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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-

14

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



L m———

PR

INTRAVAL
Progress Report No. 5

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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Figure 3. Cell used in the vertical permeation experiments (Test Case 1a).



INTRAVAL
Progress Repont No. 5

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

—
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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,
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— 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

INTRAVAL
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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



39

INTRAVAL
Progress Repont No. §

RTRow,
/ "_W .
l FRESH WATER .
SALT WATER l

I L]
AN !llli_
i

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
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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
Saxony) were organ. -ed. Another excur-
sion. to the Hambach open-pit lignite
mine. was arranged during the week of the
meeting.

The last presemiations of new modeiling
results of Phase 1 were held. but the grea-
ter part of the meeung was dedicated to
concludirig the work performed in
Phase 1. and the launching ot Phase 2.

As of these meetings, Phase | of
INTRAVAL has been completed. apart
from the report. and Phase 2 is in pro-
aress.

The Coordinating Group meeting was
held on the 19th of October. 1990. The
meeting decided that the Phase 2 of
INTRAVAL would be initiated. All propo-
sed test cases (except the Pogos de Caldas
test case) were agreed upon and four
working groups were established to ap-
proach the different types of test cases. A
final decision regarding the inclusion of
the Pogos de Caldas test case will be made
at the next Coordination Group meeting.
At the meeting, Kjell Andersson (SKI) as-
sumed the chairmanship of INTRAVAL in
the place of Alf Larsson.

The next INTRAVAL workshop and
Coordinating Group meeting will be held
in Seattle. Washington. U.S.A.. April 22
o 26. 199].

Validation Overview and
Integration Committee
(VOIC)

The Validation Overview and Integration
Committee (VOIC) in the INTRAVAL or-

gansaton. acts for the devejopment of the
~trategy for svstematic application of expe-
riences and knowledge gamned trom the
vartous INTRAVAL test cases.

In the process of detining INTRAVAL
Phase 2. VOIC has given assistance and
advice to the INTRAVAL Secretanat and
Coordinating Group conceming the out-
line of the continuation. VOIC has held the
view that Phase 2 should be based on on-
going and well documented field expe-
riments. The study should be more di-
rected to validation strategy and perfor-
mance assessment considering the accom-
piishments of Phase I. It was also sug-
gested that various key issues such as
scale dependence, heterogeneity. coupled
processes, ete. should be highlighted.

VOIC was specially created for Phase 1
of INTRAVAL. its function has been
greatly appreciated. As this phase is now
being concluded. the work of VOIC is
also coming to an end. If VOIC. or a simi-
lar committee will be appointed for
Phase 2 has not yet been decided.

Presentation of Additional
Results from the Project
Teams '

The Fifth INTRAVAL workshop in
Cologne was the final opportunity to pre-
sent results of Phase | work. The test
cases will be fullv reported in upcoming
iechnical reports.

TEST CASE 1B:

Uranium migration iu.crystatline bhore
cores hased on experimenis performed at
PSI. Switzerland. ( Pilot Group Leader: J.
Hadermann. PSI

Experimental Set-up and Scales:

In this experiment. performed at the Paul
Scherrer Institute (PS) in Switzerland.
tracer migration in crystalline bore cores
were studied. Warer at high pressure was
forced 1o flow through rock cores of gra-
nite 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 simu-



late the rock overburden. Tracer (-"*U)
was added to the infiltratton water and the
iracer concentration was measured in the
water sampled at the core outlet, After the
experimenuts the samples were sliced and
the surfaces of the slices were auto-ra-
diographed to yieid information of flow
paths and sorption sites. Compiementary
results on hvdraulic conductivity versus
confining pressure, and dynamic porosi-
ties of the samples are also available, as
weli as resulits from uranium adsorption/
desorption experiments.

Analysis by the Project Teams

The Project Team from PSI has analysed
ail four infiltration experiments with eight
different transport models. The curve fit-
ting was achieved "by eye" as well as by
least squares fit,

The models take into consideration ad-
vection, dispersion, matrix diffusion,
sorption (linear and non-linear. both at the
flow surface and in the matrix), fracture
flow, vein flow, and several flow paths.
The number of free parameters varied
from five to three for the different models.

The main questions addressed were to
identify the dominant transport mecha-
nisms. identify the geometrical factors that
affect transport, whether a distinction can
be made between various mechanisms and
geometries. The Project Team also inten-
ded to suggest additional experiments that
should be performed in order to support
distinction between mechanisms.

It was concluded that a model conside-
ring several flowpaths has a sufficient
number of parameters to fit all break-
through curves. The models that did not
include matrix diffusion could not give a
satisfactory explanation to the break-
through curves. Linear and non-linear
sorption models gave similar fits, but non-
linear sorption gave a slightly better result.

[t was found difficult to discriminate
between fracrure and vein flow from the
fits. Dispersivities could be extracted reli-
ably for vein flow only, although this is
irrelevant from a safety assessment point
of view.
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The overall conclusions were that insuf-
ficient information exist o extract all
imporiant parameters from the data.
Modgels with non-linear sorption produce
stightlv better results than models with
only linear sorption. The geometry of the
water flow path could not be determined.

In order to obtain better understanding
of the mechanisms and geometries, expe-
riments with clearly defined flow geome-
try should be added. Other experiments
that were suggested were mulititracer ex-
periments with one non-sorbing tracer,
experiments where conditions (flow velo-
city, input duration, sample size) are
varied, and experiments performed on se-
veral cores from the same location. To
obtain a satisfactory curve-fitting, additio-
nal data points around the peak of the
breakthrough curve should be collected.

The Project Team from PNC have app-
lied two types of fracture models, a dis-
crete fracture (single continuum) model,
and a dual porosity (double continuum)
model. The main objective was to identify
the dominant parameters that control the

transport of tracers and to estimate theie~

values.

Figure.1: Spherical block dual porosity
model. .

The results of the calculations with the two
models were also compared. The code
used was FTRANS, a finite element code
developed by INTERA Inc. The fitting
was done by eye as well as automatically
(Powell's method).
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Figure 2: Discrete fracture model.

Best fit values were determined for the
longitudinal dispersivity in the fracture e’
as well as the adsorption coefficient K; for
both models.The distribution coefficient
K4 was estimated for the dual porosity
model.

Model
Discrete fract. Dual porosity

ef 7.00-10-2 1.1102 (m)
Kz 3.65-107%° 4.010%  (m)

K4 2.010-2. (mkg)

* insufficient

Table 1: Results from modelling of Test
Case t.

{t was concluded that the best fit was rea-
ched with the dual porosity model. Even
better results may be reached with a dual
porosity mode] where the matrix is repre-
sented by sphericai hlocks. Calculations
applying the single fracture model did not
result in a satisfactory fit to the experimen-
tal data. Effects of matrix diffusion were
not considered in this work, however it
was recognized that matrix diffusion may
be a key term in this context.

TEST CASE 35:

Tracer experiments in a fracture —one ut the
Finnsjon research area. 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 experimenis are confined to a sub-
horizontal fracture zone at approximartely
300 m depth. The thickness of the zone is
approximately 100 m and its horizontal ex-
tent is in the order of kilometres.

It appears that the zone contains three
highly permeable sub-layers. The trans-:
missivity of the upper layer is estimated at
104 m/s, the middle 107 - 10-6 m2/s and
the lower 10 m2/s. The middle layer is
not continuous. A fresh water/ salt water
interface exists in the fracture zone relati-
vely close to the upper previous layer. The
salt content of the groundwater is higher
below the zone than above. The natural
hydraulic head gradient is estimated at
1/300 in the horizontal direction in the
zone.

Hydraulic Tests

The fracture zone and the surrounding
rock are penetrated by several core- and a
few percussion drilled boreholes. Packer
tests for hydraulic conductivity {Lugeon
tests) have been performed in all boreholes
in 2 m and 20 m section intervais. In addi-
tion, a part of one bore ule has been in-
vestigated in 0.11 m intervals. A regional
pumping test was conducted by pumping
water from the full length of one borehole
and observing the draw-down in i1 wells
totalling 40 packed off intervais.



Tracer Tests

Two sets of tracer tests were completed: a
radially convergent test and a dipole test.
The radiaily convergent test was conducted
by pumping one well from a packer
interval covering the full width of the frac-
ture zone and injecting 11 different non-
sorbing tracers at 9 different intervals in
three wells surrounding the production
well, i.e. more than one tracer was in-
Jjected at some points.

The dipole test was performed by pum-
ping in one well and injecting in another.
A total of 20 different tracers were intro-
duced ar the upper layer of the injection
well. The tracer discharge points at the
discharge well were estimated by sampling
the tracers in different {ayers. 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 results of modelling the dipole expe-
riment.

The conceptual model consisted of three
flow routes having different flow rates.
The flow routes were calculated to pass
through or very near the observation bore-
holes. Only a smali fraction of the model-
led flows are actually sampled in the ob-
servation boreholes.
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Figure 3; Main field lines and boreholes of
dipole experiment.

The Project Team performed a curve-fit of
the calculated data to the available experi-
mental data.

It was observed that the flow from the
injection hole to the pumping hole was not
horizontally uniform. Selective pathways
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had been established between the two be-
reholes, A difference of flow was obser-
ved between boreholes KFI11 and KF106
but the tracer concentration profile was
very similar between the two boreholes. It
was also seen that the actual boreholes will
disturb the transmissivity of the system.
When the vertical groundwater loss to a
nearby fracture plane was considered in P
the calculations. an improvement of the fit 7

was achieved. '

TEST CASE 6:

Syntheric data base, based on single frac-
ture migration experiments in Grimse!
Rock Laboratory in Switzerland. (Pilot
Group Leader: R. Codell US NRC)

This test case is patterned after a tracer
migration experiment in a single fracture
piane at the Grimsel Rock Laboratory in
Switzerland. A highly detailed two-dimen-
sional synthetic data set of hydraulic con-
ductivities and other properties conditio-
ned on the actual data from the Grimsel
site has been generated. In addition, re-
sults from a number of simulated hydrau-
lic and tracer migration experiments with
the synthetic model are available. Based
on these data sets the task for the Project
Teams was firstly to predict the break-
through of a non-sorbing tracer at several
simulated boreholes and tunnels {Phase |
of this test case), and secondly, to include
aiso diffusion and chemical retardation in
the geosphere (Phase 2 of the test case).

Analysis by the Project Teams

A group of ETH/NAGRA applied a finite
element code to the data. The code being
tested is still in a2 deveiopment stage, one
feature not yet implemented is error analy-
sts. The aim of the exercise has been to
estimate the physical parameters of the
synthetic geosphere using the hydraulic
data of the experiments. The transport data
will be used as a check for the transmissi-
vity field estimated by the analysis of hy-
drological tests.

The direct problem is solved by the finite
element method under steady state and/or
transient conditions involving one-, two-,
and three-dimensional quadratic elements.
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The methodology has been implemented
10 deal with the hydrologicai darta.
Interpretation of the hydraulic data of the
synthetic system has begun. The tlow rate
into the drift was predicted with an error
margin of 1% .

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 analo-
gue studies at the Koongarra site in the
Alligaror Rivers region of the Northemn
Territory, Australia. A comprehensive
experimental and modelling programme
has been set up and the main objective is
to contribute to the production of reliable
and realistic models of radionuclide
migration within geological environments
relevant to the assessment of the safety of
radioactive waste repositonies,

Uranium mineralisation at Koongarra
occurs in two distinct but related ore-
bodies separated by about 100 m of batren
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 quantz-chlorite schist immedia-
tely above the fault zone. A graphitic
quartz-chlorite schist forms a distinctive
hanging wall unit. The more southwes-
terly of the two ore-bodies (No. I ore-
body) has 2 sirike length of 450 m and
persists to a depth of about 100 m.
Secondary uranium mineralisation is pre-
sent from the surface down to the base of
weathering at about 25 m depth and forms
a tongue-like body of ore dispersing
downslope for about 80 m to the east.

Analysis by the Project Teams

The Project Team from ANSTO presented
results from the investigation of time cha-
racteristics in the formation of the uranium
dispersion zone. The general concept has
been to use the Koongarra system hetero-
geneity and seasonal hydrotogy changes
for the investigation.

The mode! used is a quasi-two dimen-
sional model describing the transport in a

tu

two-dimensional vertical cross-section as
transport in two one-dimensional pipes
separated by an intermediate zone where
no horizontal transport is considered. This
zone provides transfer of maierial from the
bottom pipe to the upper pipe. reflecting
transport due to seasonal fluctuations in
water tablje. Two approaches were upp-
lied, one based on advection-diffusion in
the pipes and a second based on open-
systems modelling. The rock is considered
to contain mineral phases thar are accessi-
ble to the groundwater as weil as those
that are inaccessible (see adjoining figure).
The adsorbed material is transferred during
phase change {eg. crystallisation).

accessible ‘
phase &

groundwater tiow

Figure 4: The accessible/inaccessible
phase of the rock matrix at the
Koongarra site.

The results of modelling 1o date support
the experimentally determined distribution
coefficient, K,, as being between 0.35 and
1.5-10* ml/g, the flow rate in the weath-
ered schist being in the order of up to a
few metres per year.

The mineral phase exchange rate is such
that the rate at which uranium is accumu-
lated in the accessible phase is in the order
of the U decay-constant. Most of the
modelling fittings performed indicate that
the mobilisation’timescale is in the range
of one to two million years. The calcuiated
concentrations of uranium in the accessi-
blefinaccessible phase of the rock are simi-
lar to the values observed from core data.

The next step is to improve the applied
modelling procedure.
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TEST CASE 9: o

Radionuclide migration in a hlock of
crystalline rock performed ar AECL.
Canada. (Pilot Group Leader B.
Gureehian. OWTD)

Experimental Set-up and Scales

This test case ts based on laboratory expe-
riments on migration of tracers in a single
natural fracture in a large block of granite.
The size of the block is 91.5 x 86.5 x49.0
cm (length x width x height). The block

was positioned so that the fracture is ap-
proximately horizontal and an inlet reser-
voir was designed to produce an as uni-
form 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 experniments were performed the
fracture was opened and the flow paths
were investigated with alpha-autora-
diography.

Anaiysis by the Project Teams

Two-dimensional radionuclide migration
analysis has been performed by CRIEPI.
The analysis was performed with the finite
element code RMF.

The following models were used :

— Porous Media, two-dimensional aniso-
tropic porous media model
(isoparametric element with 4 to &
nodes);

- Rectangular Block Element. rectangular
block model of matrix in dual porosity
element;

— Circular Block Element, circular block
modei of matnx tn dual porosity
element

- Fracture, model of discrete fracture.
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The sorption was calculated both as linear
and non-linear sorption.

Calculations resulted in good agreement
with expertmental data. It was also noted
thar the chotice of dispersion length, o
had a strong influence on the breakthrough
curve.

TEST CASE 11:

Evaluation of flow and transport in unsa-
turated fractured rock using studies at the
US. NRC Apache Leap Tuff Site near
Superior. Aricona. (Pilot Group Leader:
T. Nicholson. U.5. NRC)

Experimential Set-up and Scales

This test case is in fact three sets of expe-
riments on flow and transport in unsatu-
rated welded tuff. The experiments are
supported by the U.S. NRC. The first set
of experiments are field experiments at the
Apache Leap Tuff Site. the second is a set
of laboratory experiments performed on
blocks of fractured rock. and the third a
set of laboratory experimems performed
on bore cores from the site. All experi-
ments have to date been performed by the
University of Arizona.

The dimension of the field expeniment is
in the order of 30 x 30 < 30 m. Nine incli-
ned boreholes have been drilled in three
rows. each row with three boreholes. This
general set-up will allow for a set of diffe-
rent experiments. [n one experiment per-
formed at the site so far, the rock adjacent
to one borehole was saturated and the pro-
pagation of the wetted front.was evaluated
by measuring the moisture content in the
other boreholes. However, the introduc-
tion of the moisture could not be detected
in the aother boreholes.
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Figure 5: Rock block with a single
fracture.

The laboratory experiment was performed
on Rock blocks of the dimensions 20 x 20
<50 em (block 1) and 21 =20 x 66 cm
{block 2). The blocks were chosen so that
each block had a single fracture forming a
centre plane through the rock (figure 5).
The vertical sides of the blocks were
hydraulicatly insulated whereas the top
and bottom were attached to porous piates
which allowed for controlled unsaturated
flow through the block and the fracture.
The flow rate between the upper and lower
piates was to be used to calculate the unsa-
turated transmissivity, and the water
content of the fracture was monitored
using mass balance calculations.

The dimension of the core was 6.4 cm in
diameter and 12.99 cm in length. It did not
contain any observable fractures. The core
was oven dried and then partially wetted
with a solution of potassium iodine. The
core was then coaled (o prevent moisture
or air from leaving the core. The core ends
were held at two different temperatures
(70°C and 5°C) whereas the sides of the
core were thermally insulated (no heat
flow). The temperature and moisture dis-
iribution were measured at different inter-
vals of time. as well as the final solute
concentration (after 32 days).

Analysis by the Project Teams

The Kemakta/SK1 Project Team presented
their results of TOUGH and TRUMP
modelling (integrated finite difference
codes) of multiphase flow in a heated tuff
drillcore.

The calculations of moisture distnbution.
temperature distribution. and relative tracer
content were within the expected range of
error compared to the experimental data.
Differences between the experimental and
calculated values may be artributed to
heterogeneities. poor matenial data, and
measurement errors. ,

It was concluded that modelling of
transport mechanisms was more success-
ful than the modelling of moisture content.

TEST CASE 13:

Experimenital study of brine transport in
porous media performed at RIVM, the
Nethertands. (Pilor Group Leader: M.
Hassanizadeh, RIVM.)

Experimental Set-up

This test case deals with flow and trans-
port at high salt concentrations. The expe-
rimental set-up is a two-dimensional
column with the dimensions 0.6 x |25 x
0.01 m. filled with glass beads. Fresh
water and salt water was alternately circu-
lated through the column. Head and sait’
concentration are measured at different
locations in the column. The duration of a
displacement experiment is from two to
five hours.

Two sets of experiments have been car-
ried out. one with low sait concentration 10
gstimate the porosity. permeability and
dispersivity of the porous medium, and
another with high concentration to provide
data about the concentration and pressure
dis 1bution aiong the column.

Ai lysis by the Project Teams

The Project Team from GRS, in coopera-
tion with Harwel] Laboratories. presenied
results of calculations where a new appro-
ach to the transport problem had been

applied.



The new model regards the experimental
set-up as a regular hexagonal network of
one-dimensional tubes with advective
flow. No dispersive/diffusive transport is
taien into account by the model. Each tube
15 allocated a random permeabiiity within a
defined vanance. The fow concentraton
experiment was used to calculate this van-
ance. The result was local density varia-
tions due to concentration changes in each
tube. Simuitaneous calculations of transi-
ent pressure and brine transport were
made.

Figur;. 6: “network of tubes"-model

The recently developed computer code
NEWFLOT was used for the calculations.
The model used had 50 cells in the flow
direction and 15 cells laterally, a 1otal of
4535 connecting "tubes”. The density of
the salt water was specified as 1200 g/,
The dimensions were not designed to
exactly represent the ¢experiment.

It was conciuded that dispersion of a
low concentration brine could be reprodu-
ced by advective flow in a pipe network
with random permeabilities. When simu-
lating the high concentration experiment.
the results indicate that dispersivity may be
a function of the density gradient.

Resuits of modelling performed at TUB
{Technische Universitdt Berlin) were
presented based on one and two-dimen-
sional calculations based on the code
FAST C, and made with a Cray-XMP
computer.

Modelling was performed based on the
data of the low concentration experiment.
The resuits of the propagation of the salt-
front with time suggested that the flow of
water/brine does not influence the flow
directions of the brine. The results were

INTRAVAL
Progress Report No. &

not in accordance with the experimental
data. but work still in progress. The ques-
tion was raised 1t the porous-medium
approach is the carrect one for this expe-
riment.

Current Status and
Conclusions of Phase 1
Working Groups

WORKING GROUP 1:

* (Laboratory Experiments, Test Cases {a,

1b,2.9)

Working Group 1 is in the midst of the
reporting stage of Phase |. Some of the
draft reports from Project Teams have
been received by the Working Group.
Comments were to be received until
December 14. The last chance for sub-
mission of draft versions of Test Case
reports was December 14, The final
reports were to be completed by February
14, 1991.

The work has resulted in calibration of
standard models, but few have yet consi-
dered spatial variability. No work other
than to "simuiate experiments” has been
performed to this date.

A number of general conclusions have
been drawn based on the current Project
Team work. Consensus was reached as 1o
the processes involved in nuclide transport
in fractured rock, matrix diffusion, disper-
sion, etc. Agreement has been reached on
the general methodology of the work,
assessing quality of experiments. and
implications for repositories. as well as
suggestions of additional experiments for
better understanding of the actual proces-
ses. It was also concluded that the number
of parameters in the models need to be
constrained to be able 10 use the models
for prediction.

For future work, it was commented that
not enough testcases addressed different
scales and that experiments did not give
enough data for a complete characterisation
of the experiment.
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WORKING GROUP 2:

tTracer Experiments in Cryvsialiine Rock,
Test Cuse 4.5

Three different Project Teams have used
different approaches to the Stripa experi-
ment, test case 4.

The approach to test case 4 of
LBL/USDQE has been one of "pseudo-
independent” pathways. The Project Team
from KTH/SKI has calibrated a fracture
network model with Stripa dara and the
INTERA/NIREX team has performed a

- fractal analysis of the tracer travel times.

The different approaches seem to fit toget-
her. not contradicting each other. One of
the conclusions of the work of all Project
Teams involved with test case 4 has been
the recognition of the concept of channel-
ling.

Difficulties have existed in the form of
poor injection flow-rates and background
flow patterns (all tracers did not arrive to
the point of detection).

Seven Project Teams have modelled the
Finnsjon experiment. test case 5.
However. substantial amounts of data still
remain unprocessed. .

Most modelling teams did not consider

" the injection conditions. It was concluded

that it is important to perform hvdrologic
and tracer tests simultaneously.

For the dipole experiment. the teams
have chosen different models bur alt have
found that advection and dispersion were
important parameters. Differences of
opinion exist regarding the existence or
not of matrix diffusion. A difficulty tha:
has been identified is the determination
the geometry of the site.

At this time, there is a lack of comple-
mentary data. i.e. laboratory data. etc.
Also, validation strategies have not yet
been discussed. this needs to be approa-
ched in the continuation of the work based
on these test cases.

A general conclusion of the achieve-
ments of the Working Group was that
very good interaction between the model-
ling groups had been achieved.

For Phase 2. the intention is to analyze
ail dara available. For example core sam-
pies (porosities, diffusivities. and geo

chemistry). salinity data and single hole
radar measurements remain to be exami-
ned from the Finnsjon expenment.

Conceming the Stripa test case. data
from additional experiments performed in
the Stripa mine witt be rmade available.

In Phase 2, work will also be initiated
on data from the WIPP 2 experiments.

WORKING GROUP 3:

(Natural Analogs, Test cases 7 und 8)

A Project Summary Report has been
completed for the Alligator Rivers
Analogue Project. A summary of this will
be presented as the INTRAVAL Phase |
report for Test Case 8. The report includes
the baseiine information on the work per-
formed at KTH.

Work on Test Case 8. the Alligator
Rivers Analogue Project. is still in the ini-
tial stages. Because the lack of processed
information. the report which is being
prepared will not be an INTRAVAL Phase
1 final report but a report of the initial
approaches performed as a part of the
INTRAVAL study. An elaborate test case
description will be presented. and also a
presentation of the data available.

For Phase 2 of INTRAVAL. the focus of
test case 7, Pogos de Caldas. will be on
redox front processes. The aim is to mode!
geochemical transport across a moving
front. Phase 2 will aiso provide a good
opportunity to test diffusion transport and
chemical equilibriumn/kinetic models.

For test case 8. the Alligator Rivers
Project, three Phase 2 test cases have been
prepared. The first is a hydrogeological .
approach. a scenario for 2-D and 3-D
fluxes across the site. The second con-
cerns geochemistry, formation of the
secondary ore-zone and recenl movemernt
of the dispersion fan. The third test case
will address the transport within the ore-
zones. These are developed versions of
the Phase 1 test case.

Phase 2 of INTRAVAL provides the
study of the naturai analogues with the
opportunity to give more consideration to
geochemical aspects of a natural analogue.



WORKING GROUP 4

({Experiments in the Unsaturated Zone.
Test cases 10, 11.and 12)

The Working Group 4 is well under way
preparing the Working Group report on
“e unsaturated test cases.

Measurements in the unsaturated zone is
still very much dependent on the develop-
ment of new experimental methods. This
is one explanation why high-quality data is
difficult to procure. Despite the experimen-
tal difficulties, three test cases have been
modelled.

Impornant knowledge has been gathered
10 address the validation issue of the unsa-
turated test cases. however little or no
validation attempts have yet been made.
The validation issue is mainty left to be
addressed in Phase 2 of INTRAVAL,

It was stressed that the knowledge and
experience gained from work performed in
the saturated zone is valuable also for per-
forming experiments in the unsaturated
zone.

The results of the modelling exercises
have been a greater comprehension of the
involved processes as well as developed
laboratory and field techniques.

A number of recommendations have
been identified in preparation for
INTRAVAL Phase 2. Conceptual models,
experimental methods. and numerical
solution techniques will be investigated
more closely in Phase 2.

WORKING GROUP §:

(Salt and Brine Related Experimentis,
Test Cases 13, and 14)

Working Group 5 is in the midst of pre-
paring the test case report. The report will
address the brine transport experiment,
Test Case 13. The experiments at the
Gorleben Salt Dome, Test Case 14a and
14b, will be approached in Phase 2.

A workshop in Gorieben, Germany,
was held in May 1990 where the results of
Test Case 13 were discussed in detail. A

A
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writing workshop was held in Bilthoven,
the Netherlands. in January, 1991. to
compile the reports.

A number of objectives were defined for
the salt related test cases at the beginning
of the first phase of INTRAVAL. These
objectives were to use data for calibration
of transport madels developed for brine
environments. to compare model predic-
tions with experimnental data, 10 draw
conclusions on the vaiidity of the classical
Darcy's/Fick's laws at high brine concen-
trations, and to identify the numerical
structure of the model applied. At the
conclusion of the Phase ! work, the
objectives for Phase 1 have been met
except the validity of Darcy's/Fick's laws.

A conclusion that has been reached is
that the experimental set-up may vary with
porosities. location of measurement, and
may be dependent on time.Simuiation of

 high-concentration experiment using

porosities and dispersivities from the low-
concentration experiment did not provide
satisfactory results. To improve the simu-
lation of the slope of the break through
curves. lower values of dispersion requi-
red. No consensus was reached on explai-
ning the observed discrepancies between |
the laboratory resuits of brine front migra-
tion and model stmulations at high concen-
irations. The influence of the laboratory
set-up was discussed.

It was obsetved that Fick's law was not
valid for the conditions at the experiment.
A reformulation of the adsorption constant
in Fick's' law provided satisfactory
agreement with experimental data. This
may be reached by substituting the con-
stant. as defined by classical theory, with
a nonlinear function. No atternpt to formu-
late this function has yet been made.

WORKING GROUP 6:
(Synthetic Test Case. Test Case 6)

The Grimsel Rock Laboratory Synthetic
Experiment has involved a true validation
attempt. Even though the experiment is
based on synthetic data, no backfitting has
been made.
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Figure 7: The small scale description of
the synthetic migration experi-
ment.

The following methods were applied by

the project teams: ‘

- Potential Flow (NRC. Team 1)

- Kriged T and H (NRC, Team 1)

- Conditional Simulation (NRC, Team 1)

- T Zonation with Manual Adjust (NRC,
Team 2)

- Inverse Model (CNWRA,
ETH/NAGRA)

The project team at ETH have applied an
inverse methodology (with pilot points).
The sieady state base case and one of the
transient tests have been analysed with
encouraging results related 10 head and
flux comparisons.

Conditional Simulation-runs were per-
formed by NRC with the original data as
well as runs using data from three addirio-
nal boreholes. The results were compared.
The additional dasa resulted in lower corre-
lation to the measured data. This beha-
viour has not yet been explained.
Problems exist in the form of shortage of
computer time, jack of data, and the diffi-
culties when alternative phenomena led to
the same observations.

Presentation of CEC
Program Directory

The Commission of FEuropean
Communities (CEC) directory of computer
programs for assessment of radioactive
waste disposal in geologic formations was
presented. The objectives of the directory
are to gain an overview of current devel-
opment and use of computer programs and
to list such programs along with reviews
of selected programs.

More than 300 programs are listed under
a wide range of topics. Many program
descriptions also include a review of the
program.

The participants of INTRAVAL were
asked 10 be generous with contnibutions of
information to make it possible to make an
informative directory with well specified
information regarding the computer codes
in use today. It was pointed out that more
information, in addition to the name of the
code, result in higher probability for a re-
view in the directory.

General INTRAVAL
Discussion

A time of three vears was decided upon
for the INTRAVAL project, with the
option of an additional three year period.

Phase { started in October 1987 and has
now come 10 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 plenty
of work remains 1o increase the under-
standing of geosphere transport. Phase 2
will provide the opportunity and time 10
further analyse the test cases of Phase ] 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 experimental techniques. Areas
o uncertainty have been highlighted, for
e» unple matrix diffusion.

A systematic analysis of the validation
process has been initiated. Data has been
assessed, and models as well as codes
have been developed, some of which have
gained the confidence of the project teams
of INTRAVAL. It was found that valida-
tion is a very different issue to different
people.

The project has also provided a forum
for peer review, education, and discus-
sions regarding radionuclide transport in
general.

The achievements from the first phase of
INTRAVAL will be documented in a
summary report and in a series of technical



reports. [n 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 (Tuhle 2). An
editor for each test case .as been
appointed. The responsibility of the editors
is to compile the test case analyses
provided by the Project Teams that have
worked with the test case. The repont
describing the experiments will be prepa-
red by the Secretanat in cooperation with
the Piloi Groups. The technical reports are
planned to be published in spring 1991.
The summary report will be prepared by
the Secretariat in cooperation with the
Working Groups and VOIC. The sum-
mary report is planned 10 be published late
1991.

Phase 2 Objectives and
Organisation

The overall objectives of Phase 2 are simi-
lar to those of Phase 1, i.e. to increase the
understanding of how various geophysi-
cal, geohydrological and geochemicai
phenomena of impornance for radionuclide
transport from a repository to the biosp-
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here can be described by mathematical
models developed for this purpose and to
study the model validation process.

Although INTRAVAL has the ambition
10 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
Identification part of the model validation
process, based on the laboratory experi-
ment test cases. Since the work in Phase |
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
complicated than the Process Identification
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 1 shows that the
amount of manpower needed to analyse a
field experiment is much grearter than thar
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 (see table 2). Each Working
Group will have two leaders (ali have not
yet been appointed), and the intention is to
meet at least omce between each

Table 2: Working Groups for Phase 2

Working Group 1: Las Cruces Trench leaders:
Apache Leap Tuff Site Tom Nicholson
Twin Lake -
Working Group 2: Finnsjtn leaders:
Stripa Chin-Fu Tsang
WIFP [I Shiomo Neurnan
“Plans and Schedules” for this group has been compiled by Chin-
Fu Tsang. This document can be received from the secretaniat.
Working Group 3: Gorieben Salt Dome leaders:
WIPP I Peter Glasbergen
Mol -
Working Group 4: Alligator Rivers Analogue leaders:
Pogos de Caldas

Neil Chapman
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INTRAVAL meeting. To give the Working
Groups ample time to do this. INTRAVAL
meetings will be held about once a year.
Working Groups should wrnte a technical
report to summarise experiences of the
different test cases,

Phase 2 Test cases

Based on the interest of the participants of
the Cologne meeting, the following test
cases were decided to be included in
INTRAVAL Phase 2. Inclusion of the
Pogos de Caldas test case will be decided
at the next Coordinating Group meeting.

STRIPA

Flow and tracer experiments in crystalline
rock based on the Stripa 3D experiment.
Sweden

The Stripa 3D experiment is included in
Phase 1 as Test Case 4. The intention is
now to further analyse the Stripa 3D
experiment. An extended set of comple-
mentary data will become available since
much information has been gathered on
fracture statistics, hydraulic testing data as
well as on water chemistry in the 'site
characterization and validation’ program.
A new drift has been excavated near the
old 3D drift and instrumented with piastic
sheets and other water collection devices.
In addition, channeling experiments in
individual fractures have been performed
and will provide data on the vanability of
hydraulic transmissivities and fracture
apertures over 2 m lengths aleng five frac-
tures. Results from tracer tesis performed
between two holes in the same fracture
plane are also availabie.

FINNSJON
Finnsjon tracer experiments, Sweden:

This experiment is included in Phase 1 as
Test Case 5. Three types of experiments
have been performed, hydraulic interfe-
rence tests, a radially converging tracer
experiment and a dipole tracer experiment.
The emphasis of the work in Phase { has
been on the radially converging tracer test.
For Phase 2, all three experiments will be

used as well as the coupling between
them. This would mean an increase in
geometrical scales to distances between
150 and 1500 metres. Another objective
for INTRAVAL Phase 2 is to incorporate
existing laboratory data from core samples
of the fracture zone.

GORLEBEN SALT DOME

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

This experiment is included in INTRAVAL
Phase 1 as Test Case 14. As experimental
data was not available in time for inclu-
sion, the test case has been transfered to
Phase 2.

The Test Case s based on a hydrogeo-
logical investigation programme in the area
of the Gorleben sait dome, situated in the
northeastern part of Lower Saxony. The
principal aim has been to understand and
determine the groundwater movement in
the strata surrounding a salt dome.
Freshwater in the uppermost parts of the
aquifer system is in such situations com-
monly underiain by highly saline ground-
water. The groundwater movement in
such a system depends to a large degree
on its salinity. Special experiments have
been performed to obtain information on
hydrogeological structure, hydraulic
parameters and groundwater movement.

ALLIGATOR RIVERS

Radionuctide migration in the weathered
zone of the Koongarra uranium deposit,
Northern Territories, Australia

This natural analogue study is included in
Phase 1 as Test Case 8. The analysis of
the data base from the Alligator Rivers
Analogue is stili in progress. The number
of Project Teams that have tackled this
test case during Phase [ is limited since a
broad and innovative approach is needed
for the analysis. This fits well with the
focus of Phase 2,

The Koongarra uranium ore deposit is
found in the Alligator Rivers region of the
Northern Territories. Uranium mineralisa-
tion occurs at Koongarra in two distinct
but related orebodies, which strike and dip
broadly parailel to the Koongarra Reverse




Fault. Primary mineralisation is largely
confined to quartz-chlorite schists: secon-
dary mineralisation is present from the
surface down to the base of weathering at
about 25 meters depth and forms a tongue-
like body of ore dispersing downslope for
about 80 meters. The objective of the
study is to deduce the timescale and the
rate of the uranium mobilisation which
resulted in the redistribution of the ore-
body along the general groundwater flow
direction.

POCOS DE CALDAS
Pocos de Caldas, Minais Gerais, Brazil

The Pogos de Caldas Natural Analogue
study is included in Phase 1 as Test Cases
7a (redox-front movement) and 7b (coiloid
transport). Since the data have not yet
been available 1o the Project Teams it has
been proposed to transfer the part concer-
ning the redox-front movement and ura-
nium movemnent 1o Phase 2. The part con-
cerning colloid transport will not be conti-
nued since no evidence of colloid move-
ment has been found in Pogos de Caldas.

At the Cologne meeting the interest
among the panticipants was too low to
motivate Pogos de Caldas as a Phase 2 test
case. It was however decided to keep it
within the project at least until the next
meeting which will be in Seattle, April
1991.

LAS CRUCES TRENCH
Las Cruces trench, Nevada, USA

This experiment is included in INTRAVAL
Phase | as Test Case 10. The experimental
site is located at the New Mexico State
University College Ranch, northeast of
Las Cruces. Water and tracers are applied
in a carefully controlied fashion to the sur-
face of an experimental plot. The motion

of water and the transport of vanous tra-
cers through the vadose zone are monito-

red. The purpose of the experiments is to
test deterministic and stochastic flow the-

ories by comparing modei predictions with
observed measured flow and transport
parameters. Additional experiments will be
performed at the site and it was proposed
to include the experiments at Las Cruces

Trench as a Test Case in INTRAVAL
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Phase 2. Models calibrated against data
from the already performed experiments
can be used to predict water flux and
solute transport in the experiments.

APACHE LEAP TUFF
Apache Leap Tuff site. Arizona, USA

This experiment is included in Phase | as
Test Case 11. The Phase 2 exercise will be
an extension of the efforts already perfor-
med. At the experimental site, the tuff
formation is approximately 600 meters
thick. The unsaturated zone extends to
great depth due to topography and to
pumping associated with nearby mining
activities. The objective is to leamn how to
predict water flow and solute transport
through unsaturated fractured rock under
field conditions. Data from experiments
made at different scales, i.e core, block
and field, are already available, and addi-
tional experiments of similar types will be
performed.

MOL

Migration of tritium in clay at Mol,
Belgium.

A piezometer nest is placed 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-
vals through which tritiated water is
injected. An additional five piezometer
nests have been installed for radionuclide

-injection, but these have not yet been

loaded. Two of these nests are intended
for determination of anisotropy in the clay
(perpendicular and parallel to the bedding
of the clay). The data from these additional
tests will be made available 1o INTRAVAL
as they arrive.

The experiment was originally designed
to make in situ determinations of migration
for comparison with values determined in
the laboratory. The spatiai scale of the
experiments is in the order of 2 m m ;ra-
tion distance involving about 30 m- of
clay. The time required for an experiment
is in the range of [-4 years. The first
tritium injection was carried out two years
ago. The spatial scale of the complemen-
tary laboratory experiments is in the order
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of a few cenumetres, and the 1ime scale is
in the order of weeks. The validation
aspects of the experiments are coupled to
radionuclide migration in clay and the
scale dependence of the migration parame-
ters.

TWIN LAKE

Tracer experiments at the Twin Lake aqui-
fer, Canada

The 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 experiments were
performed in 1982, 1983 and 1987-1988.
The longest experiment ran for about a
vear. The spatial separation of the mea-
suring points are about 5 m in the flow
direction and 0.5-1 m in the direction per-
pendicular to the flow. For the 1982-1983
experiments approximately five hundred
thousand data points exists on the spread
of ioding. A very large amount of hydro-
geological and geophysical data has also
been collected. New experiments are
planned for the aurumn 1990.

Sand and gravel aguifers could hardly be
considered for radioactive waste disposal.
In that sense. this test case has a limited
relevance for the validation with regard to
radioactive waste disposal. However, the
test case could potentially provide a set of
detailed data that could be used for valida-
ting the necessary conditions generally
assumed in transport models. i.e. (o
answer the question whether a general
transport model can predict the results of
any field experiment where there is little
uncertainty in the data.

WIPP 1

Brine Flow thraugh bedded evaporites ai
the Waste Isolation Pilot Plant (WIPP)
Site, New Mexico, USA

Field experiments are conducted in the
underground facility at the Waste Isolation
Pilot Plant (WIPP) site in southeastern
New Mexico. The underground facility is
located 655 m below ground surface
within bedded evaporites, primary halite,
of the Permian Salado Formation. The
WIPP, currently scheduled to be commis-
sioned in late 1990, is intended to be a

24

permanent repository for low-level and
transuranic wastes generated by the United
States’ defense programmes.

WIPPI is a Test Case based on experi-
ments 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 with the purpose to evaluate whether
Darcy's law correctly describes the flow
of brine through evaporites, or whether a
different type of model. perhaps one
involving creep-driven flow, is more app-
ropriate. Three principal types of measu-
rements are being made: brine-inflow
raies. pore-pressures and permeabilities. at
a number of scales ranging from 4.5 cm
diameter boreholes 1o 3 m diameter rooms.
The test case is concerned with the valida-
tion of conceptualization's and models
used in interpretation of experiments and
in modeiling of brine inflow 1o the reposi-
tory. The objectives are to integrate the
results of all the experiments within a
comprehensive and consistent model of
brine flow through evaporites.

WIPP 2

Groundwater flow at the Waste [solation
Pilot Plant (WIPP) Site, New Mexico.
USA

WIPP 2 is based on extensive geologic
and hydrologic investigations at the
WIPP. The experiments were originally
performed to provide data 1o be used in
developing a regional groundwater - flow
model and subsequent performance asses-
sment calculations. The database available

for this test case is very large, and thus .

suitable for further study by the
INTRAVAL project. Geologic studies
have taken place at the WIPP. beginning
1975. These include detailed investigation
of numerous surface features for the pur-
pose of delineating subsurface features or
irregularities that could affect flow in and
around the Culebra. A transient electro-
magnetic survey is planned for 1991 -2in
order to better delineate a hypothesized
fractured region. Sixty wells have been
completed to the Culebra doiomite at 41
locations to provide information on the
hydraulic properties of the Culebra.
Variation in Transmissivity is related to
fracturing. Where present. fracturing



causes the culebra to behave as a double
porosity medium with respect to both
hydraulic responses and solute transport.
Pumping tests. Iracer tests. geochemical
and isotope studies have also been
performed at the site.

The experimental programme is cur-
rently scheduled to continue through May
1992. In late 1990 or early 1991, the
programme may be expanded to include
gas threshold-pressure testing, and tracer
testing through a fractured anhydrite bed.
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Appendix 1

Progress Report Number 6

The organisation of the INTRAVAL 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
Power Inspectorate (SKI) acts as
Managing Participant. The Managing
Participant appoints a Project Secretanat in
cooperation with Her Majesty's
Inspectorate of Polution (HMIP/DoE).
U.K.. and the Organisation for Economic
Cooperation and Development/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 acrual 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, inciuding compu-
ter costs, travelling expenses, etc.

A Pilot Group has been appointed for
each Test Case in order 1o secure the ne-
cessary information transfer from the ex-
perimental work to the Project Secretaniat
and the Project Teams. The Project
Secretariat coordinates this information

" transfer.

Al suitable intervals of time. depending
upon the progress of the study, work-
shops are arranged. Normally, .the work-
shops are held in conjunction with mee-
tings of the Coordinating Group. During
the workshops, Test Case definitions and
achieved results are discussed as a prepa-
ration for decisions in the Coordinating
Group.
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Figure 1: INTRAVAL Organisational Chart

Managing Partictpant: SKIi
Coordinating Group:
Chairman:

Vice Chairman:
Secretary:

Principal Investigator:

Project Secretariat:

A, Larsson, SKI

T. Nicholson, U.S. NRC

K. Andersson. SKI
KEMAKTA Consultants Co.

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. Thegerstrém. OECD/NEA
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Appendix 2

List of Test Case Related Presentations
at INTRAVAL Workshops

TEST CASE la

Bogorinski P., Larue J. and von Maravic H., Comments on Modelling the Harwell
Migration Experiments, INTRAVAL Workshop, Barcelona, April 1988.

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

Boarke P.J.. Gilling D.. feﬁerie.§ N.L.. Lineham T R. and Lever D A., Radionuclide
Migration in Clay Sampies at Harwell Laboratory, INTRAVAL Workshop. Barcelona.
April 1988. '

Bourke P.J.. 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 la,
INTRAVAL Workshop. Helsinki, June 1989,

Carrera J., Sumper /.. Galarza G. and Medina A.. Interpretation of Test Case la: Old
Data. INTRAVAL Workshop, Helsinki. June 1989.

Carrera J.. Samper /.. Galar-a G. and Medina A.. Application of Experiment Design
Methods to Test Case la. INTRAVAL.. INTRAVAL Workshop. Las Vegas. February
1990. ' .

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

Olague N E.. Davis P.A. und Gribble R.A.. Modéling Strategy, Data Analysis and Initial
Simutlations: INTRAVAL Test Case 1a, INTRAVAL Workshop. Helsinki. June 1989.

QOlague N.. Davis P. and Gribble 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 la. INTRAVAL
Works-hop, Tucson, November 1988.

Umeki H., Idemitsu K. and lkeda Y., Preliminary Resuits on Test Case 1a. INTRAVAL

‘Workshop, Helsinki, June 1989.

Umeki H.. Nevama A.. Furuichi K. (CSD) and lkeda Y. (MAPI). PNC Analysis of Test
Case 1a, INTRAVAL Workshop, Las Vegas, February 1990.

Wijland R. and Hassanizadeh S.M., Preliminary Resuits on Test Case la, INTRAVAL
Workshop, Helsinki, June 1989,

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

Bischotf K.. Hadermann J. und Jakob A, INTRAVAL Test Case 1b. Uranium Migration
in Crystaliine Bore Cores. INTRAVAL Workshop. Barcelona, April 1988.

Bischoff K.. Hadermann J. and Jakob A., INTRAVAL Test Case lb, Uranium Migration
in Crystalline Bore Cores - Small Scaie Pressure Infiltration expenments. INTRAVAL
Workshop. Tucson, November 1988.

Carrera J. and Samper /.. Identifiability Problems with Data on Test Case ib, INTRAVAL
Workshop. Barcelona, April 1988.

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

Cordier E. and Gobiet 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.
INTRAVAL 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.

Hadermann J.. Jakob A.. Modelling Test Case 1b with Various Mechanisms and
Geometnes.INTRAVAL Workshop, Cologne 1990.

Hara K., Nakahara Y.. Nevama A.. Shiga A.. and lkeda Y., Modelling Study of Test
Casc . b, INTRAVAL Workshop. Cologne. October 1990.

Hautojérvi A.. Preliminary VTT Results on Test Case 1b, INTRAVAL Workshop,
Tueson. Novemnber 1988,

Haurojérvi A.. Channels as Migration Routes in Crystalline Rock Sampies. INTRAVAL
Workshop, Helsinki. June 1989.

Jackson C.P.. Preece T.E. and Sumner P.J.. A Study of INTRAVAL Test Case 1b,
INTRAVAL Workshop, Helsinki, June 1989.

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

Jakob A., Hadermann J. and Zingg A.. PSI New Modeiling Results, INTRAVAL
Workshop, Tucson, November 1988.

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

TEST CASE 2

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

Cole C.R. and Aimo N.J., Investigating a Parameter Estimation Approach to Design of
Validation Experiments. INTRAVAL Workshop, Helsinki, June 1989
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Gureghian 8. Radionuciide Migration ia Single Natural Fissures in Granite, INTRAVAL
Workshop. Las Vegas. February 1990.

Kimura H.. Preliminary Results of Test Case 2 Study. INTRAVAL Workshop.
Barcelona. April 1988.

Neremnieks I.. Previous Modelling of Test Case 2 Experiment. INTRAVAL Workshop,
Barcelona. April 1988. ’

Neretnieks 1., Presentation of Test Case 2, INTRAVAL Workshop, Tucson, November
1988.

Skagius K., Presentation of Test Case 2, INTRAVAL Workshop, Barcelona, April 1988.
TEST CASE 3

Cole C.. INTRAVAL Test Case 3, Experiments and Model Calculatic- INTRAVAL
Workshop, Barcelona, April 1988.

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,
Barcelona, April 1988.

Idemitsu K. and Umeki H., Calculation of the Concentration of a Dispersive Tracer Soluie
by Means of Numerical Solution of the Balance Equation, INTRAVAL Workshop,
Barcelona, Aprii 1988.

Idemitsu 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.
INTRAVAL Workshop, Las Vegas 1990.

Dverstorp B.. Application of the Discrete Fracture Network Concept on Field Data:
Possibilities of Model Calibration and Validation, INTRAVAL Workshop, Barcelona.
April 1988.

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

Hodgkinson D., Shaw W. and Barker J.. Modeiling by Flows in Continuous Dimension.
INTRAVAL 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.

Neretnieks [., Presentation of Test Case 4: 3D Migration Experiment at Stripa,
INTRAVAL Workshop, Barceiona, April 1988.
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Nercreks 1. Presentation ot Test Case 4. INTRAVAL Workshop. Tucson. November
198,

Tsane YW and Tsane C.F.. Understanding Stripa 3-D Tracer Migration Dara.
INTRAVAL Workshop. Helsinki. June 1989,

~ TEST CASE 5

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

Andersson P.. Recent Experimental 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 Pulse Injection Experiments Exhibit Radially
Convergent Fracture Flow?. INTRAVAL Workshop. Las Vegas. February 1990,

Gustdfsson £E.. Andersson P und Wikbere P.. Recent Achievements in the Performance
and Evaluation of the Finnsjon Experiments. INTRAVAL Workshop. Las Vegas.
February 1990.

Hautgjari A.. Dipole Results, INTRAVAL Workshop. Cologne, October 1990.

Haurojdrvi A. und Tuivassalo V.. Generalised Taylor Dispersion Analysis for Tracer
Breakthrough in the Radially Converging Experiment of Finnsjon (test case 3).
INTRAVAL Workshop. Barcelona, April 1988,

Hautojarvi A. and Taivassalo V.. Pre-Test Calculartions of VTT-Team for Radially
Converging Test. INTRAVAL Workshop. Tucson. November 1988,

Haurojdrvi A.. Taivassalo V. and Vyori 5., Interpretation of Results of the Radially
Converging Test. INTRAVAL Workshop. Helsinki. June 1989

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

Hawrojdrvi A.. Taivassalo V. and Vuorr S.. Interpretation of Test Case 5. Radially
Converging Expertment. INTRAVAL Workshop, Las Vegas, February 1990.

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

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

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

Neretnieks I.. Introduction to Test Case 5, INTRAVAL Workshop. Barcelona, April
1988.
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Neretnieks I, Preliminary Predictions of Finnsjon Tracer Tests. INTRAVAL Workshop.
Barcelona, April 1988.

Nordguist R.. Numerical Predictions of a Dipole Tracer Test in a Fracture Zone in the Br
ndan Area. Finnsjon. INTRAVAL Workshop. Helsinki. June 1989.

Winbkerg A.. Geostatistical Analysis of Hydraulic Conductivity Data at Finnsjon,
INTRAVAL Workshop. Helsinki. June [989.

Yamashita R. and Kobavashi A.. Pretiminary Calculations Using Fracture Network
Approach for Tracer Test in Finnsjon Site, INTRAVAL Workshop. Las Vegas. February
1990,

TEST CASE 6

Codell R.. Cole C. and Vomvoris §., Synthetic Migration Experiment - INTRAVAL
Problem VI INTRAVAL Workshop, Tucson, November 1988.

Codell R.. Cole C. and Vomvoris S.. Synthetic Migration Experiment - INTRAVAL
Problem 6. INTRAVAL Workshop. Helsinki, June 1989.

Codell R. and Trosch f.. Caiculation of Synthetic Experiment. INTRAVAL Workshop.
Las Vegas, February 1990.

Kuhtmann U. und Vomvoris 5. Interpretation of INTRAVAL Test Case 6. Synthetic
Experiment. INTRAVAL Workshop. Cologne. Ociober 1990.

Vomvoris S.. On the Synthetic Experiment. INTRAVAL Workshop. Barcelona. April
1988.

TEST CASE 7a

Nerernieks {.. Presentation of Test Case 7a: Redox Front and Uranium Movement at Pogos
de Caldas. INTRAVAL Workshop, Barcelona. April 1988,

Neretnieks [.. Presentation of Test Case 7a: Redox Front Movement, INTRAVAL
Workshop. Tucson. November 1988.

Neretnieks [.. Redox Front Studies at Pogos de Caldas. INTRAVAL Workshop. Las
Vegas, February 1990.

Romero L., Moreno L. and Neretnieks I.. Pogos de Caldas. The Location of the Redox
Front, INTRAVAL Workshop, Helsinki, June 1989.

TEST CASE 7b

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

Nov D.. Presentation of Test Case 7b: Colloid Mobility at Po(os de Caldas, INTRAVAL
Workshop, Barcelona. April 1988.

TEST CASE 8
Davis S., Hydrology Sub-Project, INTRAVAL Workshop, Tucson. November 1988.
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Diuerden P wnd Golian C.. Presentation of Koongarra and Draft Test Case. INTRAVAL
Workshop. Barcelona., April [988.

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 [988.

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.

Golian C.. Test Results of the Simplified 2D Modelling of the Koongarra System
Describing the Preferential Uranium Pathways INTRAVAL Workshop, Cologne. October
1990.

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

Nijhoff-Pan [.. Discussion on Test Case 8: Alligator Rivers (Koongarra) Ore Deposit.
INTRAVAL Workshop, Helsinki, June 1989.

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

Sverjenskv D.. Geochemical Aspects of the Alligator River Analogue Project, INTRAVAL
Workshop, Tucson. November 1988.

TEST CASE 9

Hautojirvi A., Preliminary Calculations of Migration in the Fracture Channels.
INTRAVAL Workshop. Helsinki. June 1989.

Kawanishi M., Preliminary Results on Test Case 9 by Using Dual- Porosuy Simuiation
Code, INTRAVAL Workshop, Cologne, Octaber 1990.

Kobayashi A. and Yamashira 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 C.J. and Gureghian A 8., Large Block Migration Experiments, INTRAVAL
Workshop, Tucson. November [988.

Rasilainen K.. Hautojirvi A and Vuori S., Preliminary Interpretation of Test Case 9 using
FTRANS-code. INTRAVAL Workshop, Las Vegas, February 1990.

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,
INTRAVAL Workshop. Tucson, November 1988.
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TEST CASE 10 e

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

Bensabar J. Stochastic Modelling of the First Las Cruces Trench Experiment.
INTRAVAL Workshop. Las Vegas. February 1990.

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

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

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

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

Coodrich M.T. and Grihble A.R.. Data Analysis and Modelling of the Las Cruces Trench
Second Expeniment, 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, INTRAV AL 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 1 .B.. Simulations of Water Flow and Tritium Transport at the Las Cruces Trench.
INTRAVAL Workshop, Las Vegas, February 1990,

McLaughlin D., Model Validation [ssues for Unsaturated Flow Systems., INTRAVAL
Workshop, Tucson. November |988.

Nicholson T., Presentation of Test Case 10, INTRAVAL Workshop. Tucson. November
1988. '

Nichoison T., Introduction, Test Case 10. INTRAVAL 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., Bartelle PNL Modelling Results, INTRAVAL Workshop, Tucson, November
1988. '

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

Updegraff D., 1-D Analytical Solutions on Test Case 10, INTRAVAL Wbrkshop.
Tucson. November 1988,

Wierenga P.. Field and Laboratory Experimental Results with Emphasis on Transport,
INTRAVAL Workshop, Tucson, November 1988,
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Wierenga P.. Hills R. und Hudson D.. Flow and Transport Data Analvses of the Las
Cruces Trench Experiments. INTRAVAL Workshop. Las Vegas. February 1990.

TEST CASE 11

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

Codell R.. Transport in Two-Phase Flow in Tuff Drilicore, INTRAVAL Workshop.
Helsinki, June 1989.

Evans D., Field and Laboratory cxperimental Results, INTRAVAL Workshop, Tucson,
November 1988.

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

Evans D.. Rasmussen T. and Suily M., Non Isothermai Core Experiments in Apache Leap
Tuff. INTRAVAL Workshop, Las Vegas, February {990.

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

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

Lindgren M.. Rasmusson A.Two-Phase Flow Simulations in a Heated Tuff Drillcore,
INTRAVAL Workshop, Cologne, 1990

McCartin T.. Simulation of the Apache Leap Tuff Site Borehole Experiment. INTRAVAL
Workshop, Tucson, November 1988.

McCartin T.. Two-Phase Flow Simulations in a Tuff Drillcore. INTRAVAL Warkshop,
Helsinki. June 1989.

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

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

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

University 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, INTRAVAL Workshop, Barcelona, April 1988.

Hoxie D.T.. Flint AL. and Chornack M_P_, Model Validation with Respect to Short-Term
Dynamic Effects and Long-Term Transient Effects, INTRAVAL Workshop, Tucson.
November 1988,
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TEST CASE 13

Arens (7., Preiiminary Results on Test Case 13. INTRAVAL Workshop. Helsinki. fune
1989,

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

Bogorinski P.. Jackson P.. Porter J.A New Approach to the .IVM Experiment.
INTRAVAL Workshop, Cologne 1990.

Hassanizadeh S.M.. Presentation of Experimental Resuhis from Brine Experiment,
INTRAVAL Workshop, Barcelona, April 1988.

Hassanizadeh S.M., Experimental Study of Brine Transport in Porous Media,
INTRAVAL Workshop, Tucson, November 1988.

Hassanizadeh S.M. and Leijnse T.. Simulation of the Brine Transport Experiments,
INTRAVAL Workshop. Helsinki. June 1989.

Hassantzadeh S.M., Latest Results on Simulation of Brine Transport Experiments.
INTRAVAL Workshop. Las Vegas, February 1990. -

Schelkes K.. Preliminary BGR Results. INTRA VAL Workshop, Helsinki. June 1985,

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

TEST CASE 14

Glasbergen P.. Proposals for Test Cases Related to Rock Salt, INTRAVAL Workshop.
Barcelona, April 1988.

Scheikes K.. Pumping Test in Highly Saline Groundwater - a Proposed Test Case..
INTRAVAL Workshop. Tucson, November 1988.

Schelkes K.. Saline Groundwat-r Movement in an Erosional Channel Crossing a Salt
Dome - Working Program for  ‘est Case, INTRAVAL Waorkshop. Tucson. November
1988. :
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The international INTRAVAL project started in
October 1987 in Stockholm as an international
effort towards validation of geosphere models for
transport of radionuclides. The project was in-
itiated by the Swedish Nuclear [nspectorate, SKI,
and was prepared by an ad-hoc group with repre-
sentatives from eight organisations.

Twentyfour organisations "Parties’ from thir-
teen countries participate in INTRAVAL. The
Project is governed by a Coordinating Group with
one representative from each Party. The SKI acts
as Managing Participant and has set up a Project
Secretariat in which also Her Majesty's Inspec-

torate of Pollution HMIP/DoE, UK. and the
OECD/NEA 1ake part. Project organisation, the
objectives of the study and ruies 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
internationzl cooperation studies aimed at evaluat-
ing conceptual and mathematical models for
groundwater flow and radionuclide transport in the
context of performance assessment of repositoties
for radioactive waste. In the two previous studies,
INTRACOIN (1981-1986) and HYDROCOIN
(1984-1990), the numerical accuracy of computer
codes, the validity of the underlying conceptual
models and different techniques for sensitivity/un-
certainty analysis have been tested. In INTRAVAL
the focus is on the validity of model concepts.

The INTRAVAL study was started in Oclober
1987. The first three years of the study, Phase 1, is
in the process of being documented and finalised
and a second three year period. Phase 2, was in-
itiated and started in October 1990.

The purpose of the INTRAVAL study is to in-
crease the understanding of how mathematical
models can describe various geophysical, geo-
hydrological and geochemical phenomena. The
phenomena studied are those that may be of im-
pontance to radionuclide wransport from a repos-
itory to the biosphere. This is being done by sys-
tematically using information from laboratory and
field experiments as wetl as from natural analogue
studies as input to mathematical models in an
attempt to validate the underlying conceptual
models and to study the model validation process.
INTRAVAL has the ambition to cover both valida-
tion of models in regard to the processes and
site-specific systems.

Ten test cases are included in Phase 2 of the
study. The test cases are based on expetimental
programmes performed within different national
and international projects. Several of the cases are
based on international experimental programmes,
such as the Stripa Project and the Alligator Rivers
Analogue Project.

A Pilot Group has been appointed for each of
the test cases. The responsibility of the Pitot Group
is to compile data and propose formuiations of the
test cases in such a way that it is possible to
simulate the experiments with model calculations.
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It is a pronounced policy of the INTRAVAL
study to support interaction between modeilers and
experimentalists in order 10 gain reassurance that
the experimentzl data are properly understood and
ihat the experiences of the modeliers regarding the
type of data needed from the experimentalists are
accounited for.

Contact between the participants is maintained
by the arrangement of Workshops followed by
Coordinating Group meetings. Between these con-
ferences, also Working Group meetings take place.

Since the issue of the previous Progress Report,
the sixth INTRAVAL workshop and the second

‘Phase 2 Coordinating Group meeting has been

held in Seattle, Washington, U.5.A. During the
waorkshop participants described initial work per-
formed on the Phase 2 as well as modelling results
achieved so far. This was followed up by group
discussions on further steps of the analyses and
planning of intermediate working group meetings.
The progress of the INTRAVAL Phase 1 Final
Reports and the Executive Summary report was
discussed both in plenary meetings and within
working groups set up for finalisation of the docu-
mentation of Phase 1.

INTRAVAL Phase 2 Objectives
and Organisation

The overall objectives of Phase 2 are similar to
those of Phase 1, i.e. to increase the understanding
of how various geophysical, geohydrological and
geochemical phenomena of importance for radio-
nuclide transport from a repository 0 the bio-
sphere can be described by mathematicai models
developed for this purpose and to study the model
validation process.

The organisation of INTRAVAL Phase 2 is simi-
lar to Phase 1. The study is directed by a Coordinat-
ing Group with one member from each Party. The
Swedish Nuclear Inspectorate (SKI) acts as
Managing Participant. The Parties organise Project
Teams for the actual project work. A Pilot Group
has been appointed for each test case in order to
secure information transfer from the experimen-
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talists to the Project Secretariat and Project Teams.
At suitable intervals, about once a year, workshops
are arranged. Normally. the workshops are held in
conjunction with meetings of the Coordinating
Group. Four Working Groups have been set up
addressing different types of test cases (Table 1).
Each Working Group will have one leader. possib-
ly aided by another person, and the intention is to
meet at least once between each INTRAVAL meet-
ing. The Working Groups (leaders) are responsible
for writing a working group report which will form
part of the final reporting of INTRAVAL Phase 2.

Table |. Tentative Working Groups for
INTRAVAL Phase 2.
Working Test Cases Leader(s)
Group
1 Lag Cruces T. Nichoison
; Apache Leap
‘ 2 Finnsjén C.F. Tsang
w Stripa
P2
3 Gorleben P. Glasbergen
WIPP |
Mol
4 Alligator Rivers P. Duerden
| Twin Lake :
The Sixth INTRAVAL
Workshop and the Second

Phase 2 Coordinating Group
Meeting

The sixth INTRAVAL Workshop and the s»~-rd
Phase 2 Coordinating Group Meeting were heic 1n
Seattle, Washington, USA, on the 18th through
22th of April, 1991 with the U.S. Department of
Energy acting as host. In connection to the meeting
a tour was arranged to the Hanford site near Rich-
land. Washington .

At the workshop a number of technical presen-
tations of Phase 2 modelling work were given. The
modelling work of the Phase 2 test cases are in an
initial stage. Much time was spent on the finalisa-
tion of the Phase 1 reports. All final reports are atow
available in draft form and in most cases they were
sent out to the participants prior to the workshop.
An outline for the Executive Sumrmary report was
presented and the content of the report was dis-
cussed.

The Coordirating Group meeting was held on
the 24th of April, 1991. The Coordinating Group
decided not to include Pogos de Caidas as an test
case in INTRAVAL Phase 2 since no Project Teams
have indicated their interest in modelling the ex-
periment. Due to the deletion of the Pogos de
Caldas experument a rearrangement of the struc-
ture of the Phase 2 Working Groups were pro-
posed, moving the Twin Lake case from Working
Group 1 to Working Group 4 (see Table 1). The
Coordinating Group also decided to dissolve the
VOIC (Validation Overview and Integration Com-
mittee) as Phase 1 of INTRAVAL is ended. It was
decided to form a new group for Phase 2 with the
major objective to support the secretariat in writing
the final reports.

The next INTRAVAL meeting will be held in
Sydney, Australia on the 10th through 14th of
February, 1992. The tentative plans for remaining
INTRAVAL Workshops are: November 1992, Oc-
tober 1993 (last workshop) and May 1994 (Final
meeting). Prior to the next INTRAVAL workshop
separate Working Group meetings are planned, see
Table 2.

Table2. Planned Working Group meerings.
Working Date Location
Group

1 June 27, 1991 Washington

2 Oct. 9-12, New Mexico
1991

3 Oct. 1416, New Mezxico
1991

4 Jupe 12-15, Sydney
1991 -
Sept. 9-11, Chalk River
1991

INTRAVAL Phase 1 Reporting

The achievements from the first phase of
INTRAVAL will be documented in an Executive
Summary Report and a series of Technical
Reports. The Technical Reports will cover the -
descriptions. evaluations and conclusions from the
modelling work performed for the different test
cases. One of the technical reports will describe in
detail the experiments on which the test cases are
based. The technical reports are being prepared by
six Working Groups. An editor for each test case
has been appointed and the responsibility of the



editors are to compile the test case analysis pro-
vided by the Project Teams that have worked with
the test case.

A draft version of most of the technical reports
were available to the participants prior 10 the work-
shop in Seattle. The draft versions were discussed
during the workshop and the responsible editors
will a5 a next step include given comments and
prepare a new version.

The technical report describing the experiments
on which the test cases are based has been circu-
lated for approval among the Pilot Groups, and
given comments have been included. The sum-
mary report will be prepared by the Secretariat in
cooperation with the Working Groups and VOIC
{Validation Qverview and Integration Committee).

The Summary Report and the Technical Reponts
are planned to be published in the spring 1992.

Current Status of INTRAVAL
Phase 2 Test Cases

LAS CRUCES TRENCH

Flow and transport experiments in unsaturated
porous media preformed ar Las Cruces, New
Mexico.

Expeﬁmental Set-up

The experimental site is located at the New Mexico
State University College Ranch, 40 km northeast
of Las Cruces in New Mexico, USA. Water and
tracers are applied in a controlled fashion to the
surface of an experimental plot. A wrench 16.5 m
long, 4.8 m wide and 6.0 m deep was dug in
undisturbed soil. Two irrigated areas measuring
4x9 m and 1x12 m, respectively, are adjacent to
the trench. Water and tracers were applied at con-
trolled rates on these areas,

In the first experiment (Plot 1) water containing
the conservative tracer tritium was applied at a rate
of 1.76 cm/day on the area measuring 4x9 m. In
the second experiment (Plot 2a), water containing
tritium and bromide was applied at a rate of 0.43
cmy/day on the other area (1x12 m) on the opposite
side of the trench and in the third experiment
tritium, bromide, boron, chromium and two or-
ganic compounds (pentafluorobenzoic acid and
2,6-difluorobenzoic acid) were applied at a rate of
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1.82 cm/day on the same area. The movement of
the water below the soil surface was monitored
with neutron probes and tensiometers. Tracer con-
centrations were sampled on a reguiar basis
through solute samplers installed in a two dimen-
sional grid through the trench wall. In addition,
laboratory experiments on cores have been per-
formed to determine the physical properties of the
soil. The Plot 1 and Plot 2a experiments were
included in INTRAVAL Phase | and was used for
model calibration. The calibrated models will be
used in INTRAVAL Phase 2 to predict the Plot 2b
experiment before the experimental data will be
made availabie to the Project Teams.

Analyses by the Project Teams

The Project Team from PNLAISNRC has per-
formed two dimensional simulations of the Plot 2b
experiment with the integrated finite difference
code PORFLO-3. The model domain is 12x6 m.
Semivariograms were used to estimate the covar-
iance of the saturated hydraulic conductivity. The
saturated hydraulic conductivity measured in the -
laboratory does not show a lognormal distribution,
whereas the field measurements of the saturated
hydraulic conductivities show more of 2 lognornal
distribution. The water content distribution from
neutron probes and the tritium conceatration from
core samples were used as initial conditions. A flux
of 1.8 cm/day and a normalised tritium concentra-
tion of 1.0 was applied over an area corresponding
to a strip source. Zero-flux boundaries were ap-
plied at the remainder of the top boundary and at
the sides. The lower boundary was set to be unit
gradient. The results showed some correlation be-
tween e sirnulations and the experiments. Fur-
ther research will include Monte Carlo simula-
tions.

The Project Team from SNL/USNRC presented
their work performed for INTRAVAL Phase 1
together with their plans for Phase 2. They will
identify a performance measure ciosely related to
the regulations for low level waste. The simula-
tions planned to be performed are Monte Carlo
simulations using a two-dimensional heteroge-
neous field and Richards equation model.

The Project Team from CNWRA/USNRC
presented a preliminary study of the Plot 2a experi-
ment. They used a modified version of the in-
tegrated finite difference code PORFLO-3. The
hydraulic properties of 180 soil sample.locations
were used, which means that each sample repre-
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seats a subzoae with individual properties in the
two-dimensional grid used to represent the trench
wall. It is planned to perform a series of calcula-
tions with different solute concentration boundary
conditions, i.e. prescribed concentration or
prescribed mass flux during the infiltration of
tracers and zero concentration or zero mass flux
when the supply of tracer is cut-off. The future
plans is to assess the worth of soil hydraulic data,
initial water content and solute sampler density.
The Plot 2a experiment will be used for calibration
and the Plot 2b experiment will be predicted based
on this calibration.

The Project Team from CNWRA/USNRC dis-
cussed validation and refutation of models by test-
ing procedures for unsaturated flow models. Spa-
tially distributed models differ by their degrees of
freedom, which are determined by the product of
the number of heterogeneities, number of effective
flow domains and effective dimensionality. A
black box model has no degree of freedom,
whereas, a homogeneous column has one degree
of freedom. A deterministic three-dimensional
- strip source infiltration model with 300 000
material heterogeneities has 10° degrees of free-
dom. The pumerics of a code can be tested by
truncation error analysis, stability analysis, and
mass balance analysis. Other internal and com-
parative tests are comparisons with analytical solu-
tions, comparisons between coarse and fine mesh
predictions, and inter-code comparisons.

Other topics 0 look at are uncertainties due to
sparse sampling and incomplete knowledge of spa-
tially distributed and non-linear properties of un-
saturated medium in situ. The degree of validation
has to be quantified via a performance measure.
Probabilistic decision making could be performed
by comparison of modeis differing only in the
value of some adjustment parameters. Another test
is to correlate a single model to observations and
evaluate the probability of error and compare with
actual prediction errors. Tests of consistency and
numerical occurrence are an integral part of vatida-
tion. However, only refutation and not validation
is possible by logical inference.

APACHE LEAP TUFF

Flow and transport experiments in unsaturated
fracturedrock performed at Apache Leap Tuff Site,
Arizona, U5 A

Experimental Set-up and Scales

The test case is based on field experiments per-
formed at the Apache Leap Tuff Site in tuffaceous
rock near Superior, Arizona, USA, with the aim to
predict water flow and solute transport through
unsaturated fractured rock under field conditions.
A multistage experimental plan is used to estimate
parameters related to hydrauiic, pneumatic, ther-
mal and solute transport in unsaturated tuff. Labo-
ratory experiment have been performed on drill
cores and on rock blocks to determine important
parameters for solute transport, fracture flow, ther-
mal induced flow, etc. These experiments were
included also in INTRAVAL Phase 1. Fifteen bore-
holes have been installed and used for the in situ
site characterisation. The INTRAVAL Phase 2
study is focused on two related field experiments,
one with and one without imposed temperature
gradients. Data for the first experiment are avaii-
able or underway and the field heating experiment
will begin at the end of 1991, The INTRAVAL
participamts are invited to perform prediciive
modelling. Water and gas injection recovery tests
are currently underway to determine temporal and
spatial responses as well as other flow charac-
teristics.

Analyses by Project Teams

The US NRC Project Team presented some
modelling results for the large block experiment
included also in INTRAVAL Phase 1. They had
examined two different blocks (0.20.2>0.5 m and
0.2x0.2x0.7 m) containing a natural fracture
oriented vertically near the centre. The blocks were
mounted on a support frame and enclosed within a
chamber to prevent evaporation. Water was then
supplied at a constant head on the top and the water
potential was measured with microtensiometers.
The two-dimensional finite element code VAM2D
wag used in the performed simulations. The aim
was to test the fracture matrix flow concepts. Both
the matrix and the fracture (0.1 cm wide) were
treated as equivalent porots media. The effective
porosity of the fracure was set to 97% and the van



Gneuchten characteristic curve data were taken
from the literature. The major conclusions were
that the fracture acts as a barrier and that the code
overpredicts the wetting front movement.

The Project Team from UAZ/AS NRC pre-
sented their research work concerning the use of
poeumatic testing to determine hydraulic proper-
ties of rocks. The major advantage with pneumatic
tests are that they can be performed faster than
hydraulic tests. The techniques to be used are
adapted from gas and oil industry.

. FINNSJON

Tracer experiments in a fractured zone at the
Finnsjén research area, Sweden.

This test case deals with detailed characterisation
of a fractured zone including a large-scale inter-
ference test and two large-scale tracer tests, one
radiaily converging test and one dipole experi-
ment. This test case was included also in
INTRAVAL Phase 1, but the database for the
dipole experiment was never used for modeiling
since it became available too late. The modelling
of the dipole experiment will therefore be the focus
of Phase 2. '

Geological Structures

This test case is based on a set of tracer tests in a
fracture zone in crystailine rock at the Finnsjtn
research area in Sweden. The experiments are
confined to a sub-horizontal fracture zZone at ap-
proximately 300 m depth. The thickness of the
zone is approximately 100 m aad its horizontal
extent is in the order of kilometres.

It appears that the zone contains three highly
permeable sub-layers. The transmzssmty of the
upper layer is &cumnted to 10* m /s, the mxddle
laxerto 107-10%m ls and the lower layer to 10*

m“/s. The middle layer is not continuous. A fresh
water - salt water interface exists in the fracture
zone relatively close to the upper sub-layer. The
salt content of the groundwater is higher below
than above the zone. The natural hydraulic head
gradient is estimated to 1/300 in the horizontal
direction.
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Hydraulic Tests

The fracture zone and the surrounding rock is
penetrated by several core-drilled and some per-
cussion-drilled boreholes. Packer tests for hydrau-
lic conductivity (Lugeon tests) have been per-
formed in all boreholes at 2 m and 20 m section
intervals. In addition, a part of one borehole has
been investigated in 0.11 m intervals. A regional
pumping test has been conducted by pumping
water from the full length of one borebole and

. observing the drawdown in 11 wells, totalling 40

intervais.

Tracer Tests

Two sets of tracer test have been completed, a
radialty convergent test and a dipole test. The
radially convergent test was conducted by pump-
ing one well from a packer interval covering the
full width of the fracture zone and injecting 11
different non-sorbed tracers at 9 different intervals
in three wells surrounding the production well, i.e.
more than one tracer was injected at some points.

The dipole test was conducted by pumping in
one well and injecting tracers 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 weil were estimated by
sampling the tracers in different Iayers. Both the
radiatly convergent and the dipole test showed that
tracers could move between the layers in the frac-
ture zone.

Analysis by the Project Teams

The Project Team from CEA/IPSN presented their
plans for this test case. They contributed to this test
case also during INTRAVAL Phase 1 but will now
use an improved synthetic model for their simula-
tions. The flow parameters will be interpreted from
the interference test using an inverse model. There-
after 2 global mode! will be set-up for all boreholes
and the tracer tests will be simulated.

The Project Team from VTT/TVO discussed
their modelling results and also phenomena, geo-
metries and source terms in field experiments in
fractured rock. The first phenomena to be studied
is the hydrodynamic dispersion because it is un-
avoidably encountered in any experiment. Disper-
sion cannot be controtled just by one experiment
as it is both time and length dependent. Actually
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the dispersion as such is not of primary interest for
nuclear waste repository performance assessment
as the waterflow rates in the repository conditions
means that matrix diffusion will disperse pulses
much more than the hydrodynamic dispersion.

To study the matrix diffusion the water flow
rates in the experiments should be as small as
practically possible. Retardation due to sorption
should be stdied not only in batch type experi-
menis but alse in ranspon experiments by injec-
tion of both non-sorbing and sorbing tracers at
identical conditions. It should be confirmed that
the potential field used during the experiment is
stable against small variations. The transport paths
should be studied one by one, as superposition of
the different curves is easier than to identify the
contributions from different flow paths from a
composite curve. The duration of injection of
tracers shall be as short as possible and the con-
centration should not be so high that the properties
of the injected solution deviates too much from the
properties of the carrier flow.

The Project Team has modelled both the radial
and the dipole experiments during Phase | using a
concept of channelled flow in iwo dimensions and
also tracer transport in two dimensions in channels
with varying aperture with 2 linear velocity profile.
The transport times were calculated from
measured transmissivities in boreholes. A fixed
value of 5 cm were used for the characteristic width
over which the velocity varies from zero to its
maximum value. The measured breakthrough cur-
ves were very sensitive to the length of the injec-
tions, which were not measured very accurately.
However, an overall agreement between the calcu-
lated and measured breakthrough curves was ab-
tained in both experiments.

Coaterra/SKB presented some modelling work
performed for Finnsjdn related to their internal
project SKB-91. They have performed stochastic
contineum modelling of mass arrival at Finnsjtn
with both unconditional parametric and condition-
al non-pararnetric approaches. A vertical section of
Finnsidn, 1 km long, has been looked at. Data were
collected from five boreholes in Zone 2. 50 realisa-
tions were run to get the hydraulic conductivity
field for each method. It was difficult to compare
the two methods and the effects of conditioning
could be seen, The non-parametric conductivities
were generally lower than the parametric. Both
groundwater simulations, mass arrival and par-
ticle tracking analyses were performed. It was
concluded that Zone 2 acts as a barrier for trans-

port.
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STRIPA

Flow and tracer experiments in crystailine rock
based on the Stripa 3D experiments, Sweden.

Experimental Set-up

This test case is based on three dimensional tracer
1ests performaed in the Stripa mine in Sweden. The
experiment forms part of the International Stripa
Project.

An experimental drift was excavated in the ¢ld
irop-ore mine in Stripa. The ceiling and upper part
of the walls were covered with about 350 plastc
sheets (2 m” each) with the purpuse to collect water
seeping in from the rock and to collect injected
tracers. Three vertical boreholes for tracer injec-
tions were drilled and tracers wete injected at pine
locations, 10-55 m above the test site.

The data registered or obtaired from the experi-
ments are water flow rates, tracer concentrations
in the water entering the drift, rock characteristics
ang fracture data, water chemistry, tracer injection
pressure and flow rates, and hydrostatic pressure.
Diffusivity and sorption data are available from
complementary laboratory and field experiments.
The experiment was a test case also during
INTRAVAL Phase 1.

In addition to the 3D tracer experiments data
from iwo other experiments performed in the
Stripa mine, the 'Chapnelling experiment’ and the
"Site Characterisation and Validation Program’,
will be made availabie to the INTRAVAL Par-
ticipants during Phase 2. The channelling experi-
ment consists of two kinds of experiments. [n the
single hole experiments, holes with a diameter of
29 cm were drilled about 2.5 m into the rock in the
piane of a fracture. Specially designed packers
were used to inject water into the fracture in 5 cm
intervals. The variation of the injection flow rates
along the fracture were used to determine the trans-
missivity variations in the fracture plane. Detailed
photographs were taken from inside the holes and
the visual fracture aperture was compared with the
injection flow rates. Five holes were measured in
detail and seven holes were scanned by simpie
packer systems. A double hole experiment was also
performed, for which two parailel holes were
drilled in the same fracture plane at nearly 2 m
distance. Pressure pulse tests were made between
the holes in both directions. Tracers were injected
at five locations in one hole and monitored at many
locations in the other hole. The ’Site Charac-



terisation and Validation Program’ includes 2 num-
ber of investigation steps to characterise an unex-
plored rock volume starting with a few long bore-
holes, and finally a new drift was excavated in the
rock block. The new drift was instrurnented with
plastic sheets and other water coilection devices.

Analysis by the Project Teams

The Project Team from BRGM/ANDRA is work-
ing with the 3D tracer experiment. They use a
classical approach and have finalised the geometri-
cal model and are working with the flow model.
Thereafter the transport model will be tackled. The
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geometmric model is based, i.a., on Sstatistics of

fractures and fissures. The model contains three
main sets of fractures, one sub-borizontal and two
sub-vertical. The fractures are simulated as cir-
cylar discs in a three dimensional network. Very
small fractures have been eliminated as theit im-
portance for flow and transport has been found to
be of miner importance. The elimination of small
fractures has, however, an impact on the connec-
tivity. The flow simulations are made with the code
TRINET. The flow model is smaller than the net-
work model in size. Simulations bave been per-
formed both with constant conductivities and log-
normal distribution of the conductivities.

The Project Team from VTT/TVO presented
some results for this test case. They have used the
same model as presented earlier for the Finnsjdn
experiment, i.e. a generalised Taylor dispersion
model. In this case they used two to four channels
and the properties of the channeis were adopted
from Chin-Fu Tsang, LBL. who has used a decon-
volution technique, in which long and varying
injection rates are taken into account when study-
ing the transport properties of channels. The char-
acteristic width of the velocity profile in the chan-
neis varied between 2 and 15 cm, which would
indicate that hydraulic dispersion dominates over
matrix diffusion for this experiment. Actually, the
breakthrough curves could be explained entirely
by hydrodynamic dispersion alone. Some prelimi-
nary sensitivity studies have been initiated.
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WIPP 2

Flow and transport experiments in heterogeneous
fractured media performed at the Waste [solation
Pilot Plant (WIPP} in Carlsbad, New Mexico,
USA.

Experimental set-up

The WIPP, located near Carlsbad in southeastern
New Mexico, USA, is an underground research
and development facility. The WIPP is located in
the Delaware Basin, of which the northern part is
filed with 8000 m of sedimentary Phanerozoic
rocks containing evaporites. Water bearing zones
within the rocks that underlie, host, and overlie the
WIPP repository have low permeabilities and
storativities, are generally coafined, and contain
waters with high salinities and long residence
times. The repository lies 655 m below ground
surface within bedded evaporites, primarily balite,
of the Permian Salado Formation. Cverlying the
Salade Formation is the Rustler Formation. The
Culebra Dolomite Member of the Rustler Forma-
tion is the mosi transmissive water-bearing uait
found at the WIPP site. It is ap § m thick vuggy
dolomite layer.

Geologic, hydrologic, geochemical and isotope
data have been obtained to resolve several issues
concerning the hydrology of the Culebra dolomite.
A central issue involves the travel time within the
Culebra from a location above the repository to the
WIPP site boundary. 60 wells to the Culebra dolo-
mite at 41 locations have been completed to pro-
vide information on the hydraulic properties. Two
pumping tests each of two months duration, and
iwo convergeni-flow tracer tests have been per-
formed. Geochemicai and isotope studies have
been conducted in order to obtain additional in-
sight into the hydrologic behaviour of the Culebra.

Analyses by the Project Teams

The Pilot Group has evaluaied the experimental
data, The transmissivity in the Culebra varies in
the range from < 107 to > 10" m%/s, due to frac-
turing. The evaluation of fracture properties and
distribution is necessarily qualitative, relying on
interferences drawn from pumpiog tests, as the
cores are too broken 1o allow statistical studies
where the fractures are located. The hydraulic
tests, performed at 2 variety of scales, ranging from
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single-weil drillstem tests to long-term pumping
lests, have been mnterpreted using an analytical
solution for homogeneous single- and double
porosity systems. The interpreted transmissivities
change as the scale of test changes reflecting a
heterogeneous distribution of fractures, Double-
porosity simulations gave good fit to the pumping
test drawdown response. Simulations of the tran-
sient responses with a transient-calibrated trans-
missivity field gave also rather good fit toobserved
head values within the uncertainty of the measure-
ments. The medels used assumed homogeneity
and cne question is on what spatial scale, or over
what range of hydraulic properties a homogeneous
mdde] can provide representative properties.

The convergent tracer tests have been analysed

using a one-dimensional radial-flow, double-poro-

sity model, SWIFT II. Three orthogonal fracture
sets were simulated and anisotrophy were incor-
porated by making flow rate a function of direc-
tion. Dispersivity was approximated as 10% of the
flow-path length, matrix porosity (0.16) and tor-
ruosity were derived from core tests. The fracture
spacings were set within the range 0.15-0.48 m
and anisotropies (Kx/Ky) between 3 and 7 were
needed to match the breakthrough curves (example
in Figure 1).

The Pilot Group has also performed two-dimen-
sional calculations of the flow field and the fastest
travel paths in the Culebra dolomite. The system
consists of a borehole penetrating both the repo-
sitory and an underlying pressurised brine pocket,
with contaminant release and offsite transport in
the overiying Culebra. The transmissivity distribu-
tion in the Culebra has a variance of 6-7 orders of
magnitude. To get a good fit of the transmissivity
distribution, both real points and added data point
were =eded. The model used for contaminant
transg tis a double porosity model with variable
density flow. The maximum breakthrough for 2
conservative nonretarded solute is reached after
about 10 000 years at a boundary 5 km away.

The Project Team from INTERA/NIREX has
looked at how the trapsition from fieid data to a
realistic full flow and tracer model simulation can
be facilitated. What does the field data telf about
spatial variability on'scales from the inter-well
distances downwards? They have used the mea-
sured transmissivities in order fo address the in-
verse problems for flow and transport. The analy-
sis uses a conceptual rock-property modet based
on the statistical self-affinity of fractals, which
yields realisations of measured fields, conditioned
by the data points. The Project Team uses one by

themselves developed code AFFINITY. The trans-
missivities from 39 wells within the WIPP model
region were used to obtain a variogram. The
AFFINITY code generated the realisation of the
transmissivity field matching the strucrure of the
variogram, interpolating all 39 measurements. As
a check 151 random samples from the realised
field were used in order to generr 2 -ynthetic
variogram which compared well with the original,

see Figure 2. The pressure field and associated °

Darcy velocity field calculated from the realised
transmissivity field indicates 2 highly channelled
flow. A similar calculation inciuding a single bore-
hole pump test shows that the flow is concentrated
into a few discrete channels. A borehole injection
test was also simulated by tracking particles
through the flow field after being initiaily placed
at a single location.

The Project Team from AEA/NIREX presented
their proposed approach to the test case as well as
some preliminary results. The Culebra database is
very large. This offers the opportunity to build
models based on a subset of data and then to use
these models to make predictions which can be
tested against already kmown data. The methods
intended to be applied are primarily of geostatisti-
cal nawre and the feeling is that this is the best
scientific approach to problems of spatial variation
and uncertainty. There are two basic types of geos-
tatistical methods. In the first type, statistical
metkods, such as kriging, are used to estimate
hydrogeological parameters which are then fed
into purely deterministic flow and transport cal-
cuiations.

The second method, which is intended to be
used by the team, is a stochastic approach. The
groundwater flow and transport problems are
treated as stochastic differential equations solved
by simulations or Monte Carlo methods. In the first
phase of the work a very simple stochastic model
wili be used and a set of Monte Carlo simulations
will be performed. The Turning Bands method will
be used to generate a set of realisations of the
transmigsivity, which will have a multivariate log-
pormal distribution and an exponential variogram
with the parameters obtained from the available
experimental transmissivity data. These uncondi-
tional simulations will be conditioned on the
known transmissivities. Particle paths and transit
times will be caiculated from the computed pres-
sure or kead fields. So far an experimental vario-
gram for the logarithm of the transmissivity based
on some of the measurements has been calculated.
Attempts have also been made to fit four different




model variograms to the data, namely spherical,
exponential, gaussian and cubic. The best fits were
achieved with spherical and exponential vario-
grams, and in these cases no nugger effects were
required. The parameters calcujated for the ex-
ponential variogram were used in a conditiopal
simulation of the transmissivity field. Finally, par-
ticle paths were calculated. The calculations wiil
be developed and refined and detailed compar-
isons with the experimenta] data as well as with the
results of other groups will be made in the future.

The Project Team from VTT/TVO have per-
formed preliminary analyses of three tracer break-
through curves from one of the fracer test (H-11).
They used the same model as was used for both the
Finnsitn and Stripa test cases. The breakthrough

13
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Curves are very asymmetric and the first part of the
tracers arrives very fast. The explanation to this
could be that many channels could be involved and
there might be a very large marrix diffusion, sim-
ilar to diffusion into stagnant water in areas with
porosity of the order of 1. There might also be a
time dependent source term, releasing tracer over
several hundreds of hours, which might give the
observed long tail. Only one channe} was included
in the model but the injection procedure resulted
in a spreading of the tracer out in the surrounding
followed by a slow recovery and further transport
in the channel. The model seems to reproduce the
observed breakthrough curves rather well, see

Figure 3.
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Figure 1. Tracer concentration versus time. The figure shows both observed values and the resuits of a
simulation. (WIPP 2)
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Figure 2. (a) Variogram fitted from transmissivity data of 39 wells. (b) Synthetic variogram fitted from
151 random samples from final realisation. (WIPP 2)
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Figure 3. Breakthrough curve. Figure shows observed values (dots) and resudts of a simudation (line). (WIPP 2)



GORLEBEN

Saline groundwater movemenis in the vicinity of
the Gorleben salt dome, Germany.

Experimental set-up

The Gorleben salt dome is located in the north-
eastern part of Lower Saxony in the Federal
Republic of Germany. The salt dome is approx-
imately 14 km long, up to 4 km wide and its base
is more than 3000 m below surface. An erosional
channe! the *Gorleben Channel’ more than 10 kan
long and 1 - 2 km wide crosses the salt dome from
south to north. Erosion along the channel extends
down to the cap rock. Freshwater in the upper part
of the aquifer system is underlain by saline ground-
water. The groundwater movements in the ero-
sional channel is the topic for this test case.

Hydrogeological investigations have been con-
ducted in an area of about 300 km* around the salt
dome. During these mvestigations four pumping
tests were carried out: one in the fresh water and
three in the saline watet. One of the pumping tests,
where the pumped well penetrates the entire
deeper aquifer in the erosional channel, wiil form
the bases for the first part of this INTRAVAL test
case., The pumping test was carried out with a
pumping rate of 30 m’/h overa period of 3 weeks,
The second part of the test case is an extension in
both time and length scales and comprises regional
groundwater flow modelling and sait dissolution
as well as the interaction between the two,

Analysis by the Project Teams

No presentations were given by the Project Teams
during the INTRAVAL workshop, but contriby-
tions are expected from a number of teams in the
future. '
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WIPP 1

Brine flow through bedded evaporites at the Waste
Isolation Pilot Plant (WIPP) in Carlsbad, New
Mexico, USA.

Experimental set-up

The WIPP, located in Carlsbad, New Mexico is an
underground research and development repository
lying 655 m below ground surface within bedded
evporites, primarily halite, of the Permian Salado
Formation. This test case is based on experiments
performed with the aim (o determine the rate of
brine flow through the Salado formation. The ex-
periments are designed to provide a variety of data
with the aim {0 determine whether Darcy’s law for
a porous, elastic medium correctly describes the
flow of brine through evaporites, or whether a
different model is more appropriate. The test case
is also related to another important issue, the
ability of waste-generated gas to flow from the
repository into the formation.

Data from three types of experiments will form
the bases for this test case:

— small scale brine-inflow experiments
-— pore pressure and permeability testing
—- integrated, large scale experiment.

Brine inflow rates are measured at three scales:
in 10 cm and 1 m diameter boreholes and in a 2.9
m diameter cylindrical room. Pore pressure meas-
urements are made in 10 cm diameter boreholes, 2
to 27 m long, drilled at a variety of orientations.
The large scale experiments are brine inflow rates
to a horizontal cylindrical room, 107 m long with
a diameter of 2.9 m.

Analysis by the Project Teams

The Pilot Group has made interpretations of data.
The mode! used to analyse the smali-scale experi-
ments is one-dimensional, radial. Darcy flow as-
suming a homogenous isotropic medium and a
uniform initial pore pressure. The apparent dif-
fusivities are on the order of 1071°-10" m?/s deter-
mioed from the rate of decay of the brine inflow
rate. The permeability is determined from the mag-
nitude of the brine inflow rate, and are on the order
of 1079107 mzls,_,_if the brine viscosity is as-
sumed to be 1.6-10™ Pa-s and the pore pressure is
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10 MPa. A lot of activities are underway both
concerning the experiments and the interpretation
of data, i.e. determination of parameter uncertain-
ties for the data set, statistical evaluation of the
data, rmodification of the used model to iaclude
more complex processes, redesign of the measure-
ment equipment and procedures as well as plan-
ning for additional measurements and experi-
ments.

The Pilot Group has also interpreted some of the
permeability tests (SOP0O1 and L.4P51). They have
used the code GTFM, a one-dimensional radial-
flow model. Fully confined porous medium with
uniform permeability and pressure throughout the
tested layer was assumed. The fitted parameters
were the hydraulic conductivity, the formation
pore pressure and the distance to a boundary. The
specific storage and the test-zone compressibility
were assumed parameters. The classical ground-
water definition for the specific storage, assuming
negligible grain compressibility, gives a specific
storage about a factor four lower than the complete
definition as the porosity in the deformable halite
is very low, 0.1-3%. Compressionai-wave velo-
city of halite is observed to decrease by up to 50%
in the disturbed rock zone around the repository
which can be translated to a 400 % increase in
specific storage. The conclusion is that the specific
storage is important. The interpretations of the two
tests show that the hydraulic behaviour appears 0
be that of a porous medlum wnth 2 hydraulic con-
ductivity of zbout 4- 1074-6-10""* m/s and a for-
mation pore pressure of about 2-4 MPa and no
indications of boundaries out to at least 8 m in the
first test (SOP01) and a no-flow boundary 2 m from
the borehole in the second test (L4P51).

MOL

Migration experiment in Boom Clay Formarion at
the MOL Site, Belgium.

Experimental set-up

This test case is based on an in situ migration
experiment set up in the underground facility built
in the Boom clay formation at the Mol site in
Belgium. The purpose of the experiment is to
determine migration related parameters and to
confirm parameters determined earlier in the labo-
ratory. The experiment is a joint effort between
SCK/CEN, NIRAS/ONDRAF and PNC.
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A group of piezometers, cailed piezometernest,
has been installed in the Boom Clay formation at
a depth of 220 m. The stainiess steel system con-
tains 9 piezometers, interspaced by 0.9 m long
tubes. A horizontal hole with a diameter of 50 mm
and a depth of 10 m was drilled in the clay forma-
tion by rotary drilling. Immediately after drilling,
the complete assembled piezometernest was
pushed into the hole. The sieady state pressure
distribution as a function of the depth into the clay
was measured by manometers.

About two and a haif years after the installation
of the piezometernest the clay formation was sup-
posed to be settled. HTO was injected to filter
number 5 (in the centre) and thereafter the system
was left alone allowing migration of HTO in three
dimensions.

The HTO concentration in the clay is measured
by collection of liquid samples from the other
filters. The first breakthrough was obtained in fil-
ters 4 and 6, located adjacent to the injection filter
5, at a distance of 1 m.

The experiment will continue 10 years after
finatisation of INTRAVAL Phase 2 and the number
of measured points are at the time being limited.

Analyses by the Project Teamns

The Pilot Group presented resuits from per-
formed modelling. The Boom clay has been
modeiled as a homogeneous anisotropic medium
as clay is a stratified medium and the governing
transport mechanisms considered were advection—
dispersion. A aumber of measured concentrations
at filter 4 and 6 are available and the modelled
results for these points gave rather good fits, see
Figure 4, for the following Iiarameter values;
hydraulic conductivity 3.2-107"° m/s, hydrauhc
gradient —18.9 m/m, Darcy velocity 6.0- 101 mys,
dispersion length 0.002 m. The tracer HTO has a
retardation factor of 1. The diffusion accessible
porosxry was set to 0.35, horizontal dispersion to
4.1-10"° m%s and veniical dispersion te 2.0- 1010
m?/s. The sensitivity to the diffusion accessibie
porosity (0. 30—0 40}oand the hydraulic conduc-
tivity (3 10 2_1. 107" m/s) was studied before the
values of the parameters were selected.

The Project Team from SNL/USNRC has ap-
plied a special validation strategy developed
during INTRAVAL Phase 1 1© Mol site data. A
quantitative evaluation of fit between theory and
experiments for suggested parameter values was
made, An anaiyticai solution of the convective



dispersion equation was used to calculate the
breakthrough of HTO in filters 4 and 6. Three cases
were studied. A base case using bench-scale vari-
ables with convective dispersion, a diffusion only
analysis with fitted parameters, and a convective-
dispersive case with fitted parameters. Three dif-
ferent methods of comparisons between measured
data and calculated data were used; eyeball, linear
regression of measured vs calculated data and
residual analysis (both eyeball and runs analysis).
A fourth method for comparisons, variogram of
residuals, is planned for but the database does not
include enough data yet. The outcome of the
analyses are presented in Table 3 below. The base
case could be rejected according to the outcome of
all tests except for the residual runs analysis. The
pure diffusive case and the convective-dispersive
case with fitted parameters could only be rejected
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in the residual runs analysis. The conclusions are
that the performed analysis couid not differentiate
between the tested conceptual models and that the
data base is too limited.

Table 3.  Summary of comparisons (MOL}.
Test Base Dif- Convection—

case  fusion _ dispersion

Eyeball reject  not not reject

reject

Linear regres- reject  not not reject

sion reject

Residual anal- reject

ysis, eyeball

Residual not  reject reject

analysis, uns  reject

TWicoF |
evon MICOF
. 1E+Q7 — \
:g Filter CP1/5
<1E+os-
g Filter CP1/6
L e Filter CP1/4
“9:-: 1E+04
o
L 1E+03
c
@
e 1€+02 Fiter CP1/7
o
& BN Filter CP1/3
- CRIITYP1/mp/81
1E+00 ' f . t

400 600 800 1200

1600

2000 2400

Time in days since injection of 1.1 GBq HTC

Figure 4. Breakthrough curves. The figure shows both observed vaiues and results of simulations. (MOL)
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ALLIGATOR RIVERS

Natural analogue studies ar the Koongarra site in
the Alligator Riversarea ofthe Northern Territory,
Austraiia

Experimental Set-up

This test case is based on work conducted at the
Koongarra site in the Alligator Rivers Region of
the Northern Territory in Australia. The Alligator
Rivers Region is located about 200 km east of
Darwin.

Uranium mineralisation occurs at Koongarra in
two distinct but related orebodies, which strike and
dip broadly parallel to a fauit, the Koongarra
Reverse Fault. The main ore body (No 1), which
is the subject of this study, bas a strike length of
450 m and persists to 100 m depth. Primary
mineralisation is largely confined to quartz-
chiorite schists, secondary uranium mineralisation
is present from the surface down to the hase of

weathering at about 25 m depth and forms a-

tongue-like body of ore dispersing downslope for
about 80 m. The objective of the ARAP test case
in INTRAVAL is to develop a consistent picture of
the processes that have controlled the transport in
the weathered zone and the time scale over which
they have operated,

An extensive experimental program .acluding
both field and laboratory investigations have
resulted in a large number of data characterising
the site. Hydrogeologic data are from drawdown
and recovery tests and water pressure tests. Geo-
logic data are based on the mineralogic and ura-
nium assay logs of 140 percussion holes and 107
drill cores. Groundwater chemical data has been
accurnulated from more than 70 boreholes. Dis-
tribution of uranium, thorium and radium isotopes
has been determined in the different mineralisation
zones. The distribution of uranium and thorium
between different mineral phases in the weathered
zone has also been studied. Laboratory sorption
experiments have been performed. using samples
from drill cores. Distribution coefficients have also
been measured on patural particies in Koongarra
groundwater.

Analyses by the Project Teams

The Project Team from CISRO/ANSTO has per-
formed both two- and three-dimensional modell-
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ing of the groundwater flow through the Koongar-
ra uranium orebody. Earlier modelling studies of
the area has shown a considerable uncertainty not
only in hydraulic conductivities but also in the
locations and types of model boundaries. There-
fore this group decided to investigate flow in ver-
tical sections at a much larger regional scale than
has been done before with the aim to identify the
real boundaries of the local flow system near the
orebody. They simuiated the flow in a cross-sec-
tion oriented from northwest to southeast which
passes through the Koongarra orebody.

The finite element grid used was rectangular
with a length of 26 km and depth in the range of 1
to 3 km. The results of the two dimensional large
scale modelling gave some confidence that three-
dimensional modelling of the smaller region near
the orebody may be relatively insensitive to the
thickness of the Kombolgie sandstone and the
depth of the impermeable bedrock. The two-
dimensional modelling in vertical section showed
the likelihood of a creek to act as a discharge
boundary for the groundwater system, and the
break in slope and the change in hydraulic conduc-
tivity between the Kombolgie sandstone and
Cabill schist being the other major discharge
region. In addition to the two-dimensional modell-
ing, aerial photographs showed several distinct
vegetation boundaries. Based on this information
the appropriate domain for modelling the local
groundwater system would be almost triangular. A
finite difference model, BIGFLO, was used for the
local simulations. The studied region was 3x3 km
and 1 km deep. Groundwater surface ejevations
were defined at all nodes along the creek and along
several other lines. In the top layer high flow rates
were seen in the weathered zone and in ihe Koon-
garra Fault. It was observed that the flow is from
northwest 10 southeast at the right side of the
domain and much mote towards the south at the
left side.

The Pilot Group has also been studying the
uranium activity ratios in different iron mineral
phases to look for- time indication kevs in the
systern. The activity ratio of 2344 1o *BU and

to in both amorphous (accessible) and
crystalline {inaccessible) iron phases has been
modeiled and compared with experimental data.
The model assumes one dimensional advection
dispersion in porous medium and the rock stratum
is presented as a series of one dimensional boxes.
The interaction between rock and water is
modelled as two general processes, leaching and
deposition, i.e. the K4 concept. The radionuclide



transfer between the two rock mineral phases are
nucleus recoil. The processes of crystallisation
considered is structural rearrangement of ferri-
hydrite to hematite or crystallisation of ferrihydrite
o goethite (through ferric(Ill) ions). The Ka-
values and porosities used were experimentally
determined and the water flow velocity was from
hydrology findings. Phase transition rates and es-
timates of recoil transfer were fitted parameters.
The model was fitted to the activity ratios vs dis-
tance in both accessible and inaccessible rock, as
well as to the concentration ratio between acces-
sible and to inaccessible rock vs distance, and the
total uranium concentration in the selected region.
The very initial curves presetted were found to be
quite sensitive (o all parameters.

The Project Team from US NRC presented
results from geochemical modelling of the forma-
tion of secondary uranium minerals at the Koon-
garra site. Two phases of secondary uranium min-
eralisation can be distinguished: in situ alteration
of pitchblende to uranyt silicates (sklodowskite,
uranophane) and formation of uranyl phosphates
{saleeite, torbernite) from mobilised uranium in
the dispersion fan. These latter processes have
been simulated by making reaction path calcuia-
tions with the code EQ3/6 using data from the site
on water chemistry and minerals.

Regarding the formation of uranyl silicates, it
was concluded that the model resuits are consistent
with modern formation of the urany! silicate zone
from reaction of silica-rich water with uraninite,
but present uranium tevels in the water are general-
ly too low to form uranyl silicates. Furthermore,
the uranyl silicate minerals formed in the calcula-
tions are not the same as those formed at the site,
This was concluded to be mainly a result of lack
of data in the uranyli silicate data base.

TWIN LAKE

Tracer experiments at the Twin Lake aquifer,
Canada.

Experimental set-up

Aquifer testing ranging from large number of
small scale field experiments to very large scale
tracer migration tests have been performed ina
sandy aquifer at one of AECL research facilities,
the Chalk River Nuclear Laboratories. The labo-
ratories are located 200 km northwest of Ottawa,
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Canada, in the Valley of Ottawa river. The water
table in the sandy Twin Lake aquifer lies 6 to 20
o below grade and the saturated thickness of
this unconfined aquifer ranges from 6 to 10 m.

The large experimental programme includes
natural gradient tracer (13 1 and HTQ) experi-
ments over distances 20, 40 and 260 m. The totai
groundwater fiow path length from the tracer in-
jection well to the groundwater discharge area is
270 m and there are 170 monitoring installations
in the aquifer around the downgradient of the
injection well. Each installation consists of piezo-
meters with short screens located at 1 m depth
increments through the zones of saturation and
gamma scanning is performed through the full
aquifer.

The database contribute hydrogeologic data
(stratigraphic information, hydraulic conductivity,
porosity, groundwater flow velocity), tracer con-
centrations etc.

Analysis by the Project Teams

The Project Team from SNL/USNRC has made
some initial analyses of the Twin Lake data. After
evaluation of the experiment they applied a valida-
tion strategy developed during INTRAVAL Phase
1. It was pointed out that when model and experi-
ment do not agree the reason can either be prob-
lems with the used model or problems with the
experiments. It is therefore important to determine
whether an experiment is adequate for model vali-
dation before starting the modelling. The adequacy
of the Twin Lake data are based on the consistency
of flow and transport and the mass balance. Part of
the validation strategy developed consists of test-
ing model structures and comparison of model
results and experimental results. Three different
techniques for comparisons were used, experimen-
tally determined concentrations versus modelied
concenirations, concentration residual versus
time, and variogram analysis of residuals. Statisti-
cal tests, such as linear regression and residual
analysis are needed 1o translate graphs into quan-
titative measures. The tests discussed so far only
give probabilities of rejecting a good model and no
information about acceptance of a bad model. Pre-
vious modelling by the Pilot Group with a2 one
dimensional advective—dispersive model, and the
experimental breakthrough curves at a preselected
position as performance measure, indicates a
model structure error with all the different com-

parison techniques.



INTRAVAL
Progress Report Ne 7

The Project Team from CEA/IPSN presented
their view on this test case. The main points of
interest are that the dataset contains a great number
of measured points al different time and spacial
scales. In their modelling work they will use the
finite element code METSIS.

The Project Team from CEA/DEMT/ANDRA
plans to perform stochastic modeliing using the
finite element integraton code TRIO. The problem
at the time being is high Peclet numbers in the used
mesh and lack of permeability data.

Distribution of Background
Information and Databases

Background information and databases will be
distributed to the INTRAVAL Participants either
by the Secretariat or by the Pilot Groups according
o Table 4. The information is distributed only on
request from the Project Teams.

Table 4. Distribution of Background
information and databases.

r

Test case Distributor
LasCruces Pilot Group T. Nicholson, NRC"
Trench
Apache Pilot Group  T. Nicholson NRC"
Léap Tuff T. Rasmussen, UAZ"
WIPP2  Pilot Group E. Gorham, SNLV
Gorleben  PilotGroup K. Schelkes, BGR"
ﬁljvligraslor Pilot Group P Duerden. ANSTOY
TwinLake Secretariar®
Finnsjon  Secretariat®
Stripa Secretariat®
WIPP1  Secretariat?
Mol Secrstariat®

1) Full organisation name, sec List of INTRAVAL Panticipants
in Appendix 1
2) Kemaicia Consultants Co., Pipersgatan 27, S-112 28 Stock-
holm, Sweden

Other Information

S. Hossain, IAEA, presented an ongoing Inter-
national Project (NSARS) where the application of
geospheric models in an integrated safety assess-
ment of near-surface radioactive waste disposal
facilities are studied. 17 organisations from 17
different countries participate in the project. The
objectives of the project are to:

— improve confidence in the results of safety as-
sessments through model intercomparison and
validation

—- help in establishing international consensus on
the approaches to safety assessment

— facilitate exchange of information, its docu-
mentation and wider dissemination.



Appendix 1 )
INTRAVAL Organisation \\%

The organisation of the INTRAVAL study is regu-
lated by an agreement which has been signed by
all participating organisations (Parties). The study
is directed by a Coordinating Group with one
member from each Party. The Swedish Nuclear
Inspectorate (SKI) acts as Managing Participant.
. The Managing Participant sets up a Project
Secretariat in cooperation with Her Majesty's In-
spectorate of Pollution (HMIP/DoE), U K. and the
Qrganisation for Economic Cooperation and Devel-
opment/Nuclear Energy Agency (OECD/NEA).
KEMAKTA Consuitants Co. is contracted by SK1
to act as Principal Investigator within the Project
Secretarial.
The Parties organise Project Teams for the ac-
tual project work. Each Party covers the costs for

21

INTRAVAL
Progress Report No. 7

Lo

its participation in the study and is responsibie for
the funding of its Project Team or Teams, includ-
ing computer cost, travelling expenses, etc.

A Pilot Group has been appointed for each Test
Case in order to secure the necessary information
ransfer from the experimental 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.
Normalily, 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 preparation for decisions
in the Coordinating Group.,
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Figure 5. INTRAVAL Organisational Chart.
Managing Participant: SKI
Coordinating Group
Chairman: K. Andersson, SKI
Vice Chairman: T. Nicholson, U.S. NRC
Secretary: - J. Andersson, SKI
Principal Investigator: KEMAKTA Consuitants Co.
Project Secretariat: K. Andersson, SKI1
J. Andersson, SKI
M. Ericsson, KEMAKTA

B. Grundfelt, KEMAKTA

P. Jackson, AEA Technology
A. Larsson, KEMAKTA

K. Pers, KEMAKTA
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C. Thegerstrom, OECD/NEA
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List of INTRAVAL Participants

Party and Coordinating Group Member

Project Team(s) and Team Leader(s) ]

Agence Nationale pour le
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France

L. Dewiere

Atomic Energy of Canada Litd.,
! Canada
T. Chan

Atomic Energy Control Board,
Canada
D. Metcaife

Australian Nuclear Science and
Technology Organisation, Australia
P. Duerden

Bundesanstalt fiir Geowissen-
schaften und Rohstoffe/ Bun-
desamt fiir Strahlenschutz, Federal
Republic of Germany

K. Schelkes (H. I1li)

] Commissariat 3 I'Energie Atomi- -
que/Institut de Protection et de.

Stireté Nucléaire, France

J. Gomit

Empresa Nacional de Residuos
Radioactivos, S.A., Spain
J.C. Mayor

Geselischaft flir Reaktorsicherheit
mbH, Federal Republic of Ger-
many

P. Bogorinski

Forschungszentrum fiir Umwelt
und Gesundheit, Federal Republic
of Germany

R. Storck

(ANDRA)
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(CEA/DMT)
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LP. Sauty

Atomic Energy of Canada Lid.
T. Chan (AECL-WR)
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Atomic Energy Control Board,
D. Metcalfe »
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(AECB)

Australian Nuclear Science and
Technology Organisation
C. Golian

(ANSTO)

Bundesanstalt fiir Geowissen-
schaften und Rohstoffe
K. Scheikes

(BGR)

Bundesamt fiir Strahlenschutz {BfS)

Ecole Nationale Supérieure des
Mines de Panis
P. Goblet

(EDM)

Universidad Politécnica de Valen-
cia

Y. Gomez-Hern4ndez

A, Sahuquiilo

Gesellschaft fiir Reaktorsicherheit
mbH
P. Bogorinski

UPV)

{GRS)

Forschungszentrum fiir Umwelt (GSF)
und Gesundheit

E. Fein
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Appendix 2

Intraval Phase 2 Test Cases

LAS CRUCES TRENCH

Flow and mransport experiments in unsaturated
porous media performed at Las Cruces, New
Mexico, USA.

Overview

This test case is based on experiments performed
at the New Mexico State University College
Ranch, 40 km northeast of Las Cruces, New
Mexico, U.S.A. Water and tracers are applied at a
carefully controlled rate to the surface of an ex-
perimental plot. The motion of water and the trans-
port of various tracers through the unsaturated
vadose zone is monitored. This test case was in-
cluded also in INTRAVAL Phase 1. During Phase
1, data for site characterisation and model calibra-
tion were collected. In a new experiment (Plot
2b)during phase 2 the models caiibrated during
Phase 1 will be used to predict water flow and
solute transport .
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Experimental Design

A trench 16.5 m long, 4.8 m wide and 6.0 m deep
was dug in undisturbed soil. Two irrigated areas
measuring 4x 9 m and 1x12 m respectively are
adjacent to the trench (Figure 6). In the first experi-
ment (Plot 1) water containing tritium has been
applied at a controiled rate of 1.8 cm/day on the
area sized 4xX 9 m. The movement of water below
the soil surface was monitoreg with neutron probes
and tensiometers. Soil solution samples were taken
to determine the movement of tracer below the
surface of the soil. The movement of the water
front was also observed visually on the trench. in
the second experiment (Plot 2a) water containing
tritium and bromide was applied at a rate of 0.43
cm/day on the area sized 1x12 m. These two
experiments were used during INTRAVAL Phase 1.
In the third experiment (Plot 2b) tritium, bromide,
boron, chromium and the organic compounds pen-

. tafluorobenzoic acid (PFBA)and 2,6-difluoroben-
zoic acid (DFBA) will be added with the water on
the area sized 1x12 m.
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Figure 6.Top view of the trench with irrigated areas.
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Available data

— water retention data

— density profiles

— particle-size analysis data

— samurated hydraulic conductivities laboratory
and in situ)

—- water content

— tensiometer data

— solute concentration

APACHE LEAP

Flow and transport experiments in unsaturated
fractured rock performed at Apache Leap Tuff Site,
Arizona, USA.

Overview

Field experiments are conducted at the Apache
Leap Tuff Site in tuffaceous rock near Superior,
Arizona, USA (Figure 7). The tuff formation is
approximately 600 m thick and grades from a
densely welded unit near its base to a slightly
welded tuff which has a total porosity of 17%. The
unsaturated zone extends to great depth due to
topography and to pumping associated with anear-
by underground mine. Laboratory experiments are
conducted using cores obtained during borehole
drilling at the field site and using shaped blocks
removed from the field site. Relevant processes
inciude hydraulic, pneumatic, thermal, and solute
transport components which will be - .ugated
using experiments over several length and time
scales, on cores (6—10 cm, minutes), rock blocks
(50 cm, month), in situ (1-30 m, years). This test
case was included also in INTRAVAL Phase 1,
where the main efforts were spent modelling the
laboratory core and block experiments. The ul-
timate objectives of this case in Phase 2 will be to
water flow and solute transport both with and
without imposed temperature gradient under field
conditions. In addition, laboratory core heater
measurements are performed estimate important

‘parameters.

Field experiments

The experimentai site with an undisturbed thermal
regime has been under study for three years. Fif-
teen boreboles were installed (twelve inclined and
three horizontal) and used for the in situ site char-
acterisation, while the obtained cores are used for
logging the fractures and characterizing the rock
matrix. A plastc cover was placed over the rock
surface (30x 50 m) to prevent evaporation as weil
as precipitation from infiltrating into the rock.
These experiments included testing for tempera-
ture, water conctnet and saturated hydraulic con-
duclivities.

Water and gas injection-recovery tests are cur-
rently underway to determine tempora! and spatiai
responses as well as other flow characteristics. The
experiments should be completed by the end of
1991.

The purpose of the field heating experiment is
to evaluate the magnitude and distribution of in-
duced fluid flow around 2 heat source in un-
saturated fractured tuff. The experimental plane
for this experiment will consider preliminary ex-
periment conducted in a road tunnei for which
some data sets are available. The experiments will
begin end of 1991.

Available data
Laboratory core measurements:

—rock matrix physical and bydraulic properties
(porosity, bulk density, moisture characteristic
curves)

— mneumatic and thermal conductivities as a func-

«on of water content.

Laboratory block experiments:

— rock matrix physical and hydraulic properties
{porosity, bulk density, moisture characteristic
curves)

— unsaturated hydraulic conductivitv of rock
matrix

— solute concentrations

— fracture properties

— efC.
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Field imbibitioniredistribution experiment:

— water injection volumes in four boreholes
—rock matrix and fracture hydraulic properties
{at 3 m intervals)

Laboratory core heating experiment:

— physical, hydraulic, poeumatic and thermal
properties of the rock matrix

- solute concentration

— temperatures

— water contents

FINNSJON

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

Overview

The Finnsjon research area is located approx-
imately 130 kan north of Stockholm and 15 km
from the Baltic sea. The bed rock within the site is
crystalline rock of Svecokarelian age (about 1800
-2100 Ma). The experiments have been performed
in a major low angle fracuure zone, Zone 2, located
in the Brindan area (1 km?), a sub-area within the
Finnsjon research area. The Finnsjon tracer experi-
ments are part of the Fracture Zone Project, in-
itiated and supported by the Swedish Nuclear Fuet
and Waste Management Company (SKB).

The project involve detailed characterisation of
Zone 2, including a large-scale interference test
and two large scale tracer tests, one radially con-
verging test and one dipole test. The interference
test and the radially converging test were used for
modelling during INTRAVAL Phase 1. During
INTRAVAL Phase 2 the modelling of this testcase
wiil continue to include also the dipole experiment.

Experimental Design

Zone 2 is penewated at depth ranging between
100--350 m by six diamond core drilled boreholes
and three precussion drilled boreholes (Figure 8).

Two tracer experiments were carried out, one in
a radially converging flow geometry and cne in a
dipole flow geometry. In the radially converging
experiment tracer injections were made in three
peripheral boreholes simated in different direc-
tions from a withdrawal hole. The distance from
the injection holes to the withdrawal hole is in the
order of 150 to 190 m. In each injection hole three
sections were packed off, one in the upper highly
conductive part of Zone 2, one at the Jower bound-
ary, and one at the most highly conductive part
inbetween. Nonsorbing tracers were injected in 9
different intervals of the zone. Totally 11 different
tracers were injected, 8 of them continuously for .
5-7 weeks and three as pulses. First arrivais in the
withdrawal hole ranged from 22 to 3500 hours.

The dipole experiment was performed after the
radially converging experiment using the same
hoie for withdrawal and one of the other holes for
injection. The two other holes used for injection in
the radially converging test were used as observa-
tion holes in the dipole experiment. Only the upper
highly conductive part of Zone 7 was used for
tracer injection in this experiment. Totally 15 in-
jections of tracers were made during 7 weeks.
Pulse injection of both sorbing and nonsorbing
tracers were made. The water pumped from the
withdrawal hole was recirculated to the mjection
hole.

Prior to the start of the radially converging test
a series of hydraulic interference tests was per-
formed in order to determine the hydraulic proper-
ties of Zoae 2. Pressure responses were registered
in packed-off sections in ail bore holes in the
Briindan area during pumping of the hole laterused
as withdrawal hole in the tracer experiments. [n
conjunction with the interference test 2 prelimi-
nary tracer test was performed in order to optimise
the design and performance of the planned radially
converging tracer experiment.



Py
.

FELANGAALIE SR b

bbb EESEY
Rt T

——

L

d
S PPRT

e LT AN P

Progre.r.r Repor; No

o) :
4
;%

et to
FINNS SN BRANDay - @

jdapm 121 Osthammey, E

SCaLe

& 00w

Fi
glre 8, Borengy, location i the Brindgn are
Q.



S

R R ) e
dm e Al L e

-

——— e

e

INTRAVAL
Progress Report No. 7

Available data

Interference tests:

— primary drawdown responses

— graphs of the recovery of groundwater head
after pumping stops

— tracer injection information

— tracer breakthrough curves

Radially converging experiment:

— tracer breakthrough curves

— tracer injection information

—- groundwater levels

— telative hydraulic head differences

— temperature and electrical conductivity of
pumped water

Dipole experiment.
— tracer breakthrough curves,

— tracer injection information,
— hydraulic heads and groundwater levels

"— temperature, electrical conductivity and redox

potential of the pumped water.

In addition, geological data are available from
surface survey of the Brindan area as well as from
borehole investigations. Hydraulic data are avaii-
abte from hydraulic testings. Data on porosities
and diffysivities have been deterrnined in the labo-
ratory.

STRIPA

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

Introduction

This test case is based on the three dimensional
tracer test performed in the Stripa mine in Sweden.
This experiment was also part of INTRAVAL
Phase 1. In addition to the 3D experiment, data
from two other experimental programmes per-

formed in the Stripa mine, the 'Site character-
isation acd Validation Programme’ and the
"Channelli.. ; Experiments’ are or will be made
available during INTRAV AL Phase 2. The experi-
ments were performed within the OECD/NEA
International Stripa Project.

In the 3D experiment water and tracers were
collected in a number of plastic sheets. The main
purpose of the 3D experiment was to investigate
the spatial distribution of water flow paths in a
larger block of rock.

The 'Site Characterisation and Validation Pro-
gramme’ includes 2 number of investigation steps
tocharacterise an unexplored rock volume starting
with a few long boreholes, and ending with a new
drift being excavated in the rock block. The new

" drift was instrumented with plastic sheets ard

other water collection devices.

The 'Channeiling Experiments’ comprise infor-
mation about channelling in individual naturai
fractutes on a length scale of 2 m.

General Description
3D experiment

A drift has been excavated in the Stripa mine at
360 m below the ground. The driftis 75 mlongand -
has two side arms with a length of 12.5 m each.
Three vertical holes for injection of tracers have
been drilled upwards with lengths of 70 m (Figure 9).
The ceiling and large parts of the wails in the
drift were covered with glastic sheets, each sheet
with an area of about 2 m”. A total number of about
350 sheets served as sampling areas for water
emerging into the upper pan of the test drift. The
sampling arrangements completely covered a sur-
face area 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 nine separate sections
with increased permeability within the three verti-
cal holes, each zone about 2.5 m in length. The
injection zones were located between 10 2nd S5 m
above the test site. The tracers were injected con-
tinuously for nearly two years. The injections were
carried out with a 'constant’ over-pressure, ap-
proximately 1015 % above the natural pressure.
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Figure 9. Layout of experimental 3D drift at Stripa and sampling arrangement.

The concentrations of the injected tracers were
between 1000 and 2000 ppm, and the different
flow rates varied from 1 to 20 mi/h. The following
tracers were injected: Uranine, Eosia Blueish,
Eosin Yellowish, Phioxine B, Rose Bengal, Elbe-
nyl Brilliant Flavine, Duasyn Acid Green, Bro-
mide and Jodide.

The natural inflow of water to the drift was
measured before drilling the injection holes, The
results from the water monitoring show that water
does not flow uniformly in the rock over the scale
considered (700 mz), but seems to be localised to
wet areas with large dry areas in between.
Measurable amounts of water emerged into 113 of
the 350 sampling areas. Out of these 'wet’ sam-
pling areas 10 % gave more than 50 % of the total
water inflow. '

After six months of injection, tracers from at
least five injection zones could be found in about
35 sampling areas. After almost two years of in-
jection, about 200 different tracer breakthrough
curves have beén obtained. Each curve is based on
several hundred individual measurements.
Smoothed curves consisting of approximately 40
points are available as computer files.

Site Characterisation and Validation
programme (SCV)

The original aim of the project is to predict ground-
water flow and tracer transport in a previously
unexplored volumne of the Stripa granite. The rock
volume selected for detailed characterisation is
about 125x125x 50 m and is located at 360 to 410
m below ground. The investigations of the rock
volume have been performed in a number of steps,
inciuding modeliing predictions between the dif-
ferent experimental steps. In the first investigation
five 150-220 m long boreholes and one 50m long
were drilled, These holes were used to characterise
the rock volume by core logging, hydraulic tests
{down to 1 m sections), radar and seismics. There-
after three new holes were drilled, 100-150 m
long. Information from these holes were compared
with made predictions, based on information from
atready investigated holes, concerning water bear-
ing sections, fractures etc. Next, six boreholes, 100
m long, were drilled in the same direction as the
new drift should be excavated. The water flow and
its distribution were measured in these holes.
These holes were also used for a tracer (sait)
experiment. Finally a new drift, 50 m long and
2.4-2.9 m in diameter, was excavated. The new
drift was equipped with plastic sheets 1-2m%)and
*Sther water collection devices. The drift cut
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through one major fracture zone, 5-10 m wide,
which gave more than 99% of the total water
inflow. Tracer experiments were pe~ med in this
fracture zone from 7 spots located in i.ur boreholes
1025 m away from the drift (Figure 10). For this
purpose (wo new boreholes had to be drilled. In
each spot two ponsorbing tracers were injected.
The tracers were sampled in the plastic sheets and
in the other water collecting devices covering the
lower parts of the walls and the floor of the drift.

Fracture zonhe

3D-drift

@ Sections used for
tracer injections.

o Sechons used fof
tracer monitoring.

34

Channelling experiment

The channelling experiments consists of three dif-
ferent types of test: the 'single hole experiment’,
"the double hole experiment’. and the ’tracer test’.

To be able to investigate the fracture charac-
teristics along a fracture plane, a large diameter
(200 mm}) hole, was drilled along a planar fracture
plane to a depth of about 2.5 m. A multi-pede
packer (see Figure 11) was used to inject water ail
along the fracture piane. The injection flow rates
were monitored separately for the left and right
side of the hole over 80 short sections. The fracture
intersections were scrutinised 10 obtain data on
fracture properties such as open fracture area,
number of intersections, and thickness of infilling.
Before the multi-pede was used, the boreholes
were tested with coarser tests. The multi-pede was
used in 5 boreholes, whereas, in totai 12 holes were
drilled.

The double hole experiment was performed in
a fracture where the singie hole test has shown that
channels exist. A second hole was drilled in the
same fracture plane at a distance of 1.95 m from
the first hole. Prior to the injection of water for
detailed pressure tests more COarse tesis were per-
formed. In the detailed pressure pulse tests water
was injected in one of the holes at a section of 50x
50 mm and monitored in the other hole in twenty
sections along the fracture intersection. This ex-
periment was repeated with the injection sections
at different positions. The test was than reversed,

Figure 11. Design of the Multiped packer (Channelling Experiment).
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i.e. injection from the second hole and monitoring
in the first hole.

In the tracer test five nonsorbing tracers were
injected from five 50 min sections, that had been
found to be the most conductive in one borehole,
and were monitored in the other hole (see the
double hole experiment). To obtain a linear flow
for the tracers, water was injected with the same
pressure as used for the tracers from the remaining
15 sections. The tracers, Uranin, Eosin yellowish,
Ebeny! britliant flavin, Duasyn acid green V and
Phloxine B were injected continuously during
4 weeks,

Summary of Available Data:
3D Experiment

— water flow rates

— tracer concentration in water to test site
— rock characteristics and fracture data

— water chemistry -

— injection pressures and injection flow rates
— hydrostatic pressures

— diffusivity and sorption data

—daily logs

Site Characterisation and Validarion {SCV)

—core logging and fracture mapping in drifts
- geophysical single hole logging

— rock stress measurements

— borehole radar

— borehole seismics

— hydraulic investigations

— hydrochemisty

— water flow rates

— tracer breakthrough curves

Channelling Experiment

— number of fractures

— oumber of intersections
— information about infilling
— fracture lengths

— opening area of fractures
— pressure response

- tracer breakthrough
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WIPP 2

Flow and transport experiments in heterogeneous
Jfractured media performed ar the Waste Isolation
Pilot Plant (WIPP} in Carlsbad, New Mexico,
USA.

Overview

This test case is based on experiments performed
in Culebra Dolomite, at the WiPP site. The WIPP,
located in Carisbad, New Mexico, U.S.A,, is an
underground research and development repository

" lying 655 m below ground surface within bedded

evaporites, primarily halite, of the Salado Forma-
tion. Overlying the Salado Formation is the Rustler
Formation, Figure 12. The Culebra Dolomite
Member of the Rustler Formation is the most trans-
missive water-bearing unit found at the WIPP site.
It is a 8 m thick vuggy dolomite layer. The hydrol-
ogy of this zone is to be focussed on in this iest
case. A cenitral issue is the travel time within the
Culebra from a location above the repository to the
WIPP site boundary.

Des;:ription of the Experiments

Extensive investigations of the Culebra Dolomite
have taken place. These include detailed investiga-
tion of numerous surface features for the purpose
of delineating subsurface features of irregularities
that could affect flow in and around the Culebra.
A transient electromagnetic survey is planned for
1991-92, in order to better delineate a hypoth-
esised fractured region, a high transmissivity zone
in the soutbeast corner of the site.

Sixty wells have been completed to the Culebra
dolomite at 41 locations to provide information on
the hydraulic properties (Figure 13). Large varia-
tion in transmissivity related to fracturing has been
identified.

Well test data from three wells in the south-
eastern pari of the site (DOE-1. H-3. H-11) indi-
cate the presence of a zone of relatively high
wansmissivity within an area of otherwise low
transmissivity.

Two pumping tests, each of two months’ dura-
tion, and two convergeni-flow tracer tests have
been performed in the vicinity of the above
described high transmissivity zone. Oge pumping
test and one tracer test were performed near the
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center of the WIPP site near what is believed to be
the northwestern edge of the high transmissivity
zone. The other pumping test and tracer test were
performed in the high transmissivity zone near the
southern site boundary.

In addition, geochemical and isotope studies
have been conducted in order 1o obtain additional
insight into the hydrologic behavior of the Culebra,
In general these data have been used to dem-
onstrate that the age of the Culebra waters is of the
order of 10 000 years, and that the waters origi-
nated during a known pluvial period.
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Figure 12. WIPP area stratigraphic column.

Objectives of the Test Case

A number of different objectives can be iden-
tified. One possible objective could be to deter-

36

mine if the hydrologic data support the derived
rransmissivity disribution and/or the model
boundary conditions. Related to this objective
could be an evajuation of the uniqueness of the
derived transmissivity distribution. A third reiated
objective could be to determine the uncertainfy in
the wransmissivity distribugon.

An additional important objective could be to
determine the resolution in trapsmissivity needed
for long time (10 000 years) predictions of radio-
nuclide travel time. Related to this objective could
be an evaluation of the uncertainty in predictions
of radionuclide travel time. Other objectives could
be to detemine if the paleoflow directions inferred
from the geochemical/isctopic data could be repro-
duced using the current wansmissivity distribution
and boundary conditions altered to simuliate in-
creased rainfall; 1o determine if halite gypsum
disselution will take place in the next 10 000 years
in the Culebra, resuiting in an alteration in the
trapsmissivity distribution; to determine if the
hydrologic evidence is sufficient to rule out a
significant effect on wanspont of karst features.

Available data

The data base for this test case is very large and
comains:

—- UTM coordinates and surveyed elevations for
all wells

— core logs and/or geophysical logs from all weil
locations

— geochemical and isotope data (major ion con-
centrations, density, etc.} from all well foca.
tons

—rawanc¢ Aerpreted hydraulic-test data from all
well lo. tdions .

— raw ana interpreted tracer-test daia

—cote porosity and permeability data from
tracer-test and other locations

——water-level daw (hydrographs) from time of
well construction to preseat for all wells

— estimated steady-siate hydraulic heads at all
well locations

—calibrated steady-state regional groundwater-
flow model

— calibrated transient regional groundwater-flow
model
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GORLEBEN

Saline groundwater movements in the vicinity of
the Gorleben salt dome, Germany.

Overview

The Gorleben salt dome is located in the nonth-
eastern part of Lower Saxony in Germany. The sait
dome is approximately 14 km long, up to 4 km
wide and its base is more than 3000 m below
surface. An erosional channpel, the 'Gorleben
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Channel’, more than 10 km iong and 1-2 km wide,
crosses the salt dome from south to north. Erosion
along the channel extends down to the cap rock (a
residue of the dissolution process of salt in ground-
water) and in some places down to the sait. In the
channel, fairly thick sandy sediments with inter-
bedded lenses of till are overlain by a complex of
silt and clay up to 100 m thick. Freshwater in the
upper part of the aquifer system is underlain by
saline groundwater. The groundwater movements
in the erosional channel is the topic for this test
case. The groundwater movements in such an
aquifer system depend to a large degree on the
salinity, which influences the water density.
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Figure 14. Hydrogeological cross section of the Gorleben sait dome.



Experimental design

Hydrogeological investigations have been con-
ducted in an area of about 300 kmn* around the sait
dome. During these investigations four pumping
tests were carried out: one in fresh water and three
in saline water, Information obtained during these
tests were information on boundaries, the hydro-
geological structure, connections between differ-
ent aquifers, hydraulic parameters (permeabilities,
storage and leakage coefficients). In one of the
pumping tests the pumped well penetrates the en-
tire deeper aquifer in the erosional channel, Fig-
ure 14. The pumpingstest was carried out with a
pumping rate of 30 m~/h over a period of 3 weeks.
The density of the water ranges from 1010 to 1200
kg/m3. This pump test wilt form the bases for the
first part of this INTRAVAL test case. The second
part is to model the regional groundwater flow, the
salt dissolution and their interaction.

Availabiedata

The data available from the selected pumping
test: -
—. borehole locations (maps)
— hydrogeological data (groundwater leveis etc.)
— pumping test data (hydrographs, salinometer
logs, pumping rates, electric conductivities,
temperatures, densities, €ic.)

Large amounts of data are also availabie from
other tests performed.

WIPP1

Brine flow through bedded evaporites at the Waste
Isolation Pilot Plant (WIPP) in Carisbad, New
Mexico, USA.

Overview

This test case is based on one experiments per-
formed with the aim to determine the rate of brine
flow through WIPP bedded evaporites. The WIPP
located in Carlsbad, New Mexico is an under-
ground research and development repository (see
Figure 15) lying 655 m below ground surface
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within bedded evaporites, primanly halite, of the
Permian Salado Formation. Three geologic forma-
tions are important {o the expected performance of
the WIPP: the Salado formation, in which the
repository is located; the Rustler formation, which
contzins an aquifer overlying the Salado forma-
tion; and the Castile Formation, which underlies
the repository and contains pockets of pressurised
brine. The hydraulic behaviour of the Salado For-
mation is the focus of the present test case. The
experiments are designed to provide a variety of
data with which to determine whether Darcy’s
Law for a porous, elastic medium correctly
describes the flow of brine through evaporites, or
whether a different model is more appropriate. The
test case is also related to another important issue,
the ability of waste-generated gas to flow from the
repository into the formation.

Experimental Design

Data from three types of experiments will form the
bases for this test case: '

— small scale brine-inflow experiments
— pore pressure and permeability testing
— integrated, large scale experiment

Small scale brine-inflow experiments

Brine-inflow rates are being measured at three
scales: in 10 ¢cm and 1 m diameter boreholes and
in a cylindrical room with 2.9 m diameter (see
large scale experimeat). The boreholes are orien-
tated vertically downward or horizontally and ex-
tend from 3 to 6 m. The boreholes are monitored
for brine inflow (see example in Figure 16), and

relative humidity, The humidity measurements aid

in quantifying the total moisture entering a bore-
hole. Chemical analyses of brine collected are also
available. The brine-infiow measurements in the
10.cm in diameter boreholes generally show rapid-
ly declining flow rates for the first few months,
followed by steady but slow declining flow rates
over long periods (2 years).

Pore-pressure and permeability testing

Pore-pressure measurements are made in bore-
holes with a diameter of 10 cm and of 2¢t0 27 m
length, drilled at a variety of orientations. Pore-
pressure are measured in brine filled, packer iso-
lated intervals in the borehoies. Factors other than
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the formation pore-pressure that could contribute
to pressures observed in a borehole, e.g. tempera-
ture changes and borehole closure, are monitored.
The boreholes are aiso used for permeability ex-
periments, both pressure-puise tests and constant-
pressure flow tests. During the pressure-puise
tests. gas tends to accumulate in the boreholes. The
gas is thought to evolve from Salado Formation
brine in response to the lower pressure around the
borehole relative to the pressure in the far fieid.
The gas volumes are measured and the composi-
tions are analysed.

Integrared, large-scale experiments

A horizonial cy  drical room, with a diameter of
2.9 m and a lengih of 107 m, has been mined for
the purpose of measuring brine inflow to a room-
sized excavation. The room slopes slightly upward

from front to back to follow the natural dip of
bedding. The room was mined in July 1989 and
sealed in October 1989. The hurnidity within the
room is now being measured, as will the brige
inflow in the room when it appears. Salt effiores-
cences resulting from brine evaporation on the
surface of the room are regularly mapped. Pore-
pressure measurements were made continuously
before, during and after mining of the room and
permeability experiments were performed before
and after the mining in a number of boreholes
placed around the room. A series of boreholes, 4
and 10 cm in diameter, will be drilled in various
directions from the room. These boreholes will
also be instrumented to allow perrneability experi-
ments, pore-pressure measurements, and measure-
ments of borehole deformation and brine inflow,
Brine inflow. humidity and room closure will con-
tinue {0 be measured past January 1992.

Excavetion Period

Fr="T1 1901 and 1982
T 1983 and 1984
T 1985 and 1844
3 1907 snd 1982
=23 1989 and 1990

Note: Uncolored Aress Indicale
Recent or Fulure Excavetion

Figure 15.Schematic view of the WIPP site.
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Available data

Data availabie from boreholes of different dia-
meters and locations and from a mined cylindrical
rOOMm are:

— brine inflow rates

INTRAVAL
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— rock property data

— general stratigraphic information
—core logs

Supporting information :

— humidity A number of technical issues that are important to
— room closure, borehole deformation the WIPP's performance are tackled, and a large
— pore-pressure - number of different types of tests are or have been
— data from permeability-tests performed within the pilot plant.
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Figure 16. Brine inflow rate vs time in a borehole (Hole DBTI1).

MOL

Migration Experiment in Boom Clay Formation at
the Mol Site, Belgium.

Qverview

This test case is based cn an in situ migration
experiment set up in the underground facility built
in the Boom clay formation at the Mol site in
Belgium. The original purpose of the in situ test is
the in situ determination of migration related para-
meters and confirmation of these parameters deter-
mined in the jaboratory. The experiment is a joint

effort between SCK/CEN, NIRAS/ONDRAF and
PNC.

Experimental Design

In an underground research laboratory (Figure 17)
in the Boom Clay formation at a depth of 220 m 2
pumber of piezometers, 2 so called piezometer-
nest, has been installed (Figure 18). The stainless
steel system contains 9 piezometers, interspaced
by 0.9 m iong tubes. Each piezometer consists of
two concentric tubes, the outer one being made of
sintered stainless steel. A stand pipe with an inter-
nal diameter of 2 mm is connected to the space
separating the concentric tubes. The stand pipe
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makes up the connection between the filter and the
laboratory. A horizoatal hole with 2 diameter of 50
mm and a depth of 10 m was drilled in the clay
formation by rotary drilling. Immediately after
drilling, the complete assembled piezometernest
was pushed into the bole. An inert gas was flushed
through the filters {0 prevent oxidation of the clay.
After about two days the small gap separating the
tubing and the wall of the hole was completely
seated by convergence creep of the clay, and the
gas flow was stopped. The presence of a vertical
experimental shaft at the end of the underground
laboratory (Figure 17) at aunospheric pressure and
lined with concrete bricks creates a hydraulic pres-
sure gradient in the neighborhood of the nest. The
steady state pressure disttibution as a function of
the depth inio the clay was measured,

About two and a half years after the installation
of the piezometemnest the clay formation was sup-
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posed 10 be settled. HTO was injected to filter
number 5 and thereafter iae system is left alone
allowing migration of HTO in three dimensions.
The injection rate of the tracer solution was 5.6
mifday with a duration of about one and a half
month.

The HTO concentration in the clay is measured
by collecton of liquid samples from the other
filters in the nest. The space between the different
filters is ! m. So far wacers have been monitored
only in the filter closest to the injection filter, i.e.
filters 4 and 6. The sampling was started 3 months
after the start of the injection and continues at a two
months interval. To avoid disturbance of the HTO
concentration distribution in the clay formation
due 10 sampling, the sampling frequency and the
101al amount of liquid is kept as low as possible,
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Figure 17. Scheme of the underground facility at Mol.
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Figure 18. Conceprual view of the piezometernest.

Availabie Data

— steady state pressure distribution in the clay
-— HTO concentration as z function tite
-— tracer injection data

Supporting information

Supporting data is available from laboratory ex-
periments and other in situ experiments. Transport
parameters such as the product of effective poros-
ity and retardation factor, apparent dispersion con-
stant, diffusivity, etc., have been estimated. A
number of laboratory experiments have been petr-
formed, such as through diffusion. percolation ex-
periments with clay cores. The Boom clay is rich
in organic matter, with a large part linked to the
mineral components. The remainder (humic and
fulvic acids) can be regarded as dissolved. At-
tempts have beet made to determine the diffusion
parameters of the smallest humic molecules.

ALLIGATOR RIVERS

Natural analogue studies at the Koongarra site in
the Alligaror Rivers area ofthe Northern Territory,
Australia

Overview

This test case is based on work conducted at the
Koongarra site in the Alligator Rivers Region of
the Northern Territory in Australia. The Alligator
River Region is located about 200 ki east of
Darwin. The interational Alligator Rivers Natural
Analogue Project (ARAP) was set up in 1987 and
was sponsored by the OECD Nuclear Energy
Agency. Participaticn organisations are: The
Australian Nuclear Science and Technology Or-
ganisation, the Japan Atomic Energy Research
Institute, the Power Reactor and Nuclear Fuel
Development Corporation of Japan, the Swedish
Nuclear Power Inspectorate, the UK Department
of Environment, and the US Nuclear Regulatory
Commission.

Uranium mineralisation occurs at Koongarma in
two distinct bul related orebodies which strike and
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dip broadly paralle] to a fauit. the Koongarra
Reverse Fault. The main ore body (No. 1), which
is the subject of this study, has a strike length of
450 m and persists to 100 m depth. Primary min-
eralisation is largely confined to quartz-chlorite
schists, secondary uranium mineralisation is
present from the surface down to the base of weath-

CIDHSZ PH L9

ering at about 25 m depth and forms a tongue-like
body of ore dispersing downslope for about 80 m
(Figure 19), The objective of the ARAP test case
in INTRAVAL is to develop a consistent picture
of the processes that have controlled the transport
in the weathered zone and the time scale over
which they have operated.
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Figure 19. Cross section showing the dispersed zone at the Koongarra deposit.

Experimental Investigations

An extensive experimental programme including
both field and laboratory investigations have
resulted in a large number of data characterising
the site. Hydrogeologic data are from drawdown
and recovery tests and water pressure tests. Geo-
logic data are based on the mineralogic and
uraniwm assay logs of 140 percussion holes and
107 drill cores. Groundwater chemical data have
been accumulated from more than 70 boreholes.
Distribution of uranium, thoriumn and radium iso-
topes has been determined in the different
mineralisation zoges. The phase distribution of
uranium and thorium in the weathered zone has
also been studied. Laboratory sorptuion experi-
menis have been performed, using samples from
bore cores. Distribution coefficients have also
been measured on natural particles in Koongarra
groundwater.

Available Data
Hydrogeology

— climatologic data, including rainfall and tem-
perature

- surface water measurements, including stream
flow

— location, elevation, geologic logs, casing and
perforation details of all test holes and wells

—map, showing test holes and wells, as well as
land-surface contours

—aquifer test results including water-level draw-
downs. discharge measurements. and water
quality of discharge

— periodic water level measurements which show
seasonal fluctuations and regional gradients

——resuits of geophysical surveys and back-hoe
pits which show thickness of upper deposits

—results of packer tests in upper part of the bed-
rock, and resistivity waverses



— results from porosity and permeability meas-
urements on drill core samples

Hvdrochemistry

—pH. Eh. D.O.. conductivity and temperature in
groundwaters

— groundwater coancentrations of cations and
trace metals

— groundwater concentrations of uranium series
nuclides and isotopes

Geology, mineralogy, radiochemical

— uranium concentration distnibution assay (247
drilling locations) int core puip and soil samples
— uranium series radioisotope activity ratios data
for selected samples in the ore zone
— results from chemical anpalyses of core samples
— mineralogical composition of samples
—— concentrations and activity ratios of uranium
and thorium in different mineral phases
; 129y 36~ 99 239y .
— concentrations of *“°1, 7 Cl, ""Tc,and ““Puin
rock samples

TWIN LAKE

Tracer experiments at the Twin Lake aqguifer,
Canada.

Overview

A large number of aquifer tests ranging from large
number of small scale field experiments lo very
large scale tracer migration tests have been per-
formed in a sandy aquifer at one of the AECL
research facilities, the Chaik River Nuclear Labo-
ratories. The site is located 200 km northwest of
Ottawa, Canada, in the valley of the Ottawa river.
The 37 km? property lies on the Canadian shield,
with Precambrian bedrock consisting primarily of
grapitic gneiss. Over 10% of the site contains
bedrock that is exposed or buried beneath less than
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" tions (Figure 20). The tracers used are
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I m of overburden. The remainder of the property
is covered by unconsolidated sediments.

The water table in the sandy Twin Lake aquifer
lies 6 to 20 m below grade and the saturated
thickness of this unconfined aquifer ranges from 6
to 10 m.

Experimental Design

The large experimental programme includes 20-
40- ard 260-metres natural gradient tracer experi-
roents. The total groundwater flow path length
from the tracer injection well to the groundwater
discharge area is 270 m and al present there are 170
monitoring installations in the aquifer around the
downgradient of the injection well. Each installa-
tion consists of piezometers with short screens
located at 1 m depth increments through the zones
of saturation, and gamma scanniog is performed
through the full aquifer. The groundwater dis-
charge area, a wetland at the toe of the dune ridge,
currently contains 36 of the moniloﬂ.tllglinstalla-

1, which
can be mapped by gamma scanning, and HTO
which is used to verify that no retardation of the
iodine takes place.

In addition, laboratory measurements on cores
from the aquifer have been performed. The
hydraulic conductivity was determined from
grain-size analysis and the hydrodynamic disper-
sion and longitudinal dispersivity was determined
from column tracer tests.

Data Available

A large database containing data both from field
and laboratory experiments is available, contain-
ing:

— permeameter test data

— small-scale dispersion

—- porosities

— grain size composition

— hydrogeciogical data

— geophysical data

— mapping of tracer migration (Figure 21)
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Appendix 3

List of Test Case Related Presentations at
INTRAVAL Workshops

INTRAVAL Phase 1 Test Cases

Radionuclide migration through clay
samples by diffusion and advection
{TEST CASE la)

Bogorinski P., Larue J., and von Maravic H .,
Comments on Modelling the Harwell Migration
Experiments. INTRAVAL Workshop, Bar-
celona, April 1988.

Bog-orimki P., Overview of Test Case la,
INTRAVAL Workshop, Tucson, November
1988,

Bourke P.J., Gilling D., Jefferies NL,,

Lineham TR., and Lever D A., Radionuclide
Migration in Clay Samples at Harwell
Laboratory, INTRAVAL Workshop, Barcelona,
April 1988,

Bourke P.J., Gilling D., Jefferies NL., Lever
DA., and Lineham T .R., Mass Transfer Through
Clay by Diffusion and Advection: Description of
INTRAVAL Test Case 1a, INTRAVAL
Workshop, Heisinki, June 1939,

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

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

Hossain S., Preliminary Resuits on Test Case ia,
INTRAVAL Workshop, Tucson, November
1988.

Olague 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 /., Preliminary UPC
Results on Test Case 1a, INTRAVAL
Workshop, Tucson, November 1988,

Umeki H., Idemitsu K., and Ikeda Y, Prelimi-
nary Results ont Test Case 1a, INTRAVAL
Workshop, Helsinki, Jupe 1989,

Umeki H., Neyama A., Furuichi K., and
Tkeda Y., PNC Analysis of Test Case la,
INTRAVAL Workshop, Las Vegas, February
199Q,

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

Wijland R., and Hassanizadeh M., Simulation of
Nuclide Migration in Clay, inciuding Matrix Dif-
fusion, INTRAVAL Workshop, Las Vegas,
February 1990.

Uranium Migration in Crystalline Bore
Cores (TEST CASE 1b)

Bischoff K., Hadermann J., and Jakob A, IN-
TRAVAL Test Case 1b, Uranium Migration in
Crystalline Bore Cores, INTRAVAL Workshop,
Barcelona, Aprit 1988.



Bischoff K.. Hadermann J.. and Jakob A .,
INTRAVAL Test Case 1b, Uranium Migration
in Crystalline Bore Cores - Small Scale Pressure
Infiitration experiments, INTRAVAL
Workshop, Tucson, November 1988.

Carrera J., and Samper J ., 1dentifiability
Prchiems with Data on Test Case 1b,
INTRAVAL Workshop, Barcelona, April 1988,

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

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

Grindrod P., A Note on the Role of Nonlinea:
Sorption in INTRAVAL Case 1b, INTRAVAL
Workshop, Las Vegas, February 1990.

Grindrod P, and Hodgkinson D ., The Roie of
Noniinear Sorption in INTRAVAL Case b,
INTRAVAL Workshop, Las Vegas, February
1990.

Hadermann I., and Jakob A., Modelling Test
Case 1b with Various Mechanisms and
Geometries, INTRAVAL Workshop, Cologne
1990.

Hara K., Nakahara Y., Neyama A., Shiga A., and
fkeda Y., Modelling Study of Test Case 1b,
INTRAVAL Workshop, Cologne 1990.

Haurojdrvi A., Preliminary VTT Results on Test
Case 1b, INTRAVAL Workshop, Tucson,
November 1983.

Hautojdrvi A., Channels as Migration Routes in
Crystalline Rock Sampies, INTRAVAL
Workshop, Helsinki, June 1989.

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

Jackson C.P., Sumner P.I., and Preece TE., A
Study of INTRAVAL Test Case 1b,
INTRAVAL Workshop, Las Vegas, February
1990.
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Jakob A.. Hadermann J.. and Zingg A.. PSI New
Modelling Results, INTRAVAL Workshop, Tuc-
son. November 1988,

Kjellbom K., Moreno L., and Neretnieks [,
Preliminary Evaluation of Some Uranium Migra-
tion Tests, INTRAVAL Workshop, Helsinki,
June 1989.

Radionuclide Migration in Single Natural
Fissures in Granite (TEST CASE 2)

Aimo N.J., Battelle PNL Modelling Resuits,
INTRAVAL Workshop, Tucson, November
1988,

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

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

Kimura H., Preliminary Results of Test Case 2
Study, INTRAVAL Workshop, Barceiona. April
1988.

Neremicks 1., Previous Modelling of Test Case 2
Experiment, INTRAV AL Workshop, Barcelona,
April 1988,

Neremieks ., Presentation of Test Case 2.
INTRAVAL Workshop, Tucson, November
1988.

Skagius K., esentation of Test Case 2.
INTRAVAL ~Norkshop, Barcelona, April 1988.

Tracer Tests in a Deep Basalt Flow Top
({TEST CASE 3)

Cole C.. INTRAVAL Test Case 3, Experiments
and Model Calculation. INTRAVAL Workshop,
Barcelona, April 1988.

Cole C., and Aimo N_.J ., Presentation of Test
Case 3, INTRAVAL Workshop, Tucson,
November 1988.
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Andersson J., Comments on INTRAVAL Test
Case 3, INTRAVAL Workshop, Barcelona,
April 1988.

fdemitsu K., and Umeii H., Caiculation of the
Concentration of a Dispersive Tracer Soiute by
Means of Numerical Solution of the Balance
Equation, INTRAVAL Workshop, Bar_¢iona,
April 1988.

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

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

Flow and Tracer Experixﬁents in Crystal-
line Rock Based on Stripa 3D Experi-
ments (TEST CASE 4)

Andersson J_, Discrete Network Analysis of
Tracer Experiments in Stripa 3D, INTRAVAL
Workshop, Las Vegas 1990,

Dverstorp B., Application of the Discrete Frac-
ture Network Concept ot Field Data: Pos-
sibilities of Model Calibration and Validation,
INTRAVAL Workshop, Barcelona, Aprii 1988.

Dverstorp B., and Nordgvist W., Flow and
Transport Simulations with a Discrete Fracture
Network Model, INTRAVAIL Workshop, Hel-
sinki, June 1989.

Hodgkinson D., Shaw W., and Barker J., Modell-
ing by Flows in Continuous Dimension,
INTRAVAL 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 I., Presentation of Test Case 4: 3D
Migration Experiment at Stripa, INTRAVAL
Workshop, Barcelona, April 1988,

Neremieks I., Presentation of Test Case 4,
INTRAVAL Workshop, Tucson, November
1988.

Tsang Y. W..and Tsang C F., Understanding
Stripa 3-D Tracer Migration Data. INTRAVAL
Workshop, Helsinki, June 1989.

Tracer Experiments in a Fracture Zone
at the Finnsjon Research Area (TEST
CASE 5)

Andersson P, Experimental Results and Further
Plans, INTRAVAL Workshop, Tucson, Novem-
ber 1988.

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

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

Grindrod P., and Worth D ., Do the Pulse Injec-
tion Experiments Exhibit Radially Convergent
Fracture Flow?, INTRAVAL Workshop, Las
Vegas, February 1990.

Gustafsson E., Andersson P., and Wikberg P.,
Recent Achievements in the Performance and
Evaluation of the Finnsjon Experiments. IN-
TRAVAL Workshop, Las Vegas, February 1990,

Hautojdrvi A., Dipole Results, INTRAVAL
Workshop, Cologne, October 1990.

Hauwrojdrvi A., and Taivassalo V., Generaised
Taylor Dispersion Analysis for Tracer
Breakthrough in the Radially Converging Experi-
ment of Finnsjon (test case 5), INTRAVAL
Workshop, Barcelona, April 1988.

Hawutojdrvi A., and Taivassalo V., Pre-Test Cal-
culations of VTT-Team for Radially Converging
Test, INTRAVAL Workshop, Tucson, Novem-
ber 1988.

Haurojdrvi A., Taivassalo V., and Vuori §., Inter-
pretation of Results of the Radially Converging
Test, INTRAVAL Workshop, Helsinki, June
198%.

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



Haurojdrvi A., Taivassalo V., and Vuori §.. Inter-
pretation of Test Case 5, Radially Converging
Experiment, INTRAVAL Workshop, Las

Vegas, February 1990,

Kimura H., and Katsuragi T., Predictive Modell-
ing of the Dipole Experiment at the Finnsjén Re-
search Area, INTRAVAL Workshop, Helsinki,
June 1989.

Kimura H., Katsuragi T., and Yamashita R .,
Preliminary Resuits of the Radially Converging
Tracer Experiment at the Finnsjon Research
Area, INTRAVAL Workshop, Las Vegas,
February 1990.

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

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

Neretnieks I, Preliminary Predictions of
Finnsjdn Tracer Tests, INTRAVAL Workshop,
Barcelona, April 1988,

Nordquist R., Numerical Predictions of a Dipole
Tracer Test in a Fracture Zone in the Brindan
Area, Finnsjon, INTRAVAL Workshop, Hel-
sinki, June 1989.

Winberg A., Geostatistical Analysis of Hydraulic
Cornductivity Data at Finnsjdn, INTRAVAL
Workshop, Helsinki, June 1989.

Yamashita R., and Kobayashi A., Preliminary
Calculations Using Fracture Network Approach
for Tracer Test in Finnsjén Site, INTRAVAL
Workshop, Las Vegas, February 1990.

Synthetic Data Base, Based on Single .
Fracture Migration Experiments in Grim-
sel (TEST CASE 6)

Codell R., Cole C., and Vomvoris S., Synthetic
Migration Experiment - INTRAVAL Problem
V1, INTRAVAL Workshop, Tucson, November
1988.
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Codell R., Cole C., and Vomvoris §., Synthetic
Migration Experiment - INTRAVAL Problem 6,
INTRAVAL Workshop, Helsinki, June 1989.

Codell R., and Trésch J., Calculation of Syn-
thetic Experiment, INTRAVAL Workshop, Las
Vegas, Febriary 1990.

Kuhimann U., and Vomvoris S., Interpretation of
INTRAVAL Test Case 6, Syathetic Experiment,
INTRA VAL Workshop, Cologne, Octaber 1990.

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

Redox-front and radionuclide movements in an
open Pit Uranium Mine, Pocos de Caldas (TEST
CASE 7a)

Neremieks I., Presentation of Test Case 7a:
Reds Sront and Uranium Movement at Pocos
de ¢ das, INTRAVAL Workshop, Barcelona,
Aprii 1988,

Neremieks I., Preseatation of Test Case 7a:
Redox Front Movement, INTRAVAL
Workshop, Tucson, November 1988.

Neretnieks I., Redox Front Studies at Pogos'de
Caldas, INTRAVAL Workshop, Las Vegas,
February 1990.

Romero L., Moreno L., and Neretnieks I., Pogos
de Caldas. The Location of the Redox Front,
INTRAVAL Workshop, Helsinki, June 1989.

Morro do Ferro Colloid Migration
Studies (TEST CASE 7b)

Chapman N., Presentation of Tes;t Case 7b: Col-
loid Transport, INTRAVAL Workshop, Tucson,
November 1988.

Noy D ., Presentation of Test Case 7b: Colloid
Mobility at Pogos de Caldas, INTRAVAL
Workshop, Barcelona, April 1988,
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Natural Analogue Studies at the Koongar-
ra Site in the Alligator Rivers Area
(TEST CASE 8)

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

Duerden P., and Golian C., Presentation of
Koongarra and Praft 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,
INTRA VAL Workshop, Helsinki, June 1989,

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

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

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

Golian C., Test Results of the Simplified 2D
Modelling of th Koongarra System Describing
the Preferential Uraninm Pathways, IN-
TRAVAL Workshop, Cologne, October 1990.

Lever D ., Koongarra Transport Modelling, IN-
TRAVAL Workshop, Barcelona, April 1988.

Nijhoff-Pan [., Discussion on Test Case 8: Al-
ligator Rivers (Koongarra) Ore Deposit,
INTRAVAL Workshop, Helsinki, June 1989.

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

Sverjensky D., Geochemical Aspects of the Al-
ligator River Analogue Project, INTRAVAL
Workshop, Tucson, November 1988.

Radionuclide Migration in a Block of
Crystalline Rock (TEST CASE 9)

Haurojdrvi A, Preliminary Calculations of
Migration in the Fracture Channels,
INTRAVAL Workshop, Helsinki, June 1989.

Kawanishi M., Preliminary Resuits on Test
Case 9 by using Dual-Porosity Simulation Code,
INTRAVAL Workshop, Cologne, October 1990.

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 C.J., and Gureghian A.B., Large Block
Migration Experiments, INTRAVAL Workshop,
Tucson, November 1988.

Rasilainen K., Hawtojgrvi A., and Vuori §.,
Preliminary Interpretaiion of Test Case 9 using
FTRANS-code, INTRAVAL Workshop, Las
Vegas, February 1990.

Vandergraaf TT., Grondin D M., and

Drew D.J., Contaminant Transport Laboratory
Studies in a Single, Natural Fracture in a Quar-
ries Granite Block at a Scale of 1 Metre,
INTRAVAL Workshop, Tucson, November
1988,

Evaluation of Unsaturated Flow and
Transport in Porous media Using an Ex-
perimental with Migration of a Wetting
front in a Superficial Desert Seil, Las
Cruces Trench (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 Trench Experiment, INTRAVAL
Workshop, Las Vegas, February 1990.



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

Gelhar L., Applications of the Stochastic Model
10 the Las Cruces Data Base, INTRAVAL
Workshop, Tucson, November 1988,

Goodrich M.T., Updegraff C.D., and Davis PA.,
A 2-D Deterministic Model of the Las Cruces
Trench Infiltration Experiment, Preliminary
Results, INTRAVAL Workshop, Tucsoa,
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., Data Analysis
and Modelling of the Las Cruces Trench Second
Experiment, INTRAVAL Workshop, Las
Vegas, February 1990,

Hills R.G., Hudson, D .B., Porro ., and
Wierenga PJ., 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 Trench,
INTRAVAL Workshop, Las Vegas, February
1990.

McLaughlin D., Model Validation Issues for Un-
saturated Flow Systems. INTRAVAL
Workshop, Tucson, November 1988.

Nicholson T ., Preseniation of Test Case 10,
INTRA VAL Workshop, Tucson, November
1988.

Nicholson T ., Introduction, Test Case 10,
INTRAVAL Workshop, Hel_sinki, June 1989.
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Rasmuson A., Lindgren M., and Coliin M., Flow
and Transport Simulations of the Second Las
Cruces Trenchk Experiment, INTRAVAL
Workshop, Las Vegas, February 1990,

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

Smyth J.D ., Infiltration Simulations of the Jor-
nada 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, Tucson,
November 1988.

Wierenga P., Field and Laboratory Experimental
Resuits with Emphasis on Transport,
INTRAVAL Workshop, Tucson, November
1988.

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

Evaluation of Flow and Transport in Un-
saturated fractured Rock Using Studies
at Apache Leap Tuff Site (TEST CASE
11) -

Bradbury J., Evaporation in Unsaturated Frac-
tured Rock - an Alternative Conceptual Model,
INTRAVAL Workshop, Tucson, November
1988.

Codell R., Transport in Two-Phase Flow in Tuff
Drillcore, INTRAVAL Workshop, Helsinki,
June 1989.

Evans D., Fieid and Laboratory Experimental
Results, INTRAVAL Workshop, Tucson.
November 1988.

Evans D., Rasmussen T.. and Sullv M .. Rock
Matrix Characterization in Apache Leap Tuff,
INTRA VAL Workshop, Las Vegas, February
1990.
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Evans D.. Rasmussen T., and Sully M .. Non-
isothermal Core Experiments in Apache Leap
Tuff, INTRAVAL Worksbop, Las Vegas,
February 1990.

Evans D.. Rasmussen T, and Sully M., Cross-
hole Preumatic Testing at the Apache Leap Tuff
Site, INTRAVAL Workshop, Las Vegas,
February 1990.

Evans D., RasmussenT., and Sully M .,
Laboratory Fracture Fiow Experiments in
Apache Leap Tuff. INTRAVAL Workshop, Las
Vegas, February 1990,

Lindgren M., and Rasmuson A., Two-Phase
Flow Simulations in a Heated Tuff Driilcore,

INTRAVAL Workshop, Cologne, October 1990.

McCariin T., Simulation of the Apache Leap
Tuff Site Borehole Experiment, INTRAVAL
Workshop, Tucson, November 1988,

McCartin T., Two-Phase Flow Simulations in a
Tuff Drillcore, INTRAVAL Workshop, Hel-
sinki, June 1989,

Nicholson T., Presentation of Test Case 11,
INTRAV AL Workshop, Tucson, November
1988.

Parsons AM., and Davis P A., Modeling

Strategy and Data Analysis for the Apache Leap

Tuff Block Experiments, INTRAVAL
Workshop, Helsinki, June 1989,

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

University of Arizona, Field and Laboratory Ex-
periments in Unsaturated Fractured Tuff, IN-
TRAVAL Workshop, Helsinki, June 1989.

Experiments with changing Near-Field
Hydrologic Conditions in Partially
Saturated Tuffaceous Rocks, G-Tunnel
(TEST CASE 12)

Hoxie D.T., Empirical Validation of Hydrologic
Model Simulations of Changing Near-Field
Hydrologic Conditions, INTRAVAL Workshop,
Barcelona, April 1988.

Hoxie D.T. Flint AL.. and Chornack M.P..
Model Validation with Respect to Shont-Term
Dynamic Effects and Long-Term Transient Ef-
tects, INTRAVAL Workshop, Tucson, Novem-
ber 1988,

Experimental study of Brine Transport in
Porous Media (TEST CASE 13)

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

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

Bogorinski P., Jackson P., and Porter J A., New
Approach to the RIVM Experiment,
INTRAVAL Workshop, Cologne, October 1990.

Hassanizadeh S M ., Presentation of Experimen-
tal Results from Brine Experiment, INTRAVAL
Workshop, Barceiona, April 1988.

Hassanizadeh S M., Experimental Study of
Brine Transport in Porous Media, INTRAVAL
Workshop, Tucson, November 1988.

Hassanizadeh S.M., and Leijnse T., Simulation
of the Brine Transport Experiments,
INTRAVAL Workshop, Helsinki, June 1989,

Hassanizadeh S M., Latest Resuits on Simula-
tion of Brine Transport Experiments,
INTRAVAL Workshep, Las Vegas, February
1990,

Schelkes K., Preliminary BGR Resuits,
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.

Groundwater Flow in the Vicinity of the
Gorleben Salt Dome (TEST TASE 14)

Glasbergen P., Proposals for Test Cases Related
10 Rock Salt, INTRA VAL Workshop, Bar-
celona, April 1988.



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

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

INTRAVAL Phase 2 Test Cases

LAS CRUCES TRENCH

Hills R., and Wierenga P., Las Cruces Trench
Experiments Phase 2. and Validation Strategy,
INTRAVAL Workshop, Seattle. April 1991.

Qlague N., Kozak M., and McCord J., Las
Cruces, Summary of Post Analysis. Proposed
Suategy for Phase 2, INTRAVAL Workshop,
Seattle, April 1991.

Rockhold M ., Conceptual Approach and Initial
Numerical Modeiling of the Plot 2b Experiment
Using PORFLO-3, INTRAVAL Workshop,
Seatule, April 1991.

Wirtmeyer G., and Sagar 8., Flow and Transport
Modelling of Test Case, INTRAVAL
Workshop, Seattle, April 1991.

APACHE LEAP TUFF

Ford W., Pole J., Codeil R., and McCartin T,
Simulations of Hypothetical Flow Experiments
in Fractured Rock Blocks, INTRAVAL
Workshop, Seattle, April 1991.

Guzman A., Sully M., and Neuman S.P., Three
Dimensional Characterization of Pneumatic Per-
meabilities in Unsaturated Fractured Tuff at the
ALT Site, INTRAVAL Workshop, Seattle,
April 1991.

Rasmussen T.C., and Anderson [., Unsatrated
Apache Leap Tuff Experiments: Fracture Imbibi-
tion Tests and Non-Isothermal Core Tests,
INTRAVAL Workshop, Seattie, April 1991,
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Rasmussen T.C., and Evans D., The Apache
Leap Tuff Site Proposed Field Heater Ex-
perimental Plan, INTRAVAL Workshop. Seat-
tle, April 1991.

Sully M., Guzman A., and Neuman S P., In Situ

Poeumatic Permeability, INTRAVAL
Workshop, Seattle, April 1991,

FINNSJON

Gomit J. M., Finnsjon Test Case, INTRAVAL
Workshop, Seattie, April 1991,

Vuori §., Evaluation of Migration Processes and
Geometries Using Tracer Break-through Curves
of INTRAVAL Test Cases (Finnsjbn, Stripa, .
WIPP 2), INTRAVAL Workshop, Seattle, April
1991. ’

STRIPA

Guerin F., Billaux D., Chiles J.P., and Sauty
JP., Stripa: First Attempt at Tracer Experi-
ments. Simulations by a Set of Interconnected
Channelized Fractures, INTRAVAL Workshop,
Seaule, Aprii 1991.

WIPP 2

Beauheim R., Overview of Tests Conducted on
the {(WIPP 2) Culebra Formation at the WIPP,
INTRAVAL Workshop, Seattle, April 1991.

Corber T F.. Overview of Modeling Studies of
the (WIPP _ . Culebra Formation at the WIPP,
INTRAVAI Workshop, Seattle, April 1991.

- Grindrod P., Flow Through Fractal Rock: What

does the WIPP 2 Field Data Reveal?, IN-
TRAVAL Workshop, Seattle, April 1991.

Jackson P.C., Preliminary Discussion on WIPP
2, INTRAVAL Workshop, Seattle, April 1991.

GORLEBEN

Schelkes K., Gorleben Test Case, INTRAVAL
Workshop, Seattle, April 1991,
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WIPP 1

Beauheim R, Interpretation of Permeability
Tests (WIPP 1) SOPO1 and L4P51, INTRAVAL
Workshop, Searttle, April 1991.

Finley $J., Small Scale Brine Inflow Experi-
ments (WIPP 1): Data and Interpretation,
{NTRAVAL Workshop, Seattle, April 1991.

MOL

Qiague N., Kozak M., and McCord J., Mol:
Preliminary Anaiyses. Proposed Strategy for
Phase 2. INTRAVAL Workshop, Seattle, April
1991.

Pur M.. Mol: Case Description and Modelling
Methodology with Results, INTRAVAL
Workshop, Seattle, April 1991.

ALLIGATOR RIVERS

Birchard G., and Murphy W ., Koongarra
Analogue of the Near Field of an HLW
Repository, INTRAVAL Workshop, Seattle,
April 1991.

Golian C., Uranium Series Radionuclide
Mobility in the Koongarra Weathered Zone,
INTRAVAL Workshop, Seattle, April 1991.

Towniey L., Hydrology of the Koongarra Site, In-
cluding Predictions of 3D Groundwater Flow
Patterns, INTRAVAL Workshop, Seattle, April
1991.

TWIN LAKE

Durin M. and Mouche E., Comments to Twin
Lake Test Case, INTRAVAL Workshop,
Seattle, April 1991.

Gomit J-M ., Twin Lake Test Case, INTRAVAL
Workshop, Seattle, April 1991.

Olague N., Kozak M. and McCord 7., Twin |
Lake: Preliminary analyses. Proposed Strategy
for Phase 2, INTRAVAL Workshop, Seattle,
April 1991.
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The intenational INTRAVAL proiect started in
October 1987 in Stockholm as an international
effort towards validation of geosphere models for
transport of radionuclides. The project was initi-
ated by the Swedish Nuclear Inspectorate, SKI,
and was prepared by an ad-hoc group with repre-
sentatives from eight organisations.

24 organisations "Parties’ from fourteen coun-
tries participate in INTRAVAL. The projectis gov-
emed by a Coordinating Group with one represen-
tative from each Party. The SKI acts 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 organisation, the objectives of the study
and rutes for the publication of results are defined
by an Agreement between the Parties,

The INTRAVAL philosophy is to use resuits
from jaboratory 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 evaluat-
ing conceptual and mathematical models for
groundwater flow and radionuclide transportinthe
context of performance assessment of repositories
for radioactive waste. In the two previous studies,
INTRACOIN (1981-1986) and HYDROCOIN
(1984-1990), the numerical accuracy of computer
codes, the validity of the underlying conceptual
models and different techniques for sensitivity/un-
certainty analysis have been tested. In INTRAVAL
the focus is on the validity of model concepts.

The INTRAVAL stuidy was started in October
1987. The first three year study, Phase 1, is
finalised. The second three year period, Phase 2,
started in October 1990. The last workshop will be
held in the autumn 1993 followed by a final meet-
ing mid- 1994,

The purpose of the INTRAVAL study is to in-
crease the understanding of how mathematical
models can describe various geophysical, geo-
hydrological and geochemical phenomena. The
phenomena studied are those that may be of im-
portance to radionuclide transport from a
repository 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 models
in an attempt to validate the underlying conceptual
models and to study the model validation process.
In INTRAVAL the ambition is to cover validation
of models both in regard to the processes and
site-specific systems.

Ten test cases are included in Phase 2 of the
study. The test cases are based on experimental
programmes performed within different national
and international projects. Several of the cases are
based on international experimental programmes,
such as the Stripa Project and the Alligator Rivers
Analogue Project.

Pilot Groups have been appointed for each of
the test cases. The responsibility of the Pilot Group

nYinAarvaL
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is 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.
It is a pronounced policy of the INTRAVAL study
to support interaction between modellers and ex-
perimentalists in order to gain reassurance that the
experimental data are properly understood and that
the experiences of the modellers regarding the type
of data needed from the experimentalists are ac-
counted for.

Contact between the participants is maintained
by arranging workshops which are followed by
Coordinating Group meetings. Working Group
meetings take place between the workshops.

Since the issue of the previous Progress Report,
the seventh INTRAVAL workshop and the third
Phase 2 Coordinating Group meeting were held in
Sydney, Australia. Duning the workshop the par-
ticipants described the modelling work performed
and discussed the results achieved so far. Addition-
al background information has been made avail-
able for some of the test cases, and an additional
experiment in unsaturated media was included.

A tentative schedule for the final reporting of the
project was discussed and it was conciuded that
extended outlines of the reports have to be avail-
able in November 1992. The finalisation of the
Phase 1 final reports proceeds according to plan.
All test case reports are scheduled for printing in
May 1992 and the Executive Summary report is
scheduled for printing in the aurumn 1992.

The Seventh INTRAVAL
Workshop and the Third

Phase 2 Coordinating

Group Meeting

The severnth INTRAVAL workshop and the third
Phase 2 Coordinating Group Meeting were held in

Sydney, Australia, on the 10th through 14th of
February, 1992, with the Australian Nuclear
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Science and Technology Organisation (ANSTO)
acting as host. At the workshop technical presen-
tations of the modelling resuits achieved by the
Project Teams were given. Many of the teams
discussed validation issues. The final reporting of
INTRAVAL phase 2 was initiated and it was
decided that extended outlines of the Working
Group reports should be available in November
1992.

The Coordinating Group meeting was held on
the 14th of February, 1992. At this meeting Mr.
Johan Andersson, SKI, the former secretary, was
elected as new Chairman of the INTRAVAL Coor-
dinating Group replacing Mr.Kjell Andersson who
has resigned from the SKI. Mr. Bjorn Dverstorp
was elected the new secretary. The time schedule
for the finalisation of the INTRAVAL project was
agreed upon (see section about Working Groups).
An INTRAVAL Subcommittee for Integration
(IS) was formed and the proposed charter was
adopted. It was decided to arrange atopical session
(full day) on validation issues at the next work-
shop. The validation session will be divided into a
morning session reserved for invited speakers and
an afternoon session with discussions.

The next INTRAVAL workshop will be heid in
San Antonio, Texas, USA, on the 9th through the
13th of November, 1992. A field trip to the WIPP
site will be arranged the week -before the
workshop. The tentative time schedule for the
remaining INTRAVAL activities are: the fourth
and last workshop in September 1993, and a final
meeting in autumn 1994, Separate Working Group
meetings are scheduled prior to the next
INTRAVAL workshop.

INTRAVAL Sub-Committee
for Integration (ISI)

At the first Phase 2 INTRAVAL Coordinating
Group Meeting, the Coordinating Group approved
the establishing of a subcommittee to the
INTRAVAL Coordinating Group. The purpose of
the INTRAVAL Subcommittee for Integration
(IST) is to assist the INTRAVAL Secretariat by
integrating the activities of the Working Groups,
the validation approaches and the lessons leamned
for the INTRAVAL Project. The activities include
preparation of an integration report to become part
of the INTRAVAL Phase 2 final reports. The Com-
mittee members shouldtake part in workshops and

refated activities and give suggestions for tuture
activities.

The Commirtee consists of the Chal.  f the four
INTRAVAL Working Groups and additional mem-
bers elected by the Coordinating Group and mem-
bers of the Secretariat.

INTRAVAL Phase 1 Reporting

The achievements from the first phase of IN-
TRAVAL will be documented in an Executive
Summary Report and a series of technical reports.
The technical reports cover descriptions, evalua-
tions and conclusions from the modelling work
performed for the different test cases. One of the
technical reports is a compilation of descriptions
of the experiments on which the test cases are
based. Thetechnical reports have been prepared by
six Working Groups. An editor for each test case
has been appointed with the responsibility to com-
pile the test case analysis provided by the Project
Teams that have worked with the test case.

The reporting proceeds according to plan. All
test case reports are scheduled for printing in May
1992 and the Executive Summary Repont is
scheduled for printing autumn 1992.

Information from the Phase 2
Working Groups

Four Working Groups have been set up addressing
different types of test cases (Table 1).

Table 1. Working Growps for INTRAVAL Phase 2.

Working Test Cases Chairman
Group

| Las Cruces T. Nicholson
Trench
Apache Leap

2 Finnspp'()n Stipa C-F. Tsang
WIPP 2 S. Neuman

3 Gorleben P. Bogorinski
WIPP 1
Mol

4 Alligator Rivers  P. Duerden
Twin Lake

A chairman has been elected for each Working
Group, sometimes aided by another person. The
chairs of the Working Groups are responsible for



the preparation of Working Group reports, which
will form part of the tinal reporting of INTRAVAL
Phase 2.

Since the last workshop in Seartde, USA, in April
1991, all Working Groups have arranged meetings.
Minutes from most of these meetings are available
on request from the Project Secretariat. The meet-
ings held are presented in Table-2. During the
workshop in Sydney one and a half day was dedi-
cated to Working Group meetings.

Table 2. Working Group meetings held between
May 1991 and April 1992.

Working  Date Location  Test Case
Group
1 June 1991 Rockyville, Apache
USA Leap Tuff
1 November Rockville, Las Cruces
1991 USA Trench
1 December Berkeley, Apache
1991 USA Leap Tuff
2 October  Santa Fe,
1991 USA
3 “October  Sama Fe,
1991 USA
4 July 1991  Sydney,  Alligator
Australia Rivers
4 September  Twin  Twin Lake
1991 Lake
Canada

Prior to the next INTRAVAL workshop a num-
ber of Working Group meetings are scheduled

(Table 3).

Table 3. Scheduled Working Group meetings.

Working  Date Location  Test Case
Group
1 March 1992 Yucca Yucca Moun-
Mountain  tain marix in-
filtration®
1 May 1992 Las Cruces, Las Cruces
USA Trench
1 July 1992 Berkeley, Apache
USA Leap Tuff
2 June 1992 Forsmark,
Sweden
3 June 1992 Traben-
Trarbach,
Germany
4 Summer Canada Twin Lake
1992

*USA experiment (new experiment in

INTRAVAL study).
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INTRAVAL Phase 2 Reporting

The final documentation of INTRAVAL Phase
2 study will comprise Working Group reports from
the four Working Groups and a Phase 2 Executive
Summary report. In addition, a special report on
integrated conclusions from the INTRAVAL
Project will be prepared by the INTRAVAL Sub-
committee for Integration. The tentative schedule
for the printing and publishing of these reports are
by the end of 1994.

Current Status of INTRAVAL
Phase 2 Test Cases

LAS CRUCES TRENCH

Flow and transport experiments in unsaturated
porous media preformed at Las Cruces, New
Mexico.

Experimental set-up

The experimental site is located atthe New Mexico
State University Collage Ranch, 40 km northeast
of Las Cruces in New Mexico, USA. A trench 16.5
m long, 4.8 m wide and 6.0 m deep was dug in
undisturbed soil. Two irrigated areas measuring 4 X
9 m and 1 x12 m, respectively, are adjacent to the
trench. Water and tracers were applied at control-
led rates on these areas. In the first experiment
(Plot 1) water containing the conservative tracer
tritium was applied at a rate of 1.76 cm/day on the
area measuring 4 X9 m. In the second experiment
(Plot 2a), water containing tritium and bromide
was applied at a rate of 0.43 cm/day on the other
area (112 m) on the opposite side of the trench,
and in the third experiment (Plot 2b) tritium,
bromide, boron, chromium and two organic com-
pounds {pentafluorobenzoic acid and 2,6-
diflucrobenzoic acid) were applied atarate of 1.82
cm/day on the same area (1 X12 m). The move-
ment of the water below the soil surface was
monitored with neutron probes and tensiometers,
Tracer concentrations were sampled on a regular
basis through solute samplers installed in a two
dimensional grid through the trench wall. In addi-
tion laboratory experiments on cores were per-
formed to determine the physical properties of the
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soil. The Plot | and Plot 2a experiments were
inctuded in INTRAVAL Phase | and was used for
model calibration. The calibrated models will be
used in INTRAVAL Phase 2 to predict the Plot 2b
experiment before the experimental data will be
made available to the Project Teams.

Anatyses by the Project Teams

The Project Team from CNWRA/MUSNRC has
modelled the Plot 2a experiment with the finite
difference code PORFLOW-3, which handies
variably saturated fluid flow, heat and mass trans-
fer. The presented results are based on com-
parisons of model predictions and measurements
of first and second moments and point concentra-
tions. The calculations were carried out with five
different models with different spatial resolution
of soii-hydraulic properties and initial conditions.
The simplest model assumes one uniform material
zone while the most complex model includes 180
zones. The initial conditions are based either on
measurements with thermocouple psychrometers
and tensiometers Or on measured water contents.
The complex models all overpredicted the vertical
spreading of the tracer bromide, whereas the more
simple models gave better predictions of the
bromide concentrations. None of the models cor-
rectly predicted the depth of movement of the
tracer plume at later times. It was pointed out that
the limited spatial resoiution of the concentration
sampling could be one explanation to the fact that
the simpler models appeared to perform better.
The Pilot Group from University of New
Mexico/USNRC presented their initial look at a
validation methodology with application to the Las
Cruces experiments. The results of performed
blind model predictions hae been provided to the
Pilot Group for compari: n with observed data
using simplie statistical tests. The quantities to be
compared are point values of water contents, solute

concentrations, first detection times at specific
horizons as well as some integrated values (Oth,
Ist. and 2nd moments versus time and flux through
specific horizons versus time). The performance
measure used is scatter plots of observed quantity
versus the predicted quantiry. This performance
measure estimates the ability of the used model to
predict observed mean behaviour for this special
expeniment over the temporal and spatial scales of
this experiment. So far, the Pilot Group has looked
at performed predictions of the water content. The
predictions made are based on five different con-
ceptual models for the soil properties; two for a
uniform and isotropic soil, one for a heterogeneous
but isotropic soil, and two where the soil properties
have stochastic distributions. Linear regression,
with a confidence interval of 99%, used on the
experimental water content versus predictions
with the different models would reject all predic-
tions of the situation on day 70 (Figure 1), all
model predictions except one (with uniform
isotropic soil) would be rejected for day 310.

Regression used on normalised change in water
volume will reject all models tested. There are a
number of limitations in the test used as the error
bounds are based on uncertainty in estimating the
parameters due 10 scatter in observed data. The
error bounds decrease with an increased number
of measurements and less scatter in data. The test
used may lead to rejection even though the dif-
ference between integrated observation and
predicted mean behaviour is as small as less than
10%. It was concluded that the statistical method
applied may not be appropriate to modei validation
because models can be rejected even though the
maximum predictive error is small. Furthermore,
if the model is rejected, it is not possible to know
whether the reason is due to error in the conceptual
or mathematical model, a parameter estimation
error, an experimental error, or invalid statistical
assumptions.
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Figure 1. Scatter plots of observed versus predicted voulmetric water content day 70. Also presented are

linear regression lines for five conceptual models.

APACHE LEAP

Flow and transport experiments in unsaturated
Jfracrured rock performed at Apache Leap Tuff Site,
Arizona, USA.

Experimental Set-up and Scales

The Apache Leap Test Case in INTRAVAL Phase
2 concentrates mainly on two topics: how a ther-
mal source will affect air, vapour, water and solute
movement in geologic media, especiallyun-
saturated fractured rock, and the water and air
transport properites of fractures and rock matrix in
unsaturated rock.

The effects of a thermal source were studied
with laboratory nonisothermal core measure-
ments. A cylindrically shaped core, approximately
12 cm long and 10 cm in diameter, was extracted
from a block of Apache Leap Tuff. The core with
a prescribed initial matrix suction and solute
concentration was sealed and insulated to prevent
water, air and solute gains or losses from all sur-
faces, and to minimize heat loss along the sides of
the core. During the experiment, a horizontal
temperature gradient is established along the long
axis of the core. The data available from the core
measurements are rock matrix porosities, initial
water contents, and temperatures,

The behaviour of unsaturated fractured rock,
was studied in a series of tests being performed to
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characterise water and air transport properites
from fractures and rock matrix tor a range of
matrix suction. The measurements were conducted
on a block of Apache Leap Tuff which is 92.5 ¢cm
long,21.0cm high and 20.2 cm wide and contains
a single discrete fracture oriented along the 925
c¢m by 202 cm plane. The rock was initialy air-
dried at a relative humidity of approximately 30
percent. The fracture traces along both ends of the
block were connected to manifolds, while the frac-
ture traces exposed along the sides of the block
were sealed with putty. All external surfaces of the
rock except those covered by the manifold were
then sealed with adhesive vinyl. One of the fracture
surfaces covered by the manifold was open to the
atmosphere and the other was irrigated with water.
The position of the wetting front in the fracture
over time and the position of the wetting front in
the matrix over time was studied. Available data
are rock matrix sorptivity coefficient, rock matrix
porosity, rock fracture aperture, and cumulative
inflow volume over time.

In addition to these laboratory experiments
there are plans to perform ¢i:ld investigations.
However, most of the data from the planned field
experiments cannot be expected until after the end
of INTRAVAL Phase 2.

Analyses by Project Teams

The observer from the State of Nevada presented
some initial benchmark catculations with the code
VTOUGH (a vectorised version of TOUGH) of an
one-dimensional infiltration experiment. The code
will later on be used for simulations of the Apache
Leap Site experiments.

The Project Team from USNRC has looked at
vapor phase flow and transport inunsaturated { -
tured rock. The mechanisms of importance for . as
transport in unsaturated rock are moisture and
temperature difference between air in rock and
atmosphere, binary diffusion, barometric pressure
varigtion, wind, repository heat, and possibly vol-
canic heat. In dry climates there may be a substan-
tial loss of water to the atmosphere due to flow in
the gas phase in the rock which is important for the
hydrology. Not only water may be transported in
the gas phase, but also carbon-14, iodine-129, and
volatile compounds of other elements, i.e., tech-
netium and selenium. Modelling of the transport
of C-14 has been performed both with a transport
model and with a geochemical model. No calcula-
tions has been performed for Apache Leap, but the

approach is of interest for the Test Case. The first
step in the calcutations with the transport mode! is
10 calculate a steady state gas flow in two dimen-
sions for a number of times. Thereafter particles,
in this case C-14, are traced in a gas tlow field
interpolated from the steady state calculations.
This model has been used for simulations of the
release of carbon-14 from an underground
repository to the atrosphere. The retardation coef-
ficient used for carbon-14 was 100, based on the
carhonate geochemistry. A geochemical mode! for
sunulations of the transport of carbon-14 in one
dimension has also been used. The carbon
transport model in this case is based on the chemi-
cal equilibria for the carbonate system in gas.
liquid and the solid phase and the transport is
controlled by transport and transfer hetween gas,
liquid and solid phases. It was concluded that a
significant amount of calcite rapidly will precip-
itate around the repository and then redissolve
slowly. Carbon-14 released early will be partially
incorporated in this calcite and trapped for
thousands of years. Carbon-14 released late will be
unretarded by calcite precipitation until the migra-
tion wave reaches 2 point, where the temperature
still is increasing and calcite is precipitating. An
overall conclusion from this study, based on data
inadequate for the Apache Leap site, is that vapor
phase considerations are potentiafly important to a
repository in unsaturated fractured rock. Apache
Leap research could then support the validation of
vapor phase transport models for repository per-
formance assessment.

FINNSJON

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

This test case deals with detailed characterisation
of a fractured zone including a large-scale inter-
ference test and two large scale tracer tests, one
radially converging test and one dipole experi-
ment. This test case was also included in IN-
TRAVAL Phase 1, but the database for the dipole
experiment were never used for modelling, since
it became available too late. The modetling of the
dipole experiment therefore is the focus of Phase 2.




Geological Structures

This test case is based on a set of tracer tests in a
fracture zone in crystalline rock at the Finnsjén
research area in Sweden. The experiments are
contined o a sub-horizontal fracture zone at ap-
proximately 300 m depth. The thickness of the
zone 1s approximately 100 m and its horizontal
extent is in the order of kilometres.

It appears that the zone contains three highly
permeable sub-layers. The transmissivity of the
upperlayer is estimated to be 10'4 m"ls the middle
10"7-10"° m*/s and the lower 10™ m*/s. The mid-
dle layer is not continuous. A fresh water-salt
water interface exists in the fracture zone relatively
closeto the upper sub-layer. The salt content of the

groundwater is higher below the zone than above. -

The natural hydraulic head gradient is estimated to
17300 in the honizontal direction.

Hydraulic Tests

The fracture zone and the surrounding rock are
penetrated by several core drilled (and some per-
cussion drilled) boreholes. Packer tests for
hydraulic conductivity (Lugeon tests} have been
performed in all boreholes in 2 m and 20 m section
intervals. In addition, a part of one borehole has
been investigated at 0.11 m intervals. A regional
pumping test has been conducted by pumping
water from the fuli length of one borehole and
observing the drawdown in i1 wells totalling 40
intervals, '

Tracer Tests

Two sets of tracer test have been completed, a
radially convergent test and a dipole test. The
radially convergent test was conducted by pump-
ing one well from a packer interval covering the
full width of the fracture zone and injecting eleven
different non-sorbed tracers at nine different inter-
vals in three wells surrounding the production
well, i.e. more than one tracer was injected at some
points.

The dipole test was conducted by pumping in
one well and injecting tracers in another. A total of
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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 tracers in different layers. Both the
radially convergent and the dipole test showed that
tracers could move between the tayers in the frac-
ture zone.

Analyses by the Project Teams

The Project Team from PNC presented prelimi-
nary analyses of the Finnsjon experiments using a
stream tube approach. The rock was modelled as
two layers of an equivalent porous medium, a high
conductive layer (2 m thick) and a low conductive
layer (10 m thick). The mass transport parameters,
dispersivity and porosity, were estimated from the
radially converging tracertests. Location of stream
lines, equipotential curves and velocity along the
streamlines were generated from the results of the
dipole tests. This information together with the
estimated transport parameters were used to simu-
late the tracer breakthrough curves at the pumping
borehole in the dipole tests.

The mass transport in both the high conductive
zone and the low conductive zone was expressed
by one dimensional advection-dispersion equa-
tions for each stream line. The hydraulic conduc-
tivity in the high conductive layer was assumed to
be 10° times higher than in the low conductive
layer, but the dispersivity in both layers was as-
sumed to be equal. Calculated and measured
breakthrough curves of the tracers In-EDTA, Gd-
DTPA and [ in the pumping hole in the radially
converging test showed satisfactorily agreement
(Figure 2). The dipole test was fairly weil simu-
lated with best-fit values of dispersivity and
porosity from the tracer breakthrough between the
same borehoies in the radially converging test.
With best-fit parameter values from tracer
breakthrough between the other boreholes in the
radially converging test, the calculated peak con-
centrations in the dipole test were 0.4-3 times the
observed. A sensitivity analysis of the influence of
the porosity of the low conductive layer shows that
the mass transport in this layer cannot be
negiected.
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Figure 2. Breakthrough curves of (a) In-EDTA, (b} Gd-DTPA, and (c) I for radially converging tests at

the pumping borehole.

STRIPA

Flow and tracer experiments in crystalline rock
based on the Stripa 3D experiments, Sweden.

Experimental Set-up

This test case is based on three dimensiconal tracer
tests performed in the Stripa mine in Sweden. The
experiments are part of the Intemational Stripa
Project.

An experimental drift was excavated in the old
iron ore mine in Stripa. The whole ceiling and
upper part of the wails were 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 vertical 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 experi-
ments are water flow rates, tracer concentrations
in the water entering the drift, rock characteristics

and fracture data, water chemistry, tracer injection
pressures and flow rates, and hydrostatic pressure.
Diffusivity and sorption data are available from
complementary laboratory and field experiments.
The experiment was a test case also during Phase 1
of INTRAVAL.

In addition to the results from the 3D experi-
ment, data from two other experiments performed
in the Stripa mine, the 'Channeling Experiment’

‘and the ’Site Characterisation and Validation

program’, are avaiiable to the INTRAVAL Par-
ticipants during Phase 2. The 'Channeling
Experiment’ consists of two kinds of experiments.
In a single hole experiment, holes with a diameter
of 20 cm were drilled about 2.5 m into the rock in
the plane of a fracture. Specially designed packers
were used to inject water into the fracture at 5 cm
intervals. The variation of the injection flow rates
along the fracture were used to determine the trans-
missivity variations in the fracture plane. Detailed
photographs were taken from inside the holes and
the visual fracture aperture was compared with the
injection flow rates. Five holes were measured in
detail and seven holes were scanned by simpier



packer systems. In a double hole experiment, two
parallel holes were drifled in the same fracture
plane at nearly 2 m distance. Pressure pulse tests
were carried out between the holes in both direc-
tions. Tracers were injected at five locations in one
hole and monitored in several locations in the other
hole. The 'Site Characterisation and Validation
program’, with the aim to predict groundwater
flow and tracer transport in a previously unex-
plored rock volume, includes a number of inves-
tigation steps with modelling predictions in be-
tween. The first investigation includes a few long
boreholes used to characterise the rock volume.
Additional boreholes were drilled and used for
investigations of water bearing sections, fractures,
tracer tests ete. All investigations were compared
to already performed modei predictions. Finally, a
new drift, the "Validation Drift’, was excavated in
the rock block. The new drift was instrumented
with plastic sheets and other water collection
devices.

Analyses by the Project Teams

Geosigma/SKB has performed radar and saline
tracer test to provide data on the geometry of
flow-paths in the fractured rock and possible chan-
ges in flow-paths caused by excavation of the new
"Validation Drift’. The experiment includes two
tests, one before and one after the excavation of
the drift. The results of the tests indicate that the
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drift cut through one major fracture zone. The
excavation ot the drift caused 3-4 times longer
tracer trave! times and the tracer occupied a larger
volume of the rock in the second experiment, i.e.
after the excavation of the drift. The possible cause
of delayed tracer inflow could be due to stress
redistribution, two-phase flow conditions, blast
damage or chemicai precipitations. Geosig-
ma/SKB has also performed some modelling. A
two-path advection-dispersion model with dif-
ferent mean velocity and dispersivity in the two
paths gave a good fit with measured breakthrough
curves, whereas assuming only one-path did not
give as good a fit (Figure 3).

The Project Team from VTT/TVO has applied
a deconvolution procedure to the long and varying
injection flow rates and the corresponding tracer
breakthrough curves to obtain equivaient
breakthrough curves for a delta function puls in-
jection. It can be suspected that peaks in the decon-
voluted data are artifacts and they should therefore

. be considered having large error bars or small

probabilities to present a real system behaviour.
The analysis of experimental data in order to find
the system behaviour should be carried out by
taking error estimations into account. The idea is
that there does not exist ‘the solution’ for the
problem but 2 "region’ of acceptable solutions. The
Stripa 3D data seems to be ’explained’ by matrix-
diffusion-like phenomena with very narrow chan-
nels and diffusion from the channels into stagnant
areas, but other conceptual models may also apply.

<o
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Figure 3. Breakthrough curve for Amino G in grid element 265. The solid line represents the regression

estimate with a two-path model.
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WIPP 2

Flow and transport experiments in heterogeneous
Sfractured media performed ar the Waste [solation
Pilot Plant (WIPP) in Carisbad, New Mexico,
USA.

Experimental Set-up

The WIPP, located near Carisbad in southeastern
New Mexico, USA, is an underground research
and development repository. It is located in the
Delaware Basin, the northem part of which is
filled with 8000 m of sedimentary Phanerozoic
rocks containing evaporities. Water bearing zones
within the rocks that underlie host and overlie the
WIPP repository have low permeabilities and
storativities. They are generally confined and con-
tain waters with high salinities and long residence
times. The repository lies 655 m below groundsur-
face within bedded evaporities, primarily halite, of
the Permian Salado Formation. Overlying the
Salado Formation is the Rustler Formation. The
Culebra Delomite Member of the Ruster Forma-
tion is the most transtnissive water-bearing unit
found at the WIPP site. It is an & m thick vuggy
dolomite layer.

Geologic, hydrologic, geochemlcaj and isotope
data have been collected to resolve several issues
concerning the hydrology of the Culebra dolomite.
A central issue invoives the travel time within the
Culebra from a location above the repository to the
WIPP site boundary. Sixty wells into the Culebra
dolomite at 41 locations have been completed to
provide information on the hydraulic properties.
Two pumping tests, each of two month duration,
and two convergent-flow tracer tests have been
performed. Geochemical and isotope studies have
been conducted in order to obtain additional in-
sight into the hydrologic behaviour of the Culebra.

Analyses by the Project Teams

The Pilot Group gave an overview of their work
with the development of a new conceptual model
for regional groundwater flow in the strata above
the Salado Formation. The model, a basin model,
is a three-dimensional closed hydrologic unit
bounded on the bottom by an 'impermeable’ rock
unit, on the top by the ground surface, and on the
sides by groundwater divides. All recharge to the
basin is by infiltration of precipitation and all dis-

charge is by tlow across the groundwater table to
the iand surface. Differences in elevation of the
groundwater table across the basin are assumed to
be the driving force for groundwater flow. The
stratigraphic interval modelled extends from the
top of the Salado Formation to the land surface,
The conductivity inthe six different homogeneous
and lsotroplc layers identified are either 107!

10 mis.

Several important simplifications have been
introduced in the model, each stratigraphic layer is
homogeneous and the hydraulic conductivities
used to represent strata containing evaporities is
probably much higher than the actual hydraulic
conductivity of these units. The higher conduc-
tivity was used to emphasize the possible role of
vertical flow.

The initiaf conditions for the simulation was
intended to represent flow in a wet climate as-
sumed to exist 20 000 years ago (time = 0).
The initial condition was generated by providing a
surface infiltration rate sufficient to raise the
groundwater table to land surface and allowing a
steady-state flow field to develop. To simulate a
change in climate the infiltration was then set t0
zero for 20 000 years (time = 20 000 years).
Thereafter the maximum infiltration rate was in-
creased to 1 mm/yr for 15 000 years (time =
35 000 years).

Initially (at time = 0) the groundwater table
looks very similar to the specified surface topog-
raphy. The rate of vertical flow in the Culebra is

- extremely slow, because two model layers with

low permeability (K = 107! m/s) are located be-
tween the groundwater table and the Culebra, and
the difference in head between the groundwater
table and the Culebra is small. There is a slow
downward flow into the Culebra over a large area
in which the groundwater table is high and a slow
upward flow out of the Culebra over a large area
in which the groundwater table is low during the
wet periods. The groundwater table drops 40 m at
the most during this period. The infiltration of 1.0
mm/yr for 15 000 years raised the groundwater
table to the land surface again.

An important aspect of the basin model that is
demonstrated by these simulations is the similarity
of potentiometric surface of confined aquifers and
the water table. The identification of such a cor-
relation in measured heads is on the way to confirm
that the relief of the water tabie drives flow in deep
aquifers. The calculations also demonstrate that
changes in the position of the water table tend to
occur in regions where it is elevated. That is the



case in the region in which the vertical component
of the flow is downward and the Culebra receives
leakage from above. With the basin model it cannot
be shown that vertical flow does occur. However,
the calculations demonstrate that a hydrologic sys-
tem, for which vertical leakage is an important
component, the basin model is a possible concep-
tual modet. The vertical flow rate recetved in the
calculations is very small but its quantity could be
large over time.

The Project Team from UPV/ENRESA
presented a probabilistic modelling approach of
particie movement simulations in the Culebra
dolomite. They used a krieged transmissivity field
into which 21 fictitious points were added to create
enough heterogeneity to reproduce the field meas-
urements. The transmissivities varied between
10% and 10" m/s. The team performed Monte
Carlo simulations to calculate particle arrival times
and locations. The transmissivity field was calcu-
fated with the code GCOSIM3D, the groundwater
flow was modelied with the MODFLOW code and
particle tracking was calculated by the MODPATH
code. All three models were used in 200 realiza-
tions and a probabilistic assessment of arrival
times and arrival locations was performed. The
piezometric maps from the different realisations
varied greatly. They concluded that stochastic
models contain a confidence interval which a
deterministic model does not include. However,
the reality is still unique and permeabilities are not
random. The Project Team also introduced some
thoughts about the theory of further conditioning
of the transmissivity fields. They proposed that the
hydraulic heads should be calculated from each
realisation of the transmissivity field and com-
pared with observed heads. The transmissivity
field and boundary conditions would then have to
be modified so that the agreement between calcu-

lated and observed heads would become accept- -

able.

The Project Team from AEA/NIREX had per-
formed their modelling work on the WIPP data
with, stochastic models. They started up with a
prelilminary study with 300 conditioned realisa-
tions of the transmissivity fields and continued
with a second study with 1000 conditioned realisa-
tions. Most of the calculations were performed
with exponential variograms but power-law (frac-
tal) variograms were also used. The flow was
calculated using the finite eiement code NAMMU
with 40 x60 nine-node quadrilateral elements and
biquadratic interpolation. The results from the
transport calculations were particle pathlines,
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transport times and exit points. From the prelimi-
nary calculations it was concluded that condition-
ing of the transmissivity field was important, pos-
sibly more important than parameter uncertainty.
Calculations with 300 and 1000 realisations gave
very similar results for the release from well H-1.
Applying power-law variograms gave nearly the
same results as the ..rst preliminary calculations
with exponential variograms, although the results
from the calcuiations with power-law variograms
gave less confident results. The models used were
checked in various ways. The trend and variogram
parameters were estimated by least-squares fitting,
maximum-fikelthood, and chi-squared minimisa-
tion/Kolmogorov-Smirnoff minimisation. The
first two tests both gave low confidence in
variogram fits, whereas the chi-squared minimisa-
tion failed. A model with a trend and an exponen-
tial variogram gave no large difference compared
to the preliminary calculation (exponential
varjogram}, except that the standard deviation for
the particle exit position increased. The WIPP 2
test case provides a large data set which gives the
opportunity to build models on a subset of data and
make tests with the remainder of the data.

GORLEBEN

Saline groundwater movements in the vicinity of
the Gorleben salt dome, Germany.

Experimental set-up

The Gorleben sait dome is located in the north-
eastern part of Lower Saxony in the Federal
Republic of Germany. The salt dome is ap-
proximately 14 km long, up to 4 km wide and its
base is more than 3000 m below surface. An
erosional channel, the *Gorleben Channel’, more
than 10 km long and 1 - 2 km wide, crosses the salt
dome from south to north. Erosion along the chan-
nel extends down to the cap rock. Freshwater in
the upper part of the aquifer system is underlain by
saline groundwater. The groundwater movements
in the erosional channel are the topic for this test
case.

Hydrogeological investigations have been con-
ducted in an area of about 300 km? around the salt
dome. During these investigations four pumping
tests were carried out, one in the freshwater and
three in the saline water. One of the pumping tests,
in which the pumped well penetrated the entire
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deeper aquifer in the erosional channel, will form
the basis for the first part of this INTRAVAL test
case. The pumping test was camried out with a
pumping rate of 30 m’/ over a period of three
weeks. The second part of the test case is an
extension in time and length scales and comprises
. modelling of regional groundwater tlow and salt
dJissotution as well as interaction between the two.

Analyses by the Project Teams

The Pilot Group (BGR) has performed numerical
studies using the SUTRA code to investigate the
density dependent groundwater movement in the
Gorleben Channel. The objective was to inves-
tigate whether steady-state conditions exist in the
system today, and also w0 check the influence of
hydrogeological and hydraulic parameters in the
model calculations. A two dimensional, I5 km
wide and 250 m deep cross-section was selected.
The boundary conditions used were, no flow at the
bottom, no-flow and no-flux at the sides, linear
prescribed pressure at the top with free outflow,
and fresh water infiltration. The permeability dis-
tribution was developed from a very simplified
case in the first calculations to a more realistic
description of the hydraulic system by introducing
more and more heterogeneities in the system.

A number of long-term (up to several hundred
thousand years) simulations to predict the present
day density distribution were conducted, starting
with different initial conditions for the density
distribution. So far the calculations indicate that
steady-state conditions have not yet been reached
in the groundwater system in the erosional chan-
nel. It was also concluded that a reaiistic picture of
the geological setting is essential to be able to
predict the present day density distribution. The
resuits of the calculations are dependent on the
time-scale of the simulation as well as on. the
selected initial density distribution, which indicate
that additional paleoclimatic information is neces-
sary. It was also concluded that the caiculated
density distribution is strongly dependent on the
transverse dispersivity.

The Project Team from BFS performed calcula-
tions for the first part of the test case, the pumpmg
tests. The specific permeability (35- 1012 md),
storage coefficient (5- 10'4) and aquifer ﬂnckn&cs
{44 .6 m) were estimated with an analytical model
" using regression technique to minimise the
residuals in draw-down in the observation wells.
The fitted drawdown curve corresponded well to

that observed. The determined parameters were
then used in a numencal model totest the influence
of well screen location and density distribution on
the calculated draw-down values. A two-dimen-
sionai mesh corresponding to a 4.8 km wide and
45 m deep rock was generated. The numerical
codes used were SUTRA and ROCKFLOW. Cal-
culations were performed both for constant density
of the water and for density dependeant flow, i.e an
increased density with depth. The boundary con-
ditions in the pumped well was either constant
withdrawal along the whole well or constant
withdrawal only at the well screen. No large dif-
ferences in drawdown could be seen between the
different calculations except for a small influence
of the well screen location at early times. Conse-
quently, the influence of density dependent tlow is
less than the influence of the well screen iocation.
It was also concluded that other types of experi-
ments have to be created to allow for validation of
density dependent flow.

The Project Team from GRS presented some
results from two-dimensional calculations of the
groundwater flow in the Gorieben Channel. They
used the finite element code NAMMUSC, which
includes an extension for transient saline flow. The
boundary conditions were, no-flow at the bottom
and fixed head on the sides and at the top. The first
calculations were carried out for freshwater and
the groundwater velocity in the lower aquifer was
calculated to be around 1 m/yr, whereas the
velocity in the upper part of the aquifer was some
orders of magnitude higher. The future plans are to
reconsider the selected boundary conditions before
brine transport is introduced in the two dimen-
sional model. A three dimensional model of the
channel will then be built and used for freshwater
simulations before introducing brine transport also
in this model.

WIPP 1

Brine flow through bedded evaporities at the
Waste Isolation Pilot Plant (WIPP) in Carisbad,
New Mexico, USA.

Experimental Set-up

The WIPP, located in Carisbad, New Mexico, is an
underground research and development repository
lying 655 m below ground surface within bedded
evaporities, primarily halite, of the Permian Salado



formation. This test case is hased on experiments
performed with the aim to determine the rate of
brine flow through the Salado formation. The ex-
periments are designed to provide a variety of data
with the aim to determine whether Darcy's law for
a porous, elastic medium correctly describes the
flow of brine through evaporities, or whether a
different model is more appropriate. The test case
is also related to another important issue, the
abiliry of waste-generated gas to flow from the
repository into the formation.

Data from three types of experiments form the
bases for this test case:

- small scale brine-inflow experiments
- pore pressure and permeability testings
— integrated, large scale experiment.

Brine inflow rates are measured at three scales,
in 10 cm and 1 m diameter boreholes and ina 2.9
m diameter cylindrical room. Pore-pressure meas-
urements are made in 10 ¢cm diameter boreholes, 2
to 27 milong, drilled at a variety of orientations.
The large scale experiments are brine inflow rates
to a horizontal, 107 m long, cylindrical room, with
a diameterof 29 m.

Analyses by the Project Teams

The Pilot Group (SNL/WIPP) has modelled the
hydraulic testing in the test zone including the
anhydnte Marker Bed 138, a 17 cm thick zone
containing subhorizontal fractures. The test zone
is about 1 m above the ceiling of Room 7. The
performed test sequence included an initial pres-
sure build-up period, two pulse withdrawal tests, a
10-day | constant pressure flow test and a final
pressurg build-up period. Pulse tests cannot uni-
quely guantify permeability independently of
specific storage, but provide a good estimate of
initial pore pressure, Constant pressure flow tests
provide estimates of permeability and are required
to quantify specific storage. Pressure build-up tests
can quantify permeability independently of
specific storage, they provide a good estimate of
initial pore-pressure, and also a check on measured
test zone compressibilities. An analytical and a
numerical interpretation of the pulse withdrawal
tests gave similar results, The permeability was
determined to be 2.9-10°'® m?, The test zone com-
pressibility determined from the simulations is a
factor 2 lower than the measured value. This
parameter affects the simulations most at early
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times when compliance etfects are occurring The
analytical and numerical interpretation of the per-
meability from the constant Pressure tiow test dif-
ters with a factorof 3 (1-107 " m~ with the analyti-
cal model and 29-10°'° m~ with the numerical
model). The observed high flow rates over the first
days could not be matched by any of the two
modeis. These flow rates are probably antificially
high because of tool compliance and borehole
squeeze.

The interpratation of the pressure-buildup La;ts S gave
the same estimate of the permeability (29 10" m )
both with the anaiytical and the numerical method.
Both methods also showed a high test-zone com-
pressibility. The integration of analytical and
numerical interpretation techniques of different
types of test provides a high degree of confidence
in the interpreted results.

MOL

Migration experiment in Boom (lay Formation at
the MOL Site, Belgium.

Experimental set-up

This test case is based on an in situ migration
experiment set up in the underground facility buiit
in the Boom clay formation at the Mol site in
Belgium. The purpose of the experiment is to0
determine migration reiated parameters and ©
confirm parameters determined earlier in the
{aboratory. The experiment is a joint effort be-
tween SCK/CEN, NIRAS/ONDRAF and PNC.

A group of piezometers, 2 piezometernest, has
been instalied in the Boom Clay formation at a
depth of 220 m. The stainless steel system contains
nine piezometers, interspaced by 0.9 m long tubes.
A horizontal hole with a diameter of 50 mm and a
depth of 10 m has been drilled in the clay forma-
tion. immediately after drilling, the complete as-
sembled piezometemnest was pushed into the hole.
The steady-state pressure distribution as a function
of the depth into the clay is measured by means of
manometers.

About two and a half years after the installation
of the piezometemnest the clay formation was sup-
posed to be settled. HTO was injected to filter
number 5 (in the center) and thereafter the system
was left alone allowing migration of HTO in three
dimensions.
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The HTO concentration in the ¢lay is measured
by collection of liquid samples from the other
fiiters. The first breakthrough was obtu:ned in fil-
ters 4 and 6 located adjacent to the injection filter
5, at a distance of | m.

The experiment will continue 10 years after
finalisation of INTRAVAL Phase 2 and the number
of measured points are limited at the time being.

Analyses by the Project Teams

The Pilot Group (SCK/CEN) presented their
modelling of the migration of the HTO tracer. The
Boom clay was modelled as 2 homogeneous
anisotropic saturated porous medium. The govern-
ing transport mechanisms considered were either
advection-diffusion or diffusion only, as one ques-
tion is whether advective transport is apparent
trom the existing data. One important parameter in
the modelling is the porosity accessible for dif-
fusion which was set to 0.34 to get the best fits of
tie two models. Conceming other parameters, the
best fit of the diffusion only mode! was obtained
with a diffusivity of 4.05- 107! m'!s and an almost
identical value 4.03-10°'® m®/s, was obtained for
the advection-diffusion model. Other fitted
parameters were also identical or almost identical
and it was concluded that advective transport is not
apparent from this analysis of existing data.

The Project Team from SNL/USNRC presented
an initial analysis of the effect of anion exclusion
on transport in the Boom clay at Mol. The concem
was enhanced transport velocities or flux due to
this phenomena and as pure Darcy flow behaviour
is usually assumed as the goveming transport
mechanism, the anion exclusion represents a con-
ceptual model uncertainty. Their anion exclusion
model has not yet been applied to the data, since
more information conceming ionic strengths, zeta
potential and pore size distribution are needed.

ALLIGATOR RIVERS
Natural analogue studies at the Koongarra site in

the Alligator Rivers area of the Northern Territory,
Australia

Experimental Set-up

This test case is based on work conducted at the
Koongarra site in the Alligator Rivers Region of

the Northern Territory in Australia. The Alligator
Rivers Region is located about 200 %m east of
Darwin.

Uranium mineralisation occurs at Koongarra in
two distinct but related ore bodies, which strike
and dip broadiy parallel to a fauit, the Koongarra
Reverse Fault. The main ore body (No. 1), which
is the subject of this study, has a strike length of
450 m and persists to 100 m depth. Primary
mineralisation is largely confined to quartz-
chlorite schists. Secondary uranium minerais are
present from the surface down to the base of
weathering at about 25 m depth and forms a
tongue-like body of ore dispersing downslope for
about 80 m. The objective of the ARAP test case
in INTRAVAL is to develop a consistent picture of
the processes that have controlled the transport in
the weathered zone and the time scale over which
they have operated.

An extensive experimental programme includ-
ing both field and laboratory investigations has
resulted in a large number of data characterising
the site. Hydrogeologic data are from drawdown
and recovery tests and water pressure tests.
Geologic data are based on the mineralogic and
uranium assay logs from 140 precussion holes and
107 drill cores. Groundwater chemical data has
been accumulated from more than 70 boreholes.
Distribution of uranium, thorium and radium
isotopes has been determined in the different
mineralisation zones. The distribution of uranium
and thorium between different mineral phases in
the weathered zone has also been studied.
Laboratory sorption experiments have been per-
formed, using samples from drill cores. in addi-
tion, distribution coefficients have been measured
on.natural particles in Koongarra groundwaters.

Analyses by the Project Teams

The Project Team from CSIRO/ANSTO gave a
short summary of the ARAP Hydrology workshop
held in October 1991. The discussions at this
workshop resulted in consensus on a number of
important issues. Firstly, there is general agree-
ment that most of the horizontal groundwater flow
occurs at or below the bottom of the weathered
zone and that the system can be viewed as a con-
fined aquifer with essentially horizontal flow
below the base of weathering. Secondly, there is
litle evidence for significant flow across the
Koongarra Fault. Thirdly, there appears to be a
highly conductive zone to the southeast (mine



grid) of the No. 1 ore body. Fourthly, it appears that
directions of flow are influenced by the orientation
of planes of schistosity, or by fractures sub-parallel
10 these planes. Fifthly, there is evidence from
standing water level measurements that the
gradient in hydraulic head sometimes reverses
towards the fault near the ore body.

The Project Team from CSIRO/ANSTO also
gave a presentation of their new groundwater flow
modelling attempts, in which most of the above
described features are taken into account. They
used the finite element groundwater flow model
AQUIFEM-N to model a two-dimensional aquifer
1 kmx3 km located near or below the transition
zone, The model domain is bounded by the Koon-
garra Fault to the west (mine grid), the Koongarra
Creek to the east, the Nourlangie gauging station
and a small non-perennial creek 1o the south and a
small non-perennial creek to the north of the No.2
ore body. Koongarra Fault is assumed to act as a
non-flow boundary. Koongarra Creek and most of
the other creeks are assumed to act as mixed boun-
daries. At a mixed boundary neither the head at the
boundary nor the- flux across the boundary is

prescribed, but a relationship between the two. The -

model parameters required are (i} either the
hydraulic conductivity and aguifer thickness or the
aquifer transmissivity, (ii) the aquifer storage coef-
ficient, and (iif) time averaged recharge of the fand
surface. The aquifer is assumed to be homo-
geneous but not isotropic. The time averaged
recharge of the land-surface varies sinusoidally in
time. In the base case calculation the hydraulic
conductivity ratio in the modelled aquifer is 10
(K11/K22,K11= 1 md"!) and the anisotropy orien-
tation varies almost continuously throughout the
region. Each simulation was performed for a two-
year period to allow the effects of initial transient
effects to dimininish. During the wet season the
calculated flow patterns are intuitively reasonable
with flows oriented to the southeast (mine grid),
the calculated velocity is 1-2 m/yr. The overall
flow orientation of the dry season is not entirely
pleasing and the flow rates are very low.

The Project Team from CRIEP! investigated the
distribution of fractures and the attitude of schis-
tosity in the Cahill Formation in and around the
western partof the No, 1 ore body using a Borehole
TV. The obtained schistosity attitudes clearly ex-
plains the contour maps of the measured draw-
downs in aquifer tests, which showed an asym-
metric pattern. Schistosity in fractured rocks could
be considered as a main factor for the hydraulic
anisotropy, and the permeability in the direction
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parallel to the schistosity plane is generally larger
than in the direction normal to the plane. The team
also made three-dimensional simulations of the
present groundwater flow during the rainy season
around the No. | ore body. They used the finite
eiement code GMF fora mesh corresponding to an
area 700 m x400 m large with a depth of 200 m
(from the ground surface). The modelled
hydrogeologic unit was divided into three units,
the weathered zone, the transitional zone, and the
unweathered zone, Only the unweathered zone
was assumed to be hydraulically anisotropic with
respect to permeability, while the other two zones
were assumed to be isotropic. For the unweathered
zone 3 hydraulic tensor for each element was deter-
mined. The lower boundary and the boundary cor-
responding to the Koongarra Fault were given as
no flow boundaries, the upper boundary was given
as a constant head boundary (groundwater level
was assumed to be at the ground surface), the other
boundaries were given as constant heads. The
choosen hydraulic conductivity for the weathered
zone was 5-10™ m/d, for the transition zone 1107
m/d, and for the unweathered zone 6:10" m/d. The
calculated flow is from the northeast in the south-
westem part of the No. 1 ore body and in the region
to the south of the ore body, while the flow is from
the north in the region to the northeast of the ore
body. The flow velocities are extremely small in
the region to the westsouthwest of the ore body.

The Pilot Group (ANSTO) gave a presentation
about the approaches and finding in the transpon
modelling performed for the natural analogue. The
major aims with the transport modelling per-
formed has been to '

— determine the extent of uranium transfer,

— assign the time scale,

- identify and classify transport and retardation
pracesses, and _

- determine the relevance of using the Koongarra
analogue for the purpose of the assessment of a
specific repository site.

The Koongarra ore body is located rather shal-
low, and has direct interaction with rain, climate
effects, weathering and erosion. There are two
different time scales, one very long as the climate
has changed between desert and tropical during the
years, and the present time scale with its seasonal
variations between a very wet and a very dry
citmate. The modelling work performed includes
many different processes, such as one dimensional
advection and molecular diffusion. Matrix dif-
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fusion has not been considered. The Kd-concept
has been adopted for sorption as well as surface
sorption. Other processes looked at are secondary
mineralisation, accessible and inaccessible
mineral phases, nuclear recoil, and the occurrence
of colloids. It has been found that transport with
colloids are of minor importance although thorium
and actinium have been observed on colloids. The
time scalie for development of the secondary
uranium dispersion fan has been estimated to 1-2.5
Myr with a number of different models. It has also
been concluded that during a time scale of about
0.5 Myr, 40 % of the uranium in the weathered zone
has moved 150 m, 20% moved 350 m and the
remaining 40 % has not moved. The mobility of
uranium is minimal in the unweathered zone.
Kemakta/SKI presented some modelling work
performed with the aim to test the applicability of
simple transport models used in the performance
assessment of repositories. Th: migration of
uranium and daughter nuclides in the weathered
zone located below the water table of the No. | ore
body has been simulated with a one dimensional
advection-dispersion mode! with linear sorption
(Kg-concept). The rock was assumed to be a
saturated homogeneous and porous medium.
Material properties (defined by present day condi-
tions), water flux, and source concentration of
uranjum do not change with time. The codes used
for the migration caicuiations were the finite dif-
ference codes TRUMP and TRUCHN, where the
latter is an extended version of TRUMP including
radionuclide chain decay. Scoping calculations
show that a water flux less than 0.01 miyr is
required to match the observed migration distance,
and a source concentration of uranium in the water
of —10 mgA is needed to match the observed
concentration of uranium in solid phase, assuming
a Kg-value of 0.1 m* /kg for uranium and a migra-
tion time of 2 Myr. To match the observed migra-
tion distance and solid uranium concentration, as-
suming a 100 times higher Kg-value for uranium,
requires a water flux between 0.1 and 1 m/yr and
a source concentration of uranium in the water of

~0.1 mgA.
Calculations have also been perfonged {0 es-
timate the activity ratios Uand

in solid phase as a function of distance from the
source. The calculations were performed both for
constant and varying water fluxes over a time
period of 2 Myr. The calculations of the activity
ratios support the assumption of a migration time
of the order of million years. Altering periods of
flow and no flow during the last 200 000 years
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(2 periods with 75 000 years of no flow and 25 000
years of flow) seems to be of importance for the
decrease in ~°Th/ 4y activity ratio with distance.
Inaddition to these calcuiations a very simple mass
baiance calculation has been performed to estimate
the water flux needed to dissolve the uranium
dispersed in the weathered zone. The mass of
uranium in different depth intervals in the
wedthered zone was estimated from observed data.
With a uranium solubility of | mg/A and a dissolu-
tion time of 1 Myr the water flux was calculated o
be of the order of 0.1-0.3 m#yr.

The Project Team from JAERI presented their
modelling of the uranium migration, considering
the weathering, i.e. alteration of chlorite. Because
of the weathering of chlorite, the mineral composi-
tion of the rock changes, which results in an in-
crease of distribution coefficients and rock
porosities with time. The retardation of the
radionuclides increases with time, whereas the
groundwater velocity decreases. The model used
was a one dimensional advection-dispersion
model with time dependent rock porosities and
retardation. The water flux in the rock is kept
constant and the uranium is released at a constant
concentration from the source (the primary ore
body) until the end of weathering. The domain
modelled was a 300 m long section across the No.
1 ore body (between borehole DDHS2 and
DDH4). The results from the modeiling are the
uranium concentration and the U ratio in
the bulk rock. A number of calculations have been
performed, where the Darcy velocity was varied
between 0.5 and 10 m/yr, and the dispersion length
between 0.5 and 10 m. The simulations represent
trends of observed data and it was concluded that
the weathering of chlorite is important for the
uranium migration. In future work two dimen-
sional :mulations are foreseen to be performed.

The Pilot Group (ANSTO) presented their work
on the !'evelopment of sorption models. The goal
has been to develop a mechanistic description of
U(V1) adsorption on typical minerals present in the
weathered zone. Experiments indicate the
presence of multiple types of sorption sites, some
which are strong and some which are weak. A
simple surface complexation model! has been used
o simulate the experimental resuits from batch
experiments of the sorption on ferrihydrite of
U{V1) at different concentrations as a function of
pH. The concentration of strong and weak sorption
sites was varied until good fits were obtained. It
was concluded that this simple surface complexa-
tion model, involving two site types and one major



surface species, satisfactorily describes U(VI) ad-
sorption o ferrihydrite and quartz over a wide
range of solution conditions.

The Project Team trom USNRC presented their
modelling of the chemical evolution of the present-
day groundwaters. Aqueous speciation, saturation
state and chemical mass transfer calculations were
carried out using the codes EQ3NR and EQ6. The
magnesium and aluminium contents of the soil and
weathered rocks support the division of the site
into different depth zones dependent on the degree
of weathering. Close to the surface the schist is
weathered which is reflected by a low Mg content
and a high Al content. The transition at larger
. depths to unweathered rock is correlated with an
increase in Mg content and adecrease in Al content
of the bulk rock. This weathering profile is also
supported by trends in the water chemistry, such
as a sharp increase in pH in the top 25 m, followed
by a m. 2 gradually increase with greater depths,
and an overall trend of increasing Mg and HCO3
concemtration with depth. Speciation and state of
saturation calculations suggest that the waters are
part of a continuous spectrum of reaction progress
extending from acidic refatively unreacted waters
to slightly basic water near equilibrium with
chlorite and kaolinite. Furthermore, it was ¢con-
cluded that the very strong dependence of all major
chemical trends leads to a picture of essentially
- vertical recharge by rainwater that progressively
evolves chemically by reaction with the chlorite
schists.

The Project Teamn from RIVM presented their
geochemical modelling work with the aim to study
the formation of uranium phosphate in the
weathered zone and uranium silicate in the un-
weathered zone just beneath the weathered zone.
They used the codes EQ3NR and EQ6 to carry out
observed system reaction paths calculations. The
initial water was assumed to have a composition
similar to the water sampled in borehole KD1, and
the reactant minerals were chlorite, muscowite,
quartz, pyrite, graphite, fluorapatite and U3Os.
The output from the calcuiations shows that the
most abundant uranyl phosphate mineral at Koon-
garra, saleeite, is formed, but under conditions
which do not occur at Koongarra. The database
used has, therefore, to be checked and data of
relative abundance of minerals have to be included
before further calculations will be performed.
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TWIN LAKE

Tracer experiments ar the Twin Lake aquifer,
Canada.

Experimental Set-up

Aquifer testing ranging from a large number of
small scale fieid experiments to very large scale
tracer migration tests have been performed in a
sandy aquifer at one of the AECL research
facilities, the Chalk River Nuclear Laboratories.

- The site is located 200 km northwest of Ottawa,

Canada, in the valley of the Ottawa river. The
groundwater table in the sandy Twin Lake aquifer
lies 6 to 20 m below grade and the saturated
thickness of this unconfined aquifer ranges from 6
to 10 m. ,

The large experimental programme includes 20-
40- and 260-metres natural gradient tracer (\°'1
and HTO) experiments. The total groundwater
flow path length from the tracer injection well to
the groundwater discharge area is 270 m and there
are {70 monitoring installations in the aquifer
around the downgradient of the injection well.
Each installation consists of piezometers with
short screens located at 1 m depth increments
through the zones of saturation and gamma scan-
ning is performed through e full aquifer.

The database contribute hydrogeologic data
(stratigraphic information, hydraulic conductivity,
porosity, groundwater flow velocity), tracer con-
centrations etc.

Analyses by the Project Teams

The Project Team from SNL/USNRC discussed
the validation aspects for the Twin Lake study and
presented data analysis of the tracer tests. The task
for SNL as a contractor for USNRC is to develop
both a validation strategy to address process model
validation as well as site-specific model validation.
The use of Twin Lake data could provide insight
into the site-specific model validation process,
specifically to determine the conservativeness of
analyses relative to different models, different as-
sumptions about existing data and the existence of
data as well as the treatment of uncertainty. In the
analyses of the Twin Lake data base the Project
Team has applied a one dimensional advection-
dispersion model. The input parameters are
hydraulic conductivity, porosity, dispersivity, and
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hydraulic gradient. The dispersivity has been as-
sumed to have an uniform distribution and is set to
10% of the travel distance. The hydraulic conduc-
tivity is evaluated from different tests, such as
single well response tests, grain size analysis., and
permeameter tests and is assumed to have a log-
noma! distribution, The gradient is determined
from groundwater table ievels and bedrock levels.
The porosity which is assumed to have a normal
distribution'is evaluated from gravimetric analyses
on core samples.

The analyses showed that the probability of
obtaining a concentration larger than the maxi-
mum concentration steeply decreases at a certain
value of the maximum concentration, but that this
value of the maximum concentration always was

larger than the measured maximum concentration -

(Figure 4). Furthermore, the calculated maximum
concentration was insensitive to the choice of
hydraulic conductivity. The probability of cal-
culating a time at which the maximum concentra-
tion occurs which is larger than the corresponding
time observed in the experiment changed from

Cmax.ex
1.0 P

about 0.2 to about 0.85 depending on the charac-
teristics of the log-normal distribution of hydraulic
conductivity. Based on the resuits it was concluded
that there is a very low probability of accepting a
"bad’ site, but a high probability of rejecting a
'good’ site based on the uses of conservative
models combined with compiete ranges of data.

The Pilot Group (AECL) informed about a new
technique and methodology for characterisation of
geologic heterogeneities. High energy emitting
tracers are used to detect inhomogeneities and the
dispersivity characteristics of a geologic structure.
A gamma radiation detector which detects tracers
within a circle with a radius of 0.1 m are used to
get a vertical activity profile of the tracers. A
local-scale dispersion model was used to simulate
tracer tests, and it was concluded that this model is
of universal nature and applicable to solving one-,
two-, and three-dimensional problems. Further-
more, it was concluded that the most reliabie ap-
proach to account for local heterogeneities is to
measure velocities rather than conducggvjngg:
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Distribution of Background
Information and Databases

Background information and databases are dis-
tributed to the INTRAVAL Participants either by
the Secretariat or directly from the Pilot Groups
according to Table 4. The information is dis-
tributed only on request from the Project Teams.

Table 4. Distribution of background informa-
tion and databases.

Test Case Distributor
Las Cruces Pilot Group, T. Nicholson,
Trench NRCV

Apache Leap Pilot Group, T. Nicholson,
NRC! and T. Rasmussen,

uaz?

WIPP 2 Pilot Group, E. Gorham, SNL"

Finnsjon Secretariat”)

Stripa Secretariat®

Gorleben  Pilot Group, K. Schelkes, BGR"

WIPP | Secretariat”

Mol Secretarial’’

Alligator Rivers Pilot Group, P. Duerden,
ANSTOV

Twin Lake Secretariat®)

1) Full organisation name, see List of [ntraval Par-
ticipants in Appendix |

2} Kemakta Consuitants Co., P.O. Box 12655,
S$-112 93 Stockhoim, SWEDEN
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The overail objectives of Phase 2 are similar to
those of Phase 1,i.2.to increase the understanding
of how various geophysical, geohydrological and
geochemical phenomena of importance for
radionuclide transport from a repository to the
bipsphere can be described by mathematical
models developed tor this purpose and to study the
model validation process.

The organisation of INTRAVAL Phase 2 is
similar to Phase 1. The study is directed by a
Coordination Group with one member from each
Party. The Swedish Nuclear Inspectorate (SKI)
acts as Managing Participant. The Parties organise
Project Teams for the acmal project work. A Pilot
Group has been appointed for each test case in
order to secure the information transfer from the

- experimentalists to the Project Secretariat and

Project Teams. At suitable intervals, about once a
year, workshops are amranged. Normally, the
workshops are held in conjunction with meetings
of the Coordinating Group.
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Appendix 1

INTRAVAL Organisation

The organisation of the INTRAVAL study is regu-
lated by an agreement which has been signed by
all participating organisations (Parties). The study
is directed by a Coordinating Group with one
member from each Party. The Swedish Nuclear
Inspectorate (SKI) acts as Managing Participant.
The Managing Participant sets up a Project
Secretariat in cooperation with Her Majesty’s In-
spectorate of Poilution (HMIP/DoE), U.K. and the
Organisation for Economic Cooperation and Devel-
opment/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 ac-

tual 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, includ-
ing computer cost, travelling expenses, etc.

A Pilot Group has been appointed for each Test
Case in order to secure the necessary information
transfer from the experimental work to the Project
Secretariat and the Project Teams. The Project
Secretariat coordinates this information transfer.

At suitabie 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 preparation for decisions
in the Coordinating Group.
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Figure 5. INTRAVAL Organisational Chart.

Managing Participant: SKI
Coordinating Group:

Chairman J. Andersson, SKI

Vice Chairman T. Nicholson, U.5. NRC

Secretary : B. Dverstorp, SKI
Principal Investigator: KEMAKTA Consuitants Co.
Project Secretariat: J. Andersson, SKI

B. Dverstorp, SKI

M. Ericsson, KEMAKTA

P. Jackson, AEA Technology
A. Larsson, KEMAKTA

1.P. Qlivier, OECD/NEA

K. Pers, KEMAKTA

K. Skagius, KEMAKTA
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Party and Coordinating Group Member

Project Team(s) and Team Leader(s)

Agence Nationale pour la
Gestion des Déchets Radioacrifs,
France

L. Dewiere

(ANDRA)

Atomic Energy of Canada Ltd .,
Canada
T. Chan

(AECL)

Atomic Energy Control Board,
Canada
D. Mercalfe

(AECB)

Australian Nuclear Science and
Technology Organisation, Australia
P. Duerden

(ANSTO)

Bundesanstalt fiir Geowissen-
schaften und Rohstoffe/Bundesamt
fiir Strahlenschutz, Federal
Republic of Germany

K. Schelkes

(BGR/BfS)

Commissariat 3 i"Energie Atomi-
que/Institut de Protection et de
Sdreté Nucléaire, France

].-C. Barescut

(CEA/IPSN)

Empresa Nacional de Residuos (ENRESA)-
Radioactivos, S.A., Spain

J.C. Mayor

Gesellschaft flir Reaktorsicherheit
mbH, Federal Republic of Ger-
many

P. Bogorinski
Forschungszentrum fiir Umwelt
und Gesundheit, Federal Republic

of Germany
R. Storck

(GRS)

(GSF)

Commissariat 2 'Energie
Atomique
M. Durin

(CEADMT)

Bureau de Recherches
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Appendix 2

Intraval Phase 2 Test Cases

LAS CRUCES TRENCH

Flow and transport experiments in unsaturated
porous media performed at Las Cruces, New
Mexico, USA.

Overview

This test case is based on experiments performed
at the New Mexico State University College
Ranch, 40 km northeast of Las Cruces, New
Mexico, U.S.A. Water and tracers were applied at
a carefully controlled rate to the surtace of an
experimental plot. The motion of water and the
transport of various tracers through the unsaturated
vadose zone was monitored. This test case was also
included in INTRAVAL Phase 1. During Phase |
data for site characterisation and model calibration
were ¢ollected. In phase 2 the models calibrated
during Phase 1 will be used to predict water flow
and solute transport in a new experiment {Plot 2b).

4,8
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Experimental Design

A trench 16.5 m long, 4.8 m wide and 6.0 m deep
was dug in undisturbed soil. Two irrigated areas
measuring 4X 9 m and 1x12 m respectively are
adjacent to the trench (Figure 6). In the first experi-
ment (Plot 1) water containing tritium was applied
at a controlled rate of 1.8 cm/day on the area sized
4x 9 m. The movement of water below the soil
surface was maonitored with neutron probes and
tensiometers. Soil solution samples were taken to
determine the movement of tracers below the sur-
face of the soil. The movement of the water front
was also observed visuaily on the trench wall. In

. the second experiment (Plot 2a) water containing

E—
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tritium and bromide was applied at a rate of 0.43
cm/day on the area sized 1x 12 m. These two
experiments were used during INTRAVAL Phase 1.
In the third experiment (Plot 2b}) tritium, bromide,
boron, chromium and the organic compounds pen-
tafluorobenzoic acid (PFBA) and 2,6-difluoroben-
zoic acid (DFBA) were added with the water on
the area sized 1 x12 m.

s sjale &
® slale o
.

tm

+ Meuviren Actess Tube {6.5 m doep)

+ Mguiron Access Tube (1.5 m deep)

Figure 6. Top view of the trench with irrigated areas.
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Available data

— water retention data

— density profiles

- particle-size analysis data

- saturated hydrauiic conductivities ({aboratory
and in situ)

- water content

- tensiometer data

- solute concentration

APACHE LEAP

Flow and transport experiments in unsaturated
fractured rock performed at Apache Leap Tuff Site,
Arizona, USA.

Overview

The Apache Leap Tuff Site in tuffaceous rock is
situated near Superior, Arizona, USA (Figure 7).

The tuff formation is approximately 600 m thick '

and grades from a densely welded unit near its base
to a slightly welded wuff which has a total porosity
of 17%. The unsaturated zone extends to great
depths due to topography and to pumping as-
sociated with a nearby underground mine. The
Apache Leap Test Case in INTRAVAL Phase 2
concentrates mainly on two topics, how a thermal
source dramatically affect air, vapour, water and
solute movement in geologic media, in particular
unsaturated fractured rock , and to investigate the
water and air transport properites of fractures and
rock matrix of unsaturated rock.

The effects of a thermal source are studied wit
laboratory nonisothermal core measurements,
whereas the behaviour of fractures and other mac-
ropores are investigated in a series of laboratory
measurements conducted on a block of Apache
Leap Tuff having a single discrete fracture. In
addition to these laboratory experiments there are
plans to perform field investigations that will pro-
vide multiscale estimates of permeability at
Apache Leap Site, information regarding
mechanisms affecting the flow of fluids in frac-

tured rock. and data for validation of flow models,
The field experiment programme outline con-
tributes to the characterisation of permeability dis-
tribution of a selected portion of the site using
single-borehole pneumatic tests, pneumatic cross-
borehole tests, gas tracer tests, and hydraulic tests.
Most of the data from the planned field experi-
ments cannot be expected until after the end of
INTRAVAL Phase 2.

Laboratory Nonisothermal Core
Measurements

A cylindrically shaped core approximately 12
cm long and 10 cm in diameter was extracted from
a block of Apache Leap Tuff (white unit). The

- large core, termed the 'mother’ core, is used for the

experiment, while smaller, "daughter’ cores were
also extracted from the block for characterisation
purposes. The mother core with a prescribed initial
matrix suction and solute concentration was sealed
and insulated to prevent water, air and solute gains
or losses on all surfaces, and to minimise heat loss
along the sides of the core.

During the experiment, a horizontal tempera-
ture gradient was established along the long axis
of the core. Thirteen thermistors were situated
along the core at approximately I cm intervals to
record temperature over time (about twice week-
ly). A dual-gamma source was used to determine
the water and solute content along the core over
time.

The daughter cores were used to provide char-
acterization data regarding porosity, moisture
characteristic curves (including hysterisis effects),
saturated and unsaturated hydraulic conductivity,
and saturated and unsaturated air permeabilities.
Similar data from 105 core segments at the Apache
Leap Tuff Borehole Site were also available.

The simulation objective is to reproduce the
core water content and solute concentration
profiles using characterisation data and observed
temperatures. The simulation output will consist of
mean water contents and solute concentrations
along 1 cm slices at 0.5 cm increments along the
length of the core for selected times. The output
will also consist of predicted temperatures at [ cm
intervals. The temperature measurement should be
considered a point measurement,
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Laboratory Isothermal Fractured Block
Measurements

A block of Apache Leap Tuff (white unit)
measuring 92.5 cm in length, 21.0 cm in height and
20.2 cm in width contains a fracture oriented along
the 92.5 ¢m by 20.2 c¢m plane. The rock was
initially air-dried at a relative humidity of ap-
proximately 30 percent ( ~150 MPa). The frac-
ture traces along both ends of the block were
connected to manifolds, while the fracture traces
exposed along the sides of the block were sealed
with putty. All external surfaces of the rock except
those covered by the manifold were then sealed
with adhesive vinyl. One of the fracture surfaces
covered by the manifold was open to the atmos-
phere and the other was irrigated with water. The
positions of the wetting front in the fracture over
time and the positions of the wetting front in the
matrix over time were recorded.

The simuiation objective of this problem is to
reproduce the movement of a wetting front of
water in a fractured, unsaturated rock using char-
actensation data and observed fracture inflow
voiumes over time. The simulation output should
be wetting front positions in the fracture and rock
matrix over time. Observed characterisation data
can be used to calibrate the model, together with
4aflow data collected during the experiment.

Available data
Core Measurements

- rock matrix porosities
- initial water contents
- temperatures

A set of data collected prior to the heater experi-
ment may also be useful for calibration purposes.
Before the thermal experiments were conducted,
the circumference of the mother core was sealed,
while the two ends were left open. The core was
fully saturated and then one end ot the core was
placed on a pressure plate and a 5 bar (500 kPa)
pressure was applied. The total weight of the core
was measured on various dates, and used to
develop a time series of core saturations. Addition-
al data are also available from tests performed on
daughter cores collected near the core used in the
nonisothermal experiment.

Block Measurements

rock matrix sorptivity coefficient
rock matrix porosity

rock fracture aperture

curnulative inflow volume over time

Data from the Apache Leap Tuff Borehole Site
related to rock matrix physical and hydraulic
properties, including porosity, bulk density, rock
matrix moisture characteristic curves and un-
saturated hydraulic conductivity, are also avail-
able. ol

FINNSJON

Tracer experiments in a fractured zone at the
Finasjon research area, Sweden.

Overview

The Finnsjon research area is located approx-
imately 130 km north of Stockholm and 15 km
from the Baltic sea. The bed rock within the site is
crystalline rock of Svecokarelian age (about 1800
- 2100 Ma). The experiments have been per-
formed in a major low angle fracture zone, Zone -
2, located in the Brandan area (1 km”), a sub-area
within the Finnsjon research area. The Finnsjén
tracer experiments are part of the Fracture Zone
Project, initiated and supported by the Swedish
Nuclear Fuel and Waste Management Company
(SKB).

The project involves detailed characterisation of
Zone 2, including a large-scale interference test
and two large scale tracer tests, one radially con-
verging test and one dipole test. The interference
test and the radially converging test were used in
modelling during INTRAVAL Phase I. During
INTRAVAL Phase 2 the modelling of this test case
will continue 1o include also the dipole experiment.

Experimental Design
Zone 2 is penetrated by six diamond core drilled

boreholes and three precussion drilled boreholes
(Figure 8) at depths ranging between 100-350 m.
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Figure 8. Borehole location in the Brindan areq.
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Two tracer experiments were carried out. one in
a radially converging tlow geometry and one in a
dipole flow geometry. In the radially converging
experiment, tracer injections were made in three
peripheral boreholes situated in different direc-
tions from a withdrawai hole. The distance from
the injection holes to the withdrawal hole is in the
order of 150 to 190 m. Three sections-were packed
off in each injection hole, one in the upper highly
conductive part of Zone 2, one at the lower bound-
ary, and one at the most highly conductive part in
between. Non-sorbing tracers were injected in nine
different intervals of the zone. Totally eleven dif-
ferent tracers were injected, eight of them cou-
tinuously for 5-7 weeks and three as pulses. First
arrivals in the withdrawal hole ranged from 22 to0
3500 hours.

The dipole experiment was performed after the
radially converging experiment using the same
hole for withdrawal and one of the other holes for
injection. The two other holes used for injection in
the radially converging test were used as observa-
tion holes in the dipole experiment. Only the upper
highly conductive part of Zone 2 was used for
tracer injection in this experiment. Totally 15 in-
jections of tracers were made during 7 weeks.
Pulse injection of both sorbing and nonsorbing
tracers were made. The water pumped from the
withdrawal hole was recirculated to the injection
hole.

Prior to the start of the radially converging test,
a series of hydraulic interference tests was per-
formed in order to determine the hydraulic proper-
ties of Zone 2. Pressure responses were registered
in packed-off sections in all bore holes in the
Brandan area during pumping of the hole later used
as withdrawal hole in the tracer experiments. In
conjunction with the interference test, a pre’.mi-
nary tracer test was performed in order to op. aise
the design and performance of the planned ra ially
converging tracer experiment.

Available data
Interference Tests

- primary drawdown responses

- graphs of the recovery of groundwater head
after pumping stops

- tracer injection information

- tracer breakthrough curves

Radiaily Converging Experiment

tracer breakthrough curves

tracer injection information

groundwater levels

relative hydraulic head differences
temperature and electrical conductivity of
pumped water

i

Dipole Experiment

tracer breakthrough curves

tracer injection information

hydraulic heads and groundwater levels
temperature, electrical conductivity and redox
potential of the pumped water

!

In addition, geological data are available from a
surface survey of the Brindan area as well as from
borehole investigations. Hydraulic data are avail-
able from hydraulic testings. Data on porosities
and diffusivities have been determined in the jabo-
ratory. T

STRIPA

Flow and tracer experiments in crystalline rock
based on the Stripa 3D experimen:, Sweden.

Introduction
This test case is based on the three dimensional

wacer test performed in the Stripa mine in Sweden.
This experiment was also part of INTRAVAL

'Phase 1. In addition to the 3D experiment, data

from two other experimental programmes per-
formed in the Stripa mine, the "Site character-
isation and Validation Programme’ and the
*Channelling Experiments’ are or will be made
available during INTRAVAL Phase 2. The experi-
ments were performed within the OECD/NEA
International Stripa Project.

In the 3D experiment water and tracers were
coliected in a number of plastic sheets. The main
purpose of the 3D experiment was to investigate
the spatial distribution of water flow paths in a
larger block of rock.

The Site Characterisation and Validation Pro-
gramme’ includes a number of investigation steps
1o characterise an unexplored rock volume starting



with a tew long boreholes and ending with a new
drift being excavated in the rock block. The new
drift was instrumented with plastic sheets and
other water coliection devices.

The 'Channelling Experiments’ comprise infor-
mation about channelling in individual narural
fractures on a length scale of 2 m.

Geueral Description

3D Experiment

A drift has been excavated in the Stripa mine at
360 m below the ground. The drift is 75 m long and
has two side arms with a length of 12.5 m each.

Three vertical holes for injection of tracers have
been drilled upwards with lengths of 70 m (Figure 9).

SAMPLING ARRANGEMENT _

37
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The ceiling and large parts of the walls in the
drift were covered with plastic sheets. each sheet
with an area of about 2 m~. A totai number ot about
350 sheets served as sampling areas for water
emerging into the upper pant of the test drift. The
sampling arrangements compietely covered a sur-
face area of 700 m~. The spatial distribution of
water flow pathways could thus be obtained.

Injections of conservative tracers were carried
out from a total number of nine separate sections
with increased permeability within the three verti-
cal 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 con-
tinuously for nearly two years. The injections were
carried out with a 'constant’ over-pressure, ap~
proximately 10-15 % above the natural pressure.

AN

Figure 9. Layout of experimental 3D drift at Stripa and sampling arrangement.

The. concentrations of the injected tracers were
betweeri 1000 and 2000 ppm and the different flow
rates varied from [ to 20 mi/h. The following
tracers | were injected: Uranine, Eosin Blueish,
Eosin Yellowish, Phloxine B, Rose Bengal, Elbe-
nyl Brilliant Flavine, Duasyn Acid Green, bromide
and iodide.

The natural inflow of water to the drift was
measured before drilling the injection holes. The
resuits from the water monitoring show that water
does not flow uniformly in the rock over the scale

considered (700 m2), but seems to be localised to
wet areas with large dry areas in between.
Measurable amounts of water emerged into 113 of
the 350 sampling areas. Out of these 'wet’ sam-
pling areas 10 % gave more than 50 % of the total
water inflow.

After six months of injection, tracers from at
least five injection zones could be found in about
35 sampling areas. After almost two years of in-
jection, about 200 different tracer breakthrough
curves were obtained. Each curve is based on
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several hundred individual measurements.
Smoothed curves consisting of approximately 40
points are available as computer files.

Site Characterisation and Validation
Programme (SCV)

The original aim of the project is to predict ground-
water flow and tracer transport in a previously
unexpliored volume of the Stripa granite. The rock
volume selected for detailed characterisation is
about 125x125 x50 m and is located at 360 to 410
m below ground. The investigations of the rock
volume have been performed in a number of steps,
including modelling predictions between the dif-
ferent experimental steps. In the first investigation
five 150-220 m long boreholes and one 50 m long
were drilled. These holes were used to characterise
the rock volume by core logging, hydraulic tests
{down 10 | m sections), radar and seismics.

Thereafter three new 100-150 m long holes were
drilled. Information from these holes were com-
pared with made predictions, based on information
from aiready investigated holes, concerning water
bearing sections, fractures etc. Next six 100 m long
boreholes, were drilled in the same direction as the
new drift would be excavated. The water flow and
its distribution were measured in these holes: The
holes were also used for a tracer (salt) experiment.

Finally a new drift, 50 m long and 2.4-2.9 m in
diameter, was excavated. The new drift was
equipped with plastic sheets (1-2 m“) and other
water collection devices. The drift cut through one
5-10 m wide major fracture zone, which gave more
than 99% of the total water inflow. Tracer experi-
ments were performed in this fracture zone from
seven spots located in four boreholes 10-25m away
from the drift (Figure 10). For this purpose two new
boreholes had to be driiled. In each spo: two non-
sorbing tracers were injected. The tracers were
sampled in the plastic sheets and in the other water
collecting devices covering the lower parts of the
walls and the floor of the drift.

Fracture zone

3D-drift

® Sectons used for
tracer injections.

© Sectons used for
tracer monioring.

Figure 10. Layout of tracer experiment (SCV).
Channelling Experiment

The channelling experiments consist ot three dif-
ferent types of test: the "single hole experiment’,
"the double hole experiment’, and the "tracer test’.

To be able to investigate the fracture charac-
teristics along a fracture plane, a large diameter
(200 mm) hote, was drilled along a planar fracture
plane to a depth of about 2.5 m. A multi-pede
packer (Figure 11) was used to inject water ali

- along the fracture plane.

The injection flow rates were monitored
separately for the left and right side of the hole over
80 short sections. The fracture intersections were
scrutinised to obtain data on fracture properties
such as open fracture area, number of intersec-
tions, and thickness of infilling. Before the multi-
pede was used, the boreholes were tested with
coarser tests. The multi-pede was used in 5
boreholes, whereas in total 12 holes were drilled.

The double hole experiment was performed in
a fracture, where the single hole test has shown that
channels existed. A second hole was drilled in the
same fracture plane-at a distance of 1.95 m from
the first hole. Prior to the injection of water for
detailed pressure tests, more coarse tests were
performed. In the detailed pressure pulse tests,
water was injected in one of the holes at a section
of 5050 mm and monitored in the other hole in
twenty sections along the fracture intersection.
This experiment was repeated with the injection
sections at different positions. The test was then



reversed, i.e. injection was performed in the
second hole and monitoring in the first hola,
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Figure 11. Design of the multiped packer (Channelling Experiment).

In the tracer test five non-sorbing tracers were
injected from five 50 mm sections, that had been
found to be the most conductive in one borehole,
and were monitored in the other hole (see the
double hole experiment). To obtain a linear flow
for the tracers, water was injected with the same
pressure as used for the tracers from the remaining
15 sections. The tracers, Uranine, Eosin Yel-
lowish, Ebenyl Brilliant Fiavin, Duasyn Acid
Green V and Phioxine B were injected continuous-
Iy during four weeks,

Summairy of Available Data
3D Experiment

- water flow rates

- tracer concentration in water to test site
rock characteristics and fracture data
water chemistry

injection pressures and injection flow rates
hydrostatic pressures

- diffusivity and sorption data

- daily logs

1

1

Site Characterisation and Validation (SCV)

- core logging and fracture mapping in drifts
~ geophysical single hole logging

- rock stress measurements

— borehole radar

- borehole seismics

- hydraulic investigations

- hydrochemisty

- water flow rates

- tracer breakthrough curves

Channelling Experiment

number of fractures
number of intersections
information about infilling
fracture lengths

opening area of fractures
~ pressure response

- tracer breakthrough
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WIPP 2

Flow and transport experiments in heterogeneous
fractured media performed at the Waste Isolation
Pilot Plant (WIPP} in Carlsbad, New Mexico,
LAY

Overview

This test case is based on experiments performed
in Culebra Dolomite at the WIPP site. The WIPP,
located in Carlsbad, New Mexico, U.S.A., is an
underground research and development repository
lying 655 m below ground surface within bedded
evaporites, primarily halite, of the Salado Forma-
tion. Overlying the Salado Formation is the Rustler
Formation (Figure [2).

Forma- | Member
tion
Surficial
Deposits

Quarter- | Pleis- Mes-
nary tocene calero
Caliche

Gatuna

System | Series Group

Recent | Recent

Dockumn Un-

divided

Dewey
Lake
Red
Beds

Rustier

Triassic

Permian | Ochoian

Forty-
riner
Magenta
Dolormite
| Tamarisk

Culebra
Dolomite

Linnamed

Salado
Castile
Delaware Beil
Mountain | Canyon |
Chermry
|_Canyon |
Brushy

Guada-
lupian

Canyon

Figure 12. WIPP area stratigraphic column.

The Culebra Dolomite Member of the Rustler For-
mation 8 the most transmissive water-bearing unjt
found at the WIPP site. It is a 8 m thick vuggy
dolomite layer. The test case will be focussed on
the hydrology of this zone. A central issue is the
travel time within the Culebra from a location
above the repository to the WIPP site boundary.

Description of the Experiments

Extensive investigations of the Culebra Dolomite
have been made including detailed investigation of
numerous surface features for the purpose of
delineating subsurface features of irregularities
that could affect flow in and around the Culebra.
A transient electromagnetic survey is planned for
1991-92 in crder to get a better delineation of a
hypothesised fractured region, a high transmis-
sivity zone in the southeast comner of the site.

Sixty wells drilled to the Culebra dolomite at 41
locations provide information on the hydraulic
properties (Figure 13). Large variations in trans-
missivity related to fracturing have been identified.

Test data from three wells in the southeastern
part of the site (DOE-1, H-3, H-11) indicate the
presence of a zone of relatively high transmissivity
within an area of otherwise low transmissivity.

Two pumping tests, each of two months’ dura-
tion, and two convergent-flow tracer tests have
been performed in the vicinity of the above
described high transmissivity zone. One pumping
test and one tracer test were performed near the
center of the WIPP site near what is believed to be
the northwestern edge of the high transmissivity
zone. The other pumping test and tracer test were
performed in the high transmissivity zone near the
southern site boundary.

In addition, geochemical and isotope studies
have been conducted in order to obtain additional
insight into the hydrologic behaviour of the
Culebra, These data have been used to demonstrate
that the age of the Culebra waters is of the order of
10 000 years, and that the waters originated during
a known pluvial period.
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Figure 13. Culebra Wells and measured transmissivity near the WIPP site.
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Objectives of the Test Case
A number of different objectives are identitied:

~ o determine if the hydraulic data support the
derived transmissivity distribution and/or the
model boundary conditions

- to evaluate the consequences of and the uncer-
tainty in the derived transmissivity

- to determine the resolution in transmissivity
needed for long time (10 000 years) predictions
of radionuclide travel time

- to calculate the uncertainty in predictions of
radionuclear travel time

- to determine if the paleoflow directions inferred
from the geochemical/isotropic data could be
reproduced using current transmissivity dis-

tribution and boundary conditions altered to-

simulate increased rainfall

~ to determine if halite and gypsum dissolution
will take place in the next 10 000 years in the
Culebra, resulting in an alteration of the trans-
missivity distribution

~ to determing if the hydrologic evidence is suffi-
cient to rule out a significant effect on transport
of karst features

Available Data

The data base for this test case is very large and
contains:

- UTM coordinates and surveyed elevations for
all wells

- core logs and/or geophysical logs from all well
locations

~ geochemical and isotope data (major ion con-
centrations, density, etc.) from all weli locz’ ons

- raw and interpreted hydraulic test data fror. all
well locations

- raw and interpreted tracer test data

~ core porosity and permeability data from tracer-
test and other locations

- water-level data (hydrographs) from time of
well construction 10 present for all wells

~ estimated steady-state hydraulic heads at all
well locations

- calibrated steady-state regional groundwater
flow model

modetl

GORLEBEN

Saline groundwater movements in the vicinity of
the Gorleben salt uome, Germany.

Overview

The Gorleben salt dome is located in the north-
eastern part of Lower Saxony in Germany. The salt
dome is approximately 14 km long, up to 4 km
wide and its base is more than 3000 m below
surface., An erosional channel, the ’Gorleben
Channel’, more than {0 km long and 1-2 km wide,
crosses the salt dome from south to north. Erosion
ajong the channel extends down to the cap rock {(a
residue of the dissolution process of sait in ground-
water) and in some places down to the salt. In the
channel, fairly thick sandy sediments with inter-
bedded lenses of till are overlain by a complex of
silt and clay up to 100 m thick. Freshwater in the
upper part of the aguifer system is underlain by
saline groundwater. The groundwater movements
in the erosional channel is the topic for this test
case. The groundwater movements in such an
aquifer system depend to a large degree on the
salinity, which influences the water density.

Experimental Design

Hydrogeological investigations have been con-
ducted in an area of about 300 km? around the sait
dome. During these investigations four pumping
tests were carried out: one in fresh water and three
in saline water. During these tests information
were obtained on boundaries, hydrogeological
structure, connections between different aquifers,
and hydraulic parameters (permeabilities, storage
and leakage coefficients). In one of the pumping
tests the pumped well penetrated the entire deeper
aquifer in the erosional channel (Figure 14).
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Figure 14. Hydrogeological cross section of the Gorleben salt dome.

The pumping test was carried out with a pumping
rate of 30 m”/h over a period of three weeks. The
density of the water ranges from 1010 to 1200
kg/m>. This pump test will form the basis for the
first part of this INTRA VAL test case. The second
part is o model the regional groundwater flow, the
salt dissolution and their interaction.

Available Data

The data available from the selected pumping
tests arg:

- borehole locations (maps)

- hydrogeological data (groundwater levels etc.)

- pumping test data (hydrographs, salinometer
logs, pumping rates, electric conductivities,
temperatures, densities, ec.)

Large amounts of data are also available from
other tests performed in the area.
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WIPP1

Brine flow through bedded evaporites ar the Waste
Isolation Pilot Plant (WIPP) in Carisbad, New
Mexico, USA.

Overview

This test case is based on one experiments per-
formed with the aim to determine the rate of brine
flow through WIPP bedded evaporites. The WIPP,
located in Carlsbad, New Mexico, is an under-
ground research and development repository (Fig-
ure 15) lying 655 m below ‘- -ound surface within
bedded evaporitzs, primarily - alite, of the Permian
Salado Formauon.

Three geologic formations are important to the
expected performance ot the WIPP: the Salado
formation. in which the repository is located; the
Rustier formation, which contains an aquifer over-
lying the Salado formation; and the Castile Forma-
tion, which underlies the repository and contains
pockets of pressurised brine. The hydraulic be-
haviour of the Salado Formation is the focus of the
present test case. The experiments are designed to
provide a variety of data with which to determine
whether Darcy’s Law for a porous, elastic medium
correctly describes the flow of brine through
evaporites, or whether a different model is more
appropriate. The test case is also related to another
important issue, the ability of waste-generated gas
to flow from the repository into the formation.

Excavalion Period

=TT 1961 ane 1982
0 1983 ana 1504
T3 1985 and 1908
[ 1987 ena 1800
72" 1988 snd 1990

Note: Uncolored Aress indicate
Recent or Future Excavation

Figure 15. Schematic view of the WIPP site.



T

Experimental Design

Data from three types of experiments will form the
bases for this test case:

— small scale brine-inflow experiments
- pore-pressure and permeability testing
- integrated, large scale experiment

Small Scale Brine-inflow Experiments

Brine-inflow rates are being measured at three
scales: in 10 cm and | m diameter boreholes and
in a cylindrical room with 2.9 m diameter (see
large scale experiment). The boreholes are orien-
tated vertically downward or horizontally and ex-
tend from 3 to 6 m. The boreholes are monitored
for brine inflow (Figure 16) and relative humidity.
The humidity measurements aid in quantifying the
total moisture entering a borehole,
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Figure 16. Brine inflow rate vs time in a borehole (Hole DBTI1).

Chemical analyses of brine collected are also
available. The brine-inflow measurements in the
10 cm diameter boreholes generally show rapidly
dexlining flow rates for the first few months, fol-
lowed by steady but slow declining flow rates over

long periods (2 years).
Pore-pressure and Permeability Testing

Pore-pressure measurements are made in bore-
holes wiith a diameter of 10 cm and 21027 m in
length, drilled at a variety of orientations. Pore-
pressure is measured in brine-filled, packer iso-
lated intervals in the boreholes. Factors other than
the formation pore-pressure that could contribute
10 pressures observed in a borehole, e.g. tempera-
ture changes and borehole closure, are also
monitored. The boreholes are furthermore used for

permeability experiments, both pressure-pulse
tests and constant-pressure flow tests. During the
pressure-pulse tests, gas tends to accurnulate in the
boreholes. The gas is thought to evoive from
Salado Formation brine in response to the lower
pressure around the borehoie relative to the pres-
sure in the far field. The gas volumes are measured
and the compositions are analysed.

Integrated, Large-scale Experiments

A horizontal cylindrical room, with a diameter of
2.9 m and a length of 107 m, has been mined for
the purpose of measuring brine inflow to a room-
sized excavation. The room slopes slightly upward
from front to back to follow the natral dip of
bedding. The room was mined in July 1989 and
sealed in October 1989, The humidity within the
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room as well as the brine inflow into the room are
now being measured. Salt eftlorescences resuiting
from brine evaporation on the surface of the room
are regularly mapped. Pore-pressure measure-
ments were made continuously before, during and
after mining of the room and permeability experi-
ments were performed before and after the mining
in a number of boreholes placed around the room.
A series of borehoies, 4 and 10 cm in diameter, wiil
be drilled in various directions from the room.
These boreholes will also be instrumented to allow
permeability experiments, pore-pressure measure-
ments, and measurements of borehole deformation
and brine inflow.

Available Data

Data available from boreholes of different dia-
meters and locations and from a mined cylindrical
room are:

- brine inflow rates

- humidity

- room closure, borehole deformanon
- pore-pressure

- data from permeability tests

- rock property data

- general stratigraphic information

- core logs

Supporting Information

A number of technical issues that are important to
the WIPP’s performance are tackled, and a large
number of different types of tests araonhave been
performed within the pilot pl

MOL

Migration experiment in Boom clay formation at
the Mol site, Belgium.

Overview
This test case is based on an in situ migration

experiment set up in the underground facility built
in the Boom clay formation at the Mol site in

Belgium. The original purpose of the test is the in
situ determination of migration related parameters
and confirmation of these parameters determined
in the laboratcry. The experiment is a joint effort
between SCK/CEN, NIRAS/ONDRAF and PNC.

Experimental Design

A number of piezometers, a so called piezometer-
nest, have been installed in an underground re-
search laboratory in the Boom Clay formation at a
depth of 220 m (Figures 17 and 18). The stainless
steel system contains 9 piezometers, interspaced
by 0.9 m long tubes. Each piezometer consists of
two concentric tubes, the outer one being made of
sintered stainless steel. A stand-pipe with an inter-
nal diameter of 2 mm is connected to the space
separating the concentric tubes. The stand-pipe
makes up the connection berween the filter and the
laboratory. A horizontal hole with a diameter of 50
mm and a depth of 10 m was drilled in the clay
formation by rotary drilling. Immediately after
drilling, the complete assembled piezometernest
was pushed into the hole. An inert gas was flushed
through the filters to prevent oxidation of the clay.
After about two days the small gap separating the
tubing and the wall of the hole was completely
sealed by convergence creep of the clay, and the
gas flow was stopped. The presence of a vertical
experimental shaft at the end of the underground
laboratory (Figure 17} at ammospheric pressure and
lined with concrete bricks creates a hydraulic pres-
sure gradient in the neighborhood of the nest. The
steady state pressure distribution as a function of
the depth into the clay was measured.

About two and a half years after the installation
of the piezometer-nest the clay formation was sup-
posed to be settied. HTO was injected to filter
number 5 and thereafter the system was left alone
allowmg migration of HTO in three dimensions.
The injection rate of the tracer solution was 5.6
mi/day during about one and a half moath.

The HTO concentration in the clay is measured
by collection of liquid samples from the other
filters in the nest, The space between the different
filters is 1 m. The sampling was started 3 months
after the start of the injection and continues at a two
months’ interval. To avoid disturbance of the HTO
concentration, distribution in the clay formation
due to sampling, the sampling frequency and the
total amount of liquid is kept as low as possible.
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Available Data

@};’f

- steady state pressure distribution in the clay
- HTO concentration as a function time
— tracer injection data

Supporting Information

Supporting data are available from laboratory ex-
periments and other in situ experiments. Transport
parameters, e.g., the product of effective porosity
and retardation factor, apparent dispersion con-
stant, and diffusivity, have been estimatad. A num-
ber of laboratory experiments have been per-
formed, such as through-diffusion and percolation
experiments with clay cores. The Boom clay is rich
in organic marter which to a large part is linked to
the mineral components. The remainder (humic
and fulvic acids) can be regarded as dissolved.
Attempts have been made to determine the dif-
fusion parameters of the smallest humic
motiecules.

ALLIGATOR RIVERS

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

Overview

This test case is based on work conducted at* 2
Koongarra site in the Alligator Rivers Region *
the Northemn Territory in Australia. The Alligato.
River Region is located about 200 km east of
Darwin. The international Alligator Rivers Natural
Analogue Project (ARAP) was set up in 1987 and
was sponsored by the OECD Nuciear Energy
Agency. Participating organisations are the

Australian Nuclear Science and Technology Or-
ganisation, the Japan Atomic Energy Research
Institute, the Power Reactor and Nuclear Fuel
Development Corporation ot Japan, the Swedish
Nuclear Power Inspectorate, the UK Department
of Environment, and the US Nuclear Regulatory
Commission.

Uranium mineralisation occurs at Koongarra in
two distinct but related orebodies which strike and
dip broadly parallei to a fault, the Koongarra
Reverse Fault. The main ore body (No. 1), which
is the subject of this study, has a strike length of
450 m and persists to 100 m depth. Primary min-
eralisation is largely confined to quartz-chlorite
schists. Secondary uranium mineralisation is
present from the surface down to the base of weath-
ering at about 25 m depth and forms a tongue-like
body of ore dispersing downslope for about 80 m
(Figure 19). The objective of the ARAP test case
in INTRAVAL is to develop 2 consistent picture
of the processes that have controlled the transport
in the weathered zone and the time scale over
which they have operated.

Experimental Investigations

An extensive experimental programme including
both field and laboratory investigations have
resulted in a large number of data characterising
the site. Hydrogeologic data are from drawdown
and recovery tests and water pressure tests. Geo-
logic data are based on the mineralogic and
uranium assay logs of 140 percussion holes and
107 drill cores. Groundwater chemical data have
been accumulated from more than 70 boreholes.
Distribution of uranium, thorium and radium iso-
topes has been determined in the different
mineralisation zones. The phase distribution of
uranium and thorium in the weathered zone has
also been studied. Laboratory sorption experi-
ments have been performed, using samples from
bore cores. Distribution coefficients have aiso
been measured on natural particles in Koongarra

groundwater.
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Figure 19. Cross section showing the dispersed zone at the Koongarra deposit.

Available Data Hydrochemistry
Hydrogeology ~ pH, Eh, D.O., conductivity and temperamure in
groundwaters
- climatologic data, including rainfail and tem- - groundwater concentrations of cations and trace
perature metals

~ surface water measurements, including stream
flow

location, elevation, geologic logs, casing and
perforation details of all test holes and wells
map, showing test holes and wells, as well as
land-surface contours

aquifer test results including water-level draw-
downs, discharge measurements, and water
quality of discharge

periodic water level measurements which show
seasonal fluctuations and regional gradients
resuits of geophysical surveys and back-hoe pits
which show thickness of upper deposits
results of packer tests in upper part of the hed-
rock, and resistivity traverses

results from porosity and penneablhry measure-
ments on drill core samples

- groundwater concentrations of uranium series
nuclides and isotopes

Geology, Mineralogy, Radiochemical

- uranjum concentration distribution assay (247
drilling locations) in core pulp and soil samples

- uranium series radiocisotope activity ratios data
for selected samples in the ore zone

~ results from chemical analyses of core samples

- mineralogical composition of samples

- concentrations and activity ratios of uranium
and thorium in different mineral phases

— concentrations of 1, 20, ¥Tc, and “°Pu in
rock samples
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TWIN LAKE

Tracer experiments at the Twin Lake aquifer, Can-
ada,

Overview

A large number of aquifer tests ranging from small
scale field experiments to very large scale tracer
migration tests have been performed in a sandy
aquifer at one of the AECL research facilities, the
Chalk River Nuclear Laboratories. The site is lo-
cated 200 km northwest of Ottawa, Cangda, in the
valley of the Ottawa river. The 37 kan” property
lies on the Canadian shield, with Precambrian bed-
rock consisting primarily of granitic gneiss. Over
10% of the site contains bedrock that is exposed or
buried beneath less than 1 m of overburden. The
remainder of the property is covered by un-
consolidated sediments.

The water table in the sandy Twin Lake aquifer
lies 6 to 20 m below grade and the saturated
thickness of this unconfined aquifer ranges from 6
to 10 m.

Experimental Design

The large experimental programme includes 20-
40- and 260-metres natural gradient tracer experi-

ments. The total groundwater flow path length -

from the tracer injection well to the groundwater

discharge area is 270 m and at present there are 170
monitoring installations in the aquifer around the
downgradient of the injection well. Each installa-
tion consists of piezometers with short screens
located at | m depth increments through the zones
of saturation, and gamma scanning is performed
through the full aquifer. The groundwater dis-
charge area, a2 wetland at the toe of the dune ridge,
currently contains 36 of the monitoring instalfa-
tions (Figure 20). The tracers used are ' 'I, which
can be mapped by gamma scanning, and HTO
which is used to verify that no retardation of the
iodine takes place.

In addition, laboratory measurements on cores
from the aquifer have been performed. The hy-
draulic conductivity was determined from grain-
size analysis and the hydrodynamic dispersion and
longitudinal dispersivity was determined from col-
umnn tracer tests.

Available Data

A large database is available, containing data both
from field and laboratory experiments, such as:

- permeameter test data

- small-scale dispersion

- porosities

- grain size composition

- hydrogeological data

- geophysical data

- mapping of tracer migration (Figure 21)
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Appendix 3

List of Test Case Related Presentations at
INTRAVAL Workshops

INTRAVAL Phase 1 Test Cases

Radionuclide migration through clay sam-
ples by diffusion and advection (TEST
CASE 1a)

Bogorinsid P., Larue J., and von Maravic H.,
Comments on Modelling the Harwell Migration
Experiments, INTRAVAL Warkshop, Barce-
lona, April 1988.

Bogorinski P., Overview of Test Case la,
INTRAVAL Workshop, Tucson, November
1988,

Bourke P.J., Gilling D., Jefferies NL.,
Lineham TR., and Lever D A., Radionuclide Mi-
gration in Clay Samples at Harwell Laboratory,

"~ INTRAVAL Workshop, Barcelona, April 1988.

Bourke P.J., 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 [a, INTRAVAL Work-
shop, Helsinki, June 1989.

Carrera J., Samper 1., Galarza G., and Me-
dina A., Interpretation of Test Case 1a: Oid
Data, INTRAVAL Workshop, Helsinki, June
1989.

Carrerad., Samper J., Galarza G., and Me-
dina A., Application of Experiment Design
Methods to Test Case 1a. INTRAVAL.,
INTRAVAL Workshop, Las Vegas, February
199G.

Hossain 5., Preliminary Resuits on Test Case la,
INTRAVAL Workshop, Tucson, November
1988.
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Olague N.E., Davis P.A,, and Gribble R.A., Mod-
eling Strategy, Data Analysis and Initial Simula-
tions: INTRAVAL Test Case 1a, INTRAVAL
Workshop, Helsinki, June 1989.

Olague N., Davis P., and Gribble R.. Dual-poros-
ity Simulations of the Through-diffusion Experi-
ments, INTRAVAL Workshop, Las Vegas, Feb-
ruary 1990. :

Samper J., and Carrera J., Preliminary UPC Re-
sults on Test Case la, INTRAVAL Workshop,
Tucson, November 1988.

Umetd H., Idemitsu K., and Ikeda Y., Prelimi-

‘nary Results on Test Case 1a, INTRAVAL

Workshop, Heisinki, June 1989.

Umeki H., Neyama A., Furuichi K., and
Tkeda Y., PNC Analysis of Test Case 1a,
INTRAVAL Workshop, Las Vegas, February
1990.

Wijland R., and Hassanizadeh S.M., Preliminary
Results on Test Case la, INTRAVAL Work-
shop, Helsinki, June 1989,

Wijland R., and Hassanizadeh M., Simulation of
Nuclide Migration in Clay, including Matrix Dif-
fusion, INTRAVAL Workshop, Las Vegas, Feb-
ruary 1990.

Uranium Migration in Crystalline Bore
Cores (TEST CASE 1b)

Bischoff K., Hadermann J., and Jakob A., IN-
TRAVAL Test Case 1b, Uranium Migration in
Crystalline Bore Cores, INTRAVAL Workshop,
Barcelona, April 1988.
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Bischoff K., Hadermann J., and Jukob A., Kjellbom K., Moreno L., and Neremieks 1., Pre-
INTRAVAL Test Case 1b. Uranium Migration liminary Evaluation of Some Uranium Migra-

in Crystalline Bore Cores - Small Scale Pressure tion Tests, INTRAVAL Workshop, Helsinki,
Infiltration experiments, INTRAVAL Work- June 1989. -
shop, Tucson, November 1988,

Carrera J., and Samper J., Identifiability Prob- Radionucli * : Migration in Single Natural
lems with Data on Test Case 1b, INTRAVAL Fissures in uranite (TEST CASE?2)

Workshop, Barcelona, Aprii 1988.

Aimo N.J., Battelle PNL Modelling Results,
Cole C., Preliminary Results on Test Case b, ~ INTRAVAL Workshop, Tucson, November
INTRAVAL Workshop, Barcelona, April 1988. 1988.

Cordier E., and Goblet P., INTRAVAL Project -  Cole C.R, and Aimo N.J., Investigating a Param-

Test Case 1b, INTRAVAL Workshop, Helsinki,  eter Estimation Approach to Design of Valida-

June 1989. tion Experiments, INTRAVAL Workshop,
Helsinki, June 1989,

Grindrod P., A Note on the Role of Nonlinear

Sorption in INTRAVAL Case 1b, INTRAVAL Gureghian B., Radionuclide Migration in Single

Workshop, Las Vegas, February 1990. Natural Fissures in Granite, INTRAVAL Work-
shop, Las Vegas, February 1990. '

Grindrod P., and Hodgkinson D., The Role of

Nonlinear Sorption in INTRAVAL Case 1b, Kimura H., Preliminary Results of Test Case 2
INTRAVAL Warkshop, Las Vegas, February Study, INTRAVAL Workshop, Barcelona, April
1999, 1988.

Hadermann J., and Jakob A., Modelling Test Neretnieks 1., Previous Modelling of Test Case 2
Case 1b with Various Mechanisms and Geome- Experiment, INTRAVAL Workshop, Barcelona,
tries, INTRAVAL Workshop, Cologrie 1990, . April 1988. —
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Hawojarvi A., Preliminary VTT Results on Test Skagius K., Presentation of Test Case 2,
Case 1b, INTRAVAL Workshop, Tucson, No- INTRAVAL Workshop, Barcelona, April 1988.
vember 1988.

Hautojarvi A., Channels as Migration Routes in T"“‘,"[’, g“;sEig a Deep Basalt Flow Top
Crystalline Rock Samples, INTRAVAL Work-  (TEST CASE 3)

Helsinki, June 1989,
shop, Helsinkd, June Cole C., INTRAVAL Test Case 3, Experiments
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VAL Workshop, Helsinki, June 1989. .
AL Workshop, Helsinid, June Cole C.. and Aimo N.J., Presentation of Test
Jackson C.P., Sumner P.J., and Preece T.E., A Case 3, INTRAVAL Workshop, Tucson, No-

Study of INTRAVAL Test Case b, vember 1988.

I VAL W , Las Vegas, Feb ,

lr;;roRA AL Workshop, Las Vegas, February Andersson J., Comments on INTRAVAL Test
' Case 3, INTRAVAL Workshop, Barcelona,
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Modeiling Results, INTRAVAL Workshop, Tuc-
son, November 1988,




ldemirsu K., and Umekd H_, Calculation ot the
Concentration of a Dispersive Tracer Solute by
Means of Numerical Solution of the Balance
Equation, INTRAVAL Workshop, Barcelona.
April 1988,

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

Kimura H., and Yomashita R., Preliminary
JAERI] Results on Test Case 3, INTRAVAL
Workshop, Tucson, November 1988.

Flow and Tracer Experiments in Crystal-
line Rock Based on Stripa 3D Experi-
ments (TEST CASE 4)

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

Dverstorp B., Application of the Discrete Frac-
ture Network Concept on Field Data: Possibili-
ties of Model Calibration and Validation, IN-
TRAVAL Workshop, Barcelona, April 1988.

Dverstorp B., and Nordgvist W., Flow and Trans-
port Simulations with a Discrete Fracture Net-
work Model, INTRAVAL Workshop, Helsinki,
June 1989.

Haodglinson D., Shaw W., and Barker J., Model-
ling by Flows in Continuous Dimension,
INTRAVAL Workshop, Tucson, November
1988,

Hodgkinson D., Shaw W., and Grindrod P., Pre-
liminary Fractal Analysis of the Stripa 3D Migra-
tion Experiment, INTRAVAL Workshop,
Helsinki, June 1989.

Neremieks 1., Presentation of Test Case 4: 3D
Migration Experiment at Stripa, INTRAVAL
Workshop, Barcelona, April 1988.

Neremieks 1., Presentation of Test Case 4,
INTRAVAL Waorkshop, Tucson, November
1988.

Tsang Y.W., and Tsang C.F., Understanding
Stripa 3-D Tracer Migration Data, INTRAVAL
Workshop, Helsinki, June 1989,
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Tracer Experiments in a Fracture Zone
at the Finnsjon Research Area (TEST
CASE 5)

Andersson P., Experimental Results and Further
Plans, INTRAVAL Workshop, Tucson, Novem-
ber 1988.

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

Andersson P., Proposal for Simulation of Hy-
draulic Interference Tests, INTRAVAL Work-
shop, Helsinki, June 1989.

Grindrod P., and Worth D., Do the Puise Injec-
tion Experiments Exhibit Radially Convergent
Fracture Flow?, INTRAVAL Workshop, Las
Vegas, February 1990.

Gustafsson E., Andersson P., and Wikberg P.,
Recent Achievements in the Performance and
Evaluation of the Finnsjon Experiments, INTRA-
VAL Workshop, Las Vegas, February 1990.

Hawojarvi A., Dipole Resuits, INTRAVAL
Workshop, Cologne, October 1990.

Hautojdrvi A., and Taivassalo V., Generalised
Taylor Dispersion Analysis for Tracer Break-
through in the Radially Converging Experiment
of Finnsjon (test case 5), INTRAVAL Work-
shop, Barcelona, April 1988.

Hawtojarvi A., and Taivassalo V., Pre-Test Cal-
culations of VTT-Team for Radially Converging
Test, INTRAVAL Workshop, Tucson, Novem-
ber 1988.

Hauwtojdrvi A., Taivassalo V., and Vuori §., Inter-
pretation of Results of the Radially Converging
Test, INTRAVAL Workshop, Helsinki, June
1989,

Hautojorvi A., Taivassalo V., and Vuori S., Pre-
liminary Predictive Modelling of the Dipole Ex-
periment, INTRAVAL Workshop, Helsinki,
June 1989, .

Hawojarvi A., Taivassalo V., and Vuori S., Inter-
pretation of Test Case 5, Radially Converging
Experiment, INTRAVAL Workshop, Las
Vegas, February 1990.
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Kimura H., and Karsuragi T., Predictive Model-
ling of the Dipole Experiment at the Finnsjin
Research Area, INTRAVAL Workshop,
Helsinki, June 1989.

Kimura H., Katsuragi T., and Yamashita R., Pre-
liminary Results of the Radialiy Converging
Tracer Experiment at the Finnsjon Research
Area, INTRAVAL Workshop, Las Vegas, Feb-

ruary 1990.

Moreno L., and Neretnieks I., Preliminary Evalu-
ation of Tracer Test in Finnsjon. Radial Converg-
ing Experiment, INTRAVAL Workshop,
Helsinki, June 1989.

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

Neremieks [., Preliminary Predictions of
Finnsjon Tracer Tests, INTRAV AL Workshop,
Barcelona, April 1988.

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

Winberg A., Geostatistical Analysis of Hydraulic
Conductivity Data at Finnsjon, INTRAVAL
Workshop, Helsinki, June 1989.

Yamashita R.. and Kobayashi A., Preliminary
Calculations Using Fracture Network Approach
for Tracer Test in Finnsjon Site, INTRAVAL

Workshop, Las Vegas, February 1990.

Synthetic Data Base, Based on Single
Fracture Migration Experiments in
Grimsel (TEST CASE 6)

Codell R., Cole C., and Vomvoris S., Synthetic
Migration Experiment - INTRAVAL Problem
VI, INTRAVAL Workshop, Tucsoa, November
1988.

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

Codell R., and Trosch J., Calculation of Syn-
thetic Experiment, INTRAVAL Workshop, Las
Vegas, February 1990.

Kuhimann U., and Vomvoris §.. Interpretation of
INTRAVAL Test Case 6, Synthetic Experiment,
INTRAVAL Workshop, Cologne, October 1990 ™

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

Redox-front and radionuclide movements in an
open Pit Uranium Mine, Pocos de Caldas (TEST
CASE 7a)

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

Neremieks I., Presentation of Test Case 7a:
Redox Front Movement, INTRAVAL Work-
shop, Tucson, November 1988.

Neretnieks I., Redox Front Studies at Pogos de
Caldas, INTRAVAL Workshop, Las Vegas, Feb-

ruary 1990.

Romero L., Moreno L., and Neremieks 1., Pogos
de Caldas. The Location of the Redox Front,
INTRAVAL Workshop, Helsinki, June 1989.

Morro do Ferro Colloid Migration Stud-
ies (TEST CASE 7b)

Chapman N., Presentation of Test Case 7b: Col-
loid Transport, INTRAVAL Workshop, Tucson,
November 1988.

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

Natural Analogue Studies at the
Koongarra Site in the Alligator Rivers
Area (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 ot 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, No-
vember 1988,

Golian C., Hydrodynamic Transport through Po~
rous Media which Contain Two [ron Mineral
Phases, INTRAVAL Workshop, Heisinki, June
1989.

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

Golian C., Test Resuits of the Simplified 2D
Modelling of th Koongarra System Describing
the Preferential Uraniium Pathways, INTRA-
VAL Workshop, Cologne, October 1990.

Lever D., Koongarra Transport Modelling, IN-
TRAVAL Workshop, Barcelona, April 1988.

Nijhoff-Pan I., Discussion on Test Case 8: Alli-
gator Rivers (Koongarra) Ore Deposit,
INTRAVAL Workshop, Helsinki, June 1989,

Slot A.F.M., Proposed Modelling Approach for
the INTRAVAL Test Case 8, Alligator Rivers,
Koongarra Ore Deposits, INTRAVAL Work-
shop, Las Vegas, February 1990.

Sverjensky D., Geochemical Aspects of the Alli-
gator River Analogue Project, INTRAVAL
Workshop, Tucson, November 1988,

Radionuclide Migration in a Block of
Crystalline Rock (TEST CASE 9)

Hawojarvi A., Preliminary Calculations of Mi-
gration in the Fracture Channels, INTRAVAL
Workshop, Helsinki, June 1989.

Kawanishi M., Preliminary Results on Test
Case 9 by using Dual-Porosity Simulation Code,

INTRAVAL Workshop, Cologne, October 1990.
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Kobavashi A., and Yamashita R., Preliminary
Results on Test Case 9 by Using the Non-Uni-
form Velocity Distribution, INTRAVAL Work-
shop, Helsinki, June 1989.

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

Noronha C.J., and Gureghian A.B., Large Block
Migration Experiments, INTRAVAL Work-
shop, Tucson, November 1988,

Rasilainen K., Hawrojdri A., and Vuori §., Pre-
liminary Interpretation of Test Case 9 using
FTRANS-code, INTRAVAL Workshop, Las
Vegas, February 1990.

Vandergraaf T.T., Grondin D.M., and

Drew D J., Contaminant Transport Laboratory
Studies in a Single, Natural Fracture in a Quar-
ries Granite Block at a Scale of 1 Metre,
INTRAVAL Workshop, Tucson, November
1988.

Evaluation of Unsaturated Flow and
Transport in Porous media Using an Ex-
perimental with Migration of a Wetting
front in a Superficial Desert Soil, Las
Cruces Trench (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 Trench Experiment, INTRAVAL
Workshop, Las Vegas, February 1990.

Gee G., Deterministic Modeling and Considera-
tions for Transport Analysis of the Las Cruces
Data Base, INTRAVAL Workshop, Tucson, No-
vember 1988.

Gelhar L., Applications of the Stochastic Mode!
to the Las Cruces Data Base, INTRAVAL Work-
shop, 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 Re-
sults, INTRAVAL Workshop, Tucson, Novem-
ber 1988.
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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., Data Analysis
and Modelling of the Las Cruces Trench Second
Experiment, INTRAVAL Workshop, Las
Vegas, February 1990.

Hills R.G., Hudson, D.B., Porre I., and

Wierenga P.J., Modelling the Layered Soil Ly-
simeter Study at Las Cruces, INTRAVAL Work-
shop, Tucson, November 1988.

Hills R., and Wierenga P., Water Flow and So-
lute Transport at the Las Cruces Trench Site, IN-

TRAVAL Workshop, Las Vegas, February 1990.

Kool J.B., Simulations of Water Flow and Tri-
tium Transport at the Las Cruces Trench,
INTRAVAL Workshop, Las Vegas, February
1990.

McLaughlin D., Model Validation Issues for Un-
saturated Flow Systems, INTRAVAL Work-
shop, Tucson, November 1988.

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

Nicholson T., Introduction, Test Case 10,
INTRAVAL Workshop, Helsinki, June 1989.

Rasmuson A., Lindgren M., and Collin M_, Flow
and Transport Simulations of the Second L.as
Cruces Trench Experiment, INTRAVAL Work-
shop, Las Vegas, February 1990.

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

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

Updegraff D., 1-D Anatytical Solutions on Test
Case 10, INTRAVAL Workshop, Tucson, No-
vember 1988.

Wierenga P., Field and Laboratory Experimental
Results with Emphasis on Transport,

INTRAVAL 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 199C.

Evaluation of Flow and Transport in Unsat-
urated Fractured Rock using Studies at
Apache Leap Tuff Site (TEST CASE 11)

Bradbury J., Evaporation in Unsaturated Frac-
tured Rock - an Alternative Conceptual Model,
INTRAVAL Workshop, Tucson, November
1988.

Codell R., Transport in Two-Phase Flow in Tuff
Drillcore, INTRAVAL Workshop, Helsinki,
June 1989.

Evans D., Field and Laboratory Experimental
Results, INTRAVAL Workshop, Tucson, No-
vember 1988.
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Evans D., Rasmussen T., and Sully M., Rock M
trix Characterization in Apache Leap Tuff, IN-
TRAVAL Workshop, Las Vegas, February 1990.

Ewans D., Rasmussen T., and Sully M., Noniso-

. thermal Core Experiments in Apache Leap Tuff,

INTRAVAL Workshop, Las Vegas, February
1990.

Ewans D., Rasmussen T., and Sully M., Cross-
hote Pneumatic Testing at the Apache Leap Tuff
Site, INTRAVAL Workshop, Las Vegas, Febru-
ary 1990.

Evans D., Rasmussen T., and Suily M., Labora-
tory Fracture Flow Experiments in Apache Leap
Tuff, INTRAVAL Workshop, Las Vegas, Febru-
ary 1990.

Lindgren M., and Rasmuson A., Two-Phase
Flow Simulations in a Heated Tuff Drillcore,
INTRAVAL Workshop, Cologne, October 1990.

McCartin T., Simulation of the Apache Leap
Tuff Site Borehole Experiment, INTRAVAL —
Workshop, Tucson, November 1988,



McCuartin T., Two-Phase Fiow Simulations in a
Tuff Drillcore, INTRAVAL Workshop,
Helsinki, June 1989.

Nichoison T., Presentation of Test Case 11,
INTRAVAL Workshop, Tucson, November
1988.

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

Rasmussen T., Modelling of Field and Labora-
tory Experiments, INTRAVAL Workshop, Tuc-
son, November 1988.

University of Arizona, Field and Laboratory Ex-
periments in Unsaturated Fractured Tuff, IN-
TRAVAL Workshop, Helsinki, June 1989.

Experiments with changing Near-Field
Hydrologic Conditions in Partially Satu-
rated Tuffaceous Rocks, G-Tunnel
(TEST CASE 12)

Hoxie D.T., Empirical Validation of Hydrologic
Model Simulations of Changing Near-Field Hy-
drologic Conditions, INTRAVAL Workshop,
Barcelona, April 1988.

Hoxie D.T., Flint A.L., and Chornack M_P.,
Modei Validation with Respect to Short-Term
Dynamic Effects and Long-Term Transient Ef-
fects, INTRAVAL Workshop, Tucson, Novem-
ber 1988.

Experimental study of Brine Transport in
Porous Media (TEST CASE 13)

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

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

Bogorinski P., Jackson P., and Porter J.A., New
Approach to the RTVM Experiment,

INTRA VAL Workshop, Cologne, October 1990.
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Hassanizadeh 5.M., Presentation of Experimen-
tal Results from Brine Experiment, INTRAVAL
Workshop, Barceiona, April 1988.

Hassanizadeh S. M., Experimental Study of
Brine Transport in Porous Media, INTRAVAL
Workshop, Tucson, November 1988.

Hassanizadeh S.M., and Leijnse T., Simulation
of the Brine Transport Experiments,
INTRAVAL Workshop, Helsinki, June 1989.

Hassanizadeh S.M., Latest Results on Simula-
tion of Brine Transport Experiments,
INTRAVAL Workshop, Las Vegas, February
1990.

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

Schelkes K., and Knoop R.-M., Results of Mod-
elling the Salt Transport Experiments, INTRA-
VAL Workshop, Las Vegas, February 1990.

Groundwater Flow in the Vicinity of the
Gorleben Salt Dome (TEST CASE 14)

Glasbergen P., Proposals for Test Cases Related
to Rock Salt, INTRAVAL Workshop, Barce-
lona, April 1988.

Schelkes K., Pumping Test in Highly Saline
Grouniwater - 2 Proposed Test Case.,
INTRAVAL Workshop, Tucson, November
1988.

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

INTRAVAL Phase 2 Test Cases

LAS CRUCES TRENCH

Hills R., and Wierenga P., Las Cruces Trench
Experiments Phase 2, and Validation Strategy,
INTRAVAL Workshop, Seattle, April 1991.
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Hills R., and Wierenga P., A Quantitative Model
Validation Methodology with Apptication to the
Las Cruces Trench Experiments. INTRAVAL
Workshop, Sydney, February 1992.

Olague N., Kozak M., and McCord J., Las
Cruces, Summary of Post Analysis. Proposed
Strategy for Phase 2, INTRAVAL Workshop,
Seattle, April 1991.

Rockhold M., Conceptual Approach and Initial
Numerical Modelling of the Plot 2b Experiment

Using PORFLO-3, INTRAVAL Workshop, Se-

attle, April 1991.

Sagar B., and Wirtmeyer G., Las Cruces Trench
Experiment, Plot 2a, Model Valic tion Methods,
INTRAVAL Workshop, Sydney, February 1992.

Wintmeyer G., and Sagar B., Flow and Transport
Modelling of Test Case, INTRAVAL Work-
shop, Seattle, April 1991.

APACHE LEAP TUFF

Codell R., Performance Assessment Considera-
tions for the Vapor Phase in Unsaturated Frac-
tured Rock - Applications to the Apache Leap
Tuff Studies, INTRAVAL Workshop, Sydney,
February 1992.

Ford W., Pole J., Codell R., and McCartin T,
Simulations of Hypothetical Flow Experiments
in Fractured Rock Blocks, INTRAVAL Work-
shop, Seattle, April 1991.

Guzman A., Sully M., and Neuman S.P., Three
Dimensional Characterization of Pneumatic Per-
meabilities in Unsantrated Fractured Tuff at the
ALT Site, INTRAVAL Workshop, Seattile,
April 1991.

Lehman L.L., Apache Leap - Benchmarking of
the Beta Mode Code V-TOUGH on the UNLV
Cray, INTRAVAL Workshop, Sydney, Febru-
ary 1992.

Rasmussen T.C., and Anderson I., Unsaturated
Apache Leap Tuff Experiments: Fracture Imbibi-
tion Tests and Non-Isothermal Core Tests,
INTRAVAL Workshop, Seattle, April 1991,

Rasmussen T.C., and Evans D., The Apache
Leap Tuff Site Proposed Field Heater Experi-
mental Plan, INTRAVAL Workshop, Seattle,
April 1991.

Sully M., Guzman A., and Newnan S.P., In Sin
Pneumatic Permeability, INTRAVAL Work-
shop, Seattle, April 1991.

Sully M_I. , Gizman A. (7., Neuman S.P., and
Lohrstorfer C  Validation Studies for Assessing
Unsaturated Flow and Transport through Frac-
tured Rock at the Apache Leap Site, INTRA-
VAL Workshop, Sydney, February 1992.

FINNSJON

Andersson P., Brief Summary of New Data
From Finnsjon, INTRAVAL Workshop, Syd-
ney, April 1992,

Gomit J.M., Finnsjdn Test Case, INTRAVAL
Workshop, Seattle, April 1991.

Haanaka K., Umeki H., Sasaki N., Mukai S.,
and Doi, H., Preliminary Analysis on Tracer

Transport Test at Finnsjon Site, INTRAVAL
Workshop, Sydney, February 1992,

Vuori S., Evaluation of Migration Processes and
Geometries Using Tracer Break-through Curves
of INTRAVAL Test Cases (Finnsjon, Stripa,
WTPP 2), INTRAVAL Workshop, Seattle, April
1991.

STRIPA

Andersson P., Monitoring of Saline Tracer
Transport by Radar Measurements and Model
Simulations, INTRAVAL Workshop, Sydney,
February 1992,

Guerin F., Billaux D., Chiles J.P., and Sauty
JP., Stripa: First Attempt at Tracer Experi-
ments. Simulations by a Set of Interconnected
Channelized Fractures, INTRAVAL Workshop,
Seattle, April 1991.
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Guerin F., Billaux D_, Chiles J.P., and Saury
J.P., Suripa: First Attempt at Tracer Experi-
ments. Simulations by a Set of Interconnected
Channelized Fractures, INTRAVAL Workshop,
Searttle, Aprit 1991,

Haurtojdrvi A., Analysis of Stripa 3D Data Em-
ploying EVE (Extreme Value Estimation)
deconvolution Method, INTRAVAL Workshop,
Sydney, February 1992.

WIPP 2

Beauheim R., Overview of Tests Conducted on
the (WIPP 2) Culebra Formation at the WIPP,
INTRAVAL Workshop, Seattie, April 1991.

Qliffe KA., Jackson C.P., and Impey M.D., Sum-
mary of Results of a Preliminary Geostatistical
Analysis of WIPP 2: Uncertainty and Valida-
tion, INTRAVAL Workshop, Sydney, February
1992.

. Qiffe KA., Jackson C.P., and ‘Impey M.D., Fur-

ther Results on WIPP 2, INTRAVAL Work-
shop, Sydney, February 1992.

Corbet T.F., Overview of Modeling Studies of
the (WIPP 2} Culebra Formation at the WIPP,
INTRAVAL Workshop, Seattie, April 1991,

Corbet T.F., Overview of Recent Progress on
Geostatistical Estimates of the Culebra Trans-
missivity Field, Interpretation of Tracer Tests,
and Alternative Conceptual Models of Regional
Groundwater Flow, INTRAVAL Workshop,
Sydney, February 1992.

Gomez-Hernandez J., and Capilla J., Applica-
tion, INTRAVAL Workshop, Sydney, February
1992.

Grindrod P., Flow Through Fractal Rock: What
does the WIPP 2 Field Data Reveal?, INTRA-
VAL Workshop, Seattie, April 1991.

Jackson P.C., Preliminary Discussion on WIPP
2, INTRAVAL Workshop, Seattie, April 1991.

Sahuquillo Herraiz A., Further Conditioning of
Transmissivity Fields: Honoring Piezometric
Data Theory, INTRAVAL Workshop, Sydney,
February 1992.
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GORLEBEN

Arens G., and Wollrath J., BfS - Calculations o
Pumping Test 'Weisses Moor’, INTRAVAL
Workshop, Sydney, February 1992,

Bogorinski P., and Pontl B., Modeling the
Gorleben Channel, INTRAVAL Workshop, Syd-
ney, February 1992.

Schelkes K., Gorleben Test Case, INTRAVAL
Workshop, Seattle, April 1991.

Schelkes K., Status of Test Case and Validation
Issues, INTRAVAL Workshop, Sydney, Febru-
ary 1992,

Vogel P., and Schelkes K., 2D-Studies on Salt
Water Movement in the Gorleben Channel -
First Results, INTRAVAL Workshop, Sydney,
February 1992.

WIPP 1

Beauheim R., Interpretation of Permeability
Tests (WIPP 1) SOPO1 and L4P51, INTRAVAL
Workshop, Seattle, April 1991,

Beauheim R.L., and Roberts R.A., Integrated Nu-
merical/Analytical Interpretation of S1P73-B
Hydraulic Tests, INTRAVAL Workshop, Syd-
ney, February 1992.

Finley S.J., Small Scale Brine Inflow Experi-
ments (WIPP 1): Data and Interpretation,
INTRAVAL Workshop, Seattle, April 1991.

Gorham E., et. al., Status of WIPP | Test Case
and Current Validation Strategy, INTRAVAL

Workshop, Sydney, February 1992.

MOL

Kozak M., Initial Analyses of Anion Exclusion
as Applied to the Mol Site, INTRAVAL Work-
shop, Sydney, February 1992.

Olague N., Kozak M., and McCord J., Mol: Pre-
liminary Analyses. Proposed Strategy for Phase
2, INTRAVAL Workshop, Seattle, April 1991.
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Put M., Mol: Case Description and Modelling
Methodology with Results, INTRAVAL Work-
shop, Seattle, April 1991.

Pur M., Theoretical Validation Considerations
for the Mol Test Case (with Results), INTRA-
VAL Workshop, Sydney, February 1992.

ALLIGATOR RIVERS

Birchard G., and Murphy W., Koongarra Ana-
logue of the Near Field of an HLW Repository,
INTRAVAL Workshop, Seattle, April 1991,

Birchard G., Groundwater Geochemical Specia-
tion Modelling, INTRAVAL '~ orkshop, Syd-
ney, February 1992.

Emerson D.. Site Characterization, INTRAVAL
Workshop, Sydney, February 1992.

Golian C., Uranium Series Radionuclide Mobil-
ity in the Koongarra Weathered Zone,
INTRAVAL Workshop, Seattle, April 1991.

Galian C., Transport Modelling of Natural Ana-
logue - Approach and Findings, INTRAVAL
Workshop, Sydney, February 1992.

Kimura H., and Murakami T., Uranium Migra-
tion Considering Alternation of Chlorite at
Koongarra Site, INTRAVAL Workshop, Syd-

ney, February 1992,

Skagius K., Modelling of Uranium and Thorium
Migration in the Weathered Zone at Koongarra,

INTRAVAL Workshop, Sydney, February 1992.

Tanaka Y., Miyakawa K., and Kawanishi M.,
Three-Dimensional Groundwater Flow Analysis
on the Basis of Schistosity at the Koongarra
Site, INTRAVAL Workshop, Sydney, February
1992.

Townley L., Hydrology of the Koongarra Site, In-
cluding Predictions of 3D Groundwater Flow
Patterns, INTRAVAL Workshop, Seattte, Apri*™
1991.

Townley L., Summary of Hydrology Workshop,
INTRAVAL Workshop, Sydney, February 1992.

Waite D., Implications of Sorption in Retarda-
tion, INTRAVAL Workshop, Sydney, February
1992.

van de Weerd R., Geochemical Modeling of the
Koongarra Uranium Deposit, INTRAVAL
Workshop, Sydney, February 1992,

TWIN LAKE

Durin M. and Mouche E., Comments to Twin
Lake Test Case, INTRAVAL Workshop,
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The international INTRAVAL project started in
October 1987 in Stockhotm as an international effort
towards validation of geosphere models for transport
of radionuciides. The project was initiated by the
Swedish Nuclear Inspectorate, SKI. and was pre-
pared by an ad-hoc group with representatives from
eight arganisations.

24 organisations 'Parties’ from fourteen countries
participate in INTRAVAL. The project 1s governed
by a Coordinating Group with one representative
from each Party. The SKI acts as Managing Partici-
pant and has set up a Project Secretartat in which also

Her Majesty’s Inspectorate of Pollution HMIP/DoE,
UK. and the OECD/NEA take part. Project organi-
sation, the objectives of the study and rules for the
publication of results are defined by an Agreement
between the Parties.

The INTRAVAL, philasophy is to use resuits 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 IN-

TRAVAL project strategy to interact closely with

- ongoing experimental programimes.
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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 groundwa-

"ter flow and radionuclide transport in the context of

performance assessment of repositories for radioac-
tive waste. In the two previous studies, INTRACOIN
(1981-1986) and HYDROCOIN (1984-1990), the
numerical accuracy of computer codes. the validity
of the underlving conceptual models and different
techniques for sensitivity/uncertainty analysis have
been tested. In INTRAVAL the focus is on the validity
of model concepts.

The INTRAVAL swudy was started in October
1987. The first three year study, Phase 1, is finalised.
The second three year peried, Phase 2, started in
October 1990). The last workshop will be held in the
autumn 1993, ‘

The purpose of the INTRAVAL study is to increase
the understanding of how mathematical models can
describe various geophysical, geohydrological and
‘geochemical phenomena. The phenomena studied
are those that may be of importance to radionuclide
transport from a repository 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
models in an attempt to validate the underlying con-
ceptual models and to study the model validation
process. [n INTRAVAL the ambition is to cover

validation of models both with regard to the proc-

esses and site-specific systems. ,

Eleven test cases are included in Phase 2 of the
study. The test cases are based on experimental pro-
grammes performed within different national and
international projects. Several of the cases are based
on international experimental programmes, such as
the Stripa Project and the Ailigator Rivers Analogue
Project.

Pilot Groups have been appointed for each of the
test cases. The responsibility of the Pilot Group is to
compile data and propose formulations of the test
cases in such a way that it is possible to simulate the
experimenis with model calculations. It is a pro-
nounced policy of the INTRAVAL study to support
interactibn between modeilers and experimentalists
in order!to gain reassurance that the experimental
data are properly understood and that the experiences
of the modellers regarding the type of data needed
from the experimentalists are accounted for.

h
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Contact between the participants is maintained by
arranging workshops which are followed by Coordi-
nating Group meetings. Working Group meetings
take ptace between the workshops.

Since the issue of the previous Progress Report,
the eighth INTRAVAL workshop and the fourth
Phase 2 Coordinating Group meeting have been held
in San Antonio, USA. During the workshop the par-
ticipants described the modelling work performed
and discussed the resuits achieved so far. A full day
session was dedicated to a general discussion of
validation issues.

Most of the Phase 1 reports have been finalised,
printed and distributed to the Coordinate Group
memnbers. Two of the reports are in print and some
munor editonal changes remain in another report. The
Phase 1 Summary report is scheduled for printing in
the spring 1993. The schedule for the Phase 2 report-
ing was discussed and it was concluded that draft
versions of the Working Group reports have to be
available in the summer of 1993 and final versions in
December 1993

The Eighth INTRAVAL Workshop
and the Fourth Phase 2 Coordinating
Group Meeting

The eighth INTRAVAL workshop and the fourth
Phase 2 Coordinating Group Meeting were heid in
San Antonio, Texas, USA, on the 9th through 13th of
November, 1992, with the Center for Nuciear Waste
Regulatory Analysis (CNWRA) acting as host. Atthe
workshop technical presentations of the modelling
results achieved by the Project Teams were given. A
full day session was dedicated to a general discussion
of validation issues. The session was divided intc a
moming session with presentations from invited
speakers and an afternoon session with discussions.
The schedule for the final reporting of the project was
discussed and it was concluded that draft versions of
the Working Group reports have to be available in the
summer of 1993 and final versions in December
1993. Extended outlines of the reports to be written
were presented.

The Coordinating Group meeting was held on the
13th of November, 1992. The time schedule for the
finalisation of the INTRAVAL project was agreed
upon (see section about Phase 2 reporting). Because
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the leader of Working Group 4 was no longer avail-
able, 1t was decided to dissolve Working Group 4. A
summmary of the Alligator Rivers Test Case will be
prepared by the Secretariat. The Twin Lake test case
will be incorporated with Working Group 1 for the
remaining part of INTRAVAIL Phase 2.

The next. and final. INTRAVAL workshop will be
held in Stockholm. Sweden. August 30 - September 3,
1993, It was suggested that each Working Group,
rogether with the Secretariat, should organise a one-
day plenary session that should follow the outline of
the Working Group report. The next Coordinating
Group meeting will be heid in connection with the
workshop in Stockholm. It was also decided to have
an additional, and final, Coordinating Group meeting
after the Stockholmn meeting. Separate Working
Group meetings are scheduled prior to the pext
INTRAVAL workshop.

The chairman informed that SKI will not be able
to organise a third phase of INTRAVAL. However,
SKI would be interested in the formation of 2 "Forum
for flow and transport in rock in relation 1o perform-
ance assessment needs”, but SKI would not take any
specific initiative for its creation,

INTRAVAL Sub-Committee for Inte-
gration (ISI)

The second meeting of the INTRAVAL Sub-commit-
tee for Integration (ISI) was held on the lith of
November, 1992, A draft outline of the INTRAVAL
integration and validation (summary) repon was re-
viewed. A draft version of this report is to be com-
pleted by summer 1993, a second draft version by
December 1993 and the finai report in 1994. The aim
is to get the ISI summary report published in a
scientific journal.

INTRAVAL Phase 1 Reporting

The achievements from the first phase of
INTRAVAL will be documented in a Summary Re-
port and a series of technical reports. The technical
reports cover descriptions, evaluations and conclu-
sions from the modelling work performed for the
different test cases. One of the technical reports is a
compilation of descriptions of the experiments on
which the test cases are based. The technical reports
have been prepared by six Working Groups. An edi-
tor was appointed for each test case with the respon-
sibility 1o compile the test case analysis provided by
the Project Teams.

All except four of the Phase | reports have been
finalised, printed and distributed to the Coordinate
Group members. Two of the reports are in priat and
some minor editorial changes remain in one report.
A draft version of the Phase [ Summary report has

been distributed to the Working Group leaders and
the members of the Sub-commuttee tor Integration
forreview. The final version of the Phase | Summarv
report is scheduied for printing in the spring ot 1993.

Information from the Phase 2

Working Groups

Oniginally four Working Groups were set up address-
ing different types of test cases. Because of Mr. P.
Duerdens, leader of Working Group 4, withdrawat
from INTRAVAL, it was decided to dissolve Work-
ing Group 4. Two test cases were included in Working
Group4; Alligator Rivers and Twin Lake. A summary
of the work on the Alligator Rivers Test Case will be

" prepared by the Secretariat. The Twin Lake test case

will be incorporated in Working Group 1 for the
remaining part of INTRAVAL Phase 2. Table 1 gives
the test cases inciuded in the three remaining Work-
ing Groups.

Table 1. Working Groups for INTRAVAL Phase 2.

Working Test Cases Chairman
Group

1 Las Cruces Trench T. Nicholson
Apache Leap
Twin Lake

2 Finnsjon C-F. Tsang
Stripa S. Neumnan
WIPP 2

3 Gorleben P. Bogorinski
WIPP | ‘
Mol

A chairman has been elected for each Working
Group, sometimes aided by another person. The
chairs of the Working Groups are responsible for the
preparation of Working Group reports, which will
form part of the final reporting of INTRAVAL Phase 2.

Since the previous workshop in Sydney, Australia,
in February 1992, all Working Groups have arranged
meetings. Minutes from most of these meetings are
available on request from the Project Secretariat.
Except for the meetings presented in Table 2, half a
day was dedicated to Working Group meetings dur-
ing the workshop in San Aptonio.




Tuble 2. Working Groun meerngs held berween
March 1992 and November [992.

Working  Date Location  Test Case
Group
1 June 1992  Las Cruces, Las Cruces
UsSA Trench
2 June 1992  Forsmark,
Sweden
3 June 1992  Traben-
Trarbach,
Germany
4 October Toledo, Alligaror
1992 Spain Rivers

Prior to the next INTRAVAL workshop a number

of Working Group meetings are scheduled (Table 3). .

Table 3. Scheduled Working Group meetings.

Working Date Location Test Case
Group
1 December USA Yucea
1992 : Maountam
! January Tucson, Apache
1993 USA Leap
1 June 1993 USA Yucca
Mountam
2 March Berkeley,
1993 USA
3 December SNL, USA
1992
3 March/April Bilthoven,
1993 Netherlands _
3 . June 1993 Germany Gorleben
No more meetings,
Working Group has
been dissolved
INTRAVAL Phase 2 Reporting

The Secretariat will not take responsibility for pub-
lishing INTRAVAL Phase 2 Working Group reports.
It is suggested that the technical work should be
published in existing report series, journals etc. How-
ever, the Secretariat need a summary of the work
within each Working Group to be included in the
INTRAVAL Phase 2 Summary Report. In addition, a
special report on integrated conclusions from the
INTRAVAL Project will be prepared by the
INTRAVAL Sub-commirtee for Integration (ISI).
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Tentative scheduie for the Phase 2 reporting:
Working Group reports:

— Extended outline, November 1992
—~ Draft, summer 1993
— Final draft, December 1993

Summary Report, INTRAVAL Phase 2:

- First draft, December 1993
— Final report, December 1994

Integrated conclusions (ISt} report for INTRAVAL
Phase | and 2:

— Extended outline, November 1992
~ First draft, summer 1993

Second draft, December 1993

—~ Finai Report, 1994

Current Status of INTRAVAL Phase 2
Test Cases

LAS CRUCES TRENCH

Flow and transport experiments in unsaturated po-
rous media preformed ar Las Cruces, New Mexico.

Experimental Set-up

The experimental site is located at the New Mexico
State University Collage Ranch, 40 km northeast of
Las Cruces in New Mexico, USA. A trench 16.5 m
long, 4.8 m wide and 6.0 m deep was dug in undis-
turbed soil. Two irrigated areas measuring 4 m X 9 m
and | mx12 m, respectively, are adjacent to the
trench. Water and tracers were applied at controlled
rates on these areas. In the first experiment (Plot 1)
water containing the conservative tracer tritium was
applied at arate of 1.76 cm/day on the area measuring
4 m x 9 m. In the second experiment (Plot 2a), water
containing tritium and bromide was applied at a rate
of 0.43 cvday on the other area (I m x 12 m) on the
opposite side of the trench, and in the third experi-
ment (Plot 2b) tritium, bromide, boron, chromium
and two organic compounds (pentaflucrobenzoic
acid and 2,6-difluorobenzoic acid) were applied at a
rate of 1.82 cmv/day on the same area (1 m x 12 m).
The movement of the water below the soil surface
was monitored with neutron probes and tensiome-
ters. Tracer concentrations were sampled on aregular
basis through solute samplers instalied in a two di-
mensional grid through the trench wall. In addition
laboratory experiments on cores were performed to
determine the physical properties of the soil. The
Plot 1 and Plot 2a experiments were included
in INTRAVAL Phase 1 and was used for model
calibration. The calibrated models will be used in
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INTRAVAL Phase 2 to predict the Plot 2b experiment
before the expernimental data will be made available
1o the Project Teams.

Analvses by the Project Teams

The Project Team from PNL/USNRC has used the
Plot 2b experimental data for testing deterministic
and stochastic models of water flow and solute trans-
port through heterogeneous. unsaturated porous me-
dia. When evaluating the Plot 2b experiment it was
found that the effects of spatial variations in hydrau-
lic properties on solute transport during transient
unsaturated flow are sigmficant. The Plot 2b experi-
ment was modelied using four scenarios: 1) isotropic
conductivities and rmodified van Genuchten water
retention function, 2) anisotropic conductivities
(Kx = 2K7) with constrained residual water con-
tent, 3) isotropic conductivities with water retention
parameters determined using |-D inverse solution
and data from Las Cruces trench experiment |, and
4) a single stochastic realisation of conductivities
conditioned on data from the trench. It was found that
simple uniform models predicied water flow better
than the single stochastic realisation conditioned on
data from the trench. Future work will investigate the
use of generalised scaling analysis for describing the
spatial variability of flow and transport properties.

The Project Teamn from CNWRA/USNRC have
used the Plot 2b experiment to study the effect of
model complexity on the accuracy of model predic-
tions. The technical approach includes re-estimation
of the van Genuchten model parameters from water
retention data to ensure that initial suctions are con-
sistent with measured initial water contents, kriging
of the van Genuchten model parameters to quadrilat-
eral zones, modelling of the movement of the mois-
ture plume along three 2-D transects using the code
PORFLOW, and finally, comparison of model pre-
dictions of water content to measured water content
at different times up to 310 days by momentum
analysis and point-to-point comparisons. All data
availabie from the Plot 2b experiment were used in
three models with different complexity regarding the
discretisation. It was found that the most complex
model provides the most accurate predictions, based
on the sum of squared differences between computed
and measured water contents. Analysis of the mo-
ments of the water content distribution does not aid
in determining which of the three models is best.
Analysis of the second moments indicates that there
is less variation among the three models than be-
tween the models and the experimental results.

The Project Team from University of New Mex-
ico/USNRC discussed the use of statistical inference
to quantify the validity of differeat models applied to
the Las Cruces experiments. Observations and, in
most cases, blind predictions performed by different
groups concerning water contents, first arrivals,
fluxes and moments have been compared. The pre-
dictions made are based on 13 different conceptual
models for the soil properties; five for a uniform

isotropic soil, two for a heterogeneous isotropic soil.
and six where the soil properties have stochastic
distributions. The results vaned, some models per-
torming welt for some measures and others perform-
ing well for other measures. For exampie, it was
found that the models consistently predicted longer
times for the first arrival than observed, implying that
the models cannot be regarded as conservative. The
applied stochastical models showed more preferen-
tial flow than observed in the experiment. It was
pointed out that quantifying the uncertainty in the
applied models requires models for probability dis-
tributions and correlation structure of the uncertainty.
This suggests that stochastic models for uncertainty
may be required to quantitatively validate determi-
nistic models.

APACHE LEAP

Flow and transport experiments in unsaturated frac-
tured rock performed ar Apache Leap Tuff Site, Ari-
zona, USA,

Experimental Set-up and Scales

The Apache Leap Test Case in INTRAVAL Phase 2
concentrates mainly or two topics, how a thermal
source will affect air, * ..oour, water and solute move-
ment in geologic media. especially unsaturated frac-
tured rock, and the water and air transport properites
of fractures and rock matrix in unsaturated rock.

The effects of a thermal source were studied with
laboratory non-isothermal core measurements. A
cylindrically shaped core, approximately 12 cm long
and 10 cm in diameter, was extracted from a biock of
Apache Leap Tuff. The core with a prescribed initial
matrix suction and solute concentration was sealed
and insulated to prevent water, air and solute gains or
losses from ail surfaces, and to minimise heat loss
along the sides of the core. During the experiment, a
horizontal temperature gradient was established
along the long axis of the core. The data available
from the core measurements are rock matrix porosi-
ties, initial water contents, and temperatures,

The behaviour of unsaturated fractured rock, was
studied in a series of tests being performed to char-
acterise water and air transport properites from frac-
tures and rock matrix for a range of matrix suction.
The measurements were conducted on a block of
Apache Leap Tuff which was 92.5 cm long, 21.0cm
high and 20.2 cm wide and contained a single discrete
fracture oriented along the 92.5 cm by 20.2 cm plane.
The rock was initially air-dried at a relative humidity
of approximately 30 percent. The fracture traces
along both ends of the block were connected to
manifolds, while the fracture traces exposed along
the sides of the block were sealed with putty. All
external surfaces of the rock except those covered by
the manifold were then sealed with adhesive vinyl.
One of the fracture surfaces covered by the manifoid
was open to the atmosphere and the other was irri-



gated with water. The position of the werting front in
the tracture over time and the position of the wetting
front in the matrix over time was studied. Avaiiable
data are rock matrix sorptivity coefficient, rock ma-
trix porosity, rock fracture aperture, and cumulative
inflow volume over time.

In addition to these laboratory experiments there
are plans to perform field investigations. However,
most of the data from the planned field experiments
cannot be expected until after the end of INTRAVAL
Phase 2.

Analyses by Project Teams

The Project Team from the University of Geor-
gia/USNRC presented laboratory experiments where
water and gas flow behavior in unsanirated fractured
rock were studied. A block of Apache Leap Tuff with
a single discrete fracture was used to perform a series
of tests to characterise the water and air transport
properties of fractures and the rock matrix for arange
of matric suctions. Fracture flow experiments were
carried out to investigate the behavior of water and
three gas mixtures: air, air plus a helium gas tracer,
and air plus an argon gas tracer. In addition, coupied
fracture-matrix fluid flow was addressed by studying
the imbibition- of water into the fracture and sub-
sequent uptake and migration of water into the rock
matrix bounding the fracture in an initially dry rock
block. The rock fracture transmissivity was deter-
mined before and after the imbibition test using air
flow, tracer and water injection experiments. Similar
transmissivities were obtained in the different types
of experiments even when using different pressure
head gradients.

Equivalent fracture apertures were evaluated from
six types of experiments. Three volumetric fracture
aperture values were obtained using a pycnometer,
tracer breakthrough volumes, and the ratio of fracture
transmissivity to fracture hydraulic conductivity.
Two Poiseuille apertures were calcuiated using a
cubic aperture equation applied to gas and water fiow
rates, and using a quadratic aperture equation for the
gas tracer breakthrough. A final estimate of fracture
aperture was obtained using the air-entry potential of
the saturated fracture.

The volumetric apertures, estimated using the
pycnometer and the tracer breakthrough volumes,
were found to be very close. The volumetric aperture
determined using the ratio of fracrure transmissivity
to hydraulic conductivity gave smaller apertures,
followed by the apertures determined using the cubic
and quadratic equations, respectively. The smallest
aperure observed was the capillary aperture. This
progression is consistent with the hypothesis that
fracture roughness will decrease the effective flow
area for the Poiseuille flow and induce an ink bottle
effect at fracture constrictions. The difference be-
tween apertures obtained using these six different
methods was almost one order of magnitude.

The water imbibition rate was predicted using a
model for a single horizontal fracture bounded by
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porous rock. The applied model include three stages
in the fracture imbibition process. The first stage
consists of rapid water imbibition into the dry frac-
ture, the second stage of a lower imbibition rate into
the fracture and rock matrix, and the final stage
corresponds to an imbibtion rate where nearby frac-
tures or rock matrix boundaries interfere and limit the
lateral migration of flow away from the fracture. The
model was found to provide a good fit of the shape
of the observed data, but the model overestimated the
fracture imbibition volume by a factor of twenty and
the fracture wetting front advance by almost a factor
of ten. The noted reduction in water inflow may be
due to phenomena neglected in the theoretical model,
such as fracture surface coatings or enhanced surface
wetting and the inability to accurately determine
fracture physical properties a priori, such as the frac-
ture water diffusivity.

It was shown that fracture saturation behind the
wetting front initially is very low, perhaps ten per-
cent, but increases to complete saturation during the
course of the experiment. This may indicate that
fingers of saturation exist within the fracture during
early times which expand laterally and dissipate over
time. It seems that the fingering {(channeling) is at
least as pronounced in unsaturated fractures as in
saturated.

Scale effects in air permeability determinations were
studied by the Project Team from University of An-
zona/USNRC. One borehole, Y2, has been tested at
three different scales: 0.5, 1, and 3 m. Two other bore-
holes, X2 and V2, are currently being tested ata I m
scale and another three boreholes, W2, Z2 and V2, will
be tested at a 1 m scale. This will give a total borehole
length of 180 mtested ata | m scale. High permeability
intervals in these six boreholes will be retested ata0.25
m scale to better define major fractures. The data ob-
tained so far have been used for a preliminary geosta-
tistical analysis to study the scaie effect on the perme-
ability determinations. The permeability based on the
0.5 m measurements has been found to vary over 11
orders of magnitude. The variability of the | and 3 m
scale data is smaller, as expected. inferring that the
measured permeability is a strong function of scale. The
average permeability increased with increasing scale.
Despite the large spatial variability of the permeability
measurements, the underiying spatial structure has
been found 10 be represented by a classical semi-
variogram model. Thus, flow through the fractured
porous material may be amenable to the theory of
stochastic hydrology.
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YUCCA MOUNTAIN

Yucca Mountain experiments.

Experimental Set-up

The objective of the Yucca Mountain test case is to
compare predicted and observed moistare content as
a function of depth in a borehole currently being
drilled. The data set for the test case consists of
composite transects of hydrologic properties at the
site, detailed geohydrological data and moisture con-
tent data from boreholes UZN-53, UZN-54 and
UZN-55, and topographic and structural geology
information for the site. Data from the three UZN-
boreholes will be used for prediction of the moisture
content in a new borehoie, UZ-16, that will be drilled
to a depth of about 500 m at a distance of about 100
m from the UZN-borehoies. The driiling of this bore-
hole is scheduled to be completed in March 1993 and
the comparison between measured and predicted data
is scheduled to be completed until next INTRAVAL
meeting, in the autumn 1993.

Analyses by the Project Teams

The observer from the State of Nevada has studied
the effects of variability in selected model inputs on
modelled unsaturated water content profiles. 1-D,
2-D as well as fracture models were applied for
simulations of the water content in the rock 10 2 depth
of almost 500 m. Some of the data used originate
from boreholes at the Yucca Mountain site not in-
cluded in the test case. The rock was modelled as
consisting of seven hydrologic layers except for the
1-D case where the number of layers varied from 4
to 11. The results from the 1-D models showed a poor
fit to measured data even though the number of layers
as well as the infiltration rate were varied. The wet
conditions within the upper high conductivity unit,
co-existing with the unsaturated conditions in the low
conductivity units, could not be modelled with 1-D
geometry and infiltration. Like the 1-D simulations,
the 2-D simulations were found to underestimate the
measured water content in the upper unit. The frac-
ture flow rodel showed considerably better match to
observed data. In this model, water was recharged
into a vertical fracture intersecting all seven hydro-
logic layers. The recharge rate was estimated based
on ground surface material, topography, and climate
data. The fracture density in the rock was set to about
three fractures per metre. In this case, the very wet
conditions in the upper permeable unit as well as the
unsaturated conditions below are much better repre-
sented than either the 1-D or 2-D representations.
The Project Team from SNL/USNRC presented
their initial work with geostatistics applied to the
Yucca Mountain test case. The porosity between
boreholes was simulated using a geostatistical simu-
lator that can be used for 2-D as well as 3-D simula-
tions and where each simuiation is equally consistent

with observed data. Observed correlations with po-
rosity are used (o generate other properties in a $10-
chastic fashion. In this way, the saturated conductiv-
ity is generated from the porosity and the average
pore size from the square root of the saturated ~on-
ductivity divided by the porosity. Each simulation
produces porosities on a local scale which are
upscaied to the size of the element used in the grid
followed by calculations of velocities and fluxes in
the studied section.

FINNSJON

Tracer experiments in a fractured zone at the
Finnsjén research area, Sweden.

This test case deals with detailed characterisation
of & fractured zone including a large-scale interfer-
ence test and two large scale tracer tests, one radially
converging test and one dipole experiment. The mod-
elling is focussed on the dipole experiment. This test
case was also included in INTRAVAL Phase 1. but
the database for the dipole experiment was never
used for modelling, since it became available too late.

Geological Structures

This test case is based on a set of tracer tests in a
fracture zone in crystalline rock at the Finnsjon re-
search area in Sweden. The experiments are confined
to & sub-horizontal fracture zone at approximately
300 m depth. The thickness of the zone is approxi-
mately 100 m and its horizontal extent is in the order
of kilometres.

It appears that the zone contains three highly per-

" meable sub-layers. The transmissivity of the upper

layer is estimated to be 107* m2/s, the middle 10"~
10°5 m?s and the lower 10~ m%s. The middle layer
is not continuous. A fresh water-salt water interface
exists in the fracture zone relatively close to the upper
sub-layer. The salt content of the groundwater is
higher below the zone than above. The natural hy-
draulic head gradient is estirnated to 1/300 in the
horizontal direction.

Hydraulic Tests

The fracture zone and the surrounding rock are pene-
trated by several boreholes. Packer tests for hydraulic
conductivity (Lugeon tests) have been performed in
all boreholes in 2 m and 20 m section intervals. In
addition, a part of one borehole has been investigated
at 0.11 mintervals. A regional pumping test has been
conducted by pumping water from the full length of
one borehole and observing the drawdown in 11
wells totalling 40 intervals.




Tracer Tests

Two sets of tracer test have been completed. a radially
convergent test and a dipole test. The radially con-
vergent test was conducted by pumping one well
from a packer interval covering the full width of the
fracture zone and injecting eleven different non-sor-
bing tracers at nine different intervals in three wells
surrounding the production well, i.e. more than one
tracer was injected at some points.

The dipole test was conducted by pumping in one
well and injecting tracers 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
tracers in different layers. Both the radially conver-
gent and the dipole test showed that tracers could
move between the layers in the fracture zone.

Analyses by the Project Teams

The Project Team from VTI/TVO discussed if
breakthrough curves obtained from field tests using
non-sorbing tracers reveal matrix diffusion. In tracer
tests, like those performed in Finnsjon where a tracer
is injected in one borehole and collected in another
borehole, the breakthrough will be affected by hydro-
dynamic dispersion as well as matrix diffusion.
When studying the Finnsjon tracer expenments it
was found that the observed dispersion in the-break-
through curves was dominated by hydrodynamic dis-
persion rather than matrix diffusion because of the
relatively high flow rates. Furthermore, if the flow-
paths and velocity fields between the boreholes are
unknown, which is the normal case, then transport in
a number of individual channels can produce break-
through curves similar to those that would be ob-
tained for transport in a single path where the tracers
interact with the rock matrix. Another effect that also
might be misinterpreted as matrix diffusion is diffu-
sion into stagnant volurnes of water. The conclusion
from the presentation was that matrix diffusion pa-
rameters cannot be determined from breakthrough
curves obtained in field experiments. Instead, labo-
ratory experiments and possibly also in in-situ ex-
periments without any flow or with extremely low
flow rates should be used for this purpose. Field
tracer experiments, like the Finnsjon tests, should
aim at studying flow and channeling concepts.

The Project Team from PNC has used a stream
tube approach to study the effect of heterogeneity on
tracer transport at the Finnsjon site. The rock was
modelled as a high conductive layer with low con-
ductive layers above and below. The mass transport
in the high and low conductive zones were expressed
by 1-D and 2-D advection-dispersion equations, re-
spectively, for each streamtube. A hydraglic conduc-
tivity distribution was generated by using data from
hydraulic tests at each borehole and the radially
converging test. This hydraulic conductivity distri-
bution was then used to simulate the dipole tests and
10 estimate the tracer transport parameters, dispersiv-
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ity and porosity. Finally, the validity of the estimated
parameters was confirmed by simulating break-
through curves at the pumping hole in the radially
converging test, These simulated breakthrough
curves showed good agreement with measured
curves, except for the tracer iodide which was ex-
plained with experimental problems during the io-
dide experiment causing disturbances in the break-
through curves.

The Project Team from Conterra/SKB presented
work regarding calibration and validation of a sto-
chastic continuum model using data from the
Finnsjon dipole tracer test. The main aim with this
work was to investigate whether the stochastic con-
tinuum approach can successfully be used to describe
tracer transport in fractured crystalline bedrock and
specifically to explore whether a model calibrated on
a local scale can be validated on a larger scale.

In the case of the Finnsjon tracer tests, only one
scale of testing has been done and in view of the lack
of a second measurement scale, a realistic generic
case was created to test the ideas on calibration and
validation of a stochastic continuum model. The
problem was tackled by creating a reference trans-
missivity field represented by a 0.5 m thick 2-D
confined aquifer with a size of 1200 m x 1200 m,
corresponding to the upper highly conductive part of
zone 2. All measured transmissivity data were used
to construct a synthetic reference field as close as
possible to the real situation. Dipole tracer tests,
similar to the Finnsjon test, and a far-field (natural
gradient) test were performed in this synthetic refer-
ence field for calibration and validation.

Eight boreholes penetrating fracture zone 2 have
been hydraulicaily tested and several realisations
were generated and conditioned on the data from
these boreholes. One of the generated realisations
was randomly chosen as the reference fieid. Two
dipole experiments were simulated in the synthetic
reference field, BFI01 to BFI02 and KFI11 to BFIO2.
In both experiments a total number of 900 particles,
which were assumed to be conservative, were re-
leased. The movement of particles was analyzed
using particle tracking techniques assuming no local
dispersion, i.e. only advection was taken mto ac-
count. These results were considered to be the real
system response of the reference field and was used
for calibration. The far field simulation in the syn-
thetic reality was performed under natural gradient
conditions. The tracer particles were instantaneously
injected at a 20 m x 200 m area along the upstream
boundary and the breakthrough at the downstream
boundary of the model, more than 1000 m away, was
recorded. The results from this far field simulation
were used to validate the overall model, i.e. the
validity of extrapolating a model calibrated and par-
tially validated on a local scale to a larger, far field
scale.

The team used the Monte-Carlo approach to gen-
erate 100 equally probable realisations having the
same statistical structure as the observed data. The
geaeraied realisations are inherently unconditional
since only the statistical parameters are the same as
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the measured data, whereas the actual transrmissivity
data at the boreholes are not honored. Comparing the
breakthroughs in the dipole experiments it was found
that individual realisations could be very different to
the reference field due to uncertainty in transmissiv-
ity values, while the mean (assemble) breakthrough
curve was very close to that of the reference fieid,
especially for the BFIO1 test. Based on a quantified
measure of the deviation of the simulated break-
through curve from that of the reference field, 3 of
the 100 fields were chosen that captured the reference
field quite well. The far field simulations were calcu-
lated under natural gradient conditions using the
same transmissivity fields as for the local scale dipole
test. The results from the three simulations show very
different mean arrival times and dispersion patterns,
indicating that calibration of the model on the local
scalte and subsequent prediction of far field transport
phenomena can result in high uncertainty. To inves-
tigate the effect of the number of conditioning data
on uncertainty, 28 new points were randomly se-
lected from the reference field as few measurement
data. Thus. a total of 36 measurement points were
used for new conditional simulations. The calcula-
tion results on the local scale (dipole test) are similar
to the results obtained when using only eight condi-
tional points. In this situation, adding more measure-
ment points on a larger scale does not improve the
simulations on a local scale. However, the far fieid
simulations were improved by adding these condi-
tional points. It was thus concluded that calibration
on a local scale is insufficient to validate a model for
a larger transport scale and the modet that gives the
best fit on the local scale may not be the best model
for far field predictions due to pronounced heteroge-
neity.

The Project Team from BRGM/ANDRA pre-
sented an analysis of the Finnsjdn interference tests
that accounted for boundary effects. The interference
tests were performed by pumping in borehole BFIO2,
which intersects fracture zone 2, while the drawdown
was monitored in the other boreholes at the site.
Analysis of the interference tests was performed in
two phases, with interpretations applying analytical
solutions in the first phase and using a 3-D finite
difference model in the second phase, In the first
phase, the team evaluated transmissivities, storativi-
ties and distance to boundaries from the drawdown
curves obtained from boreholes KFIOS, KFI06,
KFI09, KFI10 and KFI 1. The transmissivities were
found to be almost one order of magnitude larger
when evaluating the drawdowns for early times com-
pared to the whole test duration due to boundary
effects. It was also observed that there are difficulties
in correlating the estimated boundaries to the inter-
preted geometry of the main structural/geological
features at the site.

In the second phase of the work the team calibrated
- a 3-D finite difference model on interference tests |
and 2, performed in the lower and upper highly
conductive subzones of fracture zone 2. The model
was subsequently "validated” on test 3, performed in
the entire fracture zone 2. It was found that the

performed calibration on tests 1 and 2 gave a good
representation of the data from test 3. The team will

continue with tracer test interpretations using the
calibrated hydrology.

STRIPA

Flow and tracer experiments in crystalline rock
based on the Stripa 3-D experiments, Sweden.

Experimental Set-up

This test case is based on three-dimensional tracer tests
performed in the Stripa mine in Sweden. The experi-
ments are part of the International Stripa Project.

In an experimental drift, excavated in the old iron
ore mine in Stripa, the whaole ceiling and upper part
of thfi walls was covered with about 350 plastic sheets
(2 m* each) with the purpose 10 collect water seeping
in from the rock and to collect injected tracers. Three
vertical 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 experi-
ments are water flow rates, tracer concentrations in
the water entering the drift, rock characteristics and
fracture data, water chemistry, tracer injection pres-
sures and flow rates, and hydrostatic pressure. Dif-
fusivity and sorption data are avaiiable from support-
ing laboratory and field experiments. The experiment
was 2 test case also during Phase | of INTRAVAL. -

In addition to the resuits from the 3-D experiment,
data from two other experiments performed in the
Stripa mine, the "Channeling Experiments” and the
"Site Characterisation and Validation program", are
available to the INTRAVAL Participants during
Phase 2. The Channeling Experiments consisted of
two kinds of tests, single hole and doubie hole ex-
periments. in the single hole experiments, holes with
a diameter of 20 cm were drilled about 2.5 m into the
rock in the plane of a fracture. Specially designed
packers were used to inject water into the fracture at
5 cm intervais. The variation of the injection flow
rates along the fracture were used to determine the
transmissivity variations in the fracture plane. De-
tailed photographs were taken from inside the holes
and the visual fracture aperture was compared with
the injection flow rates. Five holes were measured in
detail and seven hoies were scanned by simple packer
systems. In the double hole experiment, two parallel
holes were drilled in the same fracture plane at nearly
2 m distance. Pressure puise tests were carried out
between the holes in both directions. Tracers were
injected at five locations in one hole and monitored
in several locations in the other hole. The Site Char-
acterisation and Validation program, with the aim to
predict groundwater flow and tracer transport in a
previously unexplored rock volume, involved a num-
ber of investigation steps with modelling predictions,
A few long borcholes were used to characterise the
rock volume, Additional boreholes were drilled and



ey

used for investigations of water bearing sections,
fracures, tracer tests etc. All investigations were
compared to already performed model predictions.
Finally, a new drift, the "Validation Drift", was exca-
vated in the rock block. The new drift was instru-
mented with plastic sheets and other water collection
devices.

Analyses by the Project Teams

The Project Team from BRGM/ANDRA analysed
flow and tracer transport in the Stripa 3-D experiment
and especially studied the influence of connectivity.
The modelling was performed in steps, starting with
building and conditioning of the stochastic fracture
network modeli, followed by calibration of two types
of channelling models, and finally simulation of the
tracer breakthrough in these channel networks to
check the physical meaning of the two tested models.
The model contains the three main sets of fractures
that were found at the 3-D site. The orientation of the
fractures was assumed to be identical for fractures
belonging to the same fracture set and was set 1o the
peak density value. The disc diameter distribution
was estimated from the observed trace length distri-
bution. One of the main results obtained from a
parameter study of the simulated fracture network
was that the medium connectivity was not basically
affected if fractures with a radius less than 2 m were
excluded. This significantly reduces the number of
fractures that have to be generated. The next step in
the study was to reproduce the actual location of the
fractures. This was achieved by conditioning the simu-
lated fracture field to the observed fracture traces.

The flow through the generated fracture networks
was calculated assuming that the flow takes place in
a secondary network of one-dimensional hydraulic
channels. Two models were calibrated to observed
data in such a way that the global properties and the
observed heterogeneities of the medium were de-
scribed. Hence, the two models give by construction
the same hydraulic response since calibrated to the
same data. The Simplified Random Disk (SRD)
model assumes that the nodes of the network are the
centers of the fractures and flow occurs through
"bonds" joining the center of each disk to the center
of any intersecting disk. The Random Channel (RC)
model assigns one or more sets of channels to each
set of fractures. Inside the piane of a given fracture,
each channel is defined by an orientation, a length,
and a center. The channel centers are randomly lo-
cated on the fracture pianes. The flow simulations
were performed in a 190x160x150 m volume, com-
pletely covering the 3-D drift. A zero constant head
was imposed in the 3-D drift and a constant head
derived from borehole measurements was imposed
at the top of the studied volume. All the vertical box
faces as well as the bottom of the flow domain were
no-flow boundaries.

The calibrated flow models were used for transport
modelling. The aim of the transport modelling was to
reprodiuce the globai transport properties rather than the
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exact location of each restitution point or the detailed
breakthrough curves cormresponding to these points.
The breakthrough curve for one of the injected trac-
ers, Eosin B, was chosen for calibration of the trans-
port models. The usual advection-dispersion equa-
tion was solved within the channel network using a
particle tracking method and the code TRIPAR.

There were only two transport parameters in-
cluded in the transport models, the dispersiviry and a
shape factor defined as the ratio between the length
and the width of each hydraulic channel. Although
the two models by construction give the same hy-
draulic response, the SRD model is macroscopically
less dispersive and transport solutes faster than the
RC model. It therefore needs higher dispersivities
and lower shape factors to conform to a given curve.
In order to simulate correct arrival times with the
SRD model, shape factors were needed which imply
a generalised flow in the plane of the fractures and
therefore basically no channelling effect. The shape
factors obtained with the RC model are more com-
patible with the channel-like arrivals observed in the
drift. The parameters calibrated from the Eosin B
experiment were used to simulate the breakthrough
for another tracer, Uranine. With the SRD model the
predicted first arrival time of Uranine into the drift
was too short and with the RC model the predicted
concentrations were too low (Figure 1). Hence, the
parameters determined from the breakthrough curve
of one tracer could not be used directly to simulate
the breakthrough curve of another tracer. It was sug-
gested that the used parameter values may not be
reliable estimates of global rock mass properties
because of the no-flow boundary conditions used in
the modelling and because of the low recovery of the
tracer Uranine in the field experiment.
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Figure 1. Stripa, BTGM/ANDRA. Observed and
simulated mass flux curves for Uranine, Random
Channel Model.
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WIPP 2

Flow and transport experiments in heterogeneous
fractured media performed ar rthe Waste Isolation
Pilor Plant (WIPP} in Carisbad, New Mexico, (/SA.

Experimental Set-up

The WIPP, located near Carlsbad in southeastern
New Mexico, USA, is an underground research and
development repository. It is located in the Delaware
Basin, the northern part of which is filled with 8000
m of sedimentary Phanerozoic rocks containing eva-
porities. Water bearing zones within the rocks that
underlie host and overlie the WIPP repesitory have
low permeabilities and storativities. They are gener-
ally confined and contain waters with high salinities
and long residence tirnes. The repository lies 635 m
below ground surface within bedded evaporities, pri-
marily halite, of the Permian Saiado Formation.
Overlying the Salado Formation is the Rustler For-
mation. The Culebra Dolomite Member of the Rus-
tler Formation is the most transmissive water-bearing
unit found at the WIPP site. It is an 8 m thick vuggy
dolomite layer.

Geologic, hydrologic, geochemical and isotope
data have been collected to resolve several issues
conceming the hydrology of the Culebra dolomite. A
central issue involves the travel time within the Cule-
bra from a location above the repository to the WIPP
site boundary. 60 wells into the Culebra dolomite at
4] locations have been completed to provide infor-
mation on the hydraulic properties. Two pumping
tests, each of two months’ duration, and two conver-
gent-flow tracer tests have been performed. Geo-
chemical and isotope studies have beéen conducted in
order to obtain additional insight into the hydrologic
behaviour of the Culebra.

Analyses by the Project Teams

The Project Team from BGR/BFS has performed
some initial modelling regarding regional density
dependent flow at the WIPP site. There are not many
results or conclusions available so far, since the work
has mainly been concentrated on the problem defini-
tion and the conceptual model. A vertical regional
2-D section extending almost east-west and intersect-
ing the WIPP site has been chosen for the modelling
of flow velocities and salt distribution. The first
attempt of the modelling exercise was a simple sys-
tern considered to be homogeneous. The next step in
the work inciuded the high conductive halite forma-
tion within the modelled plane. It was then found that
the flow velocities within the halite formation were
considerably higher than those in the swrounding
formations. The latest modelling efforts involve a
realistic permeability distribution based on available
data and assumptions. The halite formation has not
yet been included in the modelling using a realistic
permeability distribution,

The Project Team from UPV/ENRESA used sto-
chastic analysis for modelling of the groundwater
flow and travel times at the WIPP site. A general
problem with kriged fields is that they will become
unreafistically smooth, since the vanability of the
onginal data will be lost to a large extent. Such
smoothing may yield biased responses. particularly
for transport problems. By adding perturbations de-
termined at selected locations and interpoiated 1o the
remaining points, the spatial structure of the trans-
missivity field will be preserved. The team applied
Monte Carlo methods to generate equiprobable maps
of hydraulic conductivity that reflect the variability
observed in the field. These conductivity fields are
used in flow and transport modelling to obtain differ-
ent equiprobable output responses. Instead of the
turning band method, the common algorithm for
stochastic conditional simulations, the team used
their own developed conditional sequential simula-
tion method (CSSM). When flow models are run for
a series of conditional sirnulations, the obtained pie-
zometric heads are in most cases found to compare
very badly with the observed heads. It is therefore a
need and advisable to honor the observed piezomet-
ric heads in the stochastical simuiations. The follow-
ing steps were performed to generate stochastic con-
ditioned transmissivity fields honoring piezometric
data: 1) application of CSSM to realise conditioning
the transmissivity, 2) calculation of the head vector
and compare this with the observed piezometric head
and, 3) modification of the transmissivity field and
boundary conditions within confidence limits, albeit
preserving the measured transmissivity values and
variability. An objective function was defined as the
weighted square difference between observed and
computed heads to optimise the solution to this prob-
lem. When comparing the heads it was found that the
values were somewhat closer, but still quite far from
the observed after optimisation (Figure 2). This re-
maining difference between observed and calculated
heads represents the errors due to the applied linear
optimisation, indicating that the linear optimisation
fails. A more complex objective function will be
introduced in future work.

940" T I ; s
! O H o
935 1 g Hoacon TOO! betee 50
l O ™oak on TOO! aler openiamion oc !
<0 gl
0 : oatl |
§ | 2na" | |
925 o
; oe 00 L
: . e "0 [ :
920 1
1 et "n g ©
@ o U:T 000 !
9ns T e :
[=1=) o .
. o00° }
Nno (2ae ;
B [
908 |
Wells (sortd by obaerved piszometry)

Figure 2. WIPP 2, UPV/ENRESA. Observed and
caiculated piezometric heads.



The Project Team from [ntera presented an auto-
maied pilot point inverse technigue to generate cali-
brated conditionally-simulated transmussivity fields.
The present model for the Culebra formation uses
kriged transmisstviry fields to account for the spatial
variability and can be calibrated to steady-state and
transient pressure fields using the pilot point meth-
odology. Conditional simulations are used to resolve
the residual uncertainty not addressed by kriging and
the travel time statistics are produced via Monte
Carlo simulations. A total of 70 fields have been
generated and used for transport calculations. The
heads for all these fields were found to be close to
those observed. Transport calculations, using the
flow model SWIFT II, for these 70 fields indicate
travel times between 10000 and 30000 years from the
central part of the site to the southern boundary.
Although different travel times, there does not seem
1o be any correlation between goodness of fit for the
different fields and the predicted travel time.

The Project Team from SNL presented resuits
from retardation experiments using cores from the
Culebra formation. The formation has been found to
be very heterogeneous. Different rock types and
water chemistry has been found in boreholes sepa-
rated by just a few meters. However, the team has
successfully obtained samples on the Culebra forma-
tion water and intact horizontal cores that have been
used in column experiments with sorbing and non-
sorbing tracers. Core samples with a length of about
10 cm and a diameter of almost 15 cm were used in
the column experiments. The sampies were fragile
and had to be coated with a polyurethane rubber prior
to the repressurisation. The experimenis started with
brine injection until stable conditions were achieved
followed by a simuitaneous injection of non-sorbing
and sorbing tracers. Due to practical considerations,
the flow velocity in the laboratory samples were as
large as 128 m/year compared to about 0.3 m/year for
field conditions. The sorbing nuclides tested so far
are: Pb, Eu, and Nd. Tests with U, Pu, Np, Th, Am,
Pb, and Ra are being prepared. The experiments
performed so far have shown an almost immediate
response to the injected tracer, indicating that the
primary flow through the Culebra samples is through
fractures. Future experiments will be performed us-
ing lower flowrates in order to study effects, such as
diffusion into the matrix.

GORLEBEN

Saline groundwater movements in the vicinity of the
Gorleben salt dome, Germany.

Experimental Set-up

The Gorleben salt dome is located in the northeastern
part of Lower Saxony in Germany. The salt dome is
approximately 14 km long, up to 4 km wide and its
base is more than 3000 m below surface. An erosional
channel, the "Gorleben Channel”, more than 10 km

thy
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long and | -~ 2 km wide, crosses the salt dome trom
south to north. Erosion along the channel extends
down to the cap rock. Freshwater in the upper part of
the aquifer system is underlain by saline groundwa-
ter. The groundwater movements in the erosional
channel are the topic for this test case.

Hydrogeological investigations have been con-
ducted in an area of about 300 km* around the salt
dome. During these investigations four pumping
tests were carried out, one in the freshwater and three
in the saline water. One of the pumping tests, in which
the pumped well penetrated the entire deeper aguifer
in the erosional channel, forms the basis for the first
part of this INTRAVAL test case. The pumping test
was carried out with a pumping rate of 30 m’/h over
a period of three weeks. The second part of the test
case is an extension in time and length scales and
comprises modelling of regional groundwater flow
and salt dissolution as well as interaction between the
two.

Analyses by the Project Teams

The Project Team from BFS presented calculations
performed on the Weisses Mo r pumping test. The
specific permeability (3. 5x10"1% m"), storage coeffi-
cient (5x107), and aquifer thickness (44.6 m) have
been estimaxed with an analytical model (Theis solu-
tion) using regression technique to minimise the
draw-down residuals in the observation wells. The
fitted drawdown curve was found to correspond well
to that observed. The determined parameters were
used in a numerical model 1o test the influence of well
screen location and density distribution on the calcu-
lated draw-down values. A two-dimensional mesh
corresponding to a 4.8 km wide and 45 m deep rock
was generated. The numerical codes used were SUTRA
and ROCKFLOW. Calculations were performed for
both constant density of the water and a density
increase with depth. The boundary conditions in the
pumped well was either constant withdrawal along
the entire well or constant withdrawal at one or both
well screens. Almost identical drawdowns were ob-
tained in the different calculations except for a small
inflzence of the well screen location at early times.
A conclusion is therefore that the effect of the well
screen location is greater than the influence of taking
density dependent flow into account. The density
effect would probably have been larger if the duration
of the pumping test had been longer than the actual
three weeks.

The Project Team from RIVM has analysed the
Weisses Moor pumping test. When comparing simu-
lated and observed data on drawdown as function of
time it was noted that there could in some cases be
large discrepancies. Simulated and observed draw-
downs were mostly quite close in the vicinity of the
purnping weil, but was found to be more deviating
some distance away from the well. A few wells
located close to the edge of the aquifer did not show
any response 1o the pumping test. No pattern has, so
far, been found between smaller/larger interpreted
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drawdowns compared to the observed. When study-
ing the thickness of the aquifer it was found that it
varies from 0 m up to about 90 m. Furthermore,
samples taken in different parts of the aquifer indicate
that the composition could be quite different at dif-
ferent tocations. It was therefore suggested that one
should carefully study the avaiiabie geological data
of the area and include observed heterogeneities
when further analysing the pumping test.

The Project Team from SNL presented an evalu-
ation of the hydraulic anisotropy from the Weisses
Moor pumping test. Individual well responses were
analysed to evaluate the validity of the distance-
drawdown approach. This was done with the code
INTERPRET/2 which provides an automatic fitting
to Theis and other analytical solutions. Fitting of the
transrmissivity and storativity to the draw-down data
generally gives very good fits to the entire draw-
down period, but poor fits to the recovery period. The

model generally underpredicts the pressure build up °

in the well during the recovery period, given that
lower transmissivities and storativities are obtained
if the recovery period is considered (Figure 3).

GoHy2125 Drawdown Simulation

BES rr
[ T =187 %1072 m's
r Sw 733 = 10 °
880 P, = 855 kPo 000" 1
: oo™
—— r a
o - L] 4
% ass 4
=700 ]
] ]
2
3 4
@ as0 .
e . 4
o - ]
845 E
[ oa000 Data 4
——r St )
..... R ) i as
4000

B4 1900 2000 3000
Elapsed Time Since 1/1/84 (hr)

Figure 3. Gorleben, SNL. Fit of transmissivity and
storativity to the drawdown data.

The anisotropy in the Gorleben channel was cal-
culated for two groups each consisting of three weils.
The horizontal anisotropy of the aquifer was found
1o be between three and nine, where the larger values
were obtained when analyzing the recovery period.
It was concluded that an undiscriminating applica-
tion of the distance-drawdown approach to data from
all observation wells does not provide a good indica-
tion of the validity of a Theis analysis of the Weisses
Moor pumping test.

The Project Team from AEA/NIREX has applied
indicator methods to the Gorleben data set. This
modelling work include a binary indicator method
and uses variograms and kriging for stratigraphic
interpolations. The binary indicator approach uses
data from boreholes and assigns a number 1 for
conductive sections and a O for more or less imper-
vious sections, such as clay. Using available data
from boreholes in this way and interpolating the

indicator function between borehoies by kneing
gives estimates of the distribution and vanability of
the ciay formation at the Gorleben site that signifi-
cantly influences flow and transport predictions. Five
boreholes in a vertical section almost perpendicular
to the Gorleben channel were selected for compari-
son between kriged and geological interpretations. It
was noted that the long connected features originat-
ing from the geotogical interpretation was not seen
when the indicator kriging was applied. Future work
with the indicator method will include conditioning
by taking known geological structures into account
in the model.

The Pilot Group (BGR) has performed numerical
studies using the SUTRA code to investigate the
density dependent groundwater movement in the
Gorleben channel. The objective was 10 investigate
whether steady-state conditions exist in the system
today, and also to check the influence of hydro-
geological and hydraulic parameters in the model
calculations. Atwo dimensional, 15 km wide and 250
m deep cross-section was selected. The boundary
conditions used were no-flow at the bottom, no-fiow
and no-flux at the sides, iinear prescribed pressure at
the top with free outflow, and fresh water infiltration.
The permeability distribution was developed from a
very simplified case in the first calculations to a more
realistic description of the hydraulic system by intro-
ducing mere and more of the observed heterogenet-
ties in the system. A number of long-term (up to
several hundred thousand years) simulations to pre-
dict the present day density distribution were con-
ducted, starting with different initial conditions for
the density distribution. So far the calculations indi-’
cate that steady-state conditions have not been
reached in the groundwater system in the erosional
channel even after a considerably long time. It was
also concluded that a realistic picture of the geoiogi-
cal setting is essential to be able to predict the present
day density distribution. The results of the calcula-
tions are dependent on the time-scale of the simula-
tion as well as on the selected initial density distribu-
tion, which indicate that additional paleoclimatic in-
formation is necessary. It was also concluded that the
calculated density distribution is strongly dependent
on the transverse dispersivity while an anisotropic
longitudinal dispersivity is of secondary importance.
The results from the travel time cg,lculatiqgs were
found to agree well with measured “H and ""C data
Diffusion has been included in the calculations, but
was found to have a negligible effect on the density
distribution compared to advection. The work will
continue with calculations in a new cross-section, but
there are no pians to perform any 3-D caiculations.




WIPP 1

Brine flow through bedded evaporities at the Waste
{solation Pilot Plant {W{PP) in Carisbad, New Mex-
ico, USA.

Experimental Set-up
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The WIPP, located in Carlsbad, New Mex- 50
ico, ts an underground research and devel-
opment repository lying 635 m below
ground surface within bedded evaporities,
primarily halite, of the Permnian Salado
formation. This test case is based on ex-
periments performed with the aim to de-
termine the rate of brine flow through the
Salado formation. The experiments are de-
signed to provide a variety of data with the
airn 1o determine whether Darcy’s law for
a porous, elastic medium correctly de-
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Dats Through 05/03/32 2’
n
px:l
%9
i
‘Jb
° 09&&'

scribes the flow of brine through evapori- 0
ties. or whether a different model is more
appropriate. The test case is also reiated to
another important issue, the ability of
waste-generated gas to flow from the re-

500 1000 1500
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Figure 4. WIPP [, SNL/WIPP. Brine inflow rate into

pository into the formation. borehole DBTIO.
Data from three types of experiments
form the bases for this test case:
MOL

— small scale brine-inflow experiments
— pore pressure and permeability testings
— integrated, large scale experiment.

Brine inflow rates are measured at three scales, in
10 cm and | m diameter boreholes and in a 2.9 m
diameter cylindrical room. Pore-pressure measure-
ments are made in 10 cm diameter boreholes, 2 to 27
m long, drilled at a variety of orientations. The large
scale experiments are brine inflow rates 1o a horizon-
tal, 107 m tong, cylindrical room, with a diameter of
2.9m.

Analyses by the Project Teams

The Pilot Group (SNL/WIPP) presented the latest
results concerning the small scale brine inflow ex-
periments. The brine inflow is measured as function
of time in a number of 3 to 5 mdeep boreholes located
in room D, room L4, and the Q access drift, It has
been found that the inflow rates increase with time
due to improved sealing and the quite heavy ongoing
fracturing. The experiments have been going on for
about five years and the brine inflow rate has in many
of the observation holes more than doubled during
the last year (Figure 4). Seismictomography has been
applied to determine the location and extent of frac-
tures.

Migration experiment in Boom clay formation at the
MOL Site, Belgium.

Experimental Set-up

This test case is based on an in situ migration experi-
ment set-up in the underground facility built in the
Boom clay formation at the Mol site in Beigium. The
purpose of the experiment is to determine migration
related parameters and to confirm parameters deter-
mined eariier in the laboratory. The experiment is a
joint effort between SCK/CEN, NIRAS/ONDRAF
and PNC.

A group of piezometers, a piezometernest, has
been installed in the Boom Clay formation at a depth
of 220 m. The stainless steel system contains nine
piezometers, interspaced by 0.9 m long tubes. A
horizontal hole with a diameter of 50 mm and a depth
of 10 m has been drilled in the clay formation.
Immediately after drilling, the complete assembled
piezometernest was pushed into the hole. The steady-
state pressure distribution as a function of the depth
into the clay is measured by means of manometers.

About two and a half years after the installation of
the piezometemest the clay formation was supposed
to be settled. HTO was injected to filter nurnber 5 (in
the center) and thereafter the system was left alone
allowing migration of HTO in three dimensions.

The HTO concentration in the clay is measured by
coliection of liquid sampies from the other filters.
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The tirst breakthrough was obtained in tilters 4 and
6 located adjacent to the injection tilter 3, at a dis-
tance of 1 m.

The experiment will continue 10 vears after finai-
isation of INTRAVAL Phase 2 and the number of
measured points are limited at the time being.

Analyses by the Project Teams -

The Pilot Group (SCK/CEN) presented their modelling
of the HTO tracer experiment that now has been run-
ning for about 5 years. The Boom clay has been mod-
elled as a homogeneous anisotropic saturated porous
medium. The considered governing transport mecha-
nisms has been either advection-diffusion or diffusion
only, as one question is whether advective transport is
apparent from the existing data due to the very low
hydraulic conductivity in the ciay. The tracer ransport
is therefore almost entrely determined by diffusion.
The best fit of the diﬁusion-onlg-model was obtained
with a diffusivity of 4.08x10"'° m%s, and an almost
idenucal value 4.03x10° " m*/s was obtained with the
advection-diffusion model. Furthermore, almost
identical values on diffusivity, conductivity and po-
rosity has been evaluated from this in-situ experi-
ment as found in supporting laboratory experiments.
[t was pointed out that the observed concentrations
in filters 4 and 6 agree very well to those precalcu-
lated, giving confidence to the transport modeti used
for prediction of the experimental outcomne. The con-
clusion so far is therefore that the applied conceptual
model is valid for prediction of field-scale concen-
trations and that laboratory scale parameters are valid
for field-scale predictions. However, a drawback
with the present experiment is that it is one-dimen-
sional and can therefore not be used to study the
expected anisotropy in the ciay. A new type of experi-
ment has recently been started with the aim to study
the 3-D migration of the tracer 125, As the distance
between the filters is only 35 cm in this experiment,
the first data point has already been achieved and was
found to correspond well with the precalculated con-
centration at this location. The diffusion accessible
porosity is assumed to be about haif for I * compared
to HTO due to ion exclusion effects.

The Project Team from CEA-DMT/ANDRA pre-
sented modelling efforts and a sensitivity study of the

Mol test case. A 3-D transport model that takes.

advection, dispersion, diffusion and radioactive de-
cay into account was used. The influence of the
piezometer pipe on the obtained concentrations was
studied by comparing resuits using an analytical so-
lution for a point injection with resuits from the 3-D
transport model including the actuat piezometer pipe.
Using the same diffusivities in these two approaches
resulted in a concentration difference of about a
factor 2, which equals the error introduced when the
experiment is evaluated with an analytical sotution
not taking the piezometer pipe into account.

The data from the HTO experiment have been
fitted using linear as well as logarithmic concentra-
tions. The best fits, based on the least square method,

‘or these two approaches gave almost the same hori-
zontal diffusiviy (0.375 ana 0.35 cm™/d respec-
tively), but a {arge dif:fsrencc in the verticai diffusiv-
ity (0.35 and 0.225 cm“/d respectively). A sensitivity
analysis inciuding both logarithmic and tinear con-
centrations showed that the experimental layout
makes the deterrmnation of the horizontal (paralle!
with the piezometer pipe) diffusivity accurate, which
was found not to be the case for the vertical diffusiv-
ity or the flow velocity.

ALLIGATOR RIVERS

Natural analogue studies at the Koongarra site in the
Alligaror Rivers area of the Northern Territory, Aus-
tralia

Experimental Set-up

This test case is based on work conducted at the
Koongarra site in the Alligator Rivers Region of the
Northem Territory in Australia. The Alligator Rivers
Region is located about 200 km east of Darwin.

Uranium mineralisation occurs at Koongarra in
two distinct but reiated ore bodies which strike and
dip.broadiy parallel to a fault, the Koongarra Reverse
Fault. The main ore body (No. 1), which is the subject
of this study, has a strike length of 450 m and persists
to 100 m depth. Primary mineralisation is largely
confined to quartz-chlorite schists. Secondary ura-
nium minerals are present from the surface down to
the base of weathering at about 23 m depth and forms
a tongue-like body of ore dispersing downslope for
about 80 m. The objective of the ARAP test case in
INTRAVAL is to develop a consistent picture of the
processes that have controiled the transport in the
weathered zone and the time scale over which they
have operated.

An extensive experimental programme including
both field and laboratory investigations has resulted
in a large number of data characterising the site.
{ydrogeclogic data are from drawdown and recov-
ery tests and water pressure tests. Geologic data are
based on the mineralogic and uranium assay logs
from 140 precussion holes and 107 drill cores.
Groundwater chemical data has been accurmnulated
from more than 70 boreholes. Distribution of ura-
nium, thorium and radium isotopes has been deter-
mined in the different mineralisation zones. The dis-
tribution of uranium and thorium between different
mineral phases in the weathered zone has also been
studied. Laboratory sorption experiments have been
performed, using samples from drill cores. In addi-
tion, distribution coefficients have been measured on
natural particles present in Koongarra ground-
waters.



Anaivses by the Project Teams

The Project Team from RIVM presented some pre-
liminary resuits of nuclide transport modelling at
Koongarra. The aim with the work is to reproduce the
shape of the dispersion fan in the unweathered zone.
Contour plots of abserved uranium concentrations in
a horizontal plane are similar in shape at different
depths in the weathered zone. Based on this it was
suggested that uranium dispersion would mainly take
place in the transition zone just above the weathering
front. In the upper part of the weathered zone the rock
is more heavily weathered and the weathering prod-
ucts, clays, reduces the water flow and increases the
sorption in this part. The dispersion fan observed at
higher leveis should then be a more or less "frozen
picture” except for any influences of diffusion proc-
esses. The similarity in shape of the dispersion fan at
different depths also suggests that the groundwater
pattern has not changed considerably in the past. The
dispersion of uranium was simuiated with a simpie
2-D advection-dispersion-sorption model. With typi-
cal values of flow velocity, dispersivity and retarda-
tion factor it was possible to obtain a qualitatively
acceptable dispersion fan. A model which takes into
account the downward movement of the weathering
front and transition zone is currently being developed
and will be applied in future modelling work.

The Project Team from KEMAKTA/SKI used
uranium and thorium data from the weathered zone
at Koongarra to test the applicability of simple trans-
port models generally used in performance assess-
ment. In earlier work, the team simulated the migra-
tion of uranium and daughter nuclides using a 1-D
advection-dispersion model with linear sorption (K¢
concept). The resuits showed a fair agreement be-
tween calculated and observed migration distance
and concentration level of uranium in the solid phase.
This model has now been extended to include phase
transfer of radionuclides due to weathering and o-re-
coil. It is assumed that uranium and daughter nuclides
in the groundwater are reversibiy sorbed onto amor-
phous iron minerals and clays. By a-recoil and trans-
formation of amorphous minerals to crystalline min-
erals, sorbed radionuclides are transferred from the
accessibie phase of the rock to the inaccessible phase
of the rock. With parameter values from independent
analyses carried out within the Alligator Rivers Ana-
logue Project (ARAP), calculations were performed
with two different values of the rate of transfer of
radionuclides from accessible to inaccessible phase
caused by weathering. The results were compared
with observed uranjum concentrations and activity
ratios in the total rock as well as in the accessible and
inaccessible phases of the rock. No significant im-
provement of the simuiation of uranium concentra-
tion and activity ratios was obtained with the ex-
tended model and the assumed values of the phase
transfer rate compared to the results of the simple
model. However, it cannot be excluded that other
combinations of phase transfer rate and sorption co-
efficient would give a better agreement between cal-
culated and observed data.
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T'WIN LAKE

Tracer experiments ar the Twin Lake aquifer. Can-
ada.

Experimentat Set-up

Aquifer testing ranging from a large number of small
scale field experiments to very large scale tracer
migration tests have been performed in a sandy aqui-
fer at one of the AECL research facilities, the Chalk
River Nuclear Laboratories. The site is located 200
km northwest of Ottawa, Canada, in the valley of the
Ottawa river. The groundwater table in the sandy
Twin Lake aquifer lies 6 to 20 m below grade and the
saturated thickness of this unconfined aquifer ranges
from 6 to 10 m.

The large experimental programme_includes 20,

40 and 260 m naturat gradient tracer (ml and HTO)

experiments, The total groundwater flow path length
from the tracer injection well to the groundwater
discharge area is 270 m and there are 170 monitoring
instailations in the aquifer around the downgradient
of the injection well. Each installation consists of
piezometers with short screens located at | m depth
incremnents through the zones of saturation and gamma
scanning s performed through the full aquifer.

The database contains hydrogeologic data (strati-
graphic information, hydraulic conductivity, poros-
ity, groundwater flow velocity), tracer concentra-
tions, etc.

Analyses by the Project Teams

The Pilot Group (AECL) has critically evaluated the
usefuiness of hydraulic conductivity data, deter-
mined on the basis of head measurements or empiri-
cal relationships, for heterogeneity characterisation
and contaminant transport predictions. The conven-
tional approach of quantifying aquifer heterogenei-
ties is based on characterisation of the spatial pattern
of hydraulic conductivity and it has been found that
the inherent variability to a large extent is lost, since
measured hydraulic conductivities are based on mean
values for the medium. Furthermore, estimation of
conductivity heterogeneities by calibrating a flow
model against measured head data ts deemed to be
inappropriate, because heads are not particularly sen-
sitive 10 conductivity variations. It was therefore
suggested that the most reliable approach to account
for local heterogeneities is to measure velocities and
velocity variations rather than conductivities. The
drawback is, however, that the velocities are usually
very low implying measurement problems. A pa-
rameter set based on local scale dispersion was found
to give good agreement to observed concentrations
in a tracer test compared to another parameter set
based on hydraulic conductivity values obtained
from grain size analysis which gave rather poor
agreement to the same data.

por e w———
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The Project Team from EDM/CEA/TPSN has used
data from the Twin Lake tracer expenments to study
mass transport with high Peclet numbers. Sharp
fronts implying high Peclet numbers usually indicate
modelling problems due to the small spatial and time
steps that have to be used. The team presented a new
numencal code that can be used for flow and mass
transport in 2-D. where advection and dispersion are
separated giving no Peclet number constraints, Un-
knowns, such as concentration and/or head, are ap-
proximated using arbitrary order Lagrange polyno-
mials. The advective term is treated by backtracking
along characteristic lines of flow. The advantage with
this codeusing "spectrai elements” compared to clas-
sical codes is that stable solutions are achieved even
if large timesteps are used when the Peclet number is
large. However, to0 long time steps will increase the
time needed for the backtracking. The code can so far
be used for 2-D simulations, but a 3-D extension is
underway.

The Project Team from CEA/ANDRA raised the
question whether stochastic modelling applied 1o the
Twin Lake site can be performed. The team has
analyzed the data from the 40 m tracer experiment
and concluded that the experiment cannot be used to
evaluate important parameters like the horizontal
covaniance of the hydraulic conductivity and the
horizontal correlation length.

The Project Team from JAERI presented some
preliminary modelling results of the Twin Lake tracer
test. A 2-D vertical section has been modelled using
an advection-dispersion model. The code MIGINT
was used to generate hydraulic conductiv .ues, po-
rosities, retardation factors, as well as various statis-
tical distributions and correlation lengths among
these parameters. The data generated by MIGINT
was used to calculate groundwater flow and nuclide
transport with the finite element code MIG2DF.
When conditioning the model to measured hydraulic
conductivities, it was found that the observed tracer
plume could not be reproduced which might be ex-
plained by heterogeneities in the system. The small
dispersion length caused large computational prob-
lems, why the mesh size will be reduced in future
calculations and a new numerical method will be
applied.

Distribution of Background Information

Background information and databases are dis-
tributed to the INTRAVAL Participants either by the
Secretariat or directly from the Pitot Groups accord-

ing to Table 4.

Table 4. Distribution of background information.

Test Case Distributor

Las Cruoes Trench Pilot Group, T. Nicholson, NRC'?

ApacheLeap  Pilot Group, T. Nicholson, NRC"
and T. Rasmussen, UoGY

WIPP 2 Pilot Group, E. Gorham. SNL"

Finnsjon Secretariat”)

Stripa Secretariat’!

Gorleben Pilot Group, K. Schelkes, BGR''

WIPP | Secretariar~

Mol Secretariat®’

Alligator Rivers Secretariat®’

Twin Lake Secretariat?’

Yucca Mountain Pilot Group, C. Voss, Uspoge"

I} Full organisation name, see List of Intraval Par-
ticipants in Appendix 1

2) Kemakta Consultants Co., P.O. Box 12655,
S-112 93 Stockholm, Sweden
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Appendix 1

INTRAVAL Organisation

The organisation of the INTRAVAL study is regu-
lated by an agreemnent which has been signed by all
participating organisations (Parties). The study is
directed by a Coordinating Group with one member
from each Party. The Swedish Nuclear Inspectorate
(SKI) acts as Managing Participant. The Managing
Participant sets up a Project Secretariat in coopera-
tion with Her Majesty’s Inspectorate of Pollution
(HMIP/DoE), U.K. and the Organisation for Eco-
nomic Cooperation and Development/Nuciear Energy
Agency (OECD/NEA). KEMAKTA Consultants
Co. is contracted by SKI o act as Principal Investi-
gator within the Project Secretariat.

The Parties organise Project Teams for the acmal
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
computer cost, travelling expenses, etc.

A Pilot Group has been appointed for each Test
Case in order to secure the necessary information
transfer from the experimental work to the Project
Secretariat and the Project Teams. The Project Sec-
retariat coordinates this information transfer.

At suitable time intervails, depending upon the
progress of the study, workshops are arranged. Nor-
mally, the workshops are held in conjunction with
meetings of the Coordinating Group. During the
workshops, Test Case definitions and achieved re-
sults are discussed as a preparation for decisions in
the Coordinating Group.
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Figure 5. INTRAVAL Organisational Chart.

Managing Participant: SKI
Coordinating Group:
Chairman J. Andersson, SKI
Vice Chairman T. Nicholson, U.S. NRC
Secretary B. Dverstorp, SKI
Principal Investigator: KEMAKTA Cor sultants Co.
Project Secretariat:

1. Andersson, SKI

L. Birgersson, KEMAKTA

B. Dverstorp, SKI
M. Ericsson, KEMAKTA

P. Jackson, AEA Technology

A. Larsson, KEMAKTA
LP. Olivier, OECD/NEA
K. Pers, KEMAKXTA

K. Skagius, KEMAKTA
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List of INTRAVAL Participants

Party and Coordinating Group Member

Project Team(s) and Team Leader(s)

Agence Nationale pour la
Gestion des Déchets Radioactifs,
France

L. Dewiere

(ANDRA)

Atomic Energy of Canada L., Can-
ada
T. Chan

{AECL)

Atomic Energy Control Board. Can-
ada
D. Metcalfe

{AECB)

Australian Nuclear Science and
Technology Organisation, Australia

(ANSTO)

Bundesanstalt fitr Geowissenschaf-
ten und Rohstoffe/Bundesamt fiir
Strahlenschutz, Federal Republic of
Germany

K. Schelkes

(BGR/BfS)

Commissariat a I'Energie
Atomique/Institut de Protection et de
Sdreté Nucléaire, France

J.-C. Barescut

Empresa Nacional de Residuos Ra-
dioactivos, S.A., Spain
J.C. Mayor

(CEA/IPSN)

(ENRESA)

Gesellschaft fiir Reaktorsicherheit
mbH, Federal Republic of Germany
P. Bogorinski

{GRS)

Forschungszentrum fiir Umwelt und
Gesundheit, Federal Republic of Ger-
many

R. Storck

(GSF)

Her Majesty’s Inspectorate of
Pollution, United Kingdom
K. Butter

(HMIP/DoE)

Commissariat 4 |"Energie
Atomique
M. Durin

{CEADMT)

Bureau de Recherches Géologiques
et Miniéres
J.P. Sauty

(BRGM/STO)

Atomic Energy of Canada Ltd.
T. Chan (AECL-WR)
G. Moltyaner (AECL-CRL)

(AECL)

Atomic Energy Control Board,

(AECB)
D. Metcalfe .

Australian Nuclear Science and
Technology Organisation

(ANSTO)

Bundesanstalt fiir Geowissen-
schaften und Rohstoffe
K. Schelkes

(BGR)

Bundesamt fiir Strahlenschutz

H. Il (BfS)

Ecole Nationale Supérieure des
Mines de Pars
P. Goblet

(EDM)

Universidad Politécnica de
Valencia

J. Gémez-Herndndez

A. Sahuquillo

Gesellschaft fiir Reaktorsicherheit
fbH
P. Bogorinski

(UPV)

(GRS)

Forschungszentrum fiir Urnwelt und
Gesundheit
E. Fein

(GSF)

Atkins Engineering Sciences
T. Broyd

(AES)

Intera Information Technologies Ltd.
N. Chapman

(INTERA)
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List of INTRAVAL Participants (cont.)

Party and Coordinating Group Member

Project Team(s) and Team Leaderts)

Industrial Power Company Ltd., Fin-
land
J. Vira

(TVO}

Japan Atomic Energy Research
Institute, Japan
H. Matuzuru

(JAERT)

Nationale Genossenschaft fiir die
Lagerung Radioaktiver Abfilie,
Switzeriand

P. Zuidema

National Institute of Public Health and
Environmental Protection, The Nether-
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M. Hassanizadeh

(NAGRA)

(RIVM)

National Radiological Protection
Board, United Kingdom
S. Mobbs

Power Reactor and Nuclear Fuel De-
velopment Corporation, Japan
H. Umeki

(NRPB)

(PNC)

Studiecentrum voor Kemenergie,
Beigium
M. Put

(SCK/CEN)

Swedish Nuclear Fuel and Waste
Management Co., Sweden
F. Karisson

(SKB)

Swedish Nuclear Power

Inspectorate, Sweden

J. Andersson (Chairman)
B. Dverstorp (Secretary)

U.K. Nirex Lid., United Kingdom
D. George (P. Jackson)

(SKD

(NIREX)

Technical Research Centre of
Finland
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VTD

Japan Atomic Energy Research
Institute
H. Kimura

(JAERI)

Central Research Institute for the
Electric Power Indusiry
M. Kawanishi
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Hazama-gumi
A. Kobayashi

(HAZAMA)

Paul Scherrer Institute
J. Hadermann

(PSI)

National Institute of Public Health and
Environmental Protection
M. Hassanizadeh, T. Leijnse

(RIVM)

Nationai Radiological Protection
Board
S. Mobbs

(NRPB)

Power Reactor and Nuclear Fuel
Development Corporation,
H. Umeki

(PNC)

Studiecentrum voor Kemenergie,
M. Put

(SCK/CEN)

The Royal Institute of Technology
I Neretnieks

(SKB/KTH)

The Royal Institute of Technology
B. Dverstorp

(SKI/KTH)

AEA Technology
P. Jackson

(AEA)

Intera Information Technoiogies Ltd.
D. Hodgkinson

(INTERA)
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LAS CRUCES TRENCH

Flow and transport experiments in unsaturated po-
rous media performed at Las Cruces, New Mexico,
USA.

Overview

This test case is based on experiments performed at
the New Mexico State University Coliege Ranch, 40
km northeast of Las Cruces, New Mexico, USA.
W ater and tracers were applied at a carefully control-
led rate to the surface of an experimental plot. The
motion of water and the transport of various tracers
through the unsaturated vadose zone was monitored.
This test case was also inciuded in INTRAVAL
Phase 1. During Phase | data for site characterisation
and model calibration were collected. In Phase 2 the
models calibrated during Phase 1 will be used to
predict water flow and solute transport in a new
experiment (Plot 2b)..

Experimental Design
A trench 16.5 m long, 4.8 m wide and 6.0 m deep has

been dug in undisturbed soil. Two irrigated areas
measuring 4 m x9 m and 1 mx 12 m respectively
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Appendix 2

Intraval Phase 2 Test Cases

are adjacent to the trench (Figure 6). In the first
experiment (Plot |) water containing tritium was
applied at a controlled rate of |.8 crm/day on the area
sized 4 m x 9 m. The movement of water below the
soil surface was monitored with neutron probes and
tensiometers. Soil solution samples were taken to
determine the movement of tracers below the surface
of the soil. The movement of the water front was also
observed visually on the trench wall. In the second
experiment (Plot 2a) water containing tritiumn and
bromide was applied at a rate of 0.43 cm/day onthe area
sized | mx 12 m. These two experiments were used
during INTRAVAL Phase 1. In the third experiment
(Plot 2b) tritium, bromide, boron, chromium and the

- organic compounds pentafluorobenzoic acid (PFBA)

and 2,6-difluorobenzoic acid (DFBA) were added

. with the water on the area sized ! mx 12 m.

Available data

— water retention data

— density profiles

particle-size analysis data

saturated hydraulic conductivities (laboratory and
in sita)

water content

tensiometer data

solute concentration

Cavernd
(8.2 ™ dewp)

] l-l : :

+ Mgmliron Accers Tebe (6.5 m desp)
+ Mawiren Accesy Tube (1.5 m deep}

Figure 6. Las Cruces. Top view of the trench with irrigated areas.
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APACHE LEAP

Flow and transport experiments in unsaturazed frac-
tured rock performed at Apache Leap Tuff Site, Ari-
Zona, USA.

Overview

The Apache Leap Tuff Site in tuffaceous rock is
situated near Superior, Arizona, USA (Figure 7). The
wff formation is approximately 600 m thick and
grades from a densely welded unit near its base to a
slightly welded tuff which has a total porosity of
17%. The unsaturated zone extends to great depths
due to topography and to pumping associated with a
nearby underground mine. The Apache Leap Test
Case in INTRAVAL Phase 2 concentrates mainly on
two topics, how a thermal source dramatically affect
air, vapour, water and solute movement in geologic
media, in particuiar unsaturated fractured rock, and
o investigate the water and air transport properites
of fractures and rock matrix of unsaturated rock.

The effects of a thermal source are studied with
laboratory nonisothermal core measurements,
whereas the behaviour of fractures and other macro-
pores are investigated in a series of laboratory meas-
urements conducted on a block of Apache Leap Tuff
having a single discrete fracture. In addition to these
laboratory experiments there are plans to perform
field investigations that will provide multiscale esti-
mates of permeability at Apache Leap Site, informa-
tion regarding mechanisms affecting the flow of flu-
ids in fractured rock, and data for validation of flow
models. The field experiment programme outline
contributes to the characterisation of permeability
distribution of a selected portion of the site using
singie-borehole pneumatic tests, pneumatic cross-
borehole tests, gas tracer tests, and hydraulic tests.
Most of the data from the planned field experiments
cannot be expected untii after the end of INTRAVAL
Phase 2.

Laboratory Nonisothermal Core Measurements

A cylindrically shaped core approximately 12 cm
long and 10 cm in diameter was extracted from a
block of Apache Leap Tuff (white unit). The large
core, termed the "mother” core, is used for the experi-
ment, while smaller, "daughter” cores were also ex-
tracted from the block for characterisation purposes.
The mother core with a prescribed initial matrix
suction and solute concentration was sealed and in-
sulated to prevent water, air and solute gains or losses
on all surfaces, and to minimise heat loss along the
sides of the core.

During the experiment, a horizontal temperature
gradient was established along the long axis of the
core. Thirteen thermistors were situated along the
core at approximately 1 cm intervais to record tem-
perature over time (about twice weekly). A dual-

gamma source was used to determine the water and
soiute content along the core over ume.

The daughter cores were used to provide charac-
terization data regarding porosity, moisture charac-
teristic curves (including hysterisis effects), satu-
rated and unsaturated hydraulic conductivity, and
saturated and unsaturated air permeabilities. Similar
data from 1035 core segments at the Apache Leap Tuff
Borehole Site were also availabie.

The simuiation objective is to reproduce the core
water content and solute concentration profiles using
characterisation data and observed temperatures. The
simulation output will consist of mean water contents
and solute concentrations along ! cm slices w:0.5¢cm
increments along the length of the core for selected
times, The output wiil also consist of predicted temn-
peratures at 1 cm intervals. The temperature meas-
urement should be considered a point measurement.

Laboratory Isothermal Fractured Block
Measurements ‘

A block of Apache Leap Tuff (white unit) meas-
uring 92.5 cm in length, 21.0 cm in height and 20.2
¢m 1n width contains a fracture oriented along the
92.5 cm by 20.2 cm plane. The rock was initiaily
air-dried at a reiative humidity of approximately 30
percent (~ 150 MPa). The fracture traces along both
ends of the block were connected to manifolds, while
the fracture traces exposed along the sides .of the
block were sealed with putty. All external surfaces of
the rock except those covered by the manifold were
then sealec with adhesive vinyl. One of the fracture
surfaces covered by the manifold was open to the
atmosphere and the other was irrigated with water,
The positiens of the wetting front in the fracture over
time and the positions of the wetting front in the
matrix over time were recorded.

The simulation objective of this problem is to
reproduce the movement of a wetting front of wer
in a fractured, unsaturated rock using charac-
terisation data and observed fracture inflow volumes
over time. The simuiation output should be wetting
front positions in the fracture and rock matrix over
time. Observed characterisation data can be used to
caiibrate the model, together with inflow data col-
lected during the expenment.
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Figure 7. Location of testing facilities ar Apache Leap Tuff site.

Available data
Core Measurements

— rock matrix porosities
— initial water contents
— temperatures

A set of data collected prior io the heater expeni-
ment may also be useful for calibration purposes.
Before the thermai experiments were conducted, the
circumference of the mother core was sealed, whiie
the two ends were left open. The core was fully
saturated and then one end of the core was placed on
a pressure plate and a 5 bar (500 kPa) pressure was
applied. The total weight of the core was measured
on various dates, and used to develop a time series of
core saturations. Additional data are aiso available
from tests performed on daughter cores collected
near the core used in the nonisothermal experiment.

Block Measurements

rock matrix sorptivity coefficient
rock matrix porosity

— rock fracture aperture

cumulative inflow volume over time

|

l

Data from the Apache Leap Tuff Borehole Site
related to rock matrix physical and hydraulic proper-
ties, including porosity, bulk density, rock matrix
moisture characteristic curves and unsaturated hy-
draulic conductivity, are also available.

'FINNSJON

Tracer experiments in a fractured zone at the
Finnsjdn research area, Sweden.

Overview

The Finnsjon research area is located approximately
130 km north of Stockholm and 15 km from the
Baltic sea. The bed rock within the site is crystalline
rock of Svecokarelian age (about 1800 - 2100 Ma).
The experiments have been performed in a major tow
angle fracture zone, Zone 2, located in the Brindan
area (1 km®), a sub-area within the Finnsjén research
area. The Fiansjon tracer experiments are part of the
Fracture Zone Project, initiated and supported by the
Swedish Nuciear Fuei and Waste Management Com-
pany (SKB).

The project involves detailed characterisation of
Zone 2, including a large-scaie interference test and
two large scale tracer tests, one radially converging
test and one dipole test. The interference test and the
radially converging test were used in modelling dur-
ing INTRAVAL Phase 1. During INTRAVAL Phase
2 the modelling of this test case will continue to
include also the dipole experiment.

Experimental Design

Zone 2 is penetrated by six diamond core drilled
boreholes and three precussion drilled boreholes
(Figure 8) at depths ranging between 100~350 m.
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Two tracer expenments were cameg out. unen a
radially converging tlow geometry ana ¢ne In a di-
pole flow geometry. [n the radially converging ex-
pertment. tracer INjections were made in three perph-
eral boreholes situated in different directions from a
withdrawal hole. The distance from the inrection
holes 10 the withdrawal hole is in the order or 150 to
190 m. Three sections were packed off in each 1njec-
tion hole. one in the upper highly conductive part of
Zone 2, one at the lower boundary, and one at the
most highly conductive part in between. Nan-sorbing
tracers were injecied in nine different intervals of the
zone. Totally eleven different tracers were injected,
eight of them continuously for 5-7 weeks and three
as pulses. First arrivals in the withdrawal hole ranged
from 22 to 3500 hours,

The dipoie experiment was performed after the
radially converging experiment using the same hole
for withdrawal and one of the other holes for injec-

uon. The two other holes used for njection tn the
radiaily converging test were used as oobservauon
holes in the dipole expenment. Only the upper Nighly
conductive part of Zone 2 was used for tracer injec-
tion in this experiment. Totaily 15 injecuons of trac-
ers were made dunng 7 weeks. Pulse injection of both
sorbing and nonsorbing tracers were made. The
water pumped from the withdrawai hole was recircu-
lated to the injection hoie.

Prior to the start of the radially converging test. a
series of hydraulic interference tests was performed
in order to datermine the hydraulic properties of Zone
2. Pressure responses were registered in packed-off
sections in atl bore holes in the Brindan area dunng
pumping of the hole later used as withdrawal hole in
the tracer experiments. In conjunction with the mter-
ference test, a preliminary tracer test was performed
in order to optimise the design and performance of
the pianned radially converging tracer experiment.

[
. -
A t———

Figure 8. Finnsjon. Borehole location in the Brindan area.



Available data
Interference Tests

— primary drawdown responses

— graphs of the recovery of groundwater head after
pumping stops

— tracer injection information

— tracer breakthrough curves

Radially Converging Experiment

tracer breakthrough curves

— tracer injection information

—~ groundwater levels

~ relative hydraulic head differences

~ temperature and electrical conductivity of pumped
water

1

Diﬁole Experiment

— tracer breakthrough curves

tracer injection information

hydraulic heads and groundwater levels
temperature, electrical conductivity and redox po-
tential of the pumped water

1

)

!

In addition, geological data are available from a
surface survey of the Brindan area as well as from
borehoie investigations. Hydraulic data are available
from hydraulic testings. Data on porosities and dif-
fusivities have been determined in the laboratory.

STRIPA

Flow and tracer experiments in crystalline rock
based on the Stripa 3-D experiment. Sweden.

Introduction

This test case is based on the three dimensional tracer
test performed in the Stripa mine in Sweden. This
experiment was also part of INTRAVAL Phase 1. In
addition to the 3-D experiment, data from two other
experimental programmes performed in the Stripa
mine, the "Site characterisation and Validation Pro-
gramme (SCV)" and the "Channelling Experiments”
are avaiiable during INTRAVAL Phase 2. The ex-
periments were performed within the OECD/NEA
Intemational Stripa Project.

I the 3-D experiment water and tracers were
collected in a number of plastic sheets. The main
purpose of the 3-D experiment was to investigate the
spatial distribution of water flow paths in a larger
biock of rock.

The Site Characterisation and Validation Pro-
gramme includes a number of investigation steps to
characterise an unexplored rock volume starting with
a few long boreholes and ending with a new dnift
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being excavated in the rock block. The new dnift was
instrumented with plastic sheets and ather water col-
lection devices.

The Channelling Experiments comprise informa-
tion about channelling in individual natural fractures
on a length scale of 2 m,

General Description
3-D Experiment

A drift has been excavated in the Stripa mine at 360
m below the ground. The drift is 75 m long and has
two side arms with a length of 12.5 m each. Three
vertical holes for injection of tracers have been drilled
upwards with lengths of 70 m (Figure 9).

The ceiling and farge parts of the walls in the drift
were covered with fblastic sheets, each sheet with an
area of about 2 m”. A total number of about 350
sheets served as sampling areas for water emerging
into the upper part of the test drift. The sampling
ammggments completely covered a surface area of
700 m”. The spatial distribution of water flow path-
ways could thus be obtained.

Injections of conservative tracers were carried out
from a total number of nine separate sections with
increased permeability 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 continuously for
nearly two years. The injections were carried out with
a "constant" over-pressure, approximately 10-15 %
above the natural pressure.

The concentrations of the injected tracers were
between 1000 and 2000 ppm and the different flow
rates varied from 1 to 20 mi/h. The following tracers
were injected: Uranine, Eosin Blueish, Eosin Yel-
lowish, Phloxine B, Rose Bengal, Elbenyl] Brilliant
Flavine, Duasyn Acid Green, bromide and iodide.

The natural inflow of water to the drift was meas-
ured before drilting the injection holes. The results
from the water monitoring show that water does not
fiow unjformly in the rock over the scale considered
{700 m*), but seems to be localised to wet areas with
large dry areas in between, Measurable amounts of
water emerged into 113 of the 350 sampling areas.
Out of these "wet" sampling areas 10 % gave more
than 50 % of the total water inflow.

After six months of injection, tracers from at least
five injection zones could be found in about 35
sampling areas. After almost two years of injection,
about 200 different tracer breakthrough curves were
obtained. Each curve is based on several hundred
individual measurements. Smoothed curves consist-
ing of approximately 40 points are available as com-
puter files. :
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SAMPLING ARRANGEMENT

Figure 9, La_vbut of experimental 3-D drift at Stripa and sampling arrangement.

Site Characterisation and Validation Programme

The original aim of the project is to predict ground-
water flow and tracer transport in a previously unex-
plored volume of the Stripa granite. The rock volume
selected for detailed characterisation is about 125x
125x 50 m and is located at 360 to 410 m below
ground. The investigations of the rock volume have
been performed in a number of steps, including mod-
elling predictions between the different experimental
steps. In the first investigation five 150-220 m long
borehotes and one 50 m long were drilled. These
holes were used to characterise the rock volume by
core logging, hydraulic tests (down to | m sections),
radar and seismics.

Thereafter three new 100-150 m long holes were
driiled. Information from these holes were compared
with made predictions, based on information from
aiready investigated holes, conceming water bearing
sections, fractures etc. Next six 100 m long bore-
holes, were drilled in the same direction as the new
drift would be excavated. The water flow and its
distribution were measured in these holes. The holes
were also used for a tracer (salt) experiment.

Finally a new drift, 50 m long and 2.4-2.9 m in
diameter, was excavaied. new drift was equipped
with piastic sheets (1-2 m*) and other water collection
devices. The drift cut through one 5-10 m wide major
fracnire zone, which gave more than 99% of the total
water inflow. Tracer experiments were performed in
this fracture zone from seven spots located in four
boreholes 10-25 m away from the drift (Figure 10). For
this purpose two new boreholes had to be drilled. In
each spot two non-sorbing tracers were injected. The
tracers were sarnpled in the plastic sheets and in the
other water collecting devices covering the lower parts
of the walls and the floor of the drift.

Channelling Experiments

The channeiling experiments consist of three differ-
ent types of test: the "singie hole experiments”, the
"double hole experiment”, and the "tracer test".

To be able to investigate the fracture charac-
teristics along a fracture plane, a large diameter (200
mm) hole, was drilled along a pianar fracture plane
to a depth of about 2.5 m. A muiti-pede packer
(Figure 11) was used to inject water all along the
fracture plane.

The injection flow rates were monitored sepa-
rately for the left and right side of the hole over 80
short sections. The fracture intersections were scru-
tinised to obtain data on fracture properties such as
open fracture area, number of intersections, and
thickness of infilling. Before the muiti-pede was
used, the boreholes were tested with coarser tests.

.The multi-pede was used in 5 boreholes, whereas in

total 12 holes were drilled.

The doubie hole experiment was performed in a
fracture, where the single hole test has shown that
channels existed. A second hole was drilled in the
same fracture plane at a distance of 1.95 m from the
first hole. Prior to the injection of water for detailed
pressure tests, more coarse tests were performed. In
the detailed pressure pulse tesis, water was injected
in one of the holes at a section of 50 mm x 50 mm
and monitored in the other hoie in twenty sections
along the fracture intersection. This experiment was
repeated with the injection sections at different posi-
tions. The test was then reversed, i.e. injection was
performed in the second hole and monitoring in the
first hole.

In the tracer test five non-sorbing tracers were
injected from five 50 mm sections, that had been
found to be the most conductive in one borehole, and
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were monitored in the other hole (see the double hole Site Characterisation and Validation
experiment}. To obtain a linear flow for the tracers,

water was injected with the same pressure as used for — core logging and fracture mapping in dnfts
the tracers from the remaining 15 sections. The trac- — geophysicai single hole logging
ers, Uranine. Eosin Yellowish, Ebenyl Brlliant — rock stress measurements
Flavin, Duasyn Acid Green V and Phloxine B were — borehole radar
injected continuously during four weeks. — borehole seismics
— hydraulic investigations
— hydrochemisty
— water flow rates
Fracture zone aD-drift — tracer breakthrough curves

Channelling Experiments

— number of fractures

— number of intersections

- informarion about infilling
— fracture lengths

opening area of fractures
pressure response

tracer breakthrough

& Sections used for
© Sactons usad for
tracer monitanng.

Figure 10. Stripa. Layout of tracer experiment
{SCV).

Summary of Avaijlable Data
3-D Experiment

— water flow rates

— tracer concentration in water to test site

— rock charactenistics and fracture data

— water chemistry

— injection pressures and injection flow rates
— hydrostatic pressures

~ diffusivity and sorption data

— daily logs

Figure 11. Stripa. Design of the multiped packer ( Channelling Experiments).
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WIPP2

Flow and transporr experiments in heterogeneous
fractured media performed ar the Waste Isolation
Pilor Plant (WIPP} in Carisbad, New Mexico, USA.

Overview

This test case is based on experiments performed in
Culebra Dolomite at the WIPP site. The WIPP, lo-
cated in Carlsbad, New Mexico, USA., is an under-
ground research and development repository lying
655 m below ground surface within bedded eva-
porites, primarily halite, of the Salado Formation.
Overlying the Salado Formation is the Rustler For-
mation (Figure 12).

System | Series Group |Formation| Member

Recent | Recent Surficial |
Deposits |
Mescaiero
Caliche
Gatuna |

Dockum {Undivided

' Quarter- j Pleisto-
nary | cene

Triassic

Permian | Ochoian Dewey

Lake
Red
Beds

Rustier | Forty-
| niner
Magenta
Doicmite
Tamarisk

Culebra
Dolomite

Unnamed

| _Salado
. Castile
Guada- |Delaware Baell
lupian | Mountain | Canyon
Cherry
Canyon

Brushy

Canyon

Figure 12. WIPP area stratigraphic column.

The Culebra Dolomite Member of the Rustler
Formation is the most transmissive water-bearing
unit found at the WIPP site. It is a 8 m thick vuggy
dolomite layer. The test case will be focussed on the
hydrology of this zone. A central issue is the travel
time within the Culebra from a location above the
repository to the WIPP site boundary.

Description of the Experiments

Extensive mvestigations of the Culebra Dolomite
have been made including detailed investigation of
numerous surface features for the purpose of deline-
ating subsurface features of irregularities that could
affect flow in and around the Culebra.

Sixty wells drilled to the Culebra dolomite at 41
locations provide information on the hydraulic prop-
erties (Figure 13). Large variations in transmissivity
related to fracturing have been identified.

Test data from three wells in the southeastern part
of the site (DOE-1, H-3, H-11}) indicate the presence
of a zone of relatively high transmissivity within an
area of otherwise low transmissivity.

Two pumping tests, each of two months’ duration,
and two convergent—ﬂow tracer tests have been per-
formed in the vicinity of the above described high
transmissivity zone. One pumping test and one tracer
test were performed near the center of the WIPP site
near what is believed to be the northwestern edge of
the high transmissivity zone. The other pumping test
and tracer test were performed in the high transmis-
sivity zone near the southem site boundary.

In addition, geochemical and isotope studies have
been conducted in order to obtain additional insight
into the hydrologic behaviour of the Culebra. These
data have been used 1o demonstrate that the age of
the Culebra waters is of the order of 10 000 years,
and that the waters originated during a known pluvial
pericd.

Objectives of the Test Case
A number of different objectives are identified:

— to determine if the hydraulic data support the
derived transmissivity distribution and/or the
model boundary conditions

— to evaluate the consequences of and the uncer-
tainty in the derived transrnissivity

— to determine the resolution in transmissivity
needed for long time (10 000 years) predictions of
radionuclide travel time

— tocalculate the uncertainty in predictions of radio-
nuclear travel time

— 10 determine if the paleoflow directions inferred
from the geochemical/isotropic data could be re-
preduced using current transmissivity distribution
and boundary conditions altered to simulate in-
creased rainfall

— to determine if halite and gypsum dissolution will
take place in the next 10 000 years in the Culebra,
resulting in an alteration of the transmissiviry dis-
tribution

- to determine if the hydrologic evidence is suffi-
cient to rule out a significant effect on transport of
karst features
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Figure 13. WIPP 2. Culebra Wells and measured transmissivity near the WIPP site.
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Available Data

The data base for this test case is very large and
contains:

— UTM coordinates and surveyed eievations for all
wells

— core logs and/or geophysical logs from all well
locations

— geochemical and isotope data {major ion concen-
trations, density, etc.) from all welil locations

— raw and interpreted hydraulic test data from ali
well locations

— raw and interpreted tracer test data

— core porosity and permeability data from tracer-
test and other locations

— water-level data (hydrographs) from time of well
construction to present for all wells

— estimated steady-state hydraulic heads at ail well
lrcations

— .alibrated steady-state regional groundwater flow
model

— calibrated transient regional groydwater-ﬂow
model

GORLEBEN

Saline groundwater movements in the vicinity of the
Gorleben salt dome, Germany.

Overview

The Gorleben salt dome is located in the northeastern
part of Lower Saxony in Germany. The sait dome is
approximately 14 krn long, up to 4 km wide and its
base is mote than 3000 m below
surface. An erosional channel, the
"Gorleben Channel", more than 10
km long and 1-2 ko wide, crosses
the salt dome from south to north. -
Erosion along the channel .tends me  m

Experimentai Design

Hydrogeologlcal investigatigns have been conducted
in an area of about 300 km" around the salt dome:
During these investigations four pumping tests were
carried out: one in fresh water and three in saline
water. During these tests information were obtained
on boundaries, hydrogeological structure, connec-
tions between different aquifers, and hydraulic pa-
rameters (permeabilities. storage and leakage coeffi-
cients). In one of the pumping tests the pumped weil
penetrated the entire deeper aquifer in the erosional
channel (Figure 14),

The pumping test was carried out with a pumping
rate of 30 m’/h over a period of three weeks, 'I‘he
density of the water ranges from 1010 to 1200 kg/m’.
This purnp test will form the basis for the first part of
this INTRAVAL test case. The second part is to
model the regional groundwater ﬂow the salt disso-
lution and their interaction.

Available Data

The data available from the selected pumping tests
are:

~ borehole locations (maps)

- hydrogeological data (groundwater levels etc.)

— pumping test data (hydrographs, salinometer logs,
pumping rates, electric conductivities, tempera-
tures, densities, etc.)

Large amounts of data are also available from
other tests performed in the area.
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down to the cap rock (a re iue of
the dissolution process o salt in
groundwater) and in some laces
down to the salt. In the channel,
fairly thick sandy sediments with
interbedded lenses of till are over-
lain by a complex of silt and clay up
to 100 m thick. Freshwater in the
upper part of the aquifer system is
underlain by saline groundwater.
The groundwater movements in the
erosional channel is the topic for
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density, Figure 14. Hydrogeological cross section of the Gorleben salt dome.
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WIPP 1

Brine flow through bedded evaporites at the Waste
isotation Pilor Plant (WIPP) in Carlsbad. New Mex-
ico, USA.

Overview

This test case is based on one experiments performed
with the aim to determine the rate of brine flow
through WIPP bedded evaporites. The WIPP, located
in Carlsbad. New Mexico, is an underground re-
search and development repository (Figure 15) lying
655 m below ground surface within bedded eva-
porites, primarily halite, of the Permian Salado For-
mation.

Three geologic formations are important to the
expected performance of the WIPP: the Salado for-
mation, in which the repository is located; the Rustler
formation, which contains an aquifer overlying the
Salado formarion: and the Castile Formation, which
underlies the repository and contains pockets of pres-
surised brine. The hydraulic behaviour of the Saiado
Formation is the focus of the present test case. The
experiments-are designed to provide a variety of data
with which to determine whether Darcy’s Law for a
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porous, elastic medium correctly describes the tlow
of brine through evaporites, ur whether a different
model is more appropriate. The test case is also
related to another important issue, the ability of
waste-generated gas 1o flow from the repository into
the formation.

Experimental Design

Data from three types of experiments will form the
bases for this test case:

— small scale brine inflow experiments
— pore pressure and permeability testing
— integrated, large scale experiment

Small Scale Brine Inflow Experiments

Brine inflow rates are being measured at three scales:
in 10 cm and 1| m diameter boreholes and in a cylin-
drical room with 2.9 m diameter (see large scale
experiment). The boreholes are orientated vertically
downward or horizontally and extend from 3 to 6 m.
The boreholes are monitorecd for brine inflow (Figure
16) and relative humidity. The humidity measure-
ments aid in quantifying the total moisture entering
a borehole.
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Figure 15. WIPP 1. Schematic view of the WIPP site.
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on the surface of the room are regulariv
“ mapped. Pore pressure measurements were
| aole carz made contunuously before, during and after
; mining of the room and permeabulity expen-
wr | ments were performed before and after the
mining n 3 number of boreholes placed
| around the room. A series of boreholes, 4and
é‘ “ ;‘ 10 cmin diameter, will be drilled in various
T directions from the room. These borehoies
! will also be instrumented to allow permeabil-
- . ity experiments, pore pressure measure-
i ®r 1 ments, and measurements of borehole defor-
* mation and brine inflow.
f. L]
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’w-“' o‘:-* -.' o~ -y . s ne’ .
]
-] 200 400 00 (1] 1000 1200
Tims from initial drilling (caye)
Figure /6. WIPP |. Brine inflow rate vs time in a
borehole (Hole DBTI11).
Available Data

Chemical analyses of brine collected are also
available. The brine inflow measurements in the
10 cm diameter boreholes generally show rapidly
declining flow rates for the first few months, fol-
lowed by steady but slow declining flow rates over
long periods (2 years).

Pore Pressure and Permeability Testing

Pore pressure measurements are made in boreholes
with a diameter of 10 cm and 2 to 27 m in length,
drilled at a variety of orientations. Pore pressure is
measured in brine-filled. packer isolated intervais in
the boreholes. Factors other than the formation pore
pressure that could contribute to pressures observed
in a borehole. e.g. temperature changes and borehole
closure, are also monitored. The boreholes are fur-
thermore used for permeability experiments, both
pressure-pulse tests and constant-pressure flow tests.
During the pressure-pulse tests, gas tends to accumu-
late in the boreholes. The gas is thought to evolve
from Salado Formation brine in response to the lower
pressure around the borehole relative to the pressure
in the far field. The gas volumes are measured and
the compositions are analysed.

Integrated, Large-scale Experiments

A horizontal cylindrical room, with a diameter of 2.9
m and a length of 107 m, has been mined for the
purpose of measuring brine inflow t0 a room-sized
excavation. The room slopes slightly upward from
front to back to follow the natural dip of bedding. The
room was mined in July 1989 and seaied in October
1989. The humidity within the room as weil as the
brine inflow into the room are now being measured.
Salt efflorescences resulting from brine evaporation

Data available from boreholes of different diameters
and locations and from a mined cylindrical room are:

— brine inflow rates

— humidity

~ room closure, borehole deformation
— pore pressure

- data from permeability tests

— rock property data

— general stratigraphic information

~ core logs

Supporting Information

A number of technical issues that are important to the
performance of WIPP are tackled, and a large number
of different types of tests are or have been performed
within the pilot plant. .

MOL

Migration experiment in Boom clay formation at the
Mol site, Belgium.

Overview

This test case is based on an in situ migration exper-
ment set up in the underground facility built in the
Boom clay formation at the Mol site in Belgium. The
original purpose of the test is the in situ determination
of migration related parameters and confirmation of
these parameters determined in the laboratory. The
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experiment is a joint effort between SCK/CEN, NI-
RAS/ONDRAF and PNC.

Experimental Design

A number of piezometers, a so called piezometemest,
have been instailed in an underground research labo-
ratory in the Boom Clay formation at.a depth of 220
m (Figures 17 and 18). The stainless steel system
contains 9 piezometer<. interspaced by 0.9 m long
tubes. Each piezometct consists of two concentric
tubes, the outer one being made of sintered stainless
steel. A stand-pipe with an internal diameter of 2 mm
is connected to the space separating the concentric
tubes. The stand-pipe makes up the connection be-
tween the filter and the laboratory. A horizontal hole
with a diameter of 50 mm and a depth of 10 m was
drilled in the clay formation by rotary drilling. Im-
mediately after drilling, the complete assembled pie-
zometernest was pushed into the hole. An inert gas
was flushed through the filters to prevent oxidation
of the clay. After about two days the small gap
separating the tubing and the wall of the hole was
completely sealed by convergence creep of the ciay,
and the gas flow was stopped. The presence of a
vertical experimental shaft at the end of the under-
ground laboratory (Figure 17) at atmospheric pres-
sure and lined with concrete bricks creates a hydrau-
lic pressure gradient in the neighborhood of the nest.
The steady state pressure distribution as a function of
the depth into the clay was measured.

About two and a half years after the instatlation of
the piezometer-nest the clay formation was supposed
to be settled. HTO was injected to filter number 5 and
thereafter the system was left alone allowing migra-
tion of HTO in three dimensions. The injection rate
of the tracer solution was 5.6 ml/day during about one
and a haif month.

The HTO concentration in the clay is measured by

! coltection of liquid samples from the other filters in
' the nest. The space between the different fiiters is 1

m. The sampling was started 3 months after the start
of the injection and continues at a two months’ inter-
val. To avoid disrarbance of the HTO concentration,
distribution in the clay formation due to sampling,
the sampling frequency and the total amount of liquid
is kept as low as possible.

Available Data

— steady state pressure distribution in the clay
~ HTO concentration as a function time
— tracer injection data

Supporting Information

Supporting data are available from laboratory experi-
ments and other in situ experiments. Transport pa-
rameters, e.g.. the product of effective porosity and
retardation factor, apparent dispersion constant, and

10

diffusivity, have been estimated. A number of iabo-
ratory expenments have been performed. such as
through-diffusion and percolation experiments with
clay cores. The Boom :iay is rich in organic marter
which to a large part is linked 1o the mineral compo-
nents. The remainder (humic and fulvic acids) can be
regarded as dissolved. Attempts have been made to
deterrmune the diffusion parameters of the smallest
humic molecuies.

ALLIGATOR RIVERS

Natural analogue studies at the Koongarrasite in the
Alligator Rivers area of the Northern Territory, Aus-
tralia

Overview

This test case is based on work conducted at the
Koongarra site in the Alligator Rivers Region of the
Northern Territory in Australia. The Alligator River
Region is located about 200 km east of Darwin. The
international Alligator Rivers Natural Analogue Pro-
ject (ARAP) was set up in 1987 and was sponsored
by the OECD Nuclear Energy Agency. Participating
organisations are the Australian Nuclear Science and
Technology Organisation, the Japan Atomic Energy
Research Institute, the Power Reactor and Nuclear
Fuel Development Corporation of Japan. the Swed-
ish Nuclear Power Inspectorate, the UK Department
of Environment, and the US Nuclear Regulatory
Commission.

Uranium mineralisation occurs at Koongarra in
two distinct but related orebodies which strike and
dip broadly paraile! to a fault, the Koongarra Reverse
Fault. The main ore body (No. 1), which is the subject
of this study, has a strike length of 450 m and persists
to 100 m depth. Primary mineralisation is iargely
confined to quartz-chlorite schists. Secondary ura-
nium rineralisation is present from the surface down
to the base of weathering at about 25 m depth and
forms a tongue-like body of ore dispersing
downslope for about 30 m (Figure i9). The objective
of the ARAP test case in INTRAVAL is to develop
a consistent picture of the processes that have con-
trolled the transport in the weathered zone and the
time scale over which they have operated.

Experimental Investigations

An extensive experimental programme including
both field and laboratory investigations have resulted
in a large number of data characterising the site.
Hydrogeologic data are from drawdown and recov-
ery tests and water pressure tests. Geologic data are
based on the mineralogic and uranium assay logs of
140 percussion holes and 107 drill cores. Groundwa-
ter chemical data have been accumulated from more
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than 70 boreholes. Distribution of uranium, thorium
and radium isotopes has been determined in the dif-
fereni mineralisation zones. The phase distribution
of uranium and thorium in the weathered zone has
also been studied. Laboratory sorption experiments
have been performed, using sampies from bore cores.
Distribution coefficients have also been measured on
naturai particles in Koongarra groundwater.

Available Data

Hydrogeology

— climatologic data, including rainfall and tempera-
ture

surface water measurements, including stream
flow

location, elevation, geologic logs, casing and per-
foration details of all test holes and weils

map, showing test holes and wells, as well as
land-surface contours

aquifer test results including water-level draw-
downs, discharge measurements, and water qual-
ity of discharge :

periodic water level measurements which show
seasonal fluctuations and regional gradients
results of geophysical surveys and back-hoe pits
which show thickness of upper deposits

resuits of packer tests in upper part of the bedrock,
and resistivity traverses

— resuits from porosity and permeability measure-
ments on drill core samples

Hydrochemistry

— pH, Eh, D.O., conductivity and temperature in
groundwaters

- groundwater concentrations of cations and trace
metals :

-~ groundwater concentrations of uranium senes nu-
clides and isotopes

Geology, Mineralogy, Radiochemical

— uranium concentration distribution assay (247
drilling locations) in core pulp and soil sampies
uraniurn series radivisotope activity ratios data for
selected samples in the ore zone

resuits from chemical analyses of core samples
mineralogical composition of samples
concentrations and activity ratios of uranium and
thorium in different min h,

concentrations of ‘2‘;{ 5 Cl.p e, and 2Py in
rock samples
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TWIN LAKE
Tracer experiments at the Twin Lake aquifer, Canada.

Overview

A large number of aquifer tests ranging from smail
scale field experiments to very large scale t- zer
rmugration tests have been performed in a sandy . 4ui-
fer at one of the AECL research facilities, the Chalk
River Nuciear Laboratories. The site is located 200
km northwest of Ottawa, Canada, in the valley of the
Ottawa river. The 37 km? property lies on the Cana-
dian shield, with Precambrian bedrock comsisting
primarily of granitic gneiss. Over 10% of the site
contains bedrock that is exposed or buried beneath
less than 1| m of overburden. The remainder of the
property is covered by unconsolidated sediments.

The water table in the sandy Twin Lake aquifer
lies 6 to 20 m below grade and the saturated thickness
of this unconfined aquifer ranges from 6 to 10 m.

Experimental Design

The large experimental programme includes 20, 40

" and 260 m natural gradient tracer éxperiments. The

total groundwater flow path length from the tracer
injection well to the groundwater discharge area is
270 m and at present there are 170 monitoring instal-

lattons in the aguiter around the downgradient of the
injection well. Each installation consists of piezome-
ters with short screens located at | m depth incre-
ments through the zones of saturation. and gamma
scanning is performed through the full aquifer. The
groundwater discharge area. a wetland at the toe of
the dune nidge, currently contains 36 of the monitor-
:l% instaltations (Figure 20). The tracers used are

I, which can be mapped by gamma scanning, and
HTO which is used to verify that no retardation of the
iodine takes place.

In addition, laboratory measurements on cores
from the aquifer have been performed. The hydraulic
conductivity was detetmined from grain-size analy-
sis and the hydrodynamic dispersion and longitudinal
dispersivity was determined from column tracer
tests. )

Available Data

A large database is available, containing data both
from field and laboratory experiments, such as:

— permeameter test data

— small-scale dispersion

— porosities

— grain size composition

— hydrogeological data

— geophysical data

— mapping of tracer migration (Figure 21)
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Appendix 3

List of Test Case Related Presentations at
INTRAVA L Workshops

INTRAVAL Phase 1 Test Cases

Radionuclide migration through ciay samples
by diffusion and advection (TEST CASE 1a)

Bogorinski P., Larue J., and von Maravic H., Com-
ments on Modelling the Harwell Migration Experi-
ments, INTRAVAL Workshop, Barcelona, April
1988.

Bogorinski P., Overview of Test Case la,
INTRAV AL Workshop, Tucson, November 1988.

Bourke P.J., Gilling D., Jefferies N.L., Lineham T.R.,
and Lever D.A., Radionuclide Migration in Clay
Samples at Harwell Laboratory, INTRAV AL Work-
shop, Barcelona, Apnl 1988,

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

Carrera J., Samper J,, Galarza G., and Medina A.,
Interpretation of Test Case la: Old Data, IN-
TRAVAL Workshop, Helsinki, June 1989,

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

Hossain S., Preliminary Results on Test Case la,
INTRAVAL Workshop, Tucson, November 1988.

Olague N.E, Davis P.A., and Gribbie R.A., Modeling
Strategy, Data Analysis and Initial Simulations: IN-
TRAVAL Test Case la, INTRAVAL Workshop,
Heilsinki, June 1989,

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

Samper J., and Carrera J., Preliminary UPC Results
on Test Case l1a, INTRAV AL Workshop, Tucson,
November 1988.
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Umeki H., Idemitsu K., and lkeda Y., Preliminary
Results on Test Case Ja, INTRAVAL Workshop,
Helsinki, June 1989.

Umeki H., Neyama A., Furuichi K., and lkeda Y.,
PNC Analysis of Test Case la, INTRAVAIL Work-
shop, Las Vegas, February 1990,

Wijland R., and Hassanizadeh S.M., Preliminary Re-
suits on Test Case la, INTRAVAL Workshop, Hel-
sinki. June 1989,

Wijland R., and Hassanizadeh M., Simulation of
Nuclide Migration in Clay, inciuding Matrix Diffu-
sion, INTRAVAIL Workshop, Las Vegas, February
1990.

Uranium Migration in Crystalline Bore Cores
(TEST CASE 1b)

Bischoff K., Hadermann J., and Jakob A.. IN-
TRAVAL Test Case b, Uranium Migration in Crys-
tailine Bore Cores, INTRAVAL Workshop, Bar-
celona, April 1988.

Bischoff K., Hadermann J., and Jakob A.,
INTRAVAL Test Case b, Uranium Migration in
Crystalline Bore Cores - Small Scale Pressure Infil-
tration experiments, INTRAVAL Workshop, Tuc-
son, November 1988,

Carrera J., and Samper J., Identifiability Problems
with Data on Test Case 1b, INTRAVAL Workshop,
Barcelona, April 1988.

Cole C., Preliminary Resuits on Test Case 1b, IN-
TRAVAL 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 Sorp-
tion in INTRAVAL Case 1b, INTRAVAL Work-
shop, Las Vegas, February 1990.

Grindrod P., and Hodgkinson D., The Role of Non-
linear Sorption in INTRAVAL Case Ib,
INTRAVAL Workshop, Las Vegas, February 1990.
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Hadermann J.. and Jakob A.. Modelling Test Case
1b with Various Mechamsms and Geometries, [N-
TRAV AL Workshop, Cologne 1990.

Hara K., Nakahara Y., Nevama A., Shiga A.. and
Ikeda Y., Modelling Study of Test Case ib,
INTRAVAL Workshop. Cologne 1990.

Hautcjérvi A., Preliminary VTT Results on Test
Case |b, INTRAVAL Workshop, Tucson, Novem-
ber 1988.

Hautojdrvi A., Channeis as Migration Routes in
Crystalline Rock Samples, INTRAVAL Workshop,
Heisinki, June 1989.

Jackson C.P., Preece T.E., and Sumner P.J., A Study
of INTRAVAL Test Case 1b, INTRAVAL Work-
shop, Helsinki, June [989.

Jackson C.P., Sumner P.J., and Preece T.E., A Study
of INTRAVAL Test Case 1b, INTRAVAL Work-
shop, Las Vegas, February 1990.

Jakob A., Hadermann [I. and Zingg A.. PSI New
Modelling Resulis, INTRAV AL Workshop, Tucsen,
November-1988.

Kjellbom K., Moreno L., and Neretnieks 1., Prelimi-
nary Evaluation of Some Uranium Migration Tests,
INTRAVAL Workshop, Helsinki, June 1989.

_ Radionuclide Migration in Single Natural Fis-

sures in Granite (TEST CASE 2)

Aimo N.J., Bauelle PNL Modelling Resuits,
INTRAVAL Workshop, Tucson, November 1988.

Cole C.R., and Aimo N.J., Investigating a Parameter
Estimation Approach to Design of Validation Ex-
periments, INTRAVAL Workshop, Helsinki, June
1989.

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

Kimura H., Preliminary Results of Test Case 2 Study,
INTRAVAL Workshop, Barcelona, April 1988.

Neremieks I, Previous Modelling of Test Case 2
Experiment, INTRAVAL Workshop, Barcelona,
April 1988.

Neretnieks I, Presentation of Test Case 2,
INTRAVAL Workshop, Tucson, November 1988.

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

Tracer Tests in a Deep Basalt Flow Top (TEST
CASE 3)

Andersson J., Comments on INTRAVAL Test Case
3, INTRAVAL Workshop, Barcelona. April 1988,

Cole C., INTRAVAL Test Case 3, Experiments and
Model Caiculation, INTRAVAL Workshop, Bar-
celona, Aprii 1988.

Cole C., and Aimo N.J.. Presentation of Test Case 3,
INTRAVAL Workshop, Tucson, November 1988.

Idemitsu K., and Umeki H., Calculation of the Con-
centration of a Dispersive Tracer Solute by Means of
Numerical Solution of the Balance Equation, IN-
TRAVAL Workshop, Barcelona, April 1988.

Idermuitsu K., Modelling of Test Case 3 by Using a

. Numerical Method, INTRAVAL Workshop, Tuc-

son, November 1988.

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

Flow and Tracer Experiments in Crystalline
Rock Based on Stripa 3D Experiments (TEST
CASE 4)

Andersson 1., Discrete Network Analvsis of Tracer
Experiments in Stripa 3D, INTRAV AL Workshop,
Las Vegas 1990.

Dverstorp B., Application of the Discrete Fracture
Network Concept on Field Data: Possibilities of
Model Calibration and Validation, INTRAVAL
Workshop, Barcelona, April 1988.

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

Todgkinson D., Shaw W., and Barker J., Modelling
ty Flows in Continuous Dimension, INTRAVAL
Workshop, Tucson, November 1988.

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

Neremnieks [., Presentation of Test Case 4: 3D Migra-
tion Experiment at Stripa, INTRAVAL Workshop,
Barcelona, April 1988.



Neretnieks [, Presentation of Test Case 4,
INTRAVAL Workshop, Tucson. Novernber 1988,

Tsang Y.W., and Tsang C.F.. Understanding Sttipa
3-D Tracer Migration Data, INTRAVAL Workshop,
Helsinki. June 1989,

Tracer Experiments in a Fracture Zone at the
Finnsjon Research Area (TEST CASE 5)

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

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

Andersson P., Proposal for Simulation of Hydraulic
Interference Tests, INTRAVAL Workshop, Hel-
sinki, June 1989.

Grindrod P., and Worth D., Do the Pulse Injection
Experiments Exhibit Radially Convergent Fracture
Flow?, INTRAVAL Workshop, Las Vegas, Febru-
ary 1990.

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

Hautojérvi A., Dipole Results, INTRAVAL Work-
shop, Cologne, October 1990,

Hautojirvi A., and Taivassalo V., Generalised Taylor
Dispersion Analysis for Tracer Breakthrough in the
Radially Converging Experiment of Finnsjon (test
case 5), INTRAVAL Workshop, Barcelona, April
988,

Hauwtojirvi A.. and Taivassalo V., Pre-Test Calcula-
tions of VTT-Team for Radially Converging Test,
INTRAVAL Workshop, Tucson, November 1988.

Hautojéirvi A, Taivassalo V., and Vuori S., Interpre-
tation of Results of the Radially Converging Test,
INTRAVAL Workshop, Helsinki, June 1989.

Hautojdrvi A., Taivassalo V., and Vuori 5., Prelimi-
nary Predictive Modelling of the Dipole Experiment,
INTRAVYAL Workshop, Helsinki, June 1989.

Hautojidrvi A., Taivassalo V., and Vuori 5., Interpre-
tation of Test Case 5, Radially Converging Experi-
ment, 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.
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Kimura H., Katsurag: T., and Yamashita R.. Prelimi-
nary Results of the Radially Converging Tracer Ex-
periment at the Finnsjén Research Area. IN-
TRAV AL Workshop, Las Vegas, February 1990.

Moreno L., and Neremieks I., Preliminary Evaluation
of Tracer Test in Finnsjon. Radial Converging Ex-
periment. INTRAVAL Workshop, Helsinki, June
1989.

Neretnieks [., Introduction to Test Case 3,
INTRAVAL Workshop, Barcelona, April 1988.

Neretrueks 1., Preliminary Predictions of Finnsjon
Tracer Tests, INTRAVAL Workshop, Barcelona,
April 1988.

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

Winberg A., Geostatistical Analysis of Hydraulic
Conductivity Data at Finnsjon, INTRAVAL Work-
shop, Helsinki, June 1989.

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

Synthetic Data Base, Based on Single Fracture
Migration Experiments in Grimsel (TEST
CASE 6)

Codell R.. Cole C., and Vomvoris S., Synthetic Mi-
gration Experiment - INTRAVAL Problem VI, IN-
TRAVAL Workshop, Tucson, November 1988.

Codell R., Cole C., and Vomvoris §., Synthetic Mi-
gration Experiment - INTRAVAL Problem 6, IN-
TRAVAL Workshop, Helsinki, June 1989.

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

February 1990.

Kuklmann U., and Vomvoris S., Interpretation of
INTRAVAL Test Case 6, Synthetic Experiment, IN-
TRAVAL Workshop, Cologne, October 1990.

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




Fanl Yoo, o

INTRAVAL 18
Progress Report No. 9

Redox-front and radionuciide movements in an
open Pit Uranium Mine, Pocos de Caldas
(TEST CASE 7a)

Neremieks [, Presentation of Test Case 7a: Redox
Front and Uranium Movement at Pocos de Caldas,
INTRAV AL Workshop. Barcelona, April 1988.

Neremieks [., Presentation of Test Case 7a: Redox
Front Movement, INTRAVAL Workshop, Tucson,
November [988.

Nerernieks I, Redox Front Studies at Pogos de
Caldas, INTRAVAL Workshop, Las Vegas, Febru-
ary 1990.

Romero L., Moreno L., and Neretnieks [, Pogos de
Caldas. The Location of the Redox Front,
INTRAVAL Workshop, Helsinki, June 1989,

Morro do Ferro Colloid Migration Studies
(TEST CASE 7b)

Chapman N., Presentation of Test Case 7b: Colloid
Transport, INTRAVAL Workshop, Tucson, Novem-
ber 1988, . .

Novy D., Presentation of Test Case 7b: Colloid Mobil-
ity at Pogos de Caldas, INTRAVAL Workshop, Bar-
celona, April 1988.

Natural Analogue Studies at the Koongarra Site
in the Alligator Rivers Area (TEST CASE 8)

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

Duerden P., and Golian C., Presentation of Koon-
garra and Draft Test Case, INTRAVAL Workshop,
Barcelona, Aprii 1988.

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

Duerden P., Update of Recent Field Work,
INTRAVAL Workshop, Helsinki, June 1939.

Golian C., Koongarra Test Case: Modelling Pro-
gress, INTRAVAL Workshop, Tucson, November
1983,

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

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

Golian C.. Test Results of the Simplified 2D Model-
ling of the Koongarra System Describing the Prefer-
ential Uranium Pathways, INTRAVAL Workshop.
Cologne. October 1990.

Lever D., Koongarra Transport Modelling, IN-
TRAVAL Workshop. Barcelona. April [988.

Nijhaff-Pan 1., Discussion on Test Case 8: Alligator
Rivers (Koongarra) Ore Deposit, INTRAVAL
Workshop, Helsinki, June 1989.

Slot A.F.M.. Proposed Modelling Approach for the
INTRAVAL Test Case 8, Alligator Rivers, Koon-
garra Ore Deposits, INTRAVAL Workshop, Las
Vegas, February 1990.

Sverjensky D., Geochemical Aspects of the Alligator

River Analogue Project, INTRAVAL Warkshop,
Tucson, Novemnber 1988,

Radionuclide Migration in a Block of Crystal-

line Rock (TEST CASE 9)

Hautojérvi A., Preliminary Calculations of Migra-
tion in the Fracture Channeis, INTRAVAL Work-
shop, Helsinki, June 1989.

Kawanishi M., Preliminary Results on Test Case 9
by using Dual-Porosity Simuiation Code, IN-
TRAVAL Workshop, Cologne, October 1950.

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

Noronha C.J., and Gureghian A.B., Description of
Granite Block Experiment for Test Case 9, IN-
TRAVAL Workshop, Barcelona, April 1988.

Naoronha C.J.. and Gureghian A.B., Large Block
Migration Experiments, INTRAVAL Workshop,
Tucson, November 1988,

Rasilainen K., Hautojérvi A., and Vuori S., Prelimi-
nary Imerpretation of Test Case 9 using FTRANS-
code, INTRAVAL Workshop, Las Vegas, February
1990.

Vandergraaf T.T., Grondin D.M., and Drew D.J.,
Contaminant Transport Laboratory Studies in a Sin-
gle, Natural Fracture in a Quarries Granite Block at
a Scale of | m, INTRAVAL Workshop, Tucson,
November 1988.



Evaluation of Unsaturated Flow and Transport
in Porous media Using an Experimental with
Migration of a Wetting front in a Superficial De-
sert Soil, Las Cruces Trench (TEST CASE 10)

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

Bensabar /.. Stochastic Modelling of the First Las
Cruces Trench Expeniment, INTRAVAL Workshop,
Las Vegas. February 1990.

Gee G., Deterministic Modeling and Considerations

tor 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, INTRAVAL Workshop,
Tucson, November [988.

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

Goodrich M.T., and Pavis P.A., A Statistical Analy-
sis of the Las Cruces Trench Hydraulic Data, IN-
TRAV AL Workshop, Helsinki, June 1989,

Goodrich M.T., and Gribble A.R., Data Analysis and
Modelling of the Las Cruces Trench Second Experi-
ment, INTRAV AL 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, No-
vermnber 1988.

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

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

McLaughlin D., Model Validation issues for Unsatu-
rated Flow Systems, INTRAVAL Workshop, Tuc-
son, November 1988,

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

Nichelson T., Introduction, Test Case 10,
INTRAVAL 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.
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Smoor /.L.. Battelle PNL Modeiling Results.
INTRAVAL Workshop, Tucson, November 1988.

Smyth J.D., Infiltration Simulations of the Jormada
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, Tucson, November
1988.

Wierenga P.. Field and Laboratory Experimental
Results with Emphasis on Transport, INTRAVAL
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.

Evaluation of Flow and Transport in Unsatu- '
rated fractured Rock Using Studies at Apache .
Leap Tuff Site (TEST CASE 11)

Bradbury J., Evaporation in Unsaturated Fractured
Rock - an Alternative Conceptual Model. IN-
TRAVAL Workshop, Tucson, November 1988.

Codell R., Transport in Two-Phase Fiow in Tuff
Drlicore, INTRAVAL Workshop, Helsinki, June
1989, _

Evans D., Field and Laboratory Experimental Re-
sults, INTRAVAL Workshop, Tucson, November
1988.

Evans D., Rasmussen T, and Sullv M.. Rock Matrix
Characterization in Apache Leap Tuff, INTRAVAL
Workshop, Las Vegas, February 1950.

Evans D., Rasmussen T., and Sully M., Nonisother-
mal Core Experiments in Apache Leap Tuff, IN-
TRAVAL Workshop, Las Vegas, February 1990.

Evans D.. Rasmussen T., and Sully M., Crosshole
Pneumatic Testing at the Apache Leap Tuff Site,
INTRAVAL Workshop, Las Vegas, February 1950.

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

Lindgren M., and Rasmuson A., Two-Phase Flow
Simulations in a Heated Tuff Drillcore, INTRAVAL
Workshop, Cologne, October 1990,

McCartin T., Simulation of the Apache Leap Tuff
Site Borehole Experiment, INTRAVAL Workshop,
Tucson, November 1988.
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McCartn T.. Twa-Phase Flow Strnlations in a Tuff
Drillcore. INTRAVAL Workshop, Helsinki, June
1989,

Nichoison T., Presentation of Test Case 11,
INTRAVAL Workshop, Tucson, November 1988,

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

Rasmussen T., Modelling of Field and Laboratory
Experiments, INTRAVAL Workshop, Tucson, No-
vemnber 1988.

University of Arizona, Field and Laboratory Experi-
ments in Unsaturated Fractured Tuff, INTRAVAL
Workshop, Heisinki, June 1989.

Experiments with changing Near-Fieid Hydro-
logic Conditions in Partially Saturated Tuf-
faceous Rocks, G-Tunnel (TEST CASE 12)

Hoxie D.T. Empirical Validation of Hydrologic
Model Simulations of Changing Near-Field Hydro-
logic Conditions, INTRAVAL Workshop, Bar-
celona, April 1988.

Hoxie D.T., Flint A.L., and Chornack M.P., Model
Validation with Respect to Short-Term Dynamic Ef-
fects and Long-Term Transient Effects, INTRAVAL
Workshop, Tucson, November 1988,

Experimental study of Brine Transport in Po-
rous Media (TEST CASE 13)

Arens G., Preliminary Results on Test Case 13, IN-
TRAVAL Workshop, Helsinki, June 1989,

Arens G_, and Fein E., One-dimensional Brine Trans-
port in Porous Media, INTRAVAL Workshop, Las
Vegas, February 1990.

Bogorinski P., Jackson P., and Porter J.A., New
Approach to the RIVM Experiment, INTRAVAL
Workshop, Cologne, October 1990,

Hassanizadeh S.M., Presentation of Experimental
Results from Brine Experiment, INTRAVAL Work-
shop, Barceiona, Aprii 1988.

Hassanizadeh S.M., Experimental Study of Brine
Transport in Porous Media, INTRAVAL Workshop,
Tucson, Novemnber 1988.

Hassanizadeh S.M., and Leijnse T., Simulation of the
Brine Transport Experiments, INTRAVAL Work-
shop, Helsinki, June 1989.

Hassanizadeh 5.M., Latest Results on Simulation of
Bring Transport Experiments. INTRAV AL Work-
shop, Las Vegas, February 1990, :

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

Schelkes K., and Knoop R.-M.. Results of Modelling
the Salt Transport Experiments, INTRAVAL Work-
shop, Las Vegas, February 1990.

Groundwater Flow in the Vicinity of the Gorle-
ben Salt Dome (TEST CASE 14)

Glasbergen P., Proposals for Test Cases Related to
Rock Salt, INTRAV AL Workshop, Barcelona, Aptil
1988.

Schelkes K., Pumping Test in Highly Saline Ground-
water - a Proposed Test Case. INTRAVAL Work-
shop, 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,

INTRAVAL Phase 2 Test Cases

LAS CRUCES TRENCH

Hills R., and Wierenga £., Las Cruces Trench Ex-
periments Phase 2, and Validation Strategy, IN-
TRAVAL Workshop, Seattle, April 1991.

Hills R., and Wierenga P., A Quantitative Model
Validation Methodology with Appiication to the Las
Cruces Trench Experiments, INTRAVAL Work-
shop, Sydney, February 1992.

Hills R.G., and Wierenga P.J., Valjdation Resuits

- from the Las Cruces Trench Experiment, [N-

TRAVAL Workshop, San Antonio, November 1992.

Olague N., Kozak M., and McCord J., Las Cruces,
Summary of Post Analysis. Proposed Strategy for
Phase 2, INTRAVAL Workshop, Seattle, Aprii
1991.

Rockhold M., Conceptual Approach and Initial Nu-
merical Modelling of the Plot 2b Experiment Using
PORFLQ-3, INFTRAVAL Workshop, Seattle, April
1991,

Rockhold M.L.. Gee G.W., and Kincaid C.T., Simu-
lations of Las Cruces Trench Experiment 2b, IN-

TRAVAL Workshop, San Antonio, November 1992.



Sagar B.. and Wittmever ., Las Cruces Trench
Expeniment, Plot 2a, Model Validation Methods,
INTRAVAL Workshop. Sydney, February 1992.

Wirtrnever G., and Sagar B.. Flow and Transpon
Modelling of Test Case. INTRAVAL Workshop,
Seattie, Apni 1991.

Wirtmeyer G., Las Cruces Trench Experiment Plot
2b. Modei compiexity and Predictive Capability, IN-
TRAVAL Workshop, San Antonio, November {992,

APACHE LEAP TUFF

Codell R., Performance Assessment Considerations
for the Vapor Phase in Unsaturated Fractured Rock
- Applications to the Apache Leap Tuff Studies,
INTRAVAL Workshop, Sydney, February 1992,

Ford W., Pole J.. Codell R., and McCartin T., Simu-
tations of Hypothetical Flow Experiments in Frac-
tured Rock Blocks, INTRAVAL Workshop, Seattle,
April 1991,

Guzman A., Sully M., and Neuman 5.P.. Three Di-

mensional Characterization-of Pneumatic Perme-

abilities in Unsaturated Fractured Tuff at the ALT
" Site, INTRAVAL Workshop, Seattle, April 1991.

Guzman A., Neuman S.P., Lohrstorfer ., and Basset
R.. Air Permeability Determinations. Scale Effects,
INTRAVAL Workshop, San Antonio, November
1992,

Lehman L.L., Apache Leap - Benchmarking of the
Beta Mode Code V-TOUGH on the UNLV Cray,
INTRAVAL Workshop, Sydney, February 1992.

Rasmussen T.C., and Anderson [, Unsawrated
Apache Leap Tuff Experiments: Fracture Imbibition
Tests and Non-fsothermaf Core Tests, INTRAVAL
Workshop, Seattle, April 1991.

Rasmussen T.C., and Evans D., The Apache Leap
Tuff Site Proposed Field Heater Experimental Plan,
INTRAVAL Workshop, Seattle, April 1991.

Rasmussen T.C., Isothermal Coupled Fracture-Ma-
trix Flow and Coupled Thermal-Soiute-Water Ma-
trix Flow through Apache Leap Tuff, INTRAVAL
Workshop, San Antonio, November 1992.

Sully M., Guzman A., and Neuman S.P., In Situ
Pneumatic Permeability, INTRAVAL Workshop,
Seattle, April 1991.

Sully M.J. , Guzman A.G., Neuman S.P., and
Lohrstorfer C., Validation Studies for Assessing Un-
saturated Flow and Transport through Fractured
Rock at the Apache Leap Site, INTRAVAL Work-
shop, Sydney, February 1992.
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YUCCA MOUNTAIN

Lestman L., The Effects of Vanability in Setected
Mode! Inputs on Modeled Unsaturated Water Con-
tent Profiles at Yucca Mountain, Nevada. IN-
TRAV AL Workshop, San Antonio, November 1992,

Robey T., Rauwtman C., and Kaplan P., Unsaturated
Flow and Geostatistics Applied to the Yucca Moun-
tain Test Case, INTRAVAL Workshop, San Anto-
nio, Novemnber 1992,

Voss C., Yucca Mountain Test Case. Status report,
INTRAVAL Workshop, San Antonio, November
1992,

FINNSJON

Andersson P., Brief Summary of New Data From
Finnsjon, INTRAVAL Workshop, Sydney, April
1992,

Fillion E., and Schwartz J., Interpretation of Interfer-
ence Tests at Finnsjdn Site, INTRAV AL Workshop,
San Antonio, November 1992.

Gomit J. M., Finnsjon Test Case, INTRAVAL Work-
shop, Seattle, April 1991.

Hatanaka K., Umeki H., Sasaki N., Muka: S., and
Doi, H., Preliminary Analysis on Tracer Transport
Test at Finasjén Site, INTRAV AL Workshop, Syd-
ney, February 1992.

Hatanaka K., Preliminary Modelling of the Effect of
Heterogeneity on Tracer Transport at Finnsjon Site,
INTRAVAL Workshop, San Antonio, November
1992.

Hautojdrvi A., Do Break-through Curves in Field
Tests Reveal Matrix Diffusion?, INTRAV AL Work-
shop, San Antenio, November 1992,

Kung C.5., Cvetkovic V., and Winberg A., Calibration
and Validation of a Stochastic Continuum Model
using the Finnsjon Dipole Tracer Test, INTRAVAL
Workshop, San Antonio, November 1992.

Vuori 8., Evaluation of Migration Processes and Ge-
ometries Using Tracer Break-through Curves of IN-
TRAVAL Test Cases (Finnsjon, Stripa, WIPP 2),
INTRAVAL Workshop, Seattle, April 1991.
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STRIPA

Andersson P., Monitoring of Saline Tracer Transport
by Radar Measurements and Model Simulations.
INTRAVAL Workshop, Sydney, February 1992,

Guerin F., Billaux D., Chiles J.P., and Saurv J.P.,
Stripa: First Attempt at Tracer Experiments. Simula-
tions by a Set of Interconnected Channelized Frac-
tures, INTRAVAL Workshop, Seattle, April 1991,

Guerin F., and Billaux D.. Analyzing Flow and
Transport in the Stripa 3-D Site; Influence of Con-
nectivity, INTRAVAL Workshop, San Antonio, No-
vember 1992,

Hautojiirvi A., Analysis of Stripa 3D Data Empioy-
ing EVE (Extreme Value Estimation) deconvolution
Method, INTRAV AL Workshop, Sydney, February
1992.

Neretnieks I, The Stripa Site Characterization and
Validation (SCV) Experiment and Review of Earlier
Work, INTRAVAL Workshop, Sydney, February
1992, -

WIPP 2

Beauheim R., Overview of Tests Conducted on the
(WIPP 2) Culebra Formation at the WIPP, IN-
TRAVAIL Workshop, Seattle, April 1991.

Capilla J.E.. Gomez-Herndrdez J.J., and Sahuquillo
A., Stochastic Analysis of Groundwater Flow at the
WIPP Site, INTRAVAL Workshop, San Antonio,
November 1992.

Cliffe KA., Jackson C.P., and Impey M.D., Summary
of Results of 2 Preliminary Geostatistical Analysis of
WIPP 2. Uncertainty and Validation, INTRAVAL
Workshop, Sydney, February 1992,

Cliffe K.A., Jackson C.P.. and Impey M.D., Further
Results on WIPP 2, INTRAVAL Workshop, Syd-
ney, Fe “ruary 1992,

Corber T.F., Overview of Modeling Studies of the
(WIPP 2) Culebra Formation at the WIPP, IN-
TRAVAL Workshop, Seattle, Apni 1991.

Corbet T.F., Overview of Recent Progress on Geo-
statistical Estimates of the Culebra Transmissivity
Field, Interpretation of Tracer Tests, and Alternative
Conceptual Models of Regional Groundwater Flow,
INTRAVAL Workshop, Sydney, February 1992.

Gomez-Hernandez J.. and Capilla J., Application,
INTRAVAL W.rkshop, Sydney, Febnzary 1992

Grindrod P., Flow Through Fractal Rock: What does
the WIPP 2 Field Data Reveal?, INTRAVAL Work-
shop, Seattle, April 1991.

Jackson P.C., Preliminary Discussion on WIPP 2,
INTRAVAL Workshop, Seattle, Apni 1991,

Krohn K-P.. Modelling of Regional Variable-Der
sity Flow at the WIPP-Site. Initial Results for .
Vertical Section, INTRAVAL Workshop, San Anto-
nio, November 1992,

LaVenue M., Application of an Automated Pilot-
Point Inverse Technigue to Generate Calibrated Con-
ditionally-Simulated Transmissivity Fields, IN-
TRAVAL Workshop, San Antonio, November 1992.

Sahugquillo Herraiz A., Further Conditioning of
Transimissivity Fields: Honoring Piezometric Data

Theory, INTRAVAL Workshop, Sydney, February
1992,

GORLEBEN

Arens G., and Wollrath J., BfS - Calculations on

Pumping Test 'Weisses Moor’, INTRAVAL Work-

shop, Sydney, February 1992.

Beauheim R.L., Evaluation of Hydraulic Anisotropy
from Weisses Moor Pumping Test, INTRAVAL
Workshop, San Antonio, November 1992,

Bogorinski P., and Porti B., Modeling the Gorleben
Channel, INTRAVAL Workshop, Sydney, February
1992,

Porter J., Application of Indicator Methods to U
Gorleben Data Set, INTRAVAL Workshop, San An-
tonio, November 1992.

Schetkes K., Gorleben Test Case, INTRAVAL
Workshop, Seattle, April 1991,

Schelkes K., Status of Test Case and Validation [s-
sues, INTRAVAL Workshop, Sydney, February
1992,

Schelkes K., and Vogel P., Salt Water Movement in
the Gorleben Channel. Studies on Dispersion and
Geometry Effects, INTRAVAL Workshop, San An-
tonio, November 1992,

Vogel P., and Scheikes K., 2D-Studies on Salt Water
Movement in the Gorleben Channel - First Results,
INTRAVAL Workshop, Sydney, February 1992,

Wolirath J., and Arens G., BfS-Calculations on IN-
TRAVAL Test Case Pumping Test Weisses Moor™,
INTRAVAL Workshop, San Antonio, November
1992,



WIPP 1

Beauheim R.. Interpretation of Permeability Tests
(WIPP 1) SOPOL and L4P51, INTRAVAL Work-
shop, Seattle, Apnl 1991.

Beauheim R.L., and Roberts RA.. Integrated Nu-
merical/Analytical Interpretation of StP73-B Hy-
draulic Tests, INTRAV AL Workshop, Sydney, Feb-
ruary 1992.

Finley S.J., Small Scale Brine Inflow Experiments
(WIPP 1): Data and Interpretation, INTRAVAL
Workshop, Seattle, April 1991.

Foesch J.A., Smatl-scale Brine Inflow, INTRAVAL
Workshop, San Antonio, November 1992.

Gorham E., et. al., Status of WIPP | Test Case and
Current Validation Strategy, INTRAVAL Work-
shop, Sydney, February 1992

MOL

Kozak M., Initial Analyses of Anion Exclusion as
Applied to the Mol Site, INTRAVAL Waorkshop,
Sydney, Februacy 1992.

Mouche E., and Rouzier P., Tracer Experiment at the
Mol Site: Modeling and Sensitivity Analysis. IN-
TRAVAL Workshop, San Antonio, November 1992,

Olague N., Kozak M., and McCord J.. Mol: Prelimi-
nary Analyses. Proposed Strategy for Phase 2, IN-
TRAVAL Workshop, Seartle, April 1991.

Put M., Mol: Case Description and Modelling Meth-
odology with Results, INTRAVAL Workshop, Seat-
tle, April 1991.

Put M.. Theoretical Validation Considerations for the
Mol Test Case (with Results), INTRAVAL Work-
shop, Sydney, February 1992.

Pur M., Mol Test Case. Validation of used model,
INTRAVAL Workshop, San Antonio, November
1992,

ALLIGATOR RIVERS

Birchard G., and Murphiy W., Koongarra Analogue
of the Near Field of an HLW Repository, IN-
TRAVAL Workshop, Seattle, Aprl 1991.

Birchard G., Groundwater Geochemical Speciation
Modelling, INTRAVAL Workshop, Sydney, Febru-
ary 1992,

Emerson D., Site Characterization, INTRAVAL
Workshop, Sydney, February 1992.
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Golign C.. Uranium Series Radionuclide Mobility in
the Koongarra Weathered Zone, INTRAV AL Work-
shop, Seattle. April 1991.

Goliar C.. Transport Modelling of Natural Analogue
- Approach and Findings. INTRAVAL Workshop,
Sydney, February 1992,

Kimura H., and Murakami T.. Uranium Migration
Considering Alternation of Chiorite at Koongarra
Site, INTRAVAL Workshop, Sydney, February
1992

Skagius K.. Modelling of Uranium and Thonum Mi-
gration in the Weathered Zone at Koongarra, TN-
TRAVAIL Workshop, Sydney, February 1992,

Skagius K., Modelling of Uranium and Thoriurn Mi-
gration in the Weathered zone at Koongarra, IN-
TRAVAL Workshop, San Antonio, November 1992,

Tanaka Y.. Mivakawa K., and Kawanishi M., Three-
Dimensional Groundwater Flow Analysis on the Ba-
sis of Schistosity at the Koongarra Site, INTRAVAL
Workshop. Sydney, February 1992.

Townley L., Hydrology of the Koongarra Site, In-
cluding Predictions of 3D Groundwater Flow Pat-
terns, INTRAVAL Workshop, Seattle, April 1991,

Townley L., Summary of Hydrology Workshop, IN-
TRAVAL Workshop, Sydney, February 1992.

Waire D., Implications of Sorption in Retardation,
INTRAVAL Workshop, Sydney, February 1992.

van de Weerd R., Geochemical Modeling of the
Koongarra Uranium Deposit, INTRAVAL Work-
shop, Sydney, February 1992,

van de Weerd R.. Richardson-van der Poel M.. and
Hassanizadeh S.M., Preliminary Results of Model-
ling of Nuciide Transport at Koongarra, INTRAVAL
Workshop, San Antonio, November 1992,

TWIN LAKE

Durin M. and Mouche E., Comments to Twin Lake
Test Case, INTRAVAL Workshop, Seattie, Apnl
1991,

Gobler P., Modelling of Mass Transport with a High
Peclet Number. Appiication to the Twin-Lake Tracer
Experiments, INTRAVAL Workshop, San Antonio,
November 1992,

Gomit J-M., Twin Lake Test Case, INTRAVAL
Workshop, Seattle, April 1991,

Moltyaner G., A Novel Methodology for Charac-
terizing Geologic Heterogeneities, INTRAVAL
Workshop, Sydney, February 1992,
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Molrvaner G., [ndirect Testing of a Constitutive Law, Olague N., Kozak M. und McCord /.. Twin Lake:
INTRAVAL Workshop, San Antorio, Novemober Preliminary analyses. Proposed Strategy for Phase 2.
1992, INTRAVAL Workshop, Seattle, April 1991.

Mouche E.. Twin Lake Tracer Expenments: Can a Olague N., and Davis P.. Validation Aspects tor th

Stochastic Modeling be pertormed?. INTRAVAL Twin Lake Studies and Data Analvsis of Twin Lake

Norkshop. San Antonio, November 1992 1983 Tracer Tests, INTRAVAL Workshop. Sydney.
February 1992,

Munakata M.. and Kimura H., Preliminary Results
of Twin-Lake Tracer Test (1983), INTRAVAL
Workshop, San Antonio, November 1992,
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The international INTRAVAL project started in
October 1987 in Stockholm as an intemational effort
towards validation of geosphere models for transport
of radionuclides. The project was initiated by the
Swedish Nuclear Inspectorate, SKI, and was pre-
pared by an ad-hoc group with representatives from
eight organisations. _

24 organisations “Parties’ from fourteen countries
participate in INTRAVAL. The project is governed
by a Coordinating Group with one representative
from each Party. The SKI acts as Managing Partici-
pant and has set up a Project Secretanat in which also

Her Majesty's Inspectorate of Pollution HMIP/DoE.
U.K. and the OECD/NEA take part. Project organi-
sation, the objectives of the study and rules for the
publication of results are defined by an Agreement
between the Parties.

The INTRAVAL philosophy is 10 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 IN-

- TRAVAL project strategy 1o 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 groundwa-
ter flow and radionuclide transport in the context of
performance assessment of repositories for radioac-
tive waste. In the two previous studies, INTRACOIN
(1981-1986) and HYDROCOIN (1984-1990), the
numerical accuracy of computer codes, the validity
of the underlying conceptual models and different
techniques for sensitivity/uncertainty analysis have
beentested. In INTRAVAL the tocus is on the validity
of model concepts.

The purpose of the INTRAVAL study istoincrease
the understanding of how mathematical models can
describe various geophysical, geohydrological and
geochemical phenomena. The phenomena studied
are those that may be of importance to radionuclide
transport from a repository to the biosphere. This is
being done by systernatically using information from
laboratory and field experiments as welt 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 validation
process. In INTRAVAL the ambition is to cover
validation of models both with regard to the proc-
esses and site-specific systems.

The INTRAVAL study was started in October
1987. The first three year study, Phase 1, is finalised.
The second three year period, Phase 2, started in
Qctober 1990. .

Eleven test cases are included in Phase 2. Several
of the cases are based on international experimental
programmes, such as the Stripa Project and the Alli-
gator Rivers Analogue Project.

Pilot Groups have 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 possible to simulate the
experiments with model calculations. It is-a pro-
nounced policy of the INTRAVAL study to support
interaction between modellers and experimentalists
in order to gain reassurance that the experimental
data are properly understood and that the experiences
of the modeliers regarding the type of data needed
from the experimentalists are accounted for.

Contact between the participants has been main-
tainied by arranging workshops which were followed
by Coordinating Group meetings. Working Group
meetings have taken place between the workshops.

Since the issue of the previous Progress Report,
the ninth and last INTRAVAL workshop and the fifth
and last Phase 2 Coordinating Group meeting were
held in Stockholm, Sweden. During the workshop the
participants described the modelling work performed
and discussed the achieved results. Since this was the
last workshop, the presentations were focussed on
summarising the results from each Warking Group.

The Phase 1 reports have been finalised, printed
and distributed to the Coordinate Group members
except the Phase 1 Summary report which is sched-
uled for printing late 1993. The schedule for the
Phase 2 reporting was discussed and it was con-
cluded that draft versions of the Working Group
reports have to be available in the spring of 1994 and
final versions in June 1994,

The Ninth INTRAVAL Workshop
and the Fifth Phase 2 Coordinating
Group Meeting

The ninth INTRAVAL workshop and the fifth
Phase 2 Coordinating Group Meeting were held in
Stockholm, Sweden, on the 30th of August through
the 3rd of September, 1993, with the Swedish Nu-
clear Inspectorate {SKI) acting as host. The objective
of the workshop was to summarise and conclude the
INTRAVAL Project. All Working Groups had ple-
nary sessions with a summary of the work performed
within the group followed by technical presentations
of recent work. :

The Coordinating Group meeting was held on the
3rd of September, 1993. The pian for reporting {see
section about INTRAVAL Reporting) was agreed
upon. INTRAVAL will be formally concluded as the
INTRAVAL Phase 2 Summary report has been ap-
proved by the Parties.

INTRAVAL Sub-Committee for Inte-
gration (ISI)

The purpose of the INTRAVAL Sub-committee
for integration (ISI) is to assist the Secretariat by
integrating the activities of the Working Groups, the
validation approaches and the lessons learned. The
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[SI had their third meeting on August, 31 .n¢onnec-
tion with the INTRAVAL workshop in Stockholm. A
revised outline of the [ISTINTRAVAL Phase | and 2
integrated conclusions report was developed duning
the meeting. A first draft of the repert will be avail-
able by May, 1994 and the final report will be pub-
lished earty 1995,

Information from the Phase 2

Working Groups

Four Working Groups have been set up addressing
different types of test cases, see Table 1. Each Work-
ing Group has a chairman, possibly aided by another

person. The chairs of the Working Groups are respon-

sible for the preparation of Working Group reports,
which will constitute the base for the final reporting
of INTRAVAL Phase 2.

Tabie |. INTRAVAL Phase 2 Working Groups.

Working Test Cases Chairman
Group
| Las Cruces Trench  T. Nicholson
Apache Leap
Twin Lake
Yucca Mountain
3 . Finnsjon C-F. Tsang
Stripa S. Neuman
) WiPP2
-3 Gorleben P. Bogoninski
; WIPP |
Mol
Alhgator Rivers Secretariat

(K. Skagius)

INTRAVAL Reporting

All INTRAVAL Phase 1 technical reports have
been printed and distributed. The final draft of the
Phase | Summary report was distributed in June,
1993 to the INTRAVAL Parties for formal approval
and is scheduled for publication at the end of 1993,

The Secretariat will take responsibility for pub-
lishing INTRAVAL Phase 2 Working Group reports
prepared by the Working Group leaders with help
trom appointed editors. In addition, the Secretariat
will prepare an INTRAVAL Phase 2 Summary report
based on test case summaries from each of the Work-
ing Groups.

The time schedule for the INTRAVAL Phase 2
reporting is according to Table 2. Final reports from
all Working Groups will be availabie in June 1994. A
first draft of the INTRAVAL Phase 2 Summary report

t~ ~¢heduled for October. 1994 and a finai report tor
spring 1995, The INTRAVAL Sub-committee for
integration ¢ [SI) will publish a report concemning
Integrated Conclusions in earty 1995, fn addition,

there are plans for publication in scientific journals
during 1995.

Table 2. Schedule for INTRAVAL Phase 2 Reporting.

Report First Draft  Final Draft Final
Report

Working  Jan. 1994 April 1994 June 1994

Group |

Workin Jan. 1994  April 1994 June 1994

Group

Workin, Feb. 1994  April 1994 June 1994

Group

Alligator  Jan. 1994  March 1994 June (994

Rivers

Phase 2 Oct. 1994 Spnng 1995

Summary .

ISTReport  May 1994  Oct. 1994  Early 1995

Status of INTRAVAL Phase 2 Test
Cases

LAS CRUCES TRENCH

Flow and transport experiments in unsaturated po-
rous media performed at Las Cruces, New Mexico.

Experimental Set-up

The experimentai site is iocated at the New Mexico
State University Collage Ranch, 40 km northeast of
Las Cruces in New Mexico. USA. Atrench 16.5 m
long, 4.8 m wide and 6.0 m deep was dug in undis-
turbed soil. Two irrigated areas measuring 4 m x 3 m
and 1 mx 12 m, respectively, are adjacent to the
trench. Water and tracers were applied at controlled
rates on these areas. In the first experiment (Plot 1)
water contzining the conservative tracer tritium was
applied at a rate of 1.76 cm/day on the area measuring
4 m x 9 m. In the second experiment (Plot 2a), water
containing tritium and bromide was applied at a rate
of 0.43 cm/day on the other area (1 m x 12 m) on the
opposite side of the trench, and in the third ¢xperi-
ment (Plot 2b) tritium, bromide, boren, chromium
and two organic compounds (pentafluorobenzoic
acid and 2,6-difluorobenzoic acid) were applied at 2
rate of 1.82 cm/day on the same area {1 mx 12 m).
The movement of the water below the soil surface
was monitored with neutron probes and tensiome-
ters. Tracer concentraticns were sampled on aregular
basis through solute samplers instalied in a two di-
mensional grid through the trench wall. In addition
laboratory experiments on cores were performed to



determine the physical properties of the soti. The
Plot | and Plot 2a experiments were included in
INTRAVAL Phase 1 and was used for model calibra-
tion. The calibrated models were used in INTRAVAL
Phase 2 to predict the Plot 2b experiment before the
experimental data were made available to the Project
Teams.

Analyses by the Project Teams

The following Project Teams have been working
with the Las Cruces trench test case during IN-
TRAVAL Phase 2:

— New Mexico State University (NMSU)USNRC

— CNWRA/USNRC

— PNL/USNRC

— MIT/USNRC

— Bureau for Economic Geology, Univ. of Texas
{BEGYUSNRC

During Phase 2 of INTRAVAL some teams mod-
elling the second experiment (Plot 2b) have done
blind predictive modelling of water content and sol-
ute concentrations at various points using data from
previous laberatory and field experiments, and some
teams have done predictions based on data from the
second experiment. The Pilot Group has then gath-
ered all results and performed comparative analyses.
They have used a series of comparative plots, tables
and simple non-parametric tests to assess mode! per-
formance, see Figure 1 where populations of tritium
prediction errors for the different models are iilus-
trated. No rigorous statistical model testing were
performed.

The models used for predictions of water flow
and solute transport in the Plot 2b experiment are
summarised in Table 3. Different types of 2-D
models have been used ranging from simple mod-
els assuming homogeneous isotropic soil profiles
to complex models considering heterogeneous
anisotropic soil profiles.

INTRAVAL
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Table 3. Summary of 2-D models used b~ the Project
Teams for the Las Cruces Trench test case.

Project Approach Predicted  Soil properties
Team value(s)
BEG! not blind water flow umiform.
1S0LropIc
CNWRA1  btind water flow 9 layers,
1SOTOpIC
CNWRAZ2-3 blind water flow heterogeneous,
isotropic
MITI biind water flow homogeneous.
anisotropic
NMSUI not blind water flow, homogeneous,
tritilum ISOropic
migration
NMSU2-5 notblind water flow, heterogeneous,
trinum 1s0tropic
migration
PNLI1-4 blind water flow, uniform,
tntium 1Sotropic
migration

All model predictions of first arrival times of the
walter plume were non-conservative at latter times,
whereas several of the models with heterogeneous
soil profiles provided predictions of first arrival times

-of the rritium plume that were conservative at latter

times. The resuits of the mode! predictions show that
models that assumed heterogeneous soil profiles did
not necessarily perform better than those that as-
sumed homogeneous soil profiles. Furthermore, it
was shown that models with anisotropic property
fields did not perform better than those that assumed
isotropic property fields. .
When comparing the resuits from the differen
Project Teams it was found that models that per-
formed best by one measure were out performed by
other models using other measures. As a result of the
comparisons it could be concluded that simple mod-
els seems to predict the measured values with as good
result as the more complicated models. A number of
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Figure {. Las Cruces Trench. Populations of trit-
ium prediction errors.
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topics were identified that has 1o be developed: better
techmigues to condition soil property maodels on local
observation. techniques to scale local observations to
farger scales, betier understanding of the reiative
importance of various physical processes. Concern-
ing the mode! testing it has been identified thart the
models must be tested at different sites on larger
scales and that more nigorous mathematical/numeri-
cal model testing techniques using field data have to
be devetoped.

What concerns performance assessment, the work
with the Las Cruces test case has illustrated the need of
a test site characterisation methodology as well as a
better understanding of when simple models are truly
conservative compared to more complex models.

APACHE LEAP

Flow and transport experiments in unsaturated frac-
tured rock performed at Apache Leap Tuff Site, Ari-
cona, USA.

Experimental Set-up and Scales

The Apache Leap test case in INTRAVAL Phase 2
concentrates mainly on two topics, how a thermal
source will affect air, vapor, water and solute move-
ment in geologic media, especially unsaturated frac-
tured rock, and the water and air transport properties
of fractures and rock matrix in unsaturated rock.

The effects of a thermal source were studied with
laboratory non-isothermal core measurements. A Cy-
lindrical shaped core, approximately 12 cm long and
10 cm in diameter, was extracted from a block of
Apache Leap Tuff. The core with a prescribed initial
matrix suction and solute concentration was sealed
and insulated to prevent water, air and solute gains or
losses from ail surfaces, and to minimise heat loss
along the sides of the core. During the experiment, a
horizontal temperature gradient was established
along the long axis of the core. The data available
from the core measurements are rock matrix porosi-
ties. initial water contents, and temperatures.

The behaviour of unsaturated fractured rock, wa:
studied in a series of tests being performed to char-
acterise water and air transport properties of fractures
and rock matrix for a range of matrix suction. The
measurements were conducted on a block of Apache
Leap Tuff which was 92.5 cm long, 21.0 ¢cm high and
20.2 cm wide and contained a single discrete fracture
oriented along the 92.5 cm by 20.2 cm plane. The
rock was initially air-dried at a relative humidity of
approximately 30 percent. The fracture traces along
both ends of the block were connected to manifolds,
while the fracture traces exposed along the sides of
the block were seated with putty. All external surfaces
of the rock except those covered by the manifold
were then sealed with adhesive vinyl. One of the
fractere surfaces covered by the manifold was open
to the atmosphere and the other was irrigated with
water. The position of the wetting front in the fracture

and 1n the matrix over time was studied. Avaiiable
data are rock matrix sorptivity coefficient. rock ma-
trix porosity, rock fracture aperture, and cumulative
inflow volume over time,

in addition to these laboratory experiments there
are some resuits available from field investigations.
However, much of the data from the field expeni-
ments will not be available duning the course of
INTRAVAL Phase 2.

Analyses by Project Teams

The following Project Team has been working
with Apache Leap Tuff site test case during IN-
TRAVAL Phase 2:

— UAZ/USNRC

The Pilot Group (UAZ) gave some comments on
the Apache Leap test case which includes five hier-
archical scale experiments, from core charac-
terisation to field air permeability tests. The valida-
tion strategy has been to use field characterisation
data to provide model predictions with confidence
intervals. Each experiment should be conducted in
such a way that the observed behaviour is known with
sufficient confidence and to ensure that it is not
artifacts one is studying. If models based on alterna-
tive concepts show identical behaviour then the ex-
periment is not properly designed. The strategy used
for comparison of model predictions and observed
data has been to propagate parameter uncertainties to
forecast uncertainties in predicted values. If the pre-
dicted values lie outside the forecasted confidence
interval the model is found to be inadequate. It was
also pointed out that experimental uncertainties
should be used to evaluate the degree of significance
between model prediction and experimental observa-
tions. The core characterization studies showed that
hysteresis significantly altered the drying and wet-
ting curves. Therefore, the wetting history at the site
must be known if matric suctions are estimated from
field measurements of water content. The fracture
imbibition experiment indicated that fingers of satu-
ration existed within the fracture during early times
and that those fingers expanded laterally and dissi-
pated with time. Furthermore, it seems that the fin-
gering (channeling) is at least as pronounced in un-
saturated fractures as in saturated.

The Project Team from UAZ has studied scale
effects in air permeability determinations. Three
boreholes, Y2, V2, and X2 have been completely
tested at a | meter scale. The borehole Y2 has as well
been tested at 0.5 and 3 m scales. Two other boreholes,
‘W2A and Z2, are currently being tested at a 1 m scale.
When the testing program is completed, a total bore-
hole length of 180 meters will have been tested at a
| m scale. An important conclusion from the analysis
performed so far is that air permeability is a strong
function of applied pressure. Values quoted without
such pressures are therefore ambiguous, The average
permeability has been found to increase with increas-



ing scale. Another major finding 1s that the data
indicate that flow through the fractured porous o -
teriai may be amenable to the thegsy of stochasuc
hydrology. '

YUCCA MOUNTAIN

Yucca Mountain experiments.

Experimental Set-up

The objective of the Yucca Mountain test case is to
compare predicted and observed moisture content as
a function of depth in a borehole currently being

. drifled. The data set for the test case consists of
composite transects of hydrologic properties at the
site, detailed geohydrological data and moisture con-
tent data from boreholes UZN-53, UZN-54 and
UZN-55, and topographic and structural geology
information for the site. Data from the three UZN-
boreholes have been used to predict the moisture
content in another borehole, UZ-16, that will be
drilled to a depth of about 500 m at a distance of about
100 m from the UZN-boreholes.

Analyses by the Project Teams

The following Project Teams have been working
with the Yucca Mountain test case during IN-
TRAVAL FPhase 2: :

— Golder/USDOE
USGS/USBOE

— CNWRA/USNRC
State of Nevada

— SNL/USNRC

— USNRC

l

The Project Team from USGS has used a 1.D
finite difference matnix model (TOUGH) to predict

the water content in the core from borehole UZ-16.

The model parameters were caiibrated using data
from nearby shallow boreholes. The parameters were
particle density, porosity, permeability and van
Genuchten parameters for unsaturated hydraulic
conductivity from filled moisture retention curves for
different microstratigraphic units at different depth.
The problem with this modelling was that the ap-
plied rock properties were from another location
than UZ-16 and no fracture or fault properties were
available. The team has used past climate condi-
tions to estimate .earlier infiltration and noted that
the saturation measured today is not sensitive (o
earlier climatic changes.

The Project Teams from CNWRA and USNRC
applied a 1-D steady state, composite porosity model
and a dual continuum fracture-matrix model for 1-D
steady-state infiltration to predict the water satura-
tion in the core from borehole UUZ-16. The predic-
tions were based on hydraulic characteristics of rocks

INTRAVAL
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from transects and other boreholes. neutron iougs
from other boreholes and porosity and lithologies
from the borehole to be predicted (UZ-16). The tirst
model (composite porosity) predicted the water con-
tent profiles rather weil except in a few geological
units. The predicted saturation appear to be less ac-
curate than the predicted water content. The second
mode! (dual-continuum} which represents fractures
and matrix as two continua interconnected trough a
transfer term gave a proper description of the satura-
tion behaviour of the fracture continuum. The effect
of fracture coatings may be seen in flow regimes
where there is a transition between fracture and ma-
trix flow.

The observer from the State of Nevada has studied
the effects of vartability in selected model inputs on
modeiled unsaturated water content profiles. 1-D.
2-D as well as fracture models have been apptied for
simulations of the water content in the rock to a depth
of almost 500 m. Some of the data used originate
from boreholes at the Yucca Mountain site not in-
cluded in the test case. The rock has been modelied
as consisting of seven hydrologic layers except for
the 1-D case where the number of layers were varied
from4 to 1. The results from the 1-D models showed
a poor fit to measured data even though the number
of layers as well as the infiltration rate were varied.
The wet conditions within the upper high conductiv-
ity unit, co-existing with the unsaturated conditions
in the low conductivity units, could not be modetled
with 1-D geometry and infiltration. Like the 1-D
simulations, the 2-D simuiations were found to un-
derestimate the measured water content in the upper
unit. The fracture flow model showed considerably
better match to observed data. In this model, water
was recharged into a vertical fracture intersecting all
seven hydrologic layers. The recharge rate was esti-
mated based on ground surface material. topography,
and climate data. The fracture density in the rock was
set to about 3 fractures/meter. In this case, the very
wet conditions in the upper permeable unit as welt as
the unsaturated conditions below are much better
represented than the 1-D and 2-D representations.

Different Project Teams appiied different model-
ling approaches to predict the water saturation in the
core from borehoie UZ-16. The test case provided
insufficient data to discriminate between the models
used but it seems that the stratigraphy is the most
important aspect in modelling unsaturated flow at
Yucca Mountain, It was not possible to reach any
conclusions concerning fracture vs. martrix flow
models because of the large differences in model
geometries and boundary conditions. Another aspect
that makes model comparison dubious is the differ-
ence in applied initial conditions. No conclusions
concerning infiltration from the saturation profile
could be drawn because of the fractured nature of the
tuffs.
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FINNSJON

Tracer experiments in a jractured -one at the
Finnsjon research area. Sweden.

This test case is based on a set of tracer tests in a
fracture zone in crystatline rock at the Finnsjon re-
~earch area in Sweden. The main expertments carried
out are a large-scale interference test and two large
scale tracer tests, one radially converging test and one
dipole experiment. The modelling is focused on the
dipoie experiment. This test case was also included
tn INTRAVAL Phase 1. but the database for the
dipole experiment was never used for modelling,
stnce it became available too late.

Geological Structures

The experiments are confined to a sub-horizontal
fracture zone at approximately 300 m depth. The
thickness of the zone is approximately 100 m and its
horizontal extent is in the order of kilometers.

[t appears that the zone contains three highly
permeable §ub-k_1yers. The trnqimi;ssivity of the
upper Ia_\éer is estimated to be 10_4 ~/s, the middle
i07'~10" m~/s and the lower |07 m7/s. The middle
layer is not continuous. A fresh water—salt water
interface is located in the fracture zone relatively
close to the upper sub-layer. The salt content of the
groundwater is higher below the zone than above.
The natural hydraulic head gradient is estimated to
17300 in the horizontal direction.

Hydraulic Tests

The fracture zone and the surrounding rock are pene-
trated by several bareholes. Packer tests for hydraulic
conductivity (Lugeon tests) have been performed in
all boreholes in 2 m and 20 m section intervais. In
addition, a part of one borehoie has been investigated
at 0.11 m intervals. A regional pumping test has
been conducted by pumping water from the fuli
length of one borehole and observing the draw-
down in |1 wells totalling 40 intervals.

Tracer Tests

Two sets of tracer test have been completed, aradially
convergent test and a dipole test. The radially con-
vergent test was conducted by pumping one well
from a packer interval covering the full width of the
fracture zone and injecting eleven different non-sor-
bing tracers at nine different intervals in three wells
surrounding the production well. i.e. more than one
tracer was injected at some points.

The dipole test was conducted by pumping in one
welil and injecting tracers in another. A tota: : 7 20
different tracers were introduced at the upperia. .~ of
the injection well. The tracer discharge points at the
discharge well were estimated by sampling the trac-

i}

ers in different layers. Both the radially convergent
and the dipole test showed that tracers could move
between the luyers in the fracture zone.

Analyses by the Project Teams

The Finnsjon experiments has been studied by the
following Project Teams:

Geosigma/SKB

- VTT/TVO

PNC

PSIUNAGRA

New Mexico State University (NMSU)/SNUU}
DOE ;
— Hazama/JAER]
Conterra/KTH/SKB
BRGM/ANDRA
UPV/ENRESA

a -
%

PR

These Project Teams applied different approaches
for the analysis of the experiments.

The Geosigma team performed a porous media
advection-dispersion analysis applying the same
concept for the whole sequence of flow and transport
experiments. The team also studied the effects of the
natural gradient and anisotropy. 1-D as well as 2-D
models were appiied and the classification of model]
simulations was based on regression statistics.

The VTT team applied a channel concept for the
whole sequence of tests. The main objectives were to
obtain a model which was as realistic as possible for
the description of groundwater flow and tracer trans-
port and to test if the same concept could be applied
to all three tracer tests in zone 2. The modelling
approach was to consider flow in a 2-D network of
channels and transport in just one or two routes. The
channels were assumed to be non-interacring and
having vaniable apertures. The team concluded that
all experiments could be described with the same
concept. Furthermore, 50-100 % of the transpon
could be explained by just considering one channel.
The team found that the effect of hydrodynamic
dispersion was clearly noted in the experiments con-
trary to the effect of matrix diffusion.

The PNC team performed a porous media analysis
with the main objective to study the effect of hetero-
geneity on the tracer transport. The system was as-
sumed to be a dual porosity porous medium and the
modelling approach included generation of hydraulic
conductivity distributions by trial and error as well
as applying a geostatistical approach. Stream tube
and 2-D finite difference models were used. The
procedure was to fit the transport parameters from the
dipole test and to check the validity by simulating the
radially converging test. The objectives were to sta-
tistically estimate transmissivities in the high con-
ductive zone in the upper part of zone 2 and to
identify transpott parameters by considering least
square errors. The validity of the model was exam-
ined by comparing calculated and observed data. The
team concluded that the tail part of the breakthrough



Figure 2. Finnsjon, PNC. Calculated hydraulic
heads in the radially convergent test.

curve of each tracer could be explained by consider-
ing the mixing between the low conductive and the
high conductive zone. Furthermore, the parameters
identified from the dipole tracer test simuiation
could explain the general characteristics of the
breakthrough curve obtained from the radially con-
verging tracer test. Figure 2 illustrates the calculated
hydraulic heads in the radially convergent test.

The PSI team did not use the same data as the other
teams, but performed a porous media analysis of a
radially converging tracer test from another part of
the Finnsjon site. The main modelling objectives
were to determine the geometrical assumptions
needed to reproduce the breakthrough curves and to
determine the dominant transport processes in the
Finnsjon experiments. The modeiling approach was
to assume a 2-D dual porosity homogeneous system.
The team concluded that the concept of the dual
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Figure 3. Finnsjon, PSI. Experimental data and

calculated breakthrough curves with and withouws
matrix diffusion.

INTRAVAL
Progress Report Mo 1)

porosity medium has proven 1o be a versatile. etri-
cient and highly appropriate “tool” for analysing the
Finnsjon migration experiments. Furthermore, no se-
rious limitation of the model was identified, i.¢. no
indication for further mechanisms that ought to be
included could be recognized. One of the main goals
of the investigations was to find an answer to the
question of the minimum number of independent
flow paths that had to be included in the calculations.
It was found that medels with a single flow path
reproduced the break-through curves in a grossly
averaged way. Introducing a second flow path im-
proved the fits. Furthermore, the concept with a
further flow path complies with in-situ observations.
An inspection of the measured data showed that the
signature of matrix diffusion could not be identified
in the tailing pant of the breakthrough curves. How-
ever, calculations for both concepts (one/two flow
path systems) demonstrated that this mechanism can-
not be negiected. It effectively influences the shape
of the breakthrough curves and strongly improves the
fits (Figure 3).

The NMSU team used a layered porous media
model and a double porosity model to analyse the
radially converging test and the dipole test. The mod-
elling approach included a description of a vertical
cross-section representing the flow paths. The thick-
ness and hydraulic conductivity distribution was in-
terpreted from individual borehole data. The resuits
showed a reasonable agreement with most break-
through curves for both singie and double porosity
models. It was therefore not possible to judge which
model that best represented the fracture zone.

The Hazama team performed a flow and transport
analysis of the radially converging and the dipoie
tracer tests. The modelling approach included the use
of a REV from the Crack Tensor Theory. Values of
the apparent aperture were assigned using condi-
tional simulation followed by a transport analysis in
a continuum model by means of a particle tracking
method. The modelling included particle releases
from simulated test sections and calculation of en-
semble breakthrough curves. These calculated break-
throughs were found to give good as well as bad fits
to the measured breakthrough curves.

The Conterra/KTH team applied a stochastic
continuum model to analyse the dipole test and a
conceived far-field naturai gradient test. The main
objective in this modelling exercise was to deter-
mine if a stochastic continuum mode! calibrated on
a local test scale also is valid on a larger, far-field
scale.

The team tackied this problem by creating a refer-
ence transmissivity field represented by a 0.5 m thick
2-D confined aquifer with a size of 1200 m x 1200 m,
corresponding to the upper permeable part of zone 2.
All measured transmissivity data were used to con-
struct a synthetic reference field as close as possible
to the real situation. Dipole tracer tests, similar to the
Finnsjén test, and a far-field (natural gradient) test
were performed in this synthetic reference field for
calibration and validation.
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Eight boreholes penetraung fracture zone 2 have
been hvdraulically tested and several realisations
were generated and conditioned on the data from
these boreholes. One of the generated realisations
was randomly chosen as the reference field. The
results from “tracer tests” using a particle tracking
technique were considered to be the real system
response of the reference field. The far field simula-
tion in the synthetic reality was performed under
natural conditions.

The team used the Monte-Carlo approach to gen-
erate 100 equally probabie realisations having the
same statistical structure as the observed data. Com-
paring the breakthroughs in the dipole experiments it
was found that individual realisations could be very
different to the reference field due to uncertainty in
transmissivity values, while the mean(assemble)
breakthrough curve was very close to that of the
reference field. Based on a quantified measure of the
deviation of the simulated breakthrough curve from
that of the reference field, 3 of the 100 fields were
chosen that captured the reference field quite well.
The far field simulations were caiculated under natu-
ral gradient conditions using the same transmissivity
tields as for the local scale dipole test. The resuits
trom the three simulations show very different mean
arrival times and dispersion patterns, indicating that
calibration of the mode! on the local scale and sub-
sequent prediction of far field transport phenomena
can result in high uncertainty, This indicates that
there are not enough conditioning points on the far-
field scale to recapture the characteristics of the far-
field reference case transport response. Therefore,
calibration of a model on a local scale is insufficient
to also validate the mode! on a larger transport scale.
This conclusion implies that measurement data
should be collected on scales relevant to the studied
transport problem.

The BRGM team performed an analytical and
numerical porous media analysis of the interference
tests and the radially converging tracer test. The
boundary etfects as well as the multi-layering of zone
2 were taken into account in the modelling. The
model was calibrated using data from two of the tests
and subsequently validated on a third test. A 3-D
analysis showed a good fit between measured and
calculated drawdown during the complete test se-
quence. Furthermore, it was possible to simulate the
behavior of the five high-recovery tracers. Another
tinding was that a homogeneous porosity could not
be employed.

The UPV team analysed the implications of select-
ing a2 multiGaussian model based on the parsimony
principle. The modelling approach included a dem-
onstration of the impact of extreme values on travel
times by applying two stochastic modeis, muitiGaus-
sian and non-multiGaussian, in a stochastic contin-
uum study. The team concluded that a Gaussian
histogram does not imply that the only multivariate
model must be multiGaussian. Furthermore, it was
pointed out that a multiGaussian model implies a
very low connectivity of extreme values and might

therefore be too optimistic from a regulatory point of
YIEW.

The analysis of the Finnsjon experiments includes
a variety of different approaches including stochastic
modelling even though the porous medium concepts
seerms (o dominate. An important conciusion is that
the dimensionality of the applied model was not
decisive for the ability 10 reproduce the field re-
sponses. It was furthermore noted that a relatively
simple model could reproduce the experimentally
obtained breakthrough curves. The effect of matrix
diffusion seems to have been very smali in the ex-
periments mainly due to the high induced flow ve-
locities. The tracer migration has therefore been gov-
erned by advection and it was noted that hydrody-
namic dispersion was needed to explain the break-
through curves measured in field.

STRIPA

Flow and tracer experiments in crystalline rock
based on the Stripa 3-D experiments, Sweden.

Experimental Set-up

This test case is based on three-dimensional tracer tests
performed in the Stripa mine in Sweden. The experi-
ments are part of the International Stripa Project.

In an experimental drift, excavated in the oid iron
ore mine in Stripa, the whole ceiling and upper part
of the walls was 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
vertical boreholes for tracer injections were drilled
and tracers were injected at nine locations 10 ~55m
above the test site.

The data registered or obtained from the experi-
ments are water flow rates, tracer concentrations in
the water entering the drift, rock characteristics
and fracture data, water chemistry, tracer injection
pressures and flow rates, and hydrostatic pressure.
Diffusivity and sorption data are available from
supporting laboratory and field experiments. This
so called 3-D experiment was as well a test case
during Phase 1 of INTRAVAL.

In addition to the results from the 3-D experiment,
data from two other experiments performed in the
Stripa mine, the "Channeling Experiments” and the
"Site Characterisation and Validation program’, were
available 10 the INTRAVAL Participants during Phase
2. The Channeling Experiments consisted of two kinds
of tests, single hole and double nole experiments. In the
single hole experiments, holes with adiameterof 20cm
were drilled about 2.5 m into the rock in the plane of a
fracture. Specially designed packers were used to inject
water into the fracture at 5 cm intervais. The variation
of the injection flow rates along the fracture were used
to determine the transmissi vity vartations in the fracture
plane. Detailed photographs were taken from inside the
holes and the visual fracture aperture was compared
with the injection flow rates. Five holes were measured



in detall and seven holes were scanned by simple
packer systems. In the double hote experiment, two
parallel holes were dnlled in the same fracture plane
at nearly 2 m distance. Pressure pulse tests were
carried ocut between the holes in both directions.
Tracers were injected at five locations in one hole and
monitored in several locations in the other hole.

The Site Characterisation and Validation program,
with the aim to predict groundwater flow and tracer
transport in a previously unexplored rock volume,
invoived a number of investigation steps with mod-
elling predictions. A few long boreholes were used
to characterise the rock volume. Additional bore-
holes were drilled and used for investigations of
water bearing sections, fractures, tracer tests etc. All
investigations were compared to already performed
model predictions. Finally, a new drift, the "Valida-
tion Drift", was excavated in the rock block. The new
drift was instrumented with plastic sheets and other
water cotlection devices.

Analyses by the Project Teams

The data set from the Stripa 3-D migration experi-
ment has been studied in INTRAVAL Phase | and 2.
Four Project-Teams studied the test case in Phase 1:

KTH/SKB

Lawrence Berkely Laboratory (LBLYUSDOE
KTH/SKI

INTERA/AEA/NIREX

Two other Project Teams have analysed the Stripa
3-D data as part of Phase 2:

- VTT/TVO
- BRGM/ANDRA

The experimental findings from the Stripa 3-D
experiment clearly indicated that:

— the water flow into the drift was very unevenly
distributed

- there seems to be a correlation between fracture
intersections and high water flow rates

— also the tracer migration properties were unevenly
distributed since experimental breakthrough
curves in adjacent sheets for the same tracer were
in many cases quite dissimilar.

To reproduce such observations, most Project
Teams based their analysis upon the assumption of
flow and transport within one-dimensional channels.
The channeling concepts considered by the different
Project Teamis were:

— one-dimensional models assuming no mixing of
tracer between the channels over the migration
domain

— models of interconnected one-dimensional chan-
nels assuming a perfect mixing at each channel
intersection
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~ and finally, one team did not assume any mixing
and flow dimension a priori, but considered the
flow dimension as the main unknown.

Different teams considered different transport
properties in the individuai channels. The KTH/SKB
team considered channels that only had advective
transport as well as channels having transport prop-
erties based on a combination of advection-disper-
sion-matrix diffusion. The Project Teams from
KTH/SKB, KTH/SKI, BRGM and LBL considered
channels having transport properties due to advection
and dispersion.

Different channe! arrangements were as well con-
sidered by the Project Teams. All teams analysed
transportin a single channel. The LBL team assumed
an arrangement consisting of several discrete parallel
channels. Each channe! had a variable aperture along
its length, and the hydrautic conductivity in the chan-
nel was controiled by constrictions. Such channels
does not represent physical pipes, but rather channels
that arise naturally as paths of low resistance through
the fracture planes. The LBL team ysed this arrange-
ment coupled with the advection-dispersion model.

The KTH/SKB team also considered an arrange-
ment consisting of a large number of paralle! chan-
nels that conduct the flow from the inlet to the outlet
without mixing between the channels. Thus, this
arrangement is very close to the one used by the LBL
team, but the KTH/SKB team assumed that disper-
sion in the direction of flow was caused by channel-
ing, so that the "advection oniy” single channe! prop-
erty was applied. A further assumption was that the
channel properties obeyed a lognormal distribution
function. The flow rate through each channel was
calculated using the cubic law.

The Project Teams from KTH/SKI and BRGM
considered a network of cne-dimensional channels
located in a three-dimensional network of intercon-
nected disc-shaped fractures. Both teams considered
a channel geometry where flow was assumed to
occur through “bonds™ joining the center of each disc
to the center of the adjacent disc. In addition to this
concept, the BRGM team also used 2 "Random
Channel Model” where one-dimensional channels
were randomly located on the fracture discs and
where fracture intersections may or may not be con-
sidered as channels. |

The LBL and VTT teams used deconvolution
techniques to analyse the experimental breakthrough
curves. The impulse responses obtained by LBL were
composed of distinct peaks. These peaks were con-
sidered as the resuit of solute transport in independent
channels and the solution of the one-dimensional
advection-diffusion equation, for a delta pulse injec-
tion, was fitted to each peak. The VTT team focused
on the detailed analysis of the impulse responses
given by deconvolution of the experimental break-
through curves and injection pulses, taking into ac-
count the effects of measurement errors and other
disturbances on the deconvolution results. The im-
pulse responses obtained by the VTT team were also
composed of various peaks. These peaks did not
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necessarily correspond to those previously identified
by the LBL team. The LBL team used the Toeplitz
method and the VTT tearr the Extreme Value Esti-
mation method (EVE) to ¢ -:form the deconvolution.
The EVE method estimates the lower and upper
bounds of the unknown or any user-defined linear
expression tormed from them. The analvsis by the
VTT team indicated that the experimental break-
through data could be exptained by hydrodynamic
dispersion.

The geometry of the system was estimated in the
approach employed by the INTERA/AEA team. The
team calc. 1ted fractional dimensions of the flow
pathsandr. zdthat the slopes of the fitted lines were
generally ciose to unity suggesting that the basic
premise of transport through a simple geometric
structure is appropriate and that the dominant struc-
ture is pipelike.

The Project Teums, except for KTH/SKI. used the
tracer breakthrougn curves to fit the transport pa-
rameters. However, a problem was that the tracer
injections had been time-varying. Because of this, the
teams had to use either the real data and compute
what the response would have been if a simple (pulse)
injection had been performed or compute the re-
sponses of the system to the time-varying injection.
The first approach which involves a deconvolution
technique was used by the LBL and VTT Project
Teams and the sec .d approach which involves a
convolution techn: ue was used by the KTH/SKB
and BRGM teams. Two other approaches were as
well used. The LBL team studied the first peak early
armval data and modetiled the time-varying injection
flow rates by an exponential decay curve followed by
a pericd of stabilization. The KTH/SKI team gener-
ated synthetic breakthrough curves with the channel
network model using 2 pulse injection and integrated
the simuiated curves over time in order to simulate a
constant step injection of tracer.

One of the more important experimental observa-
tion from the 3-D experiment was that the flow and
tracer transport seemed to be localized to a few
preferential flowpaths, channels. The definition and
incorporation of channels and channel properties has
therefore ©2en a common theme for the Project
Teams. . ough the Project Teams applied quite
different assumptions, the various channel models
were able to reproduce most of the trends observed
in the experiment. Such a finding therefore points out
that the experimental data could not be used to vali-
date or invalidate any of the various channel models.
Furthermore, several mechanisms were probably un-
modelled. Indeed, it is true that these models have
allowed to reproduce some of the field observations,
nevertheless it can hardly be seen how they could
have predicted them. Mechanisms such as diffusion
into stagnant pools of water, matrix diffusion, mixing
between channels, flow channel geometry and distur-
bances, as two-phase flow, due to the drift will have
to be studied further.

WIPP 2

Flow and transport experiments in heterogeneous
fractured media perjormed ar the Wasie Isolation
Pilot Plant (WIPP) in Carisbad, New Mexico, {SA.

Experimental Set-up

The WIPP, [ocated near Carlsbad in southeastern
New Mexico, USA, is an underground research and
development repository. It is located in the Delaware
Basin, the northern part of which is filled with 8000 m
of sedimentary Phanerozoic rocks containing eva-
porities. Water bearing zones within the rocks that
underlie host and overlie the WIPP repository have
low permeabilities and storativities. They are gener-
all¥ confined and contain waters with high salinities
and long residence times. The repository lies 655 m
below ground surface within bedded evaporities, pri-
marily halite, of the Permian Salado Formation.
Overlying the Salado Formation is the Rustler For-
mation. The Culebra Dolomite Member of the Rus-
tler Formation is the most iranstissive water-bearing
unit found at the WIPP site. It is an 8 m thick vuggy
dolomite layer.

Geologic, hydrologic, geochemical and isotope
data have been coilected to resolve several issues
concerning the hydrology of the Culebra dolomite, A
central issue involves the travel time within the Cule-
bra from a location above the repository to the WIPP
site boundary. 60 wells into the Culebra dolomite at
<1 locanuons have been completed to provide infor-
mation on the hydraulic properties. Two pumping
tests. each of two months’ duration, and two conver-
gent-flow tracer tests have been performed. Geo-

~ chemical and isotope studies have been conducted in

order to obtain additional insight i into the hydrologic
behaviour of the Culebra.

Anaslyses by the Project Teams

The test case has been studied by the Project
Teams from:

- AEA/NIREX
~ UPV/ENRESA
- AECB

- BGR

-~ SNL/USDOE

The main data used in the studies undertaken
within INTRAVAL were the hydrogeological prop-
erties of the Culebra dolomite. The Culebra dolomite
is quite thin, approx 8 m, but extends for many
kilometers and is highly fractured. A large number of
hydraulic tests have been performed in the dolomite
including transmissivity measurements, steady-state
measurements of heads and cross-hole tests, The
modelling has mainly addressed the issues involved
in treating the heterogeneity of the transmissivity of
the Culebra dolomite. The effects of the varying



salinity of the groundwater in the Culebra dolomite
has aiso been analysed. There are large vartations in
the transmissivities of the Culebra leading to uncer-
tainties 1n quantities of importance in a repository
performance assessment such as travel times. There-
fore. there seems to be a generally-agreed approach
to use stochastic models. The conceptual models
include two as well as three dimensional descriptions
of the Culebra dolomite. Furthermore. continuum
porous media as well as fracture network models
have been studied.

The teams from AEA and UPV tackled this test
case by using stochastic models. The AEA team
applied the Tuming Band aigorithm for generation of
realizations. The finite element groundwater and
transport code NAMMU was used to solve the prob-
lem. The team examined the uncertainties in the
pathlines, travel time, head and Darcy velocity that
resulted from the uncertainties in the parameters.
Furthermore, the statistical behavior of the
variogram estimators was studied using Monte-Carlo
simulations. The team considered four different sto-
chastic models, ail isotropic, and conciuded that if the
correlation length was comparabie to. or greater than,
the size of the domain investigated it was not possible
to determine the correlation length from the meas-
ured data. However, this did not have a significant
impact on the uncertainties in quantities such as the
travel time, provided that the model was conditioned
on a reasonable number of transmissivity measure-
ments. The team applied three different approaches
to condition the head data. None of these approaches
were found to be entirely satisfactory. Furthermore,
the performed work gave some evidence that condi-
tioning on head data is not as strong constraint as
conditioning on transmissivity data.

The UPV team used a sequential Gaussian simu-
lation for the generation of realizations. The finite
difference codes MODFLOW and MODPATH were
used to compute the flow and particle paths. An
optimization method was used to condition the head
data. The team found that the anisotropic variogram
gave best fits. The conditioning on the heads implied
some significant improvement, but some discrepan-
cies were still remaining. Gaussian models imply
tack of connectivity of regions with higher (or lower)
than average transmissivity. Therefore, they might
not take into account fast flow paths from the reposi-
tory which are responsibie for the main radiological
consequences. Furthermore, the modelling per-
formed by the team indicated that variable density
has a large impact on the results and should therefore
be included.

The AECB team studied the effects of salinity on
the groundwater flow. This was done by comparing
the groundwater flow and head data using three
different salinity distributions. The problem was
solved using the finite difference code SWIFT. The
results indicated that there was not any strong evi-
dence for a trend, the variations were consistent with
the correlated spatial process. The match to the heads
were not good even with conditioning. The calcula-
tions with different salinity indicated that the flow

A
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paths in the Culebra from the center of the site are
relatively insensitive to the uncertainties 1n the salin-
ity distribution.

The BGR team addressed issues relating to the
choice of conceptual model. The AEA, UPV and
AECB teams all considered two-dimensional areal
models of the Culebra doiomite and assumed that the
permeabilities of the units above and below are suf-
ficiently small so that vertical flow can be neglected.
The BGR team examined this assumption by includ-
ing different approaches for the density variations
due to vanations in salinity and the effect of perme-
ability differences.

The SNL teamn has applied different conceptual
models to study the importance of vertical flow
between the Culebra dolomite and the overlying
units. Calculations using the preliminary conceptual
model indicate that leakage from the Culebra may be
of importance.

This test case provided a very valuable focus for
the development and study of stochastic models for
the treatment of heterogeneity in hydrogeoiogical
properties. The applied stochastic models have
proven to be valuable tools in assessing the effect of
uncertainty due to heterogeneity on the performarnce
of a repository.

GORLEBEN

Saline groundwater movements in the vicinity of the
Gorleben salt dome, Germany.

Experimental Set-up

The Gorleben salt dome is located in the northeastern
part of Lower Saxony in Germany. The salt dome is
approximately 14 km long, up to 4 km wide and its
base is more than 3000 m below surface. Anerosional
channel, the "Gorleben Channel”, more than 10 km
long and 1 — 2 km wide, crosses the salt dome from
south to north. Erosion along the channel extends
down to the cap rock. Freshwater in the upper part of
the aquifer system is underlain by saline groundwa-
ter. The groundwater movements in the erosional
channel are the topic for this test case.

Hydrogeological investigations have been con-
ducted in an area of about 300 km? around the salt
dome. During these investigations four pumping
tests were carried out, one in the freshwater and three
in the saline water. One of the pumping tests, in which
the pumped well penetrated the entire deeper aquifer
in the erosional channel, forms the basis for the first
part of this INTRAVAL test case. The pumping test
was carried out with a pumping rate of 30 m-/h over
a period of three weeks. The second part of the test
case is an extension in time and length scales and
comprises modelling of regional groundwater flow
and salt dissolution as well as interaction between
the two.
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Analyses by the Project Teams

The following Project Teams have been working
with the Gorleben test case during ]NTRAVAL
Phase 2:

- BGR

— AEA/NIREX
— BfS

- GRS

— RIVM

—~ SNL/USDOE

The different teams have worked with a number
of different tasks. The Project Team from AEA have
applied geostatistics on the Gorleben data set and the
quantity of interest has been the distribution of clay
at the site. The pumping test has been evalvated by
BfS. SNL and RIVM and the regionai flow s:tuauon
has been studied by GRS and BGR.

The Project Team from AEA has appiied an mdn-
cator kriging method to study the Gorleben data set.
The modelling work include indicator methods and
the use of variograms and kriging for stratigraphic
interpolations. Qualitative data from boreholes logs
were used in a statistical framework to estimate the
distribution and variability of the clay formation at
the site. The analysis was conditioned by taking
stratigraphic information into account. Information
trom tive boreholes in a vertical section perpendicular
to the Gorleben channei were selected for comparison
between kriged and geological interpretation and a
reasonable degree of agreement was observed.

The Project Team from RIVM made an interpreta-
tion of the Weisses Moor pumping test. The drawdown
during the pumping period was analytically evaluated
with the THEIS model, but the team conciuded that the
analytical solution could not be used. The drawdown in
the boreholes dunng pumping but also duning recovery
were then calculated numerically. The varying density
of the water observed in different borehoies were not
included in the calculatons as the density effect was
judged to have minor influence on the flow during the
short time period for which the calcuiations were per-
formed (500-2000 hr). A reasonable estimate of the
hydrautic conductivity and storage coefficient couid
be obtained with a 2-D constant density mode, taking
into account anisotropy and giobal heterogeneites.
The fit for boreholes located close to the pumping
well is usually good, whereas, the fit is usually less
good for boreholes further away. The issue of valida-
tion has not been addressed yet since the work has
been concentrated on data evaluation and parameter
fitting.

The Project Team from BfS presented calculations
on the Weisses Moor pumping test. The specific
permeability, storage coefficient, and aquifer thick-
ness were estimated with an analytical model,
THEIS, using regression technique to minimise the
residuals in draw-down in the observation wells. The
so fitted drawdown curve corresponded well to that
observed. The determined parameters were then used
in a numerical model to test the influence of well

screen location and density distribution on the calcu-
lated draw-down vaiues. A two-dimensional mesh
corresponding 10 a 4.8 km wide and 45 m deep
crossection was generated. The numerical codes used
were SUTRA and ROCKFLOW. Calculations were
performed for both constant density of the water and
density dependent flow, i.e an increased density with
depth. The boundary conditions in the pumr-=d weli
were either constant withdrawal at one or at - .:h well
screens. Almost identical drawdowns were observed
in the different calculations except for a small influ-
ence of the weil screen location at early times. A
conciusion is therefore that the effect of the well
screen location is greater than taking the influence of
density dependent flow into account.

The Pilot Group (BGR) performed numerical tran-
sient calculations with the code SUTRA 1o study
density dependent groundwater movements in the
erosional channel above the szt dome. The aim was
to reproduce the density distribution and to check if
the flow situation in the channel today is in a steady-
state situation. Calculations were performed for a
cross-section intersecting the channel. The modelled
2-D cross-section is 15 km wide and 250 m deep.
Three different initial conditions were applied for the
density distribution: linear density distribution, den-
sity distnbution from measured data, and a narrow
density transition zone (between 220 and 240 m
depth). The conclusion from these calculations were
that steady-state conditions have not been reached in
the system yet. The sensitivity to the channel outlet
has also been studied by performing caiculations of
the density distribution after 10 000 years. The cal-
culations differ mainly in the hydraulic properties at
the northern channel outlet. The outiet was modelied
in three different ways: a closed outlet, an open
outiet, and a very small outlet. These calculations
gave almost identical results.

The Project Team from GRS presented simulation
of the salt transport in the Gorleben channel with the
finite element code NAMMU. They started 1o per-
forrn 3-D fresh water simulations followed by 2-D
salt transport calculations for a cross section of the
channel. They presented salt concentration profiles
and pressure contours at different times. The cal-
culations are very time consuming and advanced
numerical soivers are required for the problem.
One concluding remark was that more information
about the initial conditions, boundary conditions as
well as the time evolution of the site would have
been appreciated.



WIPP 1

Brine flow through bedded evaporities at the Wasie
{solation Pilot Plant (WIPP} in Carisbad, New Mex-
ico, USA.

Experimental Set-up

The WIPP. located in Carisbad, New Mexico, is an
underground research and development repository
lying 655 m below ground surface within bedded
evaporities, primarily halite, of the Permian Salado
formation. This test case is based on experiments
performed with the aim to determnine the rate of brine
flow through the Salado formation. The expeniments
are designed to provide a variety of data with the aim
to determine whether Darcy's law for a porous, elas-
tic medium correctly describes the flow of brine
through evaporities, or whether a different model is
more appropriate. The test case is alsc related to
another important issve, the ability of waste-gener-
ated gas to flow from the repository into the forma-
tron.

Data from three types of experiments form the
bases for this test case:
— small scale brine-inflow experiments
— pore pressure and permeability testings
— integrated, large scale experiment.

Brine inflow rates are measured at three scales, in
10 cm and 1 m diameter boreholes and ina 2.9 m
diameter cylindrical room. Pore-pressure measure-
ments are made in 10 ¢m diameter boreholes, 2to 27 m
long, drilled at a variety of orientations. In the large
scale experiments, brine inflow rates to a horizontal,
107 m long, cylindnical room, with a diameter of 29 m
are measured.

Anaiyses by the Project Teams

The following Project Teams have been working
with the WIPP 1 test case during INTRAVAL
Phase 2:

— SNL/USDOQE

'~ EDM/CEA/IPSN

- RIVM

The Pilot Group (SNL) presented their conclu-
sions and unresolved issues regarding brine inflow
through evaporities. The permeability testing on hal-
ite and anhydrite interbeds gave the followinglper-
meabilites: for pure halite less than 1023 m? (no
response observed), impure halite ranges from 2-10°21
10 5-10 m2, permeability of anhydrite interbeds is
controlied by sub-horisontal bedding-plane fractures
and ranges from 2-102010 6-10"'3m2. The transmis-
siviies of anhydrite interbeds 5_8 to 96 cm thick)
ranges from 5-10"1410 7-10"12m*/s. Pore pressure in
halite are generally iower than in anhydrite at the
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same distance frem an excavation. possibly due to
combined effects of stress relief and pore dilation
caused by creep. The small-scale brine inflow tests
showed: no inflow from pure halite, inflow rates
consistent with permeabilites for impure halite and
heterogeneous fracturing cause large variations for
anhydrite (inflow rate varies two order of magnitude
between boreholes 1 to 2 metres apart). The inflow
of brine to borehcles through multiple layers of im-
pure halite decreased for the first two years and
increased thereafter (the increase may be caused by
creep and other forms of deformation). The brine
inflow rates to bore holes in anhydrite increase with
time, possibly due to shear deformation and creation
of new storage volumes beneath the excavations. The
large-scale brine inflow testing (Room Q) showed an
up to 23% increased permeability in boreholes in
anhydrite interbeds after mining of the room. The
stress relief from mining caused pore pressure in anhy-
drite interbeds to decrease by up to 5.5 MPa. Halite with
no measurable permeability or distinct pore pressure
pricr ©© mining showed clear permeability and pore
pressure after mining. A total of 150 litres of brine
hias been collected in the room Over 2 years. Future
plans for the permeability experiments are one
additional test of an anhydrite interbed to evaluate
the pressure dependence of permeability, and two
additional tests of argillaceous halite (one in the far
field). It was concluded that Darcy’s flow model
has not been validated for evapontes. It may be
valid for anhydrites under natural low-gradient
conditions, but is probably invalid for fractured
anhydrites under large hydraulic gradients because
permeability will change as pressure changes.
Darcy’s flow model is probably also invalid in a
medium such as halite in which plastic deforma-
tion of pores occurs over long time scales.

The Project Team from EDM presented their
evaluation and modelling of the small scale brine
inflow experiment. They used the law of conserva-
tion and Darcy's law to describe the flow of brine
through the salt. The salt was assumed to be a homo-
geneous and isotropic material, and the team ex-
cluded the impact of mechanical and thermal effects.
Brine inflow data from bore holes DBTI10, i1, 12,
and 13 were used to estimate the storativity and the
permeabilities. The conclusion from these simula-
tions were that good agreement with the inflow ex-
periments was observed and that the permeability in
argillaceous halite is about 50 times larger than in
pure halite. ‘

It can be concluded from the WIPP | experiments
and evaluations that the pressurisation of a repository
due 10 gas generation depends on the amount of
available brine. However, the validation of brine flow
in salt under namral gradients is still an open issue,
since the tests were carried out with order of magni-
tude higher gradients. The question was raised
whether it is possible to use coupled hydro-mechani-
cal models for this purpose.
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MOL

Migration experiment in Boom clay formation at the
MOL Site. Belgium.

Experimental Set-up

This test case is based on an in situ migration experi-
ment set-up in the underground facility built in the
Boom clay formation at the Mot site in Belgium. The
purpose of the experiment is to determine rnigration
related parameters and to confirm parameters deter-
mined eartier in the laboratory. The experiment is a
joint effort between SCK/CEN, NIRAS/ONDRAF
and PNC.

A group of piezometers. a piezometernest, has
been installed in the Boom Clay formation at a depth
of 220 m. The stainless steel system contains nine
piezometers, interspaced by 0.9 m long tubes. A
horizontal hole with a diameter of 50 mm and a depth
of 10 m has been drilled in the clay formation.
Immediately after drilling, the complete assembled
piezometernest was pushed into the hole. The steady-
state pressure distribution as a function of the depth
into the clay is measured by means of manometers.

About two and a half vears atter the installation of
the piezometernest the clay formation was supposed
io be settled. HTO was injected to filter number 5 (in
the center) and thereafter the system was left alone
allowing migration of HTQ.

The HTO concentration in the clay is measured by
collection of liquid samples from the other filters.
The first breakthrough was obtained in filters 4 and
6 located adjacent to the injection filter 5, at a dis-
tance of 1 m.

The experiment will continue 10 vears after final-
isation of INTRAVAL Phase 2.
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Figure 4. Mol, SCK/CEN. Measured tracer con-
centration points and the precalculated lines in the
HTO experiment.

Analyses by the Project Teams

The following Project Teams have been working with
the MOL test case during INTRAVAL Phase 2:

— SCK/CEN

- BRGM

- EDM/CEA/IPSN
— RIVM

- SNIL/USDOE

The Pilot Group (SCK/CEN) presented some new
concentration values obtained from filters 4 and 6 in
the HTO experiment, which now has been running
for more than 5 years (Figure 4). These new concen-
tration values were found to be close to precalculated
vaiues. The pressure gradient in the system is slightly
lower today compared to when the experiment was
started about five years ago. The Pilot Group has
modelled the Boom Clay as a homogeneous anisot-
ropic saturated porous medium. The governing trans-
port mechanism has then been diffusion-advection or
diffusion only, since it is doubtful whether advective
transport can be evaluated from the existing data due
to very low hydrauiic conductivity in the clay. The
tracer transport is almost entirely determined by dif-
fusion. Almost identical values on diffusivity, con-
ductivity and porosity has been evaluated from the
in-situ experiments as found in supporting laboratory
experiments, It was concluded that the conceptual
model is valid for predictions of field-scale concen-
trations and that the parameters determined in the
laboratory are valid for field-scale predictions. The
anisotropy of the clay cannot be studied with this
one-dimensional tracer monitoring and a new type of
experiment has therefore been started with the aim to
study 3-D migration of the tracer 2T, The distance
between the filters in this new experiment is only
0.35 m and the first data points achieved was found
to agree with those precalculated.

ALLIGATOR RIVERS

Natural analogue studies ar the Koongarra site in the
Alligator Rivers area of the Northern Territory, Aus-
tralia

Experimental Set-up

This test case is based on work conducted at the
Koongarra site in the Alligator Rivers Region of the
Northern Territory in Australia. The Alligator Rivers
Region is located about 200 km east of Darwin.
Uranium mineralisation oceers at Koongarra in
two distinct but related ore bodies which strike and
dip broadly parailel to a fault, the Koongarra Reverse
Fauit. The main ore body (No. 1), which is the subject
of this study, has a strike length of 450 m and persists
to 100 m depth. Primary mineralisation is largely
confined to quartz-chlorite schists. Secondary ura-
nium minerals are present from the surface down to



the base ot weatherning atabout 25 m depth and torms
4 tongue-tike body of ore dispersing downsiope for
Jbout 30 m. The objective of the ARAP test case 1n
INTRAVAL 15 10 develop a consistent picture of the
processes that have controiled the mobilisation and
transport of uranium in the weathered zone and the
time scale over which they have operated.

An extensive experimental programme including
both fieid and laboratory investigations has resulted
in a large number of data characterising the site.
Hydrogeologic data are from drawdown and recov-
ery tests and water pressure tests. Geologic data are
based on the mineralogic and uranium assay logs
from 140 precussion holes and 107 drill cores.
Groundwater chemical data from more than 70 bore-
holes have been collected. Distribution of uranium,
thorium and radium isotopes has been determined in
the different mineralisation zones. The distribution
of uranium and thorium between different mineral
phases in the weathered zone has also been studied.
Laboratory sorption experiments have been per-
formed, using samples from drill cores. In addition,
distribution coefficients have been measured on
natural particles present in Koongarra ground-
waters.

Analyses by the Project Teams

The following Project Teams have been working
with the Alligator Rivers test case during INTRAVAL
Phase 2:

- RIVM
- KEMAKTA

The primary orebody at Koongarra is estimated to
be 1-10” yr old. Geomorfological information indi-
cate that weathering started some 1-10%t0 6-10% years
ago. The base of weathering is at present at a depth
of 25~30 m below the surface and a dispersed fan of
uranyl phosphates as well as dispersed uranium is
tound in the weathered zone. A partly weathered
transition zone with higher permeability than in both
the unweathered zone and the weathered zone is
located just above the base of weathering. The
groundwater flow direction in the area is at present
towards the south.

The Secretariat (KEMAKTA) summarised the
analyses performed within INTRAVAL and the Alli-
gator Rivers Analogue Project (ARAP) by the Project
Team from RIVM and KEMAKTA. Both teams
started with an analyse of data from the field and
laboratory experiments. The solid phase uranium
concentrations and the uranium concentration in the
water indicate an extension of the dispersed fan of
about 350 m towards the south and about 100 m
towards southeast from the fault. A similar dispersion
pattern is obseved a1 all depths in the weathered zone.
This is an interesting observation, since if the rate
of weathering is assumed to have been constant
with time, then the shape of the dispersion pattern
could be explained by the assumption that the trans-
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port of uranium 15 mainly located 10 the transition
zone whereas the urarmum transport has ceased in the
highly weathered rock. Data also support the theory
that there has been only minor changes in magnitude
and direction of the average groundwater tlow with
time. Furthermore. the analyses of the data indicate
that uranium in crystalline phases of the weathering
zone 13 not 1n isotopic equilibrium with the ground-
water whereas uranium in other phases of the weath-
ering products is in isotopic equilibrium with the
groundwater. This suggests that the crystalline
phases are inaccessible to the water, but there might
be a transfer of uranium from the accessible phase to
the inaccessible crystalline phase. The theory of a
linear sorption equilibrium is supported by data as the
relationship between uranium concentrations in
groundwater and in the accessible solid phase is
linear. The activity ratios between 234U and 238U in
the inaccessibie phase is larger than 1 which might
support that transfer of 234U from the accessible to
the inaccessible phase is by recoil.

The migration of uranium in the transition zone
has been modelled as advection-dispersion in a ho-
mogeneocus porous medium in 1-D and 2-D assuming

" linear sorption, The calculated migration distance

agreed fairly well with observed migration distances
for migration times of 0.2-10% - 2.10% yr. Other
mechanisms such as chain-decay, recoil and phase
transfer were aiso included in the modelling with
reasonable success. The applied methodology has
showed the importance of joint interpretation of dif-
ferent types of data as well as the importance of an
iterative procedure for data collection, data interpre-
tation and modelling. The evaluation of this test case
has shown that sorption is an important retardation
mechanism, that uranium fixation in crystalline
phases is a potentially important retardation mecha-
nism in geologic media where significant alteration
of the rock is expected, that recoil may have an
impact on the distribution of uranium isotopes in the
water, and that geochemistry is an important part ot
radionuclide transport.

The Project Team from RIVM presented their
recent modelling of the uranium transport con-
sidering the downward movement (1.4-1079 m/yr
or 25 m/1.8-10° yr) of the transition zone. The thick-
ness of the transition zone is assumed to be 5 m. The
uranium transport mechanism considered is advec-
tion-dispersion with linear sorption. and the water
flux was assumed to be 1.3 m to the south. Compared
to sitnilar calculations without downward movement
of the transition zone the migration distance is
shorter. The team concluded that geological proc-
esses like weathering may be important for transport
of radionuclides over long time periods.
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TWIN LAKE

Tracer experiments at the Twin Lake aquifer, Can-
ada.

Experimental Set-up

Aquifer testing ranging from a large number of small
scale field experiments to very large scale tracer
migration tests have been performed in a sandy aqui-
fer at one of the AECL research facilities, the Chalk
River Nuclear Laboratories. The site is located 200
km northwest of Ottawa, Canada, in the valley of the
Ottawa river. The groundwater table in the sandy
Twin Lake aquifer lies 6 to 20 m below grade and the
saturated thickness of this unconfined aquifer ranges
from 6 to 10 m.

The large experimental programme_includes 20,
40 and 260 m natural gradient tracer (13! and HTO)
experiments. The total groundwater flow path length
from the tracer injection well 10 the groundwater
discharge area is 270 m and there are 170 monitoring
installations in the aquifer downgradient of the injec-
tion well. Each tnstallation consists of piezometers
with short screens located at 1 m depth increments
through the zones-of saturation and gamma scanning is
performed through the full aquifer.

The database contains hydrogeologic data (strati-

graphic information, hydraulic conductivity, poros-

ity, groundwater flow velocity), tracer concentra-
tions, etc.

Analyses by the Project Teams

The following teams have worked with the Twin
Lake test case:

AECL-CRL
AECL-WR
JAERI
CEA/IPSN
SNL/USNRC

The main mode! validation objectives for the
AECL-WR team was to identify the quantitative
(physical) measure of aquifer performance. Another
aim was to identify the best aguifer and transport
simulation mode] with regard to the measure. The
tearn applied a 2-D steady-state flow modelanda 2-D
transient transport model to solve this problem. The
transport model was based on a moving mesh having
a fine resolution around the tracer plume. Some
discrepancies were noted between the field data and
the model resuits, but the general patten of the

~

concentration contours agree with field data. One
major lesson that was leamed from this exercise was
that there seems to be a fine layering of the aquifer
on the scale of a few centimeters. This layering could
have caused a velocity variation which resulted in an
increased dispersivity.

The Pilot Group (AECL-CRL) has criticatly
evaluated the usefulness of hydraulic conductivity
data, determined on the basis of head measurements
or empirical relationships, for heterogeneity charac-
terisation and contaminant transport predictions. The
conventional approach of quantifying aquifer hetero-
geneities is based on characterisation of the spatial
pattern of hydraelic conductivity and it has been
found that the inherent variability to a large extent is
lost, since measured hydraulic conductivities are
based on mean values for the medium. Furthermore,
estimation of conductivity heterogeneities by cali-
brating a flow model against measured head data is
deemed to be inappropriate, because heads are not
particularly sensitive to conductivity variations. [t
was therefore suggested that the most reliable ap-
proach to account for local heterogeneities is to meas-
ure velocities and velocity variations rather than con-
ductivities. Estimates of hydraulic conductivities
based on grain size anaiysis are directionless and thus
improve the velocity caiculation only when they are
used in conjunction with tracer test data. The hetero-
geneities observed from grain size analysis are
smoothed if hydraulic conductivities are used.

An important finding that the Pilot Group pointed
out was that grain size analysis and the applicability
of an empirical formula to relate an “effective” grain
diameter to hydraulic conductivity have allowed for
a detailed resolution of aquifer heterogeneity at the
Twin Lake site.

The work performed by the SNL team was limited
to identification of models which produced conser-
vative results with regard to the observed concentra-
tion distributions.

The JAERI team applied a three step procedure for
the 2-D concentration calculations. The first step was
a generation of hydraulic conductivities followed by
flow calculations and finally a random walk concen-
tration calculation. The code MIGINT was used for
generation of the hydraulic conductivities in 2-D.
The code MIG2DF, which is a 2-D finite element
code, was used for the groundwater flow cailcula-
tions. The transport pan of the problem was solved
applying a random walk model including advection
and dispersion. The team concluded that the applied
mode! seemed to explain the results qualitatively, but
that more data of geostatistics and experimental con-
ditions are needed in order to validate the model.



INTRAVAL
Progress Report No v

Appendix 1

INTRAVAL Organisation

The arganisation of the INTRAVAL study is regu-
lated by an agreement which has been signed by all
participating organisations (Parties). The study s
directed by a Coordinating Group with one member
from each Party. The Swedish Nuclear Inspectorate
{SKI) acts as Managing Participant. The Managing
Participant sets up a Project Secretaniat in coopera-
. tion with Her Majesty’s Inspectorate of Pollution
(HMIP/DoE), U.K. and the Organisation for Eco-
nomic Cooperation and Development/Nuclear Energy
Agency (OECD/NEA). KEMAKTA Consultants
Co. is contracted by SKI to act as Principal Investi-
gator within the Project Secretaniat.

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

participaiion in the study and is responsible for the
funding of its Project Team or Teams. including
computer cost, travelling expenses, etc.

A Pilot Group has been appointed for each Test
Case in order to secure the necessary information
transfer from the experimental work to the Project
Secretariat and the Project Teams. The Project Sec-
retariat coordinates this information transfer.

At suitable time intervais, depending upon the
progress of the study, workshops are arranged. Nor-

mally, the workshops are held in conjunction with

meetings of the Coordinating Group. During the
workshops, Test Case definitions and achieved re-
sults are discussed as a preparation for decisions in
the Coortdinating Group.
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Figure 5. INTRAVAL Organisarional Chart.

Managing Participant: SKI
Coordinating Group:
Chairman J. Andersson. SKI
Vice Chairman T. Nicholson. U.S. NRC
Secretary B. Dverstorp, SK!
Principal Investigator: KEMAKTA Consu .ants Co.
Project Secretariat:

I. Andersson, SKI

L. Birgersson, KEMAKTA
B. Dverstorp, SKI

M. Ericsson, KEMAKTA

P. Jackson, AEA Technology
A. Larsson, KEMAKTA

J.P. Olivier, OECD/NEA

K. Pers, KEMAKTA

K. Skagius, KEMAKTA



