experimental set-up (Test Case 13).

TEST CASE 14a and 14b

Groundwater flow in the vicinity of the
Gorleben Sait Dome, the Federal
Republic of Germany.

Introduction

The Gorleben Salt Dome is located in the
northeastern part of Lower Saxony in the
Federal Republic of Germany. An
erosicnal channel crosses the salt dome
from south to north. Test case 14a is based
on & pumping test carried out in a section
of this channel. Test case 14b is concerned
with saline groundwater movement in the
same channel.

General Description

The channel crossing the Gorleben salt
dome is more than 10 km long and its
widths varies between 1-2 km. In this
erosional channel a fairly thick sequence of

ﬁd’ ‘l|ll'/J

coarse to medium-grained (glaciofluvial)
sands has been deposited with intercaia-
tions of till. The channel is overlain by silt
and clay up to 110 m thick.

The fresh water body is underiain by

. rather saline groundwater. The salt content

usually increases with depth and, especial-
ly above the salt dome, reaches saturation
at depths greater than 220 m below sea
level.

TEST CASE 14a

Pumping test in highly saline
groundwater.

This test case provide the opportunity to
observe the behaviour of a groundwater
system filled with high saline water under
simplified conditions (i.e. a system where
the conductive flow is predominant).

The deeper aquifer in the erosional
channel with saline water was pumped
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during 3 weeks (Figure 20). The pump test
was carried out with a pumping rate of 30
m’ per hour. About twenty observalion
wells were monitored more than once aday
for five weeks and even more often there-
after. The water ievel in the closest obser-
vation wells were monitored with an
ultrasonic apparatus with a precision better
than 1mm. Electrical conductivity logs
were made in the observation wells before
and after the pump test to give information
on changes in the salinity distribution in the
wells. The electrical conductivity and the
amount of water pumped were recorded
continuously during the test.

In addition 1o the pump test selected as
an INTRA VAL test case, three other pump
tests at higher pumping rates have been
performed in the area. The geological and
hydrogelogic situation in the aquifer sys-
tem in the sediments above the dome have
been investigated extensively providing
large amounts of background information
such as. porosity, permeability, chemical
compositions etc.

TEST CASE 14b

Saline groundwater movement in an
erosional channel crossing a sait dome.

This test case is based on the extensive
experimental programme briefly men-

lioned in test case 14a. The test case con-
cerns the description of the regional com-
plex groundwater flow system in the Gor-
leben area, including variable density of
the groundwater due to salinity.

The first step of this test case could be to
describe the present flow situation in the
erosional channel crossing the salt dome.
This couid thea be followed up by simnia-
tions of behaviour of the salt/fresh water
system as a whole during he nex¢ thousand
years to check whetber the modelling of the
present situation was sufficient as no sig-
nificant short term changes in the flow
system of salt transport is expected,

Another approach could be to begin the
simulations with fresh water and an ap-
propriate source term for the rate of salt
dissoiution. The calcularions could be
made for non-steady state conditions uptil
the modei correspond to the present situa-
tion. If 1*C values from water samples is
included in the database, transport calcula-
tions based on a density-dependent flow
system can aiso be performed.
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Appendix 3

List of Test Case Related Presentations at
INTRAVAL Workshops

TEST CASE 1a

Bogorinski P., Larue J. and von Maravic H., Comments on Modelling the Harweil Migra-
tion Experiments, INTRAVAL Workshop, Barcelona, April 1988,

Bogorinski P., Overwiew of Test Case l1a, INTRAVAL Workshop, Tucson, November
1988.

Bourke PJ., Gilling D .. Jefferies NL., Lineham T R. and Lever D A., Radionuclide Migra-
tion in Clay Samples at Harwell Laboratory, INTRAVAL Workshop, Barcelona, April
1988.

Bourke PJ.. Gilling D .. Jefferies N L., Lever D A. and Lineham T R.. Mass Transfer
Through Clay by Diffusion and Advection: Description of INTRAVAL Test Case 1a, IN-
TRAVAL Workshop, Helsinki, June 1989.

Carrera J., Samper J.. Galarza G. and Medina A., Interpretation of Test Case 1a: Old
Data, INTRAVAL Workshop, Helsinki, June 1989.

Carrera J., Samper J., Galarza G. and Medina A., Application of Experiment Design
Methods to Test Case 1a. INTRAVAL., INTRAVAL Workshop, Las Vegas, February
1990.

Hossain §., Preliminary Results on Test Case 1a, INTRAVAL Workshop, Tucson,
November 1988.

Qlague N E., Davis P A. and Gribble R A., Modeling Strategy, Data Analysis and Initial
Simulations: INTRAVAL Test Case 1a, INTRAVAL Workshop, Helsinki, June 1989.

Olague N., Davis P. and Gribbie R., Dual-porosity Simulations of the Through-diffusion
Experiments, INTRAVAL Workshop, Las Vegas, February 1990.

Samper J. and Carrera J., Preliminary UPC Results on Test Case 1a, INTRAVAL
Workshop, Tucson, November 1988.

Umeki H., Idemitsu K. and lkeda Y., Preliminary Results on Test Case 1a, INTRAVAL
Workshop, Helsinki, June 1989.

Umeid H., Neyama A., Furuichi K. {(CSD) and fkeda Y. (MAPI), PNC Analysis of Test
Case 1a, INTRAVAL Workshop, Las Vegas, February 1990.

Wijland R. and Hassanizadeh S.M., Preliminary Results on Test Case 1a, INTRAVAL
Workshop, Helsinki, June 1989,

Wijland R. and Hassanizadeh M., Simulation of Nuclide Migration in Clay, including
Martrix Diffusion, INTRAVAL Workshop, Las Vegas, February 1990.
TEST CASE 1b

Bischoff K., Hadermann J. and Jakob A., INTRAVAL Test Case 1b, Uranium Migration
in Crystalline Bore Cores, INTRAVAL Workshop, Barcelona, April 1988.
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Bischoff K., Hadermann J. and fakob A INTRAV AL Test Case 1b, Uranium Migraton
in Crystailine Bore Cores - Small Scale Pressure infiltration experiments, INTRAVAL
Workshop, Tucson, November 1988.

CarreraJ. and Samper /., ldentifiability Problems with Data on Test Case 1b, IN-
TRAVAL Workshop, Barcelona, April 1988.

Cole C., Preliminary Resuits on Test Case 1b, INTRAVAL Workshop, Barcelona, April
1988.

Cordier E. and Goblet P., INTRAVAL Project - Test Case 1b, INTRAVAL Workshop,
Helsinki, June 1989,

Grindrod P., A Note on the Role of Nonlinear Sorption in INTRAVAL Case 1b, IN-
TRAVAL Workshop, Las Vegas, February 1990.

Grindrod P. and Hodgkinson D., The Role of Nonlinear Sorption in INTRAVAL Case
1b, INTRAVAL Workshop, Las Vegas, February 1990.

Hautojdrvi A., Preliminary VTT Results on Test Case 1b, INTRAVAL Workshop, Tuc-
son, November 1988.

Hawojdrvi A., Channels as Migration Routes in Crystalline Rock Samples, INTRAVAL
‘Workshop, Helsinki, June 1989.

Jackson C.P., Preece T.E. and Sumner P_J., A Study of INTRAVAL Test Case 1b, IN-
TRAVAL Workshop, Helsinki, Fune 1989,

Jackson CP., Sumner P.J. and Preece T E., A Study of INTRAVAL Test Case 1b, IN-
TRAVAL Workshop, Las Vegas, February 1990.

Jakob A., Hadermann J. and Zingg A., PSI New Modelling Resuits, INTRAVAL
Workshop, Tucson, November 1988.

Kjellbom K., Moreno L. and Neremieks [., Preliminary Evaluation of Some Uranium
Migration Tests, INTRAVAL Workshop, Helsinki, June 1989.

TEST CASE 2

Aimo N.J., Battelle PNL Modelling Results, INTRA VAL Workshop, Tucson, November
1988.

Cole C.R. and Aimo NJ., Investigating a Parameter Estimation Approach to Design of
Validation Experimeats, INTRAVAL Workshop, Helsinki, June 1989,

Gureghian B., Radionuclide Migration in Single Naturat Fissures in Granite, INTRAVAL
Workshop, Las Vegas, February 1990.

Kimura H., Preliminary Results of Test Case 2 Study, INTRAVAL Workshop, Bar-
celona, April 1988,

Neretnieks 1., Previous Modelling of Test Case 2 Experiment, INTRAVAL Workshop,
Barcelona, April 1988.

Neremieks 1., Presentation of Test Case 2, INTRAV AL Workshop, Tucson, November
1988. :

Skagius K., Presentation of Test Case 2, INTRAVAL Workshop, Barcelona, Aprii 1988.

TEST CASE 3

Cole C.,INTRAVAL Test Case 3, Experiments and Mode! Caiculation, INTRAVAL
Workshop, Barcelona, April 1988. ’
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Cole C. and Aimo N .J.. Presentation of Test Case 3, INTRAVAL Workshop, Tucson.
November 1988.

Andersson J., Comments on INTRAVAL Test Case 3. INTRAVAL Workshop, Bar-
celona, Apnl 1988.

Idemitsu K. and Umeki H., Calculation of the Concentration of a Dispersive Tracer Solute
by Means of Numerical Solution of the Balance Equation. INTRAVAL Workshop. Bar-
celona, Apni 1988,

{demitsu K.. Modelling of Test Case 3 by Using a Numerical Method. INTRAVAL
Workshop, Tucson, November 1988,

Kimura H. and Yamashita R., Preliminary JAERI Resuits on Test Case 3, INTRAVAL
Workshop, Tucson, November 1988,

TEST CASE 4

Andersson J., Discrete Network Analysis of Tracer Experiments in Stripa 3D, IN-
TRAVAL Workshop, Las Vegas 1990,

Dverstorp B.. Application of the Discrete Fracture Network Concept on Field Data: Pos-
sibilities of Model Calibration and Validation. INTRAVAL Workshop, Barceiona, April
1988.

Dverstorp B. and Nordgvist W ., Flow and Trapsport Simulations with a Discrete Fracture
Network Model, INTRAVAL Workshop, Helsinki. Juge 1989.

Hodgkinson D., Shaw W_ and Barker J., Modetling by Flows ie Continuous Dimension,
INTRA VAL Workshop, Tucson, November 1988,

Hodgkinson D., Shaw W. and Grindrod P ., Preliminary Fractal Analysis of the Stripa 3D
Migration Experiment, INTRAVAL Workshop, Helsinki, June 1989.

Neremieks [., Presentation of Test Case 4: 3D Migration Experiment at Stripa, IN-
TRAVAL Worksbop, Barcelona, April 1988.

Neremieks ., Presentation of Test Case 4, INTRAV AL Workshop, Tucson, November
1988.

Tsang Y W.and Tsang C F., Understanding Stripa 3-D Tracer Migration Data, [N-
TRAVAL Workshop, Heisinki, June 1989.

TEST CASE 5§

Andersson P., Experimental Results and Further Plans, INTRAVAL Workshop, Tucson,
November 1988,

Andersson P., Recent Experimentaf Results, INTRAVAL Workshop, Helsinki, June 1989.

Andersson P., Proposal for Simulation of Hydraulic Interference Tests, INTRAVAL
Workshop, Helsinki, June 1989.

Grindrod P. and Worth D., Do the Puise Injection Experiments Exhibit Radially Conver-
gent Fracture Flow?, INTRAVAL Workshop, Las Vegas, February 1990.

Gustafsson E., Andersson P. and Wikberg P., Recent Achievements in the Performance
and Evaluation of the Finnsjén Experiments, INTRAVAL Workshop, Las Vegas,
February 1990.

Hautojidrvi A. and Taivassalo V., Generalised Taylor Dispersion Analysis for Tracer
Breakthrough in the Radially Converging Experiment of Finnsjén (test case 5), IN-
TRAVAL Workshop, Barcelona, April 1988.
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Hawtopdrvi A. and Taivassaio V., Pre-Test Calculations of VTT-Team for Radially Con-
verging Test, INTRAVAL Workshop, Tucson, November 1988.

Hauwojdrvi A., Taivassalo V. and Vuori §., Interpretation of Results of the Radiaily Con-
verging Test, INTRAVAL Workshop, Helsinki, June 1989.

Hautojdrvi A., Taivassalo V. and Vuori S., Preliminary Predictive Modelling of the
Dipole Experiment, INTRAVAL Workshop, Helsinki, June 1989,

Hawtojdrvi A., Taivassalo V. and Vuori S. Interpretation of Test Case 5, Radially Converg- -
ing Experiment, INTRAVAL Workshop, Las Vegas, February 1990, /"’

Kimura H. and Katsuragi T., Predictive Modelling of the Dipole Experiment at the
Finnsjon Research Area, INTRAVAL Workshop, Helsinki, June 1989,

Kimura H., Kasturagi T. and Yamashita R., Preliminary Results of the Radially Converg-
ing Tracer Experiment at the Finnsjon Research Area, INTRAVAL Workshop, Las
Vegas, February 1990.

Moreno L. and Neremieks [., Preliminary Evaluation of Tracer Test in Finnsjon. Radial
Converging Experiment, INTRAVAL Workshop, Helsinki, June 1989.

Neremieks 1., Introduction to Test Case 5, INTRAVAL Workshop, Barcelona, April 1988.

Neremieks 1., Preliminary Predictions of Finnsj6n Tracer Tests, NTRAVAL Workshop,
Barcelona, April 1988.

Nordquist R.. Numerical Predictions of a Dipole Tracer Test in a Fracture Zone in the
Briindan Area, Finnsjén, INTRAVAL Workshop, Helsinki, June 1989.

Winberg A., Geostatistical Analysis of Hydraulic Conductivity Data at Finnsjén, IN-
TRAVAL Workshop, Helsinki, June 1989.

Yamashita R. and Kobayashi A., Preliminary Calculations Using Fracture Network Ap-
proach for Tracer Test in Finnsjon Site, INTRAVAL Workshop, Las Vegas, February
1990.

TEST CASE 6

Codell R., Cole C. and Vomvoris S., Synthetic Migraton Experiment - INTRAVAL Prob-
lemn VI, INTRAVAL Workshop, Tucson. November 1988,

Codell R., Cole C. and Vomvoris §., Synthetic Migration Experiment - INTRAVAL Prob-
lem 6, INTRAVAL Workshop, Helsinki, June 1989.

Codell R. and Trésch J., Calculation of Synthetic Experiment, INTRAVAL Workshop,
Las Vegas, February 1990. ‘

Vomvoris ., On the Synthetic Experiment, INTRAVAL Workshop, Barcelona, April
1988. '

TEST CASE 7a

Neretieks I., Presentation of Test Case 7a: Redox Front and Uranium Movement at
Pocos de Caldas, INTRAVAL Workshop, Barcelona, April 1988.

Neremieks I..{Preaenuu'on of Test Case 7a: Redox Front Movement, INTRAVAL
Workshop, Tucson, November 1988.

Neremieks I., Redox Front Studies at Pocos de Caldas, INTRAVAL Workshop, Las
Vegas, February 1990.
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Romero L., Moreno L. and Neretnieks I., Pogos de Caldas. The Location of the Redox
Frout, INTRAVAL Worksbop, Helsinki. Jupe 1989.
TEST CASE 7b

Chapman N ., Presentation of Test Case 7b: Colloid Transport, INTRA VAL Workshop,
Tucson, November 1988.

Noy D., Presentation of Test Case 7b: Colloid Mobility at Pogos de Caldas, INTRAVAL
Workshop, Barcelona, April 1988.

TEST CASE 8

Davis S., Hydrology Sub-Project, INTRAVAL Workshop, Tucson, November 1988.

Duerden P. and Golian C., Presentation of Koongarra and Draft Test Case, INTRAVAL
Workshop, Barcelona, April 1988.

Duerden P., Presentation of Test Case 8, INTRAVAL Workshop, Tucson, November
1988,

Duerden P.. Update of Recent Field Work, INTRAVAL Workshop. Helsinki, June 1989.

Golian C.. Koongarra Test Case: Modelling Progress, INTRAVAL Workshop, Tucson,
November 1988.

Golian C., Hydrodynamic Transport through Porous Media which Contain Two Iron
Mineral Phases, INTRAVAL Workshop, Helsinki, June 1989.

Golian C., A Quasi Two Dimension Open Sytem/Transport Model to Describe the
Mobility of the Bulk Uranium, INTRAVAL Workshop, Las Vegas, February 1990.

Lever D., Koongarra Transport Modelling, INTRAVAL Workshop, Barcetona, April
1988.

Nijhoff-Pan 1., Discussion on Test Case 8: Alligator Rivers (Koongam) Ore Deposit, IN-
TRAVAL Workshop, Helsinki, June 1989,

Slot AF M., Proposed Modelling Approach for the INTRA VAL Test Case 8, Alligator
Rivers, Koongarra Ore Deposits, INTRAVAL Workshop, Las Vegas, February 1990.

Sverjensky D., Geochemical Aspects of the Alligator River Analogue Project, IN-
TRAVAL Workshop, Tucson, November 1988.

TEST CASE Y

Hauwtojdrvi A., Preliminary Calculations of M:gratxon in the Fracture Channels, IN-
TRAVAL Workshop, Helsinki, June i989.

Kobayashi A. and Yamashita R., Preliminary Results on Test Case 9 by Using the Non-
Uniform Velocity Distribution, INTRAVAL Workshop, Helsinki, June 1989.

Noronha CJ. and Gureghian A B., Description of Granite Block Experiment for Test
Case 9, INTRAVAL Workshop, Barcelona, April 1988.

Noronha CJ. and Gureghian A B., Large Block Migration Experiments, INTRAVAL
Workshop, Tucson, November 1988.

Rasilainen K., Hautojdrvi A and Vuori S., Preliminary Interpretation of Test Case 9 using
FTRANS-code, INTRAVAL Workshop, Las Vegas, February 1990,
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Vandergraaf T.T., Grondin D M. and Drew D .J., Contaminant Transport Laboratory
Studies in a Single, Natural Fracture in a Quarries Granite Block at a Scale of 1 Metre, IN-
TRAVAL Workshop, Tucson. November 1988.

TEST CASE 10

Ababou R., High-resolution Modeling of 3D Flow Fields, INTRAVAL Workshop, Las
Vegas, February 1990.

Bensabat J., Stochastic Modelling of the First Las Cruces Trenchk Experiment, IN-
TRAVAL Workshop, Las Vegas, February 1990.

Gee ., Deterministic Modeling and Considerations for Transport Analysis of the Las
Cruces Data Base, INTRAVAL Workshop, Tucson, November 1988.

Gelhar L., Applications of the Stochastic Model to the Las Cruces Data Base, IN-
TRAVAL Workshop, Tucson, November 1988.

Goodrich M.T., Updegraff C.D. and Davis P A., A 2-D Deterministic Model of the Las
Cruces Trench Infiltration Experiment, Preliminary Results, INTRAVAL Workshop, Tuc-
son, November 1988, -

Goodrich M.T. and Davis P A., A Statistical Analysis of the Las Cruces Trench Hydraulic
Data, INTRAVAL Workshop, Helsinki, June 1989.

Goodrich M.T. and Gribble A R., Daia Analysis and Modelling of the Las Cruces Trench
Second Experiment, INTRAVAL Workshop, Las Vegas, February 1990.

Hills R.G., Hudson, D B., Porro I. and Wierenga P J., Modelling the Layered Soil
Lysimeter Study at Las Cruces, INTRAVAL Workshop, Tucson, November 1988.

Hills R. and Wierenga P., Water Flow and Solute Transport at the Las Cruces Trench
Site, INTRAVAL Workshop, Las Vegas, February 1990,

Kool J B., Simulations of Water Flow and Tritium Transport at the Las Cruces Treﬁch,
INTRAVAL Workshop, Las Vegas, February 1990,

McLaughlin D., Model Validation Issues for Unsaturated Flow Systems, INTRAVAL
Workshop, Tucson, November 1988.

Nicholson T., Presentation of Test Case 10, INTRAVAL Workshop, Tucson, November
1988.

Nicholison T., Introduction, Test Case 10, INTRA VAL Workshop, Helsinki, June 1989,

Rasmuson A., Lindgren M. and Collin M., Flow and Transport Simulations of the Second
Las Cruces Trench Experiment, INTRAVAL Workshop, Las Vegas, February 1990.

Smoot J L., Battelle PNL Modelling Results, INTRAVAL Workshop, Tucson, November
1988.

SmythJ.D., Infiltration Simulations of the Jornada Trench with a Multidimensional
Monte Carlo Code, INTRAVAL Workshop, Las Vegas, February 1990.

Updegraff D.. 1-D Analytical Solutions on Test Case 10, INTRAVAL Workshop, Tuc-
son, November 1988.

Wierenga P., Field and Laboratory Experimental Results with Emphasis on Transport, IN-
TRAVAL Workshop, Tucson, November 1988.

Wierenga P., Hills R. and Hudson D., Flow and Transport Data Analyses of the Las
Cruces Trench Experiments, INTRAVAL Workshop, Las Vegas, February 1990.
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TEST CASE 11

Bradbury J.. Evaporation in Unsaturated Fractured Rock - an Alternative Conceptual
Model, INTRAVAL Worksbop, Tucson, November 1988.

Codeil R.. Transport in Two-Phase Flow in Tuff Drillcore, INTRAV AL Workshop, Hel-
sinki, June 1989.

Evans D., Field and Laboratory Experimental Results, INTRAVAL Workshop, Tucson,
Novemaoer 1988.

Evans D., Rasmussen T. and Sully M., Rock Matrix Characterization in Apache Leap
Tuff, INTRAV AL Workshop, Las Vegas, February 1990.

Evans D., Rasmussen T. and Sully M., Nou Isotbermal Core Experiments in Apache Leap
Tuff, INTRAVAL Workshop, Las Vegas, February 1990.

Evans D., Rasmussen T. and Suily M., Crosshole Pneumatic Testing at the Apache Leap
Tuff Site, INTRAVAL Workshop, Las Vegas, February 1990.

Evans D., Rasmussen T. and Sully M., Laboratory Fracture Flow Experiments in Apache
Leap Tuff. INTRAVAIL Workshop, Las Vegas, February 1990.

MeCartin T., Simulation of the Apache Leap Tuff Site Borehole Experiment, IN-
TRAVAL Workshop, Tucson, November 1988.

McCarrin T., Two-Phase Flow Simulations in a Tuff Drillcore, INTRAV AL Workshop,
Helsinki, fune 1989,

Nicholson T., Presentation of Test Case 11, INTRAVAL Workshop, Tucson, Novem
1988. :

Parsons A.M. and Davis P A., Modeling Strategy and Data Analysis for the Apache Leap
Tuff Block Experiments, INTRAVAL Workshop, Helsinki, June 1989.

Rasmussen T., Modeiling of Field and Laboratory Experiments, INTRAVAL Workshop,
Tucson, November 1988,

Universiry of Arizona. Field and Laboratory Experiments in Unsaturated Fractured Tuff,
INTRAVAL Workshop, Helsinki, June 1989.

TEST CASE 12

Hoxie D.T., Empirical Validation of Hydrologic Model Simulations of Changing Near-
Field Hydrologic Conditions, ' TRAVAL Workshop, Barcelona, Aprii 1988.

Hoxie D.T., Flint AL. and Ch. ack M_P., Model Validation with Respect to Short-Term
Dynamic Effects and Long-Tema Transient Effects, INTRAVAL Workshop, Tucson,
November 1988.

TEST CASE 13

Arens G., Preliminary Results on Test Case 13, INTRAVAL Worksbop, Helsinki, June
1989.

Arens G. and Fein E., One-dimensional Brine Transport in Porous Media, INTRAVAL
Workshop, Las Vegas, February 1990.

Hassanizadeh S.M., Presentation of Experimental Results from Brine Experiment, IN-
TRAVAL Workshop, Barcelona, April 1988.

Hassanizadeh §.M., Experimental Study of Brine Transport in Porous Media, IN-
TRAVAL Workshop, Tucson, November 1988.
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Hassanizadeh S M. and Leijnse T.. Simuiation of the Brine Transport Experiments, IN-
TRAVAL Workshop, Helsinki. June 1989.

Hassanizadeh S.M., Lalest Results on Simuiation of Brine Transport Experiments, IN-
TRAVAL Workshop, Las Vegas, February 1990,

Schelkes K., Preiiminary BGR Results, INTRAVAL Workshop, Helsinki. June 1989,

Schelkes K. and Knoop R.-M., Results of Modelling the Salt Transport Experiments, IN-
TRAVAL Workshop, Las Vegas, February 1990.

TEST CASE 14

Glasbergen P., Proposals for Test Cases Related to Rock Sait, INTRAVAL Workshop,
Barcelonz, April 1988.

Schelkes K.. Pumping Test in Highly Saline Groundwater - a Proposed Test Case, IN-
TRAVAL Workshop, Tucson, November 1988.

Schelkes K., Saline Groundwater Movement in an Erosional Channel Crossing a Salt
Dome - Working Program for a Test Case, INTRAVAL Workshop, Tucson, November
1988, ‘ PR
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General INTRAVAL Discussion

A time of three years was decided upon
for the INTRAVAL project, witk the
option of ag additional three year period.

Phase 1 started in October 1987 and has
now come to an end with the launch of
Phase 2.

Most of the work with the analysis of
the test cases is now finalised. However,
validation is a difficult process and pienty
of work remains to increase the under-
standing of geosphere transport. Phase 2
will provide the opportunity and time to
further analyse the test cases of Phase 1
as well as new test cases.

The meeting agreed that great strides
toward validation have been achieved but
also that validation is a difficult task. The
“full problem” needs to be addressed, i.e.
models, codes, data, performance assess-
ment, and experimenial techniques. Areas
of uncertainty have been highlighted, for
exampie matrix diffusion.

A systematic analysis of the validation
process has been initiated. Data has been
assessed, and modeis 2s well as codes
have been developed, some of which have
gained the confidence of the Project
Teams of INTRAVAL. It was found that
validation is a very different issue to
different people.

The project has 2is0 provided a forum
for peer review, education, and discussions
regarding radionuclide ransport in general.

The achievements from the first phase of
INTRAVAL will be documented in a
summary report and in a series of techni-
cal reports. In addition reports describing
the experiments on which the test cases
are based will be prepared.

The technical reports will be prepared by
six Working Groups, which were set up at
the Las Vegas workshop (Table 2a). An
editor for e¢ach ' test case has been
appointed. The responsibility of the editors
is to compile the test case apalyses provi-
ded by the Project Teams that have work-
ed with the test case. A report describing
the experiments will be prepared by the
Secrewariat in cooperation with the Pilot
Groups. A summary report will be

1

prepared by the Secretariat in coopem&on(\ i
with the Working Groups and VOIC. The

Summary repon and the technical repons
are planmed to be publisbed in spring
1992.

Phase 2 Objectives and
Organisation

The overail objectives of Phase 2 are
similar to those of Phase 1, i.e. (0 inCrease
the understanding of how various geophys-
ical, geohydrological and geochemical
phenomena of importance for radionuclide
transport from a repository to the bio-
sphere can be described by mathematical
models developed for this purpose and to
study the model validation process.
Although INTRAVAL has the ambition
to cover both validation of models in
regard to the processes and site-specific
systems, the emphasis of the work in
Phase | has been on the Process Iden-
tification part of the model validation
process, based on the laboratory experi-
ment test cases. Since the work in Phase
1 has been tively successful in
covering the Process Identificaticn iscue, it
appears to be a patmral development to
shift the focus in Phase 2 towards Struc-
tare Idemtification. This issue is more
complicated than the Process Identification
because the number of degrees of freedom
in the interpretation of the experiment
increases and because the analysis shouid
be based on field scale experiments. The
experience from Phase 1 shows that the
amount of manpower needed to analyse a
field experiment is much greater than that
needed for the analysis of a laboratory
experiment.

The organisation of INTRAVAL Phase 2
will be similar to Phase 1. Four Working
Groups will address the four main types
of test cases (Table 2b). Each Working
Group will have ope leader, possibly aided
by another person, and the intention is to
meet at least once between each
INTRAVAL meeting. To give the Work-
ing Groups ampie time to do this,
INTRAVAL meetings will be heid about
once a year. The Working Groups
(leaders) are responsible for writing a
working group report which will form a
part of the final reporting.

s




Table 2a

Working Groups for INTRAVAL Phase 1

Working Group 1
Laboratory experiments

Working Group 2
Field experiments

Working Group 3
Natural analogues

Working Group 4
Unsarnurated media

Working Group 5
Salt

Working Group 6
Synthetic Experiment

Test Cases la
1b
2
9
Test Cases 4
5
‘Test Cases 7
8
Test Cases 10, 11, 12
Test Case 13
Test Case 6

Editors:

P. Jackson

J. Hadermann
K. Skagius
P. Jackson

D. Hedgkinson
C-F. Tsang

N. Chapman
P. Duerden

T. Nichoison

P. Glasbergen

R. Codell

Tabie 2b Tentative Working Groups for INTRAVAL Phase 2
Working Group 1: Las Cruces Trench leader: _
Apache Leap Tuff Site T. Nicholson
Twin Lake
Working Group 2: Finnsjén leaders:
: Stripa C-F. Tsang
WIPP I S. Neuman
"Plans and Schedules" for this group has been compiled by Chin-Fu
Tsang. This document can be received from the secretariat.
Working Group 3: Gorleben Salt Dome leader:
WTPP I P. Glasbergen
Mol
Working Group 4: Alligator Rivers Amalogue leader:
Pogos de Caldas N, Chapman
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The mnternalionat ENTRAV AL project started in October 1987 in Stockholm as an intemational
etfort towards validation of geosphere models for transport of radionuclides. The project was
initiated by the Swedish Nuclear Inspectorate. SKI. and was prepared by an ad-hoc group with
representatives from eight organtsations.

Twentyiwo organisations { Parties) from twelve countries participate in INTRAVAL, The project
is governed by a Coordinatng Group with one representative from each Panty. The SKI acts as
Managing Participant and has set up a Project Secretanat in whicii also Her Majesty's
Inspectorate of Pollution. HMIP/DoE. U.K. and the OECD/NEA take part. Project organisation.
the objectives of the study and rules for the publication of results are defined by an Agreement
between the Parties.

The INTRAVAL philosophy is to use results from laboratory and field experiments as well as
from natural analogue studies in a systematic study of the model validation process. It is also part
of the INTRAVAL project strategy to interact closely with ongoing experimental programmes.
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Introduction

INTRAVAL Is the third project in a series
of three international cooperation studies
aimed at evaluating conceptual and
mathematical models for groundwater
flow and radionuclide transport in the con-
text of performance assessment of reposi-
tories for radicactive waste. In the two
previous studies, INTRACOIN (1981-
1986) and HYDROCOIN (1984-1990).
the numerical accuracy of computer codes,
the validity of the underlying concepal
models and different techniques for sensi-
tivity/uncertainty analysis have been
tesied. In INTRAVAL the focus is on the
validity of model concepts.

The INTRAVAL study was started in
October 1987. Phase | of the study is in
the process of being finalised and a second
three year peniod. Phase 2, has just been
initiated.

The purpose of the INTRAVAL study is
1o increase the understanding of how
mathematical models can describe various
geophysical, geohydrelogical 2nd geo-
chemical phenomena. The phenomena
studied are those that may be of impor-
tance to radionuclide transport from a re-
pository to the biosphere. This is being
done by systematically using information
from laboratory and field experiments as
well as from natural analogue studies as
input to mathematical modeis tn an attempt
to validate the underlying conceptual mo-
dels and to study the model validation pro-
cess.

Seventeen test cases have so far been
included in Phase 1 of the study. The test
cases are based on expenimental program-
mes performed within different national
and international projects. Severai of the
cases are based on international experi-
mental programmes, such as the Stripa

INTRAMVAL
Prozress Report No. 6

Project. the Aliigator Rivers Analogue
Project. and the Pogos de Caldas Project.

A Pilot Group has been appointed for
each of the test cases. The responsibility
of the Pilot Group is to compiie data and
propose formulations of the test cases in
such a way that it is possibie to simulate
the experiments with model calculations.

It is a pronounced policy of the
INTRAVAL study to support interaction
between modellers and experimentalists in
order to gain reassurance that the experi-
mental data are properly understood and
that the experiences of the modellers re-
garding the type of data needed from the
experimentalists are accounted for. In or-
der to support this interaction and for the
development of a strategy for the sysiema-
tic application of the experiences and
knowledge gained from the test cases, a
special committee, the Validation
Overview and Integration Committee
(VOIC). has been established within the
study.

Contact between the participants is
maintained by the arrangement of work-
shops followed by Coordinating Group
meetings. Between these conferences. also
Working Group meetings take place.

Since the issue of the previous Progress
Report. the fifth INTRAVAL workshop
and the sixth Coordinating Group meeting
was held in Cologne, Germany. During
this week the final presentations of
Phase | modelling resuits were given.
and Working Groups held meetings for
preparation of their final reports. The se-
cond phase of INTRAVAL was launched
and four Phase 2 Working Groups were
appointed. Also YOIC assembled for the
last meeting of Phase 1.
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The Fifth INTRAVAL
Workshop and the Sixth
Coordinating Group
Meeting

The Fifth INTRAVAL Workshop and the
Sixth Coordinating Group Meeting were
heid in Cologne. the Federal Republic of
Germany, on the 15th through 19th of
October. 1990 with the Gesellschaft fir
Reaktorsicherheit acting as host. During
the week preceding the week of meetings
in Cologne. excursions to the ASSE sait
mine and the Konrad iron-ore mine. close
to Braunschweig in N edersachsen (Lower